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1. Introduction 

 

The respiratory tract is a complex and diverse system extending from the 

nose, down to the alveoli. In humans, the anatomical features of the respiratory 

system include airways, lungs, and the respiratory muscles. Its principle 

function is that of gas exchange, delivering oxygen to red blood cells passing 

through the pulmonary capillaries for transport to the tissues of the remaining 

body and in turn, removing released waste carbon dioxide from the body.  

 

1.1. Respiratory system  

It can be subdivided into an upper respiratory tract and a lower 

respiratory tract based on anatomical features. The upper respiratory tract 

includes the nasal passages, pharynx, and the larynx while the lower 

respiratory tract is comprised of the trachea, the primary bronchi, and lungs 

(Figure 1.1.A). 

 

1.1.1. The Airways 

The airways consist of a series of branching tubes which become 

narrower, shorter and more numerous as they penetrate deeper into the lung. 

The upper respiratory passages (nasal cavities and pharynx) serve to conduct 

the air and to warm and moisten it on the way to the lungs. The trachea 

bifurcates into the left and right main bronchi, which in turn divide into lobar, 

segmental and subsegmental bronchi (Gray, 1918). This process continues 

down to the terminal bronchioles, which are the smallest airways without 

alveoli. All of these bronchi make up the conducting airways, functioning to 

direct inspired air to the gas exchanging regions of the lung (Figure 1.1.B).  
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1.1.2. Alveoli 

The terminal airways open out into an alveolar duct and the alveoli 

which are about 200-300 μm in diameter, are lined by very thin type I alveolar 

epithelial cells to facilitate gas exchange with the abundant surrounding 

capillaries (Gehr and Heyder, 2000). The alveolar type I cells which are thin, 

flat, membranous cells found overlying the airside of the alveolar septae 

covering approximately 95% of the alveolar surface (Castranova et al., 1988). 

These cells plus their basement membrane, the capillary basement membrane, 

and the capillary endothelial cells are the air-blood barriers over which gas 

exchange occurs (Figure 1.1.C).  

 

Figure 1. 1. The Respiratory System. 

(Source: National Heart Lung and Blood Institute, http://www.nhlbi.nih.gov/ 

health/healthtopics/topics/hlw/system. html, accessed 2012)  
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The respiratory system lies dormant in the human fetus during 

pregnancy. At birth, the respiratory system becomes fully functional upon 

exposure to air, although some lung development and growth continues 

throughout childhood. Pre-term birth can lead to infants with under-developed 

lungs. 

The upper respiratory system can be affected by a variety of disorders 

ranging from common complaints, such as nosebleeds, snoring, and laryngitis, 

to rare conditions such as cancers of the throat and larynx. Smoking and air 

pollution are two common causes of respiratory problems. 

 

1.2. Respiratory disorders: 

Disorders of the respiratory system can be classified into four general areas: 

1. Obstructive conditions (e.g., emphysema, bronchitis, asthma attacks) 

2. Restrictive conditions (e.g., fibrosis, silicosis, sarcoidosis, alveolar 

damage) 

3. Vascular diseases (e.g., pulmonary edema, pulmonary embolism, 

pulmonary hypertension) 

The respiratory tract is constantly exposed to microbes due to the extensive 

surface area, which is why the respiratory system includes many mechanisms 

to defend itself and prevent pathogens from entering the body. 
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1.2.1. Interstitial Pulmonary Fibrosis 

Fibrosis is characterized by the excessive production and deposition of 

connective tissue, leading to permanent reorganization and loss of function in 

the affected organ. Fibrosis might be viewed as an aberrant or incomplete form 

of wound healing and in pulmonary fibrosis, the replacement of healthy 

alveolar tissue with non-functional fibrotic scaring, leads to reduced maximal 

oxygen consumption, a measure of lung function (Raghu, 2012).  

Interstitial pulmonary fibrosis (IPF) is part of the family of interstitial 

lung diseases (ILD) comprises a heterogeneous group of lung disorders that 

mainly affect the pulmonary interstitium, the connective tissue underneath the 

alveolar epithelium. IPF is characterized by progressive and fatal fibrosis in the 

pulmonary interstitium. IPF mainly occurs in elderly males, with 55%-80% of 

patients being men and an average age at diagnosis of 60-65 years old (Barlo et 

al., 2008; Raghu, 2012). The median survival time after diagnosis is 2.5 to 3.8 

years (Gribbin et al., 2006). However, between individuals survival can vary 

from a few months to > 10 years.  

 

1.2.1.1. Pathogenesis of IPF 

A number of risk factors may contribute to disease development, 

including smoking, environmental exposure, gastroesophageal reflux disease, 

genetic factors, diabetes mellitus, infectious agents and commonly prescribed 

drugs, such as bleomycin. In IPF, scar tissue is found underneath a layer of 

type II alveolar epithelial cells, severely impairing gas exchange. In IPF, 

repetitive epithelial injury induces inflammation and aberrant wound repair, 

resulting in remodeling of the alveolar interstitium. In end-stage IPF, the 

original alveolar structure has been completely replaced with fibroblasts and 

extracellular matrix components.  



Introduction 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
 Page 5 

1.2.1.2. Fibrogenesis of IPF 

It has generally been hypothesized that activated inflammatory cells 

which accumulate in the lower airways, release the harmful amount of reactive 

oxygen species (ROS) that result in lung injury, and proliferation of fibroblast 

in alveolar walls. The activated fibroblasts produce an increased amount of 

extracellular matrix proteins that distort the normal lung architecture and 

impair the vital gas exchange function of the lungs (Figure 1.2) (Moeller et al., 

2006; Tofovic et al., 2009). In IPF, the fibroblasts differentiate into 

myofibroblasts that are more contractile and have more profibrotic potential.  

The etiology of pulmonary fibrosis (PF) is mainly characterized by 

inflammatory and fibro-proliferative changes via release of inflammatory 

cytokines like tumor necrosis factor alpha (TNF-α), interleukin (IL-1β, IL-4, IL-

13), interferon (IFN)-γ and growth factors including transforming growth factor-

β (TGF-β) along with transcription factor-like Nuclear factor-Kappa B (NF-κB) 

(Colby and Churg, 1985). The fulfilling of the TGF-β function depends on the 

signal transduction and regulation of Smads proteins. Smad2/3 is mediated by 

TGF-β induced lung fibrosis key elements (Bartram and Speer, 2004). The 

release of these mediators results in epithelial cell injury, fibroblastic 

proliferation and deposition of extracellular matrix and hence distorted alveolar 

architecture. These changes lead to progressive decline in pulmonary function 

and respiratory failure (Gross and Hunninghake, 2001). 
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Figure 1. 2. Schematic representation of alveoli 

Normal alveoli lined with type I epithelial cells and cuboidal type II epithelial 

cells (A), Schematic representation of a fibroblast focus (B) and fibroblast focus 

in a surgical lung biopsy from an IPF patient (C) (Kaarteenaho, 2013) 

 

1.2.1.3. Diagnosis of IPF 

The diagnosis is based on a combination of clinical and pathological 

findings thus, diffusion capacity of the lung for carbon monoxide is considered 

a reliable parameter for the severity of IPF (Hamada et al., 2007). The typical 

pattern for IPF on high-resolution CT scan (HRCT) is classified as usual 
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interstitial pneumonia. If radiographical or other clinical findings are 

inconclusive, a surgical lung biopsy may be necessary for a confident diagnosis 

of IPF.  

 

1.2.1.4. IPF and complicating lung disorders 

Many patients with IPF suffer from complicating lung problems, such as 

pulmonary arterial hypertension (PAH), which is associated with decreased 

survival time (Lettieri et al., 2006). IPF is further associated with an increased 

occurrence of lung carcinomas (Bouros et al., 2002).  

 

1.2.1.5. Treatment of IPF 

The treatment options for IPF are limited, and few medications 

successfully meet the demand. During the last 50 years, corticosteroid 

(methylprednisolone) has emerged as the only resort for treatment of IPF. An 

array of studies has reported confirmed role of corticosteroids in the treatment 

of IPF through down-regulation of TGF-β and inducible nitric oxide synthase 

(iNOs) to prevent the collagen over-expression (Dik et al., 2003). Recent trials 

with novel drugs such as bosentan, etanercept, imatinib, and interferon-

gamma have also reported no significant effect on disease progression or 

survival (Bouros et al., 2002; Daniels et al., 2010). Pirfenidone, as well as 

acetylcysteine, may have some effect on lung function deterioration, but an 

effect on survival has not been demonstrated so far (Bouros et al., 2002). 

Several clinical trials are currently ongoing and will hopefully provide us with 

more effective drugs, such as BIBF1120 (a tyrosine kinase inhibitor) which was 

recently demonstrated to reduce lung function decline, lower the incidence of 

acute exacerbations, and improve the quality of life (Richeldi et al., 2011). The 

only non-medicinal therapy with a proven effect on survival is lung 
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transplantation. However, this therapy is only available for a limited number of 

patients (Thabut et al., 2009). Hence, there is a lacuna in the need to develop 

novel therapeutic agents with a minimal side effect for the prevention and 

treatment of IPF. 

 

1.2.1.6. Murine models of IPF 

Animal models have played a vital role in the development of various 

therapeutic moieties for an array of the pathological and a wide range of 

disease state. Several animal models of pulmonary lung fibrosis have been 

established. Some of these include the use of organic particles such as silica, 

irradiation, gene transfer of cytokines, namely TGF-β, TNF-α or IL-1β, adoptive 

transfer of fibroblasts, and the most common model, bleomycin. There are 

advantages and disadvantages to each model, and while their use has helped to 

characterize the milieu associated with the pulmonary fibrosis, none of the 

models fully recapitulate the human disease (Moore and Hogaboam, 2008). 

 

1.2.1.6.1. Animal models of Pulmonary fibrosis 

 Bleomycin-induced PF 

 Inorganic particles (silica, asbestos) induced PF 

 Irradiation-induced PF 

 Gene transfer (TGF-β, IL-1β, GM-CSF) induced PF 

 Fluorescein isothiocyanate 

 Vanadium pentoxide 

 Haptenic antigens (e.g. trinitrobenzene sulphonic acid compounds) 

Bleomycin is a glycosylated linear nonribosomal peptide antibiotic 

produced by the bacterium, Streptomyces verticillus. It is used as an anticancer 

agent in the treatment of lymphomas (especially Hodgkin’s disease), squamous 
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cell carcinomas and testicular cancer as well as pleurodesis (Moeller et al., 

2006; Sogut et al., 2004). 5 to 40% of cancer patients develop a most serious 

complication of bleomycin i.e. pulmonary injury, inflammation, and fibrosis, 

resulting in significant morbidity. Bleomycin also induces dose-dependent lung 

parenchymal injury and fibrosis in animals with certain features of the IPF that 

are similar in humans (Moeller et al., 2008). The damaged to lung architecture 

was caused by bleomycin-induced reactive oxygen species and cleavage of DNA 

strands (Lown and Sim, 1977). Many cytokine and chemokines have also been 

implicated in bleomycin-induced pulmonary fibrosis including TNF-α, TGF-β, 

IL-1β, macrophage-inflammatory protein-1α (MIP-1α), and monocyte 

chemoattractant protein-1 (MCP-1) (Zhang et al., 1994; Nakao et al., 1999). 

Histological changes are generally observed by day 14 and collagen deposition 

peaks anywhere between days 21 to 28 (Moore and Hogaboam, 2008).  

This model of fibrosis is self-limiting, and after 28 days begins to resolve, 

this is one of the major differences from the human disease, and in the absence 

of the continuous stimulus suspected to be involved in the human disease, the 

benefits seen in the animal model can fail to translate in clinical trials. There 

are also differences between mice strains, C57BL/6 mice are high responders 

to bleomycin treatment, resulting in reproducible fibrosis. However, they also 

recover faster. DBA/2 mice are medium responders and BALB/c mice are low 

responders. Importantly both of these strains are Th2 biased while C57BL/6 

mice are Th1 biased. Given the capacity for IFN-γ to inhibit TGF-β and reduce 

collagen production, this bias has been suggested as a reason for the 

inconsistency in bleomycin-induced fibrosis between strains (Chung et al., 

2003).  

Recently, a noninvasive whole-body plethysmography system has been 

developed to measure airway responsiveness (Lei et al., 2004). Enhanced pause 

(Penh) as an indicator of airway responsiveness has been proved to be highly 

correlated with lung resistance, which is measured with traditional methods. 
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1.2.2. Pulmonary arterial hypertension / Pulmonary hypertension: 

Pulmonary hypertension (PH) is a disease in which the blood pressure in 

the pulmonary arteries is abnormally elevated and left untreated can lead to 

RV (right ventricle) hypertrophy (enlargement) and dysfunction (malfunction). It 

is a haemodynamic and pathophysiological condition which is defined by an 

increase in mean pulmonary arterial pressure (PAP) >25mm Hg at rest or >30 

mmHg at exercise, with pulmonary capillary wedge pressure (PCWP) <15 

mmHg and pulmonary vascular resistance (PVR) >3 Wood units (Badesch et al., 

2009).  

 

1.2.2.1. Classification of PH  

The aim of the PH classification was to group together the different 

manifestations of the disease that share similar pathophysiologic mechanisms, 

clinical features and treatment strategies (Simonneau et al., 2004). The Evian 

classification consisted of five categories in which PH diseases were grouped 

according to specific therapeutic interventions directed at dealing with the 

cause of: (i) pulmonary artery hypertension (PAH), (ii) pulmonary venous 

hypertension, (iii) PH associated with disorders of the respiratory system or 

hypoxaemia, (iv) PH caused by thrombotic or embolic diseases, and (v) PH 

caused by diseases affecting the pulmonary vasculature. Within each category 

are subsets that reflect diverse causes and sites of injury.  

Thus, PAH is a clinical condition characterized by the presence of 

precapillary PH hemodynamically (Galiè et al., 2010). The PAH group excludes 

other causes of precapillary PH such as PH due to chronic thromboembolic PH 

and other rare disorders such as glycogen storage diseases. 
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1.2.2.2. Prevalence of PH 

PH is considered to be rare, and the NIH registry estimated an annual 

incidence of primary PH of 1-2 per million among the general population (Rich 

et al., 1987). The classical symptoms of PH include breathlessness, fatigue, 

poor exercise tolerance, syncope, angina, and palpitations (Rich et al., 1987). 

The physical signs of PH include left the parasternal lift, accentuation of 

pulmonary component of a second heart sound, the pansystolic murmur of 

tricuspid regurgitation, the diastolic murmur of pulmonary regurgitation and a 

right ventricular third heart sound.  

 

1.2.2.3. Pathogenesis of PH 

PAH is characterized by remodelling of the pulmonary arteries with 

endothelial proliferation, smooth muscle hyperplasia and hypertrophy, and 

expansion of the adventitial matrix. An increase in pulmonary arterial 

pressure, right ventricular hypertrophy, and eventual cor pulmonale are the 

manifestations of a complex pathophysiology that composes this disease. 

Transforming growth factor-β (TGF-β) signal transduction has been a 

focus of research because a number of mutations and altered expression of 

receptors, ligands, or secondary messenger systems have been described in a 

variety of vascular diseases. TGF-β receptors, in particular, have been 

attributed a role in the pathogenesis of either primary or secondary forms of 

PAH. Mutations in the Activin Receptor-like Kinase 1 (Alk1)-TGF-β type I 

receptor and its associated protein Endoglin occur in the vascular disease 

hemorrhagic telangiectasia, which, in the lung, results in secondary PAH. The 

TGF-β family of receptors appears to have a significant role in directing 

vascular remodelling in PAH. TGF-β1 stimulates proliferation in cultured 

vascular smooth muscle while inducing apoptosis in endothelial cells (Pollman 



Introduction 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
 Page 12 

et al., 1999). In the pulmonary vasculature, the effect of bone morphogenetic 

protein-4 (BMP-4) appears to be location specific. BMP-4 inhibited proliferation 

of pulmonary artery smooth muscle cells (PASMCs) isolated from proximal 

pulmonary arteries but stimulated proliferation of PASMCs from peripheral 

arteries and conferred protection from apoptosis (Yang et al., 2005). It has been 

demonstrated that in the rat, BMPrII expression is highest in pulmonary 

endothelium with lesser expression in vascular smooth muscle (Ramos et al., 

2006). 

Disruption in the TGFβ/BMP balance is emerging as a key concept in the 

understanding of both familial and idiopathic PAH. Signalling in the TGF-β 

family is initiated through cytokine binding and subsequent heteromeric 

receptor recruitment and dimerization. Agonist-specific type II receptors 

phosphorylate type I receptors, a family of proteins identified as Alk1-7, which 

in turn activate the secondary messenger system known as Smads. Smads 2 

and 3 are phosphorylated by typical TGF-β receptors, while Smads 1, 5, and 8 

are phosphorylated by BMP receptors (Mehra et al., 2000; Wrana and Attisano, 

2000). Phosphorylated Smads complex with the common Smad 4, which then 

translocates to DNA binding sites in the nucleus. The transcriptional response 

depends on cell type, distribution, and recruitment of specific receptors; ligand 

dose and duration; and additional transcription cofactors. Endothelial cells 

within the pulmonary vasculature express both the TGF-β type I receptors Alk1 

(pro-angiogenic) and Alk5 (antiangiogenic) (Figure 1.3).  

In addition, the increased production of several growth factors such as 

vascular endothelial growth factor (VEGF), platelet-derived growth factor 

(PDGF), insulin-like growth factor-I and epidermal growth factor have been 

reported in PAH patients. These growth factors also contribute to the vascular 

remodeling of pulmonary vessels in PH. The hypercoagulable state and platelet 

dysfunction may also contribute to the pathology of PH.  
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Figure 1. 3. Pathogenesis of Pulmonary artery hypertension (Lai et al., 2014) 

 

1.2.2.4. Diagnosis of PH  

The clinical signs of PH are usually subtle until significant right heart 

failure has developed. It is vital to consider PH in this setting of clinical 

features, particularly in the absence of other cardiac and respiratory conditions 

presenting with similar clinical features. Electrocardiogram (ECG), Six-minute 

walking test, Echocardiogram (ECHO), Chest x-ray, pulmonary function 

testing, Doppler echocardiography, Arterial Blood Gases, Right Heart 

Catheterisation (RHC) are commonly used initial tests in screening for PAH. 
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Other Investigations includes computed tomographic (CT) examination 

including CT angiography and pulmonary angiography used to rule out chronic 

thromboembolic pulmonary hypertension, polysomnography for suspected 

cases of obstructive sleep apnea. 

 

1.2.2.5. Treatment of PH 

The treatment of PAH includes supportive treatment with oxygen, 

anticoagulants, diuretics, Vasodilators (Urapidil, Nifedipine) and calcium 

channel blockers (such as Nifedipine, Amlodipine, and Diltiazem). Digoxin is 

sometimes used in Idiopathic pulmonary arterial hypertension (IPAH) patients 

with right heart failure, low cardiac output and atrial arrhythmias (Rich et al., 

1987). The better understanding various drivers of PAH led to newer therapies 

including Prostacyclin (Iloprost, Epoprostenol, Treprostinil), Endothelin 

receptor antagonist (Bosentan, Ambrisentan) and phosphodiesterase inhibitors 

(Sildenafil and Tadalafil) in the last decade to improve the survival and quality 

of life in PAH patients (Rubin, 1997; Barst et al., 1996).  

 

1.2.2.6. Murine models of PH 

The development of animal models to further understand its 

pathophysiology contributes greatly to the generation of therapeutical 

strategies to combat the disorder. A variety of chemical, physiological and 

molecular stimuli have been used to study architectural remodeling in PH. 

Monocrotaline and alpha-naphthylthiourea directly damage pulmonary ECs 

and thereby cause PH. Hypoxia influences endothelial cells (ECs) and vascular 

smooth muscle cells (VSMCs) in different ways, ultimately leading to EC and 

VSMC growth. Transgenic mouse models with increased muscularization in 

lung vessels (bone morphogenetic protein receptor 2 (BMPR2) dominant 
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negative expression) or plexogenic lesions (calcium binding protein S100A4 

overexpression) have been developed and increased genetic susceptibility that 

favors the development of PH. 

1.2.2.6.1. Animal models of PH 

 Chronic hypoxia (CH) 

 VEGF-R2 inhibition + chronic hypoxia 

 Monocrotaline (MCT) 

 Monocrotaline + pneumonectomy 

 BMPR2 knockout 

 Alpha-Naphthylthiourea 

 Bleomycin 

 Angiopoietin-1 overexpression 

 S100A4 overexpression 

Monocrotaline (MCT) is a phytotoxin derived from the seeds of Crotalaria 

spectabilis and is in vivo activated by mixed function oxidases in the liver to 

form the reactive bifunctional cross-linking compound MCT pyrrole (Gao et al., 

2012; Marsboom and Janssens, 2004). It has a selective toxic effect on 

pulmonary vessels that induces vascular changes, including endothelial cell 

damage, pulmonary vascular hyperreactivity, a subsequent extension of 

smooth muscle into normally nonmuscularized pulmonary arterioles, and 

proliferation of smooth muscle in normally muscularized vessels (Tofovic et al., 

2009; Zhang et al., 2012). The increasing knowledge of dysfunction in TGF-β 

family signaling in the human disease makes it possible to design more 

targeted therapies. It has been demonstrated that Smad 4 nuclear 

accumulation and Smad 1 phosphorylation in monocrotaline pyrrole (MCT)-

treated human pulmonary arterial endothelial cells (Ramos et al., 2007). These 

events produce an increase in pulmonary vascular resistance and right 
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ventricular hypertrophy. MCT-induced pulmonary hypertension, therefore, 

provides an appropriate model for studying the treatment of this disorder. 

Another causative agent of PH is Alpha-naphthylthiourea (ANTU), is a 

chemical agent largely used as a rodenticide which produces a dose and time-

dependent inflammatory reaction characterized by pulmonary edema 

secondary to permeability changes in the lung microvasculature (Cunningham 

and Hurley, 1972). It has been proposed that the toxicity of ANTU to the lung 

results from the action of a metabolite rather than ANTU itself. Thiourea 

causes damage to the lungs which is similar or identical to that seen with 

ANTU. It has been suggests that the pulmonary toxicity of ANTU results, at 

least in part, from the covalent binding of a cytochrome P-450 monooxygenase-

catalyzed metabolite of ANTU to pulmonary macromolecules. The sulfur atom 

of ANTU is released as atomic sulfur in the metabolism of ANTU to ANU and 

their participation in acute lung and liver injury (Lee et al., 1980). 

If acute injury by ANTU caused transient vasoconstriction and 

augmentation of pulmonary vasoreactivity, then repeated injury could lead to 

pulmonary hypertension. Repeated injections of ANTU caused right ventricular 

hypertrophy and systolic hypertension, which appeared to be due to pulmonary 

hypertension (Hill et al., 1984). 

ANTU-related PH were exacerbated by Granulocyte colony-stimulating 

factor (GCSF). GCSF is known to prime neutrophils for reactive oxygen species 

release and upregulation of adhesion molecules. Thus, sequestration and 

activation of neutrophils toward previously injured endothelial cells may 

exacerbate ANTU-related toxicity, causing a further decrease in eNOS and a 

further increase in VEGF. The endothelial injury occurred despite concomitant 

increased expression of lung VEGF that is produced mainly by epithelial cells 

during recovery from lung vascular injury. Such an increase in VEGF has been 

interpreted as limiting endothelial injury (Azoulay et al., 2003).  
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1.2.3. Pulmonary Silicosis: 

Silicosis is among the oldest chronic occupational pulmonary diseases 

worldwide and characterized by inflammation and fibrosis of the lung. The 

National Institute for Occupational Safety and Health (NIOSH) has estimated 

that at least 1.7 million workers in industrial occupations, and an unknown 

percentage of the 3.7 million workers employed in agricultural occupations, are 

exposed to silica (Health and Services, 2002).  

Inhalation of silica by humans can be the result of exposure through 

occupation (e.g., construction, mining), recreation (e.g., pottery), or 

environment (e.g., soil, sand) (Fireman, 2012). Silicosis is a potentially fatal, 

irreversible, progressive and untreatable fibrotic lung disease caused by the 

inhalation and deposition of respirable crystalline silica (Greenberg et al., 

2007). Pulmonary tuberculosis (PTB) is a common complication of silicosis. 

Although PTB may occur at any stage in the development of silicosis, it is more 

likely to occur in older workers with severe grades of silicosis (Cowie, 1994). A 

number of factors influence the development of silicosis. The main 

determinants of whether an individual develops silicosis are the silica dose in 

the ambient air (including the percentage of free crystalline silica in the dust 

particles), the duration of exposure, and the characteristics of the silica particle 

(Banks, 1996).  

There are three types of silicosis, depending on the extent of the exposure 

to quartz. These are chronic silicosis, accelerated silicosis and acute silicosis. 

Chronic Silicosis is resulted from low to moderate exposure levels of silica dust 

for 20 years or more. Patients may complain of a cough, sputum or 

breathlessness. However these symptoms are more likely to be related to 

accompanying disease of the airways (Seaton et al., 1991). Accelerated Silicosis 

results from exposure to higher concentrations of silica over a period of 5- 10 

years. Antinuclear antibodies and clinical autoimmune connective tissue 
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diseases are frequently associated with accelerated silicosis (Baldridge and 

Gerard, 1932). Acute Silicosis is the most frequent yet the most devastating 

form of this disease. Occurring in subjects exposed to very high concentrations 

of silica over periods of as little as a few weeks (Seaton et al., 1991). 

 

1.2.3.1. Pathogenesis of pulmonary silicosis  

Once a silica particle has been deposited in the alveolar spaces of the 

lungs, it may contribute to the pathogenesis of silicosis in a number of ways, 

including direct cytotoxicity and stimulation of alveolar macrophages. In direct 

cytotoxicity, ROS can be generated on the surface of silica particles. These ROS 

are strongly implicated in the mechanisms of silica toxicity in that they can 

cause lipid peroxidation (leading to cell membrane damage) and cell damage 

(Fubini, 2002). Also, if ROS are produced in excess, they can overwhelm the 

lungs’ antioxidant defenses and lead to oxidative stress and inflammation, 

which would then result in scarring, fibrosis and diminished gas exchange 

(Castranova et al., 1996).  

Silica particles are ubiquitous in the environment, even constituting a 

portion of the small particulate fraction of air pollution. After inhalation of 

silica, these particles are engulfed by alveolar macrophages, which are 

activated and release inflammatory mediators as tumor necrosis factor-α (TNF-

α), interleukin-1 (IL-1), lipid mediators, oxygen-derived free radicals, ROS and 

fibrogenic cytokines. These released cytokines activate inducible nitric oxide 

synthase (iNOS) to produce nitric oxide (NO). The free radicals released by the 

activated macrophages produce an increase in lipid peroxidation and damage 

to pulmonary structure (Corsini et al., 2004; Ma et al., 1999) (Figure 1.4). 
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Figure 1. 4. A hypothetical scheme of events occurring in the lung after 

exposure to pathogenic mineral dust.  

AM: alveolar macrophage; IM: interstitial macrophage; F: fibroblast; ROS: 

reactive oxygen species; RNS: reactive nitrogen species; TNF: tumor necrosis 

factor; IL-1: interleukin-1; MIP: macrophage inflammatory proteins; MCP: 

chemotactic macrophage proteins. (Mossman and Churg, 1998) 

 

1.2.3.2. Diagnosis of pulmonary silicosis  

The detection of silicosis in dust-exposed workers is based on the 

presence of silicotic nodules on a chest radiograph (Hnizdo et al., 1993). For a 

diagnosis of silicosis to be made, three conditions need to be met. Firstly, the 

individual must provide a history of silica exposure which would be sufficient 

to cause silicosis. Secondly, the chest radiograph must show opacities which 

are consistent with silicosis. Thirdly, no underlying illnesses which could 
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mimic silicosis should be present. The diagnosis is based on a chest X-ray, 

pulmonary function tests, and tuberculosis skin or blood test. 

 

1.2.3.3. Treatment of pulmonary silicosis 

Silicosis cannot be cured, but its progression can be slowed if exposure 

to silica is avoided, especially at an early stage of the disease. Corticosteroids 

(methylprednisolone) may be of benefit in acute silicosis. Therapy is intended to 

relieve symptoms, treat complications, and prevent respiratory infections. It 

includes careful monitoring for signs of TB. Respiratory symptoms may be 

treated with bronchodilators, increased fluid intake, steam inhalation, and 

physical therapy. Patients with severe breathing difficulties may be given 

oxygen therapy or placed on a mechanical ventilator. Acute silicosis may 

progress to complete respiratory failure. Heart-lung transplants are the only 

hope for some silicosis patients. 

 

1.2.3.4. Murine models of pulmonary silicosis and fibrosis: 

Silica-induced pulmonary toxicity is somehow different from other types 

of pulmonary fibrosis, e.g. by bleomycin. Silica particles are insoluble, once 

deposited in lung parenchyma are subsequently ingested by macrophages. On 

the surface of silica particles, silicic acid groups interact with amide groups in 

proteins and phospholipids in the cell membrane of macrophages and 

eventually destroy the cell membrane. As a result, the digesting enzyme and 

silica (quartz) crystals are released. Other macrophages proliferate and migrate 

to the reaction site, where they may release inflammatory mediators which 

stimulate the synthesis and accumulation of collagen fibers (Peeters et al., 

2014). Exogenous agents such as fibrogenic minerals can cause pulmonary 

fibrosis through the production of ROS in animal models. Generation of ROS 
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by dust intrinsically or via the inflammatory process is important in the 

initiation of the disease. In silica toxicity, cell damage by oxidant radical is 

mediated by iron ions. Sianol groups (SiOH), which are common to all silicates, 

react with ferric ions forming a complex which is referred to as a silicato-iron 

complex. Iron in the complex can mediate an electron exchange when it is 

reduced from ferric (fe3+) to ferrous (Fe2+) state by superoxide anions. Hydroxyl 

radicals which may be produced by this reaction at the surface of silica are 

potent oxidizing agents. They can initiate lipid peroxidation of the cell 

membrane and oxidatively inactive cell proteins (Ma et al., 1999). The 

generation of oxidants initiated by silica particles leads to activation of the 

immune system and interaction with other cells, e.g. T and B lymphocytes. 

Macrophages and lymphocytes seem to have a close co-operation in the process 

of silicosis. Histological study of silica exposed lung tissue shows a large 

increase in the numbers of these cells. The interaction between these cells may 

lead to the production of some mediators such as, platelet-derived growth 

factor (PDGF), interleukin 1 and 6 (IL-1, IL-6), transforming growth factor-beta 

(TGF-β) and tumor necrosis factor-alpha (TNF-α). Such mediators may provoke 

the proliferation of fibroblasts and myofibroblasts which produce collagen 

fibers and finally cause fibrosis (Ma et al., 1999). 
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1.2.4. Acute Lung Injury 

Acute lung injury (ALI) results from a dysregulated inflammatory 

response, and can progress to severe respiratory failure termed the acute 

respiratory distress syndrome (ARDS). ARDS are syndromes of acute 

respiratory failure that are secondary to increased permeability and 

noncardiogenic pulmonary edema (Atalay et al., 2012b). ALI/ARDS is a major 

cause of morbidity, death, and cost in intensive care units. The American-

European consensus conference on ARDS defined ALI/ARDS as a “syndrome of 

inflammation and increased permeability.” Hence, it is now widely accepted 

that the pathophysiology of ALI/ARDS is driven by aggressive inflammatory 

reactions that damage the alveolar-capillary units. Inflammatory mediators 

directly amplify endothelial injuries or recruit inflammatory cells into the 

vascular, interstitial, and alveolar spaces (Hancı et al., 2012). Chronic alcohol 

abuse substantially increases the risk for the development of ARDS (Moss et 

al., 1996).  

 

1.2.4.1. Pathogenesis of ALI and ARDS  

A critical underlying mechanism in the pathogenesis of ALI and ARDS is 

the disruption of the alveolar-capillary barrier (Ware and Matthay, 2001). This 

can result either from direct epithelial injury, e.g., gastric aspiration, or from 

injury to the pulmonary microvasculature due to a systemic inflammatory 

event, e.g., sepsis. The loss of alveolar-capillary barrier integrity contributes to 

alveolar flooding. Under normal conditions, excess fluid from the air-space is 

removed by the type II epithelial cells. However, injury to type II cells in ALI and 

ARDS impairs this process (Sznajder, 1999). The resulting pulmonary edema 

forms the basis for the physiological events of hypoxemia and reduced lung 

compliance in ARDS patients (Bigatello and Zapol, 1996). Apart from epithelial 

injury, damage to the pulmonary endothelium due to aberrant activation of the 
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immune system, i.e., an increase in neutrophils and cytokines, contributes to 

pulmonary edema in ALI and ARDS (Pittet et al., 1997). Increased interstitial 

and alveolar neutrophilic inflammation is evident during the acute phase of 

ARDS (Bachofen and Weibel, 1982). Furthermore, ARDS patients with 

increased levels of granulocyte-colony stimulating factor (G-CSF) in the lung 

lining fluid, a neutrophil anti-apoptotic factor, have poorer outcomes (Matute-

Bello et al., 2000). Systemically, pro-inflammatory cytokines such as tumor 

necrosis factor (TNF)-α and interleukin (IL)-1β are dramatically elevated in 

patients with ALI and ARDS (Figure 1.5).  

 

Figure 1. 5. Pathological changes in acute lung injury are providing multiple 

pharmacological targets for intervention. (Sweeney et al., 2013) 
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1.2.4.2. Diagnosis and management of ALI 

The criteria for the diagnosis of severe acute lung injury include five 

principal elements: hypoxemia despite high concentrations of supplemental 

oxygen, diffuse pulmonary infiltrates on chest radiographs, decreased lung 

compliance, appropriate antecedent history, and the absence of congestive 

heart failure. Identifying an appropriate antecedent history requires 

consideration of a diverse group of etiologies which may injure alveolar 

structures via either the air-lung or blood-lung interface. The management of 

patients with acute lung injury should be approached with four principal goals: 

(1) cardiopulmonary resuscitation and stabilization; (2) rapid identification and 

elimination of the cause of lung injury; (3) achieving adequate tissue oxygen 

delivery and support of other end-organs; and (4) prevention, recognition, and 

aggressive treatment of any complications that develop during the course of 

therapy. Recent observations have suggested that conventional methods of 

positive-pressure ventilation may indirectly injure alveolar tissue, thereby 

perpetuating lung injury. Furthermore, the optimal use of fluid and 

hemodynamic support remains controversial (Marinelli and Ingbar, 1994).  

 

1.2.4.3. Treatment of ALI 

Anti-inflammatory therapies that have been, or are currently being, 

investigated include pharmaco- nutrients (omega-3 polyunsaturated fatty acids 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)), antioxidants (N-

acetylcysteine, pentoxyfylline), antiproteases (Silvestat), and ketoconazole. 

Corticosteroids have been extensively investigated in ALI but are the subject of 

a separate article in this issue and will not be considered further. Current 

pharmacological agents aimed at improving respiratory physiology include 

diuretics, β2 agonists (terbutaline, salbutamol), phosphodiesterase inhibitors 

(milrinone, sildenafil), endothelin receptor antagonist (bosentan) to minimize 
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pulmonary edema, various agents, but primarily vasodilators and 

anticoagulants, to optimize alveolar perfusion, and surfactant and 

neuromuscular blocking agents to limit iatrogenic ventilator-associated lung 

injury.  

 

1.2.4.4. Murine models of ALI 

There are 3 key pathological features of human ALI and ARDS. The 

components of this pathological trio are a neutrophilic alveolitis, hyaline 

membrane accumulation, and microthrombus formation. An ideal “ALI/ARDS 

animal model” is a model that is formed by this pathological trio. In animal 

models, which pathologies make that model an “experimental acute lung 

injury” or determining whether a medication that fixes one of the damages in 

pathogenesis but is ineffective to the others (e.g. effective for decreasing 

neutrophil migration to lungs but ineffective in permeability) can prevent lung 

injury or not is debatable.  

Numerous different model strategies have been improved in animals to 

create human ALI features. It is possible to divide these models into two groups 

as direct or indirect lung injury models (Sipahi and Atalay, 2014).  

The models of direct lung injuries caused by injurious stimulus: This 

group involves intratracheally or intranasally bacteria or a bacterial yield such 

as ipopolysaccharide; acid yield such as hydrochloric acid (HCl) or gastric 

particle to create an acid aspiration; oxygen yield in high inspired fraction; 

surfactant depletion via rapid lavages with 0.9% sodium chloride (NaCl); 

forming ischaemia/reperfusion by clamping hilus or exposure to mechanical 

stress via mechanical ventilation at high tidal volumes (Matute-Bello et al., 

2008).  
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Indirect lung injuries: this category includes models based on the 

formation of sepsis. Some of them are caecal ligation and puncture, 

intravenously bacteria or LPS yield and mesenteric ischemia/ reperfusion 

models. This category also includes oleic acid depending on the formation of 

oleic acid keratosis from bone marrow for patients with multiple bone fractures 

(Matute-Bello et al., 2008). Acute lung injury that is created by the 

intraperitoneal application of ANTU (α-naphthyltio urea), a rodenticide 

medication, is also an appropriate approach for indirect lung injury (Atalay et 

al., 2012a). 

Alpha-naphthylthiourea (ANTU) is a chemical agent largely used as a 

rodenticide which produces a dose and time-dependent inflammatory reaction 

characterized by pulmonary edema secondary to permeability changes in the 

lung microvasculature (Cunningham and Hurley, 1972). Morphological studies 

with light and electron microscopy indicate that the capillary endothelial cell of 

the lung is the primary cellular target of ANTU toxicity. Injury to the 

endothelium appears as blebbing and scalloping of the cell surface with 

eventual loss of the endothelial barrier. This loss of endothelial barrier integrity 

results in increased capillary permeability and the production of an interstitial 

and alveolar edema (Cunningham and Hurley, 1972). 
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2. Review of literature 

Trigonella foenum-graecum L.  

 

Figure 2. 1. Trigonella foenum-graecum tree (A) and Trigonella foenum-graecum 

seeds (B) 

2.1. Family: Leguminosae 

 

2.2. Nomenclature:  

English: Fenugreek, Chilbe; Greek: Hayseed, Trigonella; Hindi: Methi; 

Marathi: Methi; Kannada: menthya; Telgu: Menthulu; Oriya, Bengali, 

Punjabi and Gujarati: Methi. 
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2.3. Habitat:  

Introduced-casual; frequent birdseed- and spice-alien on tips and waste land, 

now grown on a small scale for seedlings and seed. 

 

2.4. Origin and distribution: 

It is an ancient and annual legume crop mainly grown for multiple uses 

in many parts of the world. Landraces and species of Trigonella have been 

found on the continents of Asia, Europe, Africa and Australia. Fenugreek was 

also cultivated in parts of Europe, northern Africa, west and south Asia, North 

and South America and Australia (Basu, 2006; Acharya et al., 2006). 

 

2.5. Parts Used: 

Seeds of Trigonella foenum-graecum were selected for the study (Figure 2.1).  

 

2.6. Description: 

Kingdom: Plantae  

Division: Magnoliophyta  

Class: Magnoliopsida  

Order: Fabales  

Family: Fabaceae  

Genus: Trigonella Botanical  

Name: Trigonella foenum-graecum  
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An aromatic annual plant, 30-60 cm tall, found wild in Kashmir, Punjab, 

and the upper Gangetic plains and widely cultivated in many parts of India. 

The leaves are pinnate, 3 foliolate: leaflets 2.0-2.5 cm long, oblonceolate-

oblong, obscurely dentate; Flowers white or yellowish white. 1 or 2, axillary; 

pods 3- 15cm long, 10 -20 seeds; seeds greenish brown, 2.5 -5.0 X 2.0-3.5 mm 

oblong with a deep groove across one corner giving the seeds a hooked 

appearance (Sastri, 1956).  

 

2.7. Dose: 

Dosing of herbal preparations is highly dependent on a variety of factors, 

such as growing and harvesting conditions, plant parts and extraction methods 

used and the dosage form chosen by the manufacturer.  

Fenugreek, Trigonella Foenum-graecum L. seeds extract is a component of 

many nutritional dietary products that are recommended for athletes and 

exercising male subjects. Fenugreek seeds, a spice and food grain, has a 

traditional history of medicinal use in the management of type 2 diabetes 

mellitus (DM) in Egypt, Southern Europe, India, Asia, and North Africa (World 

Health Organization, 2002). Fenugreek seeds extract is certified as a GRAS 

(generally recognized as safe) item (essential oils, oleoresins and natural 

extractives including distillates) by the US Food and Drug Administration (US 

FDA). 

For hyperglycemia and hyperlipidemia: the suggested oral dose is 25 

to 100 g whole or defatted Trigonella foenum-graecum seed powder daily 

(Al‐Habori and Raman, 1998). The alternatives are defatted powdered Trigonella 

foenum-graecum seeds (100 g), divided into two equal doses in type I DM. 

Trigonella foenum-graecum or seed powder in capsule form (2.5 g twice daily for 

three months) to treat type II DM (Smith, 2003).  
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Inflammation: the topical application of an aqueous suspension of 50 g 

seeds in 250 ml of water is used as anti-inflammatory preparation. The oral 

dose is 1 to 3 g of seeds mixed with food or water taken at meal times. The 

fiber-dense seeds may adsorb oral medications and should be taken 2 hours 

after other oral medications (Shapiro and Gong, 2002).  

 

2.8. Adverse effects:  

Repeated application may cause undesirable skin reactions, diarrhea, 

flatulence and maple syrup urine odor. A 90 days repeated oral toxicity of 

Trigonella foenum-graecum seeds did not show any toxicity (Rao et al., 1996).  

 

2.9. Previous studies: 

Trigonella foenum-graecum has been evaluated for a wide spectrum of 

diseases including cancer, Inflammation, wound, ulcer, Immune disorder, 

cerebral ischemia, hyperlipemia and liver disease (Amin et al., 2005; Mustafa et 

al., 2005; Ahmadiani et al., 2001; Bin-Hafeez et al., 2003; Li et al., 2001; Raju 

et al., 2001). It also possesses to have antifertility potential (Kassem et al., 

2006). Trigonella foenum-graecum extracts have been reported to have anti-

inflammatory, antispasmodic, diuretic, anti-depressant, cardio-protective 

activity (Ravikumar and Anuradha, 1999).  

Traditionally, fenugreek seeds have been reported to be useful in 

hormonal regulation, in particular for male impotence and as a galactagogue in 

lactating mothers (Zuppa et al., 2010). In India, ground fenugreek seeds mixed 

with jaggery are recommended for females after childbirth for their anabolic 

effects to develop and strengthen muscles (Kanwar and Sharma, 2011). Recent 

studies on fenugreek seeds extracts support their effectiveness in promoting 
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lean body mass, and lowering cholesterol (Smith, 2003). Fenugreek extract is 

reported to enhance endurance capacity and the utilization of fatty acids as an 

energy source in male mice (Ikeuchi et al., 2006). One recent study on 

fenugreek extract reported fat reducing effects greater than placebo in young, 

healthy resistance exercising males (Wilborn et al., 2010). Increased 

testosterone levels are known to increase muscle size and strength in men with 

downstream benefits on body weight, body fat, muscle size, strength, libido, 

energy, and mood (Bhasin et al., 1996; Tan and Culberson, 2003; Brodsky et 

al., 1996). Increased total testosterone levels could potentially affect serum 

free/bioavailable testosterone concentrations, resulting in escalated delivery 

and use by muscle cells to enhance protein synthesis, thus positively 

influencing strength and body fat. However, direct evidence for the androgenic 

effects of fenugreek seeds extract or its components in clinical practice is 

lacking. 

 

2.10. Chemical constituents: 

Trigonella foenum-graecum seeds contain 50% fiber (30% soluble fiber 

and 20% insoluble fiber) (Smith, 2003). The major components of Trigonella 

foenum-graecum seeds along with mucilaginous fiber are proteins, saponins 

(Diosgenin, similagenin, savsalpogenin and yuccagenin), lipids and 

carbohydrate (mucilaginous fiber, galactomannan). It also contain alkaloids 

(trigonelline, choline, gentianine and carpaine), flavonoid glycosides (vicenin 1, 

vitexin), furostanol glycosides (trigoneoside Ib), free amino acids (4-

hydroxyisoleucine, arginine, lysine, histidine), vitamins (A, B2, B6, B12, D), β-

carotene, calcium, trifoenoside A, flavonoids, tannins, quercetin, mucilage, 

fixed oil and volatile oils (Taylor et al., 2002; Rao and Sharma, 1987; 

Mishkinsky et al., 1974; Billaud and Adrian, 2001; Yadav and Sehgal, 1997).  
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2.10.1. Furostanol glycoside of fenugreek seeds (trigoneoside Ib): 

The defatted seeds of fenugreek are a rich source of saponin-rich 

fractions and furostanol glycosides are the major soluble saponins that found 

in it (Hfaiedh et al., 2012; Kang et al., 2012). Trigoneoside Ib is one of the many 

furostanol glycoside present in fenugreek seeds and known to be responsible 

for androgenic, anabolic, anti-inflammatory and anti-melanogenic (Kawabata et 

al., 2011; Aswar et al., 2010) properties. Furostanol glycosides isolated from 

different sources also demonstrated its role in the management of male erectile 

dysfunction (Gauthaman and Ganesan, 2008; Neychev and Mitev, 2005), nitric 

oxide synthesis inhibition and Cytotoxic potential (Xu et al., 2007). 

The structure of Trigonesoide Ib (26-O-β-D-glucopyranosyl-(25R)-5α-

furostane-2α, 3β, 22zeta, 26-tetraol 3-O-[β-D-xylopyranosyl (1-->6)]-β-D-

glucopyranoside) is shown in Figure 2.2. Various researchers have 

characterized all the Trigoneosides present in fenugreek and reported 13C NMR, 

1H NMR and [α]D data for these molecules (Murakami et al., 2000; Yoshikawa et 

al., 1997). Trigoneoside Ia, Ib, and XIb are structural isomers with a molecular 

weight of 906 with comparable NMR data and different [α]D data. Identification 

of specific isomer can be carried out using acid hydrolysis in which 

Trigoneoside Ia gives a neogitogenin; Trigoneoside Ib gives a gitogenin, and 

Trigoneoside XIb gives an L-rhamnose. Trigoneoside Ib has a chemical formula 

of C44H74O19. 

 
Figure 2. 2. Structure of Trigoneoside Ib 
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2.10.2. Flavonoid glycosides of fenugreek seeds (Vicenin-1 and Vitexin): 

Besides furostanol glycosides, fenugreek seeds also contain some 

steroidal saponins and flavonol glycosides. Many flavonoid glycosides are 

present in fenugreek seed namely vitexin, isovitexin, orientin, isoorientin, 

vicenin-1, etc. Fenugreek seed contains Vicenin-1, a water-soluble flavonoid 

(Wagner et al., 1973). Flavonoid glycosides possess platelet aggregation 

inhibition (Pang et al., 2012) and anti-oxidant (Kenny et al., 2013) properties. 

Vicenin-1 from other different sources has been reported to have potent 

radioprotectants, antioxidant, anti-inflammatory and metal chelating activities 

(Uma Devi et al., 2000; Uma Devi and Satyamitra, 2004; Devi, 2001; Vrinda 

and Devi, 2001). 

Structure of Vicenin-1 (5,7-dihydroxy-2-(4-hydroxyphenyl)-8-[(2S,4R,5S)-

3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]-6-[(2S,4S,5R)-3,4,5-trihydroxy- 

oxan-2-yl]chromen-4-one) is shown in Figure 2.3. Research carried out over a 

past decade has disclosed a method of synthesis of Vicenin-1 and provided 

comparative data of 13C NMR for synthetic and naturally obtained Vicenin-1 

(Sato and Koide, 2010). Vicenin-1 has a molecular weight of 564 and a 

chemical formula of C26H28O14. 

 

Figure 2. 3. Structure of Vicenin-1 
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Vitexin is another flavonoid glycoside of fenugreek seed. It also found in 

medicinal and other plants such as Crataegus spp. (hawthorn), Passif lora spp. 

(passion flower), Pennisetum glaucum R. Br. (pearl millet), Phyllostachys nigra 

(Lodd. ex Lindl.) Munro (bamboo leaves), and Vitex agnuscastus L. (chasteberry 

or chaste tree) which possesses anticancer, antioxidant, cardio-protective and 

anti-inflammatory effects (Edwards et al., 2012; Zhang et al., 2008; Dong et al., 

2011).  

Structure of vitexin (5,7-dihydroxy-2-(4-hydroxyphenyl)-8[(2S,3R,4R, 

5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]chromen-4-one) is shown 

in Figure 2.4. The researcher has isolated various flavonoid glycosides from 

fenugreek seed and vitexin is one of them (Shang et al., 1998). Vitexin has a 

molecular weight of 432.38 and a chemical formula of C21H20O10. 

 

Figure 2. 4. Structure of Vitexin 
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3. Need of work 

 

Biological systems are continually exposed to both extrinsic sources of 

reactive oxidants (e.g. tobacco, asbestos/silica, radiation, bleomycin and other 

drugs, etc.) and those that arise endogenously in inflammatory cells as well as 

epithelial, mesenchymal and endothelial cells within tissues. Several enzymatic 

systems contribute to reactive oxygen species (ROS) production including 

NOXs, xanthine oxidase, nitric oxide synthase (NOS), and the mitochondrial 

electron transport chain (Winterbourn, 2008; Kamp et al., 1992). Elevated 

oxidative stress can also be caused by depletion of antioxidant defense 

mechanisms, resulting in increased levels of ROS. This play a vital role in the 

development of pulmonary fibrotic diseases (Faner et al., 2012; Kinnula and 

Crapo, 2003). Long-term survival of IPF patients is poor, with a 5-year survival 

rate of only 20%.  

Despite a lack of evidence-based benefit, IPF has historically been treated 

with corticosteroids and cytotoxic agents such as prednisone. With the possible 

exception of n-acetylcysteine, none of the strategies aimed at limiting oxidative 

stress to date have proven efficacious in the management of pulmonary fibrosis 

and silicosis. A simple imbalance between ROS levels and antioxidant defenses 

is unlikely to fully account for the multiple, independently regulated pathways 

involving various cells and organelles (Faner et al., 2012; Kinnula and Crapo, 

2003). Targeted antioxidants to the mitochondria or modulating nuclear factor 

erythroid 2-related factor 2 (Nrf2) activation warrant further study. Emerging 

evidence demonstrates that mitochondria- and p53-regulated death pathways 

as well as ER stress mediate alveolar epithelial cell apoptosis, which is an 

important early event in patients with IPF and silicosis, all of which are 

modulated by the levels of ROS. Thus given the poor efficacy of these drugs, 

novel therapeutic strategies are required for the management of IPF. 
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Pulmonary arterial hypertension (PAH) is a progressive, fatal disease. The 

increased vasoconstriction of the pulmonary arteries in PAH has been 

attributed to reduced expression/activity of voltage-gated potassium channels 

(KV) and dysfunction of the endothelium and platelets, leading to imbalances in 

the production and release of both vasodilators such as nitric oxide (NO) and 

prostacyclin (PGI2) and vasoconstrictors such as endothelin-1 (ET-1) and 

serotonin (5-HT) (Humbert et al., 2004). Many of these regulators of vascular 

tone also have roles in the control of cell proliferation and apoptosis and can 

contribute to the characteristic remodeling of the pulmonary vasculature. 

Tissue hypoxia can also contribute via inhibition of smooth muscle cell KV 

channels, leading to depolarization of cell membranes, increased calcium influx 

through voltage-gated channels, and hence further vasoconstriction. 

Current treatments including prostanoids, endothelin-1 (ET-1) 

antagonists, and phosphodiesterase (PDE) inhibitors, have sought to address 

the pulmonary vascular endothelial dysfunction and vasoconstriction 

associated with the condition (Marsboom and Janssens, 2004). These 

treatments may slow the progression of the disease but do not afford a cure. 

Future treatments must target more directly the structural vascular changes 

that impair blood flow through the pulmonary circulation. Several novel 

therapeutic targets have been proposed and are under active investigation, 

including soluble guanylyl cyclase, phosphodiesterases, tetrahydrobiopterin, 5-

Hydroxytryptamine receptor 2B (5-HT2B) receptors, vasoactive intestinal 

peptide, receptor tyrosine kinases, adrenomedullin, Rho kinase, elastases, 

endogenous steroids, endothelial progenitor cells, immune cells, bone 

morphogenetic protein and its receptors, potassium channels, metabolic 

pathways, and nuclear factor of activated T cells. Tyrosine kinase inhibitors, 

statins, 5-HT2B receptor antagonists, erythroid progenitor cells and soluble 

guanylyl cyclase activators are among the most advanced, having produced 

encouraging results in animal models, and human trials are underway. 
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Several lines of evidence indicate that the combination of drugs from 

different classes is more effective than any single agent. Although some 

progress has been made for the treatment of pulmonary fibrosis and 

hypertension, not all patients respondents satisfactory level, and many often 

require a lung transplant and/ or atrial septostomy. Thus, the need for the 

development of more effective treatments is clear. 

Antioxidants have been previously considered for the treatment of 

primary diseases. For example, the Idiopathic Pulmonary Fibrosis International 

Group Exploring N-Acetylcysteine I Annual trial suggested that the addition of 

N-acetylcysteine to standard therapy with prednisone plus azathioprine may be 

beneficial for the treatment of idiopathic pulmonary fibrosis (Demedts et al., 

2005). New research suggests administering molecular Hydrogen, an 

antioxidant, orally via Hydrogen water may offer therapeutic value to 

Pulmonary Hypertension patients (He et al., 2013). Isolated moieties from plant 

source including carboxymethylpachymaran, curcumin, naringenin, 

epigallocatechin-3-gallate, taurine, melatonin and ellagic acid, etc. with anti-

inflammatory, antioxidant and anti-tumor properties has been shown to have 

protective effect against IPF and PAH in animals (El-Agamy, 2011; Kalayarasan 

et al., 2008; Ahmed et al., 2014). Thus, an effective treatment strategy for 

pulmonary fibrosis as well as pulmonary hypertension should be applied 

during the initial stage, which is associated with numerous inflammatory 

cytokines, such as TNF-α, IL-1β, IL-6, monocyte chemotactic protein-1 (MCP-1) 

and growth factors, particularly transforming growth factor-β (TGF-β). Hence, 

much enthusiasm has been generated to explore the potential use of many 

herbal medicines with anti-inflammatory and antioxidant potential to improve 

symptoms, to reduce the severity of the hemodynamic parameters and to 

reduce pulmonary vascular resistance. 

Ayurveda has reported various properties of Trigonella foenum-graecum 

such as antidiabetic, antihyperlipidemic, wound healing, anti-inflammation, 
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anti-ulcer, etc. (Patil et al., 1997). Its seed contains anti-inflammation, 

cardioprotective activity, antioxidant potential (Ahmadiani et al., 2001; Li et al., 

2001; Ravikumar and Anuradha, 1999). Moreover, researchers have showed 

that phenolic extract of Trigonella foenum-graecum inhibits bleomycin-induced 

lung fibrosis in rats (Yacoubi et al., 2011). However, they failed to reveal its 

exact mechanism of action.  

Furostanol glycosides isolated from fenugreek seed contain anti-

inflammatory properties (Kawabata et al., 2011). Whereas, flavonoid glycosides 

possess cardioprotective, anti-inflammatory and anti-oxidant properties (Kenny 

et al., 2013; Zhang et al., 2008; Dong et al., 2011). Moreover, pulmonary 

fibrosis and pulmonary hypertension are associated with elevated oxidative 

stress and numerous inflammatory cytokines release. However, the efficacy of 

fenugreek seed derived phytoconstituents against pulmonary fibrosis; silicosis 

and hypertension have not been evaluated yet. Hence, the aim of the present 

investigation was to evaluate the efficacy and probable mechanism of action of 

fenugreek seed derived phytoconstituents against chemically induced 

pulmonary fibrosis, silicosis, and hypertension by assessing various 

behavioral, biochemical, molecular, histological and ultrastructural changes in 

the laboratory rats. 
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4. Aim and Objectives 

 

The aim of the present investigation was to evaluate the efficacy and 

probable mechanism of action of fenugreek seed derived phytoconstituents 

against chemically induced pulmonary fibrosis, silicosis, and hypertension by 

assessing various behavioral, biochemical, molecular, histological and 

ultrastructural changes in the laboratory rats. 

 

The objectives of the present investigation were:  

4.1. Toxicity studies:  

4.1.1. To determine LD50 of furostanol and flavonoid glycosides based 

standardized fenugreek seeds extracts in mice as per guidelines (AOT No. 

425) suggested by the Organization for Economic Co-operation and 

Development (OECD) up and down method (OECD, 1998b).  

4.1.2. To determine No Observed Adverse Effect Level (NOAEL) and Low 

Observed Adverse Effect Level (LOAEL) of furostanol and flavonoid 

glycosides based standardized fenugreek seeds extracts in mice as per 

guidelines (AOT No. 407) repeated doses (28 days) oral toxicity study 

suggested by the OECD (OECD, 1998a).  

 

4.2. Pharmacokinetics, tissue distribution, and excretion study: 

To develop a simple and sensitive HPLC method and pharmacokinetic 

evaluation (including tissue distribution and excretion) of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts after single 

oral administration in laboratory rats. 
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4.3. Pharmacological evaluation of furostanol and flavonoid glycosides 

based standardized fenugreek seeds extracts in animal model of 

respiratory disorders: 

4.3.1. To evaluate efficacy and probable mechanism of action of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts in 

Bleomycin (BLM)-induced pulmonary fibrosis, pulmonary hypertension 

and liver fibrosis in laboratory rats (Giri and Graver, 1991; Schroll et al., 

2010; Bei et al., 2013) by using following parameters: 

 Body weight (Simler et al., 2002) 

 Lung injury index (Lung weight to body weight ratio) (Simler et al., 2002) 

 Liver weight to body weight ratio (Giri and Graver, 1991) 

 Right Ventricle (RV) hypertrophy index i.e. Fulton index (Cortijo et al., 

2009) 

 Lung function measurements (Jacono et al., 2006) 

 Peak expiratory flow (PEF) 

 Peak inspiratory flow (PIF)  

 Spirometric flow 

 Spirometric volume 

 Tidal volume  

 Breathing rate 

 Hemodynamic measurements (Bei et al., 2013; Schroll et al., 2010) 

 RVSP and RVDP (Right Ventricular Systolic and Diastolic Pressure) 
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 RVMP (Right Ventricular Mean Pressure) and Heart rate 

 Peripheral blood oxygen content (Bi et al., 2013) 

 Differential cell count in BALF (Cortijo et al., 2009) 

 Hematological count (Cortijo et al., 2009) 

 Hydroxyproline level in lung and BALF (Cortijo et al., 2009) 

 Histamine levels in lung (Sriram et al., 2009) 

 Serotonin levels in lung (Sriram et al., 2009) 

 Eosinophil peroxidase (EPO) activity (Hao et al., 2000) 

 Liver function measurements (Giri and Graver, 1991)  

 Albumin 

 Alkaline Phosphatase  

 Bilirubin 

 Aspartate transaminase 

 Alanine transaminase  

 Gamma-glutamyl transferase 

 Endogenous antioxidant level in lung, liver and BALF (Arafa et al., 2007) 

 Superoxide dismutase 

 Reduced glutathione 

 Myeloperoxidase (MPO) level in lung, liver and BALF (Arafa et al., 2007) 
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 Lipid peroxidation (MDA) level in lung, liver and BALF (Arafa et al., 2007) 

 Nitric oxide level in lungs, liver, and BALF (Arafa et al., 2007) 

 LDH level in serum (Chen et al., 2006) 

 Total antioxidant capacity of lung and liver  

 RT-PCR analysis of various inflammatory and oxidative genes in lung: 

 TNF-α (Chen et al., 2006) 

 IL-1β (Serrano‐Mollar et al., 2003) 

 IL-6 (Serrano‐Mollar et al., 2003) 

 IL-8 (Serrano‐Mollar et al., 2003) 

 Nrf2 (Sriram et al., 2009) 

 HO-1 (Jin et al., 2011; Chen et al., 2013) 

 RT-PCR analysis of various fibrotic genes in lung 

 TGF-β (Cortijo et al., 2009) 

 Collagen-1 (Cortijo et al., 2009; Chen et al., 2006) 

 Smad-3 (Liu et al., 2014; Gao et al., 2013; Ji et al., 2013) 

 Smad-7 (Ji et al., 2013) 

 VEGF (Shimbori et al., 2011) 

 Muc5ac (Cortijo et al., 2009) 

 ET-1 (Chen et al., 2006; Zhao et al., 2010) 
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 NF-kB (Chitra et al., 2013) 

 RT-PCR analysis of various apoptotic genes in lung (Kalayarasan et al., 

2013) 

 Bax 

 Bcl-2 

 Caspase-3 

 RT-PCR analysis of gene in liver (Ogura et al., 2012; Zhou et al., 2013) 

 FXRα 

 Histological examinations of lungs 

 H&E staining (Chitra et al., 2013) 

 Masson’s trichrome staining (Chitra et al., 2013) 

 Picro-Sirius Red staining (Kalayarasan et al., 2008; Sriram et al., 

2009) 

 Alcian blue staining (Cortijo et al., 2009) 

 Histological examinations of liver (Giri and Graver, 1991) 

 H&E staining 

 Histological examinations of pulmonary artery (Cortijo et al., 2009) 

 H&E staining 

 Transmission electron microscopic analysis (TEM) of lung tissue 

(Kalayarasan et al., 2013; Zhai et al., 2009; Sriram et al., 2009) 
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4.3.2. To evaluate efficacy and probable mechanism of action of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts in 

monocrotaline (MCT)-induced pulmonary hypertension (PH) in laboratory 

rats by using following parameters: 

 Body weight (Zuo et al., 2012) 

 Lung injury index (Zuo et al., 2012) 

 Fulton index (Zuo et al., 2012) 

 Lung function measurements (Lei et al., 2004) 

 Inspiratory time and Expiratory time  

 Peak expiratory flow (PEF) and Peak inspiratory flow (PIF) 

 Tidal volume 

 Breathing rate 

 Enhanced pause 

 Hemodynamic measurements (Bi et al., 2013) 

 RVSP (Right Ventricular Systolic Pressure) 

 RVMP (Right Ventricular Mean Pressure) 

 RVDP (Right Ventricular Diastolic Pressure) 

 Right ventricular Max dp/dt  

 Right ventricular Min dp/dt 

 Contractility index and Tau 
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 Electrocardiographic measurements (Bi et al., 2013) 

 Heart rate 

 RR interval 

 QRS Duration 

 QRS Amplitude 

 QT Duration 

 QTc 

 PR interval 

 ST interval 

 Haematological count (Yavuz et al., 2013) 

 Peripheral blood oxygen content (Pilling et al., 2007) 

 Endogenous antioxidant level in RV and lungs (Yavuz et al., 2013) 

 Superoxide dismutase 

 Reduced glutathione 

 Myeloperoxidase (MPO) level in RV and lungs (Jin et al., 2008) 

 Lipid peroxidation (MDA) level in RV and lungs (Jin et al., 2008) 

 Hydroxyproline level in lung and right ventricle (Jin et al., 2008) 

 Nitric oxide level in RV and lungs (Pei et al., 2011) 
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 LDH (Lactate dehydrogenase) and CKMB (Creatine Kinase MB) level in 

serum (Lei et al., 2004) 

 Endothelin-1 (ET-1) and ET-2 level in plasma (Liu et al., 2007)  

 RT-PCR analysis of various cardiac damage genes in RV: 

 cTn-1 (cardiac troponin I) (Pei et al., 2011) 

 ANP (Atrial natriuretic peptide) (Chen et al., 2001) 

 BNP (type B natriuretic peptide) (Zuo et al., 2012) 

 NHE-1 (Na+-H+ exchange isoform-1) (Chen et al., 2001) 

 RT-PCR analysis of various inflammatory and oxidative genes in RV and 

lung: 

 TNF-α (Tumour necrosis factor alpha) (Bi et al., 2013) 

 IL-1β (Interleukin-1 Beta) (Bi et al., 2013) 

 IL-6 (Interleukin-6) (Bi et al., 2013) 

 Nrf2 (Nuclear factor-like 2- Kelch like-ECH-associated protein 1) 

(Voelkel et al., 2013) 

 HO-1 (Heme oxygenase-1) (Goto et al., 2002) 

 HIF-1α (hypoxia-inducible factor-1α) (Lourenço et al., 2006) 

 ET-1 (Endothelin-1) (Lourenço et al., 2006) 

 NF-kB (Nuclear factor κB) (Bi et al., 2013) 

 eNOs (Endothelial nitric oxide synthase) (Pei et al., 2011) 
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 iNOs (Inducible nitric oxide synthase) (Pei et al., 2011) 

 RT-PCR analysis of various genes in pulmonary artery & lungs (Ramos et 

al., 2008) 

 TGF-β (Transforming growth factor-β) 

 BMP-2 (Bone Morphogenetic Protein type-2) 

 BMP-4 (Bone Morphogenetic Protein type-4) 

 p-Smad-2 (Mothers against decapentaplegic homolog-2) 

 p-Smad-3 (Mothers against decapentaplegic homolog-3) 

 Smad-1 (Mothers against decapentaplegic homolog-1) 

 Smad-4 (Mothers against decapentaplegic homolog-4) 

 Alk-1 (Activin Receptor-like Kinase-1) 

 VEGF (Vascular endothelial growth factor) 

 PCNA (Proliferating cell nuclear antigen) (Zhai et al., 2009) 

 NF-kB (Nuclear factor κB) 

 RT-PCR analysis of various apoptotic genes in RV & pulmonary artery 

(Zhai et al., 2009) 

 Bax (bcl-2-associated x protein) 

 Bcl-2 (B-cell lymphoma 2) 

 Caspase-3 
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 RT-PCR analysis of pulmonary vascular remodelling genes in pulmonary 

artery (Zhai et al., 2009) 

 Kv1.5 (Voltage-dependent potassium channels 1.5) 

 Kv2.1 (Voltage-dependent potassium channels 2.1) 

 Histological examinations of lungs (Yavuz et al., 2013) 

 H&E staining  

 Masson’s trichrome staining  

 Histological examinations of pulmonary artery (Bi et al., 2013) 

 H&E staining 

 Histological examinations of RV (Zuo et al., 2012) 

 H&E staining  

 Masson’s trichrome staining 

 Transmission electron microscopic analysis (TEM) of pulmonary artery 

and RV tissue (Bi et al., 2013; Zuo et al., 2012) 
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4.3.3. To evaluate efficacy and probable mechanism of action of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts in silica 

(SIL)-induced pulmonary fibrosis and silicosis in laboratory rats by using 

following parameters: 

 Body weight (Bissonnette and Rola-Pleszczynski, 1989) 

 Lung injury index (Choi et al., 2008) 

 Lung function measurements 

 Peak expiratory flow (PEF) 

 Peak inspiratory flow (PIF)  

 Spirometric flow 

 Spirometric volume 

 Tidal volume  

 Breathing rate 

 Differential cell count in BALF (Fu et al., 2013) 

 Haematological count (Fu et al., 2013) 

 Hydroxyproline level in lung and BALF (Fu et al., 2013) 

 Endogenous antioxidant level in lungs and BALF (Madkour and Ahmed, 

2013) 

 Superoxide dismutase 

 Reduced glutathione 
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 Myeloperoxidase (MPO) level in lungs and BALF (Madkour and Ahmed, 

2013) 

 Lipid peroxidation (MDA) level in lungs and BALF (Madkour and Ahmed, 

2013) 

 Nitric oxide level in lungs and BALF (Sharawy et al., 2013) 

 Serum and BALF LDH level (DiMatteo and Reasor, 1997) 

 Serum and BALF Albumin level (DiMatteo and Reasor, 1997) 

 RT-PCR analysis of various inflammatory and oxidative genes in lung 

(Zhang et al., 2013): 

 TNF-α  

 IL-1β 

 Nrf2  

 RT-PCR analysis of various fibrotic genes in lung (Zhang et al., 2013; 

Yang et al., 2013): 

 TGF-B  

 Collagen-1  

 Smad-3 and Smad-7 

 RT-PCR analysis of various apoptotic genes in lung (Zhang et al., 2014): 

 Bax 

 Bcl-2 

 Caspase-3 
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 Histological examinations of lungs (Peeters et al., 2014) 

 H&E staining 

 Masson’s trichrome staining  

 Picrosirius Red staining  

 Ladewig’s trichrome staining  
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4.3.4. To evaluate efficacy and probable mechanism of action of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts in 

Alpha-naphthylthiourea (ANTU)-induced pulmonary edema in laboratory 

rats by using following parameters: 

 Body weight (Atalay et al., 2012) 

 Plural effusion volume (Atalay et al., 2012) 

 Lung edema index (Atalay et al., 2012) 

 Lung injury index (Atalay et al., 2012) 

 Haematological count (Vivet et al., 1983) 

 Differential cell count in BALF (Vivet et al., 1983) 

 Total Protein level in lung (Day et al., 1990) 

 LDH (Lactate dehydrogenase) level in BALF (Day et al., 1990) 

 GGT (Creatine Gamma Glutamyl Transferase) level in BALF (Day et al., 

1990) 

 5-HT (hydroxytryptamine) level in lungs (Mais and Bosin, 1984) 

 Histological examinations of lungs (Atalay et al., 2012) 

 H&E staining  
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4.3.5. To evaluate efficacy and probable mechanism of action of furostanol and 

flavonoid glycosides based standardized fenugreek seeds extracts in 

ANTU-induced pulmonary hypertension in laboratory rats by using 

various parameters: 

 Body weight (Hill et al., 1984) 

 Lung injury index (Hill et al., 1984) 

 Liver injury index (Hill et al., 1984) 

 Fulton index (Azoulay et al., 2003) 

 Lung function measurements  

 Inspiratory time and Expiratory time  

 Peak expiratory flow (PEF) and Peak inspiratory flow (PIF) 

 Tidal volume 

 Breathing rate 

 Enhanced pause 

 Hemodynamic measurements (Azoulay et al., 2003) 

 RVSP (Right Ventricular Systolic Pressure) 

 RVMP (Right Ventricular Mean Pressure) 

 RVDP (Right Ventricular Diastolic Pressure) 

 Right ventricular Max dp/dt  

 Right ventricular Min dp/dt 
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 Contractility index 

 Tau 

 Electrocardiographic measurements (Azoulay et al., 2003) 

 Heart rate 

 RR interval 

 QRS Duration 

 QRS Amplitude 

 QT Duration 

 QTc 

 PR interval 

 ST interval 

 Haematological count (Azoulay et al., 2003) 

 Peripheral blood oxygen content (Vivet et al., 1983) 

 Endogenous antioxidant level in RV, lung and liver 

 Superoxide dismutase 

 Reduced glutathione 

 Myeloperoxidase (MPO) level in RV, lung and liver 

 Lipid peroxidation (MDA) level in RV, lung and liver 

 Serum CKMB (Vivet et al., 1983) 
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 Serum LDH (Vivet et al., 1983) 

 Serum GGT (Vivet et al., 1983) 

 Serum AST (Vivet et al., 1983) 

 Serum ALT (Vivet et al., 1983) 

 RT-PCR analysis of various endothelin dysfunction markers in right 

ventricle, lung and pulmonary artery (Azoulay et al., 2003): 

 eNOs 

 VEGF  

 Histological examinations of various organs (H&E stain) (Azoulay et al., 

2003): 

 Lungs  

 Right ventricle  

 Liver  

 Pulmonary artery 
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6. Materials and methods 

6.1. Materials: 

6.1.1. Animals:  

Swiss Albino mice (18-22 g), male Wistar rats (180-220 g) and male 

Sprague-Dawley rats (180-220 g) were purchased from National Institute of 

Biosciences; Pune. The animals were housed in polypropylene cages and 

maintained under the environmental condition of temperature 25 ± 10C and 

relative humidity of 45-55 % under 12h light: 12h dark cycle. The animals had 

free access to food chow (Pranav Agro-industries Ltd., Sangli, India) and filtered 

water ad libitum throughout the experimental protocol. All the experimental 

protocols were approved by the Institutional Animal Ethics Committee (IAEC) of 

Poona College of Pharmacy constituted under the guidelines of Committee for 

the Purpose of Control and Supervision of Experiment on Animals (CPCSEA). 

The protocol approval numbers are as follows: 

1. Acute and repeated doses (28 days) oral toxicity study: 

CPCSEA/04/2014 and CPCSEA/05/2014 

2. Pharmacokinetics, tissue distribution, and excretion study:  

CPCSEA/35/2012 

3. BLM-induced Pulmonary fibrosis, pulmonary hypertension and liver 

fibrosis study: CPCSEA/08/2014 

4. Monocrotaline-induced pulmonary hypertension study: 

CPCSEA/09/2014 

5. Silica-induced pulmonary fibrosis and silicosis study: CPCSEA/07/2014 

6. Alpha-naphthylthiourea-induced pulmonary edema and hypertension 

study: CPCSEA/06/2014 
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6.1.2. Drugs and Chemicals: 

 Bleomycin (Bleochem®) was purchased from Biochem Pharmaceutical 

Industries Limited, India. 

 Monocrotaline, Alpha-naphthylthiourea (ANTU) and Silica (Sigma-

Aldrich, Mumbai, India). 

 Methylprednisolone (PredMet®) (Sun Pharmaceutical Industries Ltd, 

Ranipool, Sikkim, India). 

 Sildenafil (Suhagra®) (Cipla Limited, Mumbai, India). 

 Bosentan (Bosentas®) (Cipla Limited, Mumbai, India). 

 Ketamine (Chandra Bhagat Pharma Pvt. Ltd., Matunga, Mumbai, India). 

 Sulphanilamide, Phosphoric acid, 1-Naphthylamine hydrochloride, 

Magnesium sulphate, Sodium carbonate, Sodium Potassium Tartarate, 

Formaldehyde (LobaChemi Pvt. Ltd., Mumbai, India).  

 Hydrochloric acid, Sodium hydroxide, Copper sulphate, Hydrogen 

peroxide, Sulphuric acid, P-(dimethylamino) benzaldehyde, NADH, EGTA, 

Glycyl Glycine, Cytochrome C, Succinic acid, MTT, Sodium borohydride, 

Digitonin, Mannitol, O-pthalaldehyde, Ninhydrin, n-heptane, n-butanol, 

Cysteine, Thiobarbituric acid, Trichloroacetic acid, Isopropyl alcohol, n-

heptane, n-butanol, HEPES, O-phenylenediamine, Resorcinol, 

Glutaraldehyde solution, Agarose, Ethidium bromide (MP Biomedicals 

India Private Limited, India). 

 Potasisum dihydrogen Phosphate, Sodium chloride, acetic acid, 

Potassium hydroxide, Potassium chloride, Folin phenol Reagent, Tween 

80, methanol, Formic acid (HPLC grade) and acetonitrile (HPLC grade) 

(Merck Specialities Pvt. Ltd., Mumbai, India). 
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 Deionized water was purified by Milli-Q system (Merck Specialities Pvt. 

Ltd., Mumbai, India). 

 Anaesthetic Ether (Narson Pharma, Chittor, India). 

 EDTA, Sodium Phosphate (Dibasic) (SISCO Research Lab. Pvt. Ltd., 

Mumbai, India).  

 Adenosine triphosphate, Tris Hydrochloride (Himedia Lab. Pvt. Ltd., 

Mumbai, India). 

 TNF- α kit, IL- 1 β Kit (Thermo Scientific, Pierce Biotech., Rockford, IL, 

USA).  

 Tulsicon® ADS-400 column (0.40–1.2 mm) (Thermax Limited, Pune, 

India). 

 Dowex Optipore® L493 (Sigma-Aldrich, Mumbai, India). 

 Kromasil 100-5 C18 (Serial No. E31667) (250mm X 4.6mm X 5 mm) 

analytical column (Sigma-Aldrich, Mumbai, India). 

 

6.1.3. Instruments Used: 

 HPLC chrompass liquid chromatographic-4000 system, Jasco, Tokyo, 

Japan. 

 JASCO ChromPass Chromatography Data System software, JASCO 

GmbH, Grob-Umstadt, Germany. 

 Whole Body Plethysmography, emka TECHNOLOGIES, Paris, France. 

 Student Power Lab 8 channel recording system, Power Lab 8/30, AD 

Instrument Pvt. Ltd., Lexington Drive, Bella, Australia. 
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 Millar mikro-tip transducer catheter, Millar instrument, Houston, Texas. 

 ELISA Reader, Erba Lisascan II, ERBA diagnostic manneim Gmb, 

Germany. 

 UV Spectrophotometer and Spectrofluorometer, Jasco V-630, Japan. 

 Metabolic cage, Techniplast, Italy.  

 Animal weighing electronic balance, Contech Instruments Co., PCP/B 

Pharm/ 02-03. 

 Chemical weighing balance, Metler Tolledo, AB-204-S, Classic made in 

Switzerland. 

 Tissue Homogeniser, Remi Equipment Pvt. Ltd., Remi Motors Ltd., 

Mumbai, India. 

 Cryocentrifuge, Remi RC4 Lab. Centrifuge, Remi Motors Ltd., Mumbai, 

India. 

 Finguretip Pulse Oximeter, V1.0CF3, MD300CF3, ChoiceMMed, China. 

 Cyclic voltammeter, Autolab, Metrohm India Ltd., Mumbai, India. 

 PCR machine, Eppendorf AG 22331, Barkhausenweg, Germany. 

 Laminar Air flow unit, Gallay Medical and Scientific, Mulgrave. 

 Gel Documentation system, Alpha Innotech Corporation, California, USA. 

 pH meter, Systronics 802, Sr. No. 753, Ahmadabad.   

 Micropipettes (Eppendorf India and BioEra - Life Sciences Pvt. Ltd., 

India) 
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6.1.4. Kits Used: 

 Alanine aminotransferase (ALT), Albumin, Alkaline phosphatase (ALP), 

Aspartate aminotransferase (AST), Blood Urea Nitrogen (BUN), Total 

Cholesterol (TC), Creatinine, Gamma Glutamyl Transferase (GGT), 

Glucose, Total bilirubin, Triglycerides (TG), Lactate dehydrogenase (LDH), 

Creatine Kinase-MB (CK-MB) (Accurex Biomedical Pvt. Ltd., India). 

 ET-1 (Endothelin-1) and ET-2 (Endothelin-2) ELISA kits (Bioassay 

Technology laboratory, Shanghai, China). 

 Total RNA Extraction kit, One-step RT-PCR kit, Oligonucliotides (MP 

Biomedicals India Pvt. Ltd., India and 3B Black Bio Biotech India Ltd., 

India).  
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6.2. Methods: 

6.2.1. Composition of test drugs i.e. standardized fenugreek seed extracts: 

1. Furostanol glycoside i.e. Trigoneoside Ib: INDUS83010  

2. Flavonoid glycoside i.e. Vicenin-1: INDUS83020  

3. Flavonoid glycoside i.e. Vitexin: INDUS83030 

4. SFSE-G i.e. INDUS830 is a composite of INDUS83010: INDUS83020: 

INDUS83030 (44.5: 35.5: 13) (The remaining 7% consisted of oligosugars) 

 

6.2.2. Preparation of drug solution, storage, volume and route of 

administration: 

6.2.2.1. INDU830, INDUS83010, INDUS83020, and INDUS83030: 

6.2.2.1.1. Preparation of test drug solution: 

 In the case of INDU830, INDUS83010 and INDUS83020 solutions were 

prepared by using distilled water as a vehicle. 

 In the case of INDUS83030 solution was prepared by using Tween 80 as 

a vehicle.  

6.2.2.1.2. Storage of drug solution: 

 INDU830, INDUS83010, INDUS83020 and INDUS83030 powder was 

stored in a desiccator.  

 The fresh drug solution was prepared for each day's work. The solution 

was kept in airtight amber colored bottles and stored at room 

temperature until ready for use.  



Materials and Methods 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
 Page 63 

6.2.2.1.3. Volume of drug administration: 

 The volume of INDU830, INDUS83010, INDUS83020 and INDUS83030 

solutions to be administered was calculated based upon the body weight 

of animals. 

6.2.2.1.4. Route of administration: 

 The INDU830, INDUS83010, INDUS83020 and INDUS83030 solutions 

were administered through per oral (p.o.) route. 

 

6.2.2.2. Bosentan: 

6.2.2.2.1. Preparation of standard drug solution: 

 A solution of bosentan was prepared by using 1% Sodium-carboxy 

methyl cellulose solution as a vehicle. 

6.2.2.2.2. Storage of drug solution: 

 Bosentan was stored in a desiccator. The fresh drug solution was 

prepared for each day work. The solution was kept in airtight amber 

colored bottles at R.T. 

6.2.2.2.3. Volume of drug administration: 

 The volume of bosentan solution to be administered was calculated 

based upon the body weight of animals. 

6.2.2.2.4. Route of administration: 

 Bosentan solution was administered through per oral (p.o.) route. 
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6.2.2.3. Methylprednisolone:  

6.2.2.3.1. Preparation of standard drug solution: 

 A solution of Methylprednisolone was prepared by 1% Sodium-carboxy 

methyl cellulose solution as a vehicle. 

6.2.2.3.2. Storage of drug solution: 

 Methylprednisolone was stored in a desiccator. The fresh drug solution 

was prepared for each day work. The solution was kept in airtight amber 

colored bottles at R.T. 

6.2.2.3.3. Volume of drug administration: 

 The volume of Methylprednisolone solution to be administered was 

calculated based upon the body weight of animals. 

6.2.2.3.4. Route of administration: 

 Methylprednisolone solution was administered through per oral (p.o.) 

route. 

 

6.2.2.4. Sildenafil:  

6.2.2.4.1. Preparation of standard drug solution: 

 A solution of sildenafil was prepared by 1% Sodium-carboxy methyl 

cellulose solution as a vehicle. 

6.2.2.4.2. Storage of drug solution: 
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 Sildenafil was stored in a desiccator. The fresh drug solution was 

prepared for each day work. The solution was kept in airtight amber 

colored bottles at R.T. 

6.2.2.4.3. Volume of drug administration: 

 The volume of sildenafil solution to be administered was calculated based 

upon the body weight of animals. 

6.2.2.4.4. Route of administration: 

 Sildenafil solution was administered through per oral (p.o.) route. 

 

6.2.3. Acute oral toxicity and repeated doses (28 days) sub-acute oral 

toxicity studies: 

6.2.3.1. Objective: 

To assess the acute oral toxicity (AOT) as well as repeated doses (28 days) sub-

acute oral toxicity of INDU830, INDUS83010, INDUS83020 and INDUS83030 

in mice.  

 

6.2.3.2. Methods: 

6.2.3.2.1. Experimental design: 

6.2.3.2.1.1. Acute oral toxicity study: 

 The acute oral toxicity study was performed according to the OECD 

Guideline 425 “Up and Down procedure” (UDP) (OECD, 1998b).  
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 There were different groups of Swiss albino mice (18-22 g, 5 

mice/sex/group) viz. vehicle control (VC) (10 mL/kg, double distilled 

water, p.o.), INDUS830 (55, 175, 550, 1750 and 5000 mg/kg, p.o.), 

INDUS83010 (55, 175, 550, 1750 and 5000 mg/kg, p.o.), INDUS83020 

(55, 175, 550, 1750 and 5000 mg/kg, p.o.) and INDUS83030 (55, 175, 

550, 1750 and 5000 mg/kg, p.o.).  

 Vehicle or INDUS830 or INDUS83010 or INDUS83020 or INDUS83030 

was administered only once (on day 0). Following administration, the 

animals were observed for mortality or any sign of abnormality 

periodically during the first 6 h post-dosing, and once daily thereafter for 

a period of 14 days.  

 At the end of the observation period of 14 days, all mice were 

euthanatized under ether anesthesia, and macroscopical observations 

conducted on all organs and tissues. The various organs and tissues 

were excised and weighed after macroscopical observation.  

 AOT425statpgm (Version: 1.0) program was used to determine LD50 of 

test compounds. 

 

6.2.3.2.1.2. Repeated doses (28 days) sub-acute oral toxicity study: 

 The subacute oral toxicity study was performed according to the OECD 

Guideline 407 “Repeated Dose 28-day Oral Toxicity Study in Rodents” 

(OECD, 1998a).  

 There were different groups of Swiss albino mice (18-22 g, 5 

mice/sex/group) viz. VC (10 mL/kg, double distilled water, p.o.), 

INDUS830 (250, 500, 1000 mg/kg, p.o.), INDUS83010 (87.5, 175, 350 

mg/kg, p.o.), INDUS83020 (37.5, 75, 150 mg/kg, p.o.), INDUS83030 (25, 
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50, 100 mg/kg, p.o.), VC reversal (VC-R), INDUS830 reversal (1000 

mg/kg-R, p.o.), INDUS83010 reversal (350 mg/kg-R, p.o.), INDUS83020 

reversal (150 mg/kg-R, p.o.) and INDUS83030 reversal (100 mg/kg-R, 

p.o.).  

 A separate group of mice treated with INDUS830 (1000 mg/kg, p.o.), 

INDUS83010 (350 mg/kg, p.o.), INDUS83020 (150 mg/kg, p.o.) and 

INDUS83030 (100 mg/kg, p.o.) was maintained for tissue drug 

distribution analysis.  

 VC or INDU830 or INDUS83010 or INDUS83020 or INDUS83030 was 

administered daily for 28 days. The necropsy of animals was carried out 

on the 29th day.  

 VC-R, INDUS830 reversal (1000 mg/kg-R, p.o.), INDUS83010 reversal 

(350 mg/kg-R, p.o.), INDUS83020 reversal (150 mg/kg-R, p.o.) and 

INDUS83030 reversal (100 mg/kg-R, p.o.). were undergone 15 days drug 

withdrawal i.e. dosing from 0-28 days and on 29th day onwards up-to 

42nd day drug withdrawal (no any drug or vehicle administration). Drug 

withdrawal provided to observed any withdrawal side effect of the drug. 

The necropsy was carried out day 43rd. 

 

6.2.3.2.2. Body weights, feed and water consumption 

In subacute oral toxicity study, individual body weights were recorded 

daily prior to dose administration. Final body weights were recorded prior to 

the scheduled necropsy. The food and water consumption were determined 

daily beginning 1 week prior to initiation of dose administration.  
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6.2.3.2.3. Blood collection and biochemical analysis: 

At the end of the experiment of subacute oral toxicity study, the mice 

were euthanatized under ether anesthesia. Blood was collected, and organs 

(brain, kidneys, liver, lungs, heart, testes, ovaries, and spleen) were isolated 

weighted. Organ samples (kidneys, liver, and lungs) used for analysis of tissue 

total proteins, superoxide dismutase, reduced glutathion, lipid peroxidation 

activities as per previously reported method (Kandhare et al., 2012). Organ 

samples (brain, kidneys, liver, lungs, and small intestine) from two mice were 

stored at -20 0C until analysis of tissue drug distribution. Organ samples 

(kidneys, liver, lungs, heart, testes, ovaries, and stomach) from one mouse were 

used for histopathology. 

 

6.2.3.2.4. Hematological analysis: 

Haemoglobin, Red blood cell, Hematocrit, Mean Corpuscular Volume, 

Mean Corpuscular Hemoglobin, Mean Corpuscular Hemoglobin Concentration, 

Red Cell Distribution Width, Mean platelet volume, Total leukocyte, Differential 

leukocyte (White Blood Corpuscles) count, Neutrophils, Lymphocytes, 

Eosinophils and Monocytes by using an automatic analyser (KX-21N™ 

Automated Hematology Analyzer, Sysmex).  

 

6.2.3.2.5. Clinical biochemistry analysis:  

The serum was analyzed for Albumin, Alkaline Phosphatase, Alanine 

Aminotransferase, Aspartate Aminotransferase, Bilirubin, Blood Urea Nitrogen, 

Cholesterol, Creatinine, Gamma Glutamyl Transferase, Glucose and 

Triglycerides using specific commercial available diagnostic kits (Accurex 

Biomedical Pvt. Ltd., Mumbai). 
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6.2.3.2.6. Tissue drug distribution analysis: 

The weighed organs of mice were homogenate in phosphate buffer saline 

and centrifuged at 9000 rpm at 9 0C for 5 min. The supernatant was separated, 

100 µl of acetic acid and 6 ml of distilled water were added. Then this sample 

was processed for solid phase extraction where it passed through C-18 

cartridge column followed by washing with 6 ml distilled water. Then the 

column was eluted with 2 ml of methanol and elute was concentrated under 

nitrogen. The resultant residue was mixed with 1 ml of distilled water and 

analyzed with HPLC (Column: Kromasil C18 column (250 mm X 4.6 mm, 5 

µm), detector: UV-2075 (210 nm), injection volume: 20 µl; flow rate: 1 ml/min 

(gradient elution technique), mobile phase: water: trifluroacetic acid (0.01%) in 

acetonitrile starting from 100: 0 to 0: 100 over 31 min).  

 

6.2.3.2.7. Histopathological analysis:  

Samples of kidneys, liver, lungs, heart, testes, ovaries and stomach 

tissue were fixed in 10% (v/v) neutral buffered formalin. It was processed for 

12 h using isopropyl alcohol, xylene, and paraffin embedded for light 

microscopic study. Paraffin-embedded tissue sections cut at 5 µm thickness 

were prepared and stained after deparaffination using hematoxylin and eosin 

(H&E) stain. Photomicrographs were captured at a magnification of 40 X.  

 

6.2.3.2.8. Statistical analysis: 

Data were represented as mean ± standard error of mean. Data analysis 

was performed using GraphPad Prism 5.0 software (GraphPad, San Diego, CA, 

USA). Data was analyzed using one-way ANOVA followed by Dunnett’s test. 

Data of ‘percentage survival’ was analyzed by using Kaplan-Meier analysis 

followed by Logrank (Mantel-Cox) test. Data of “mortality” was analyzed by 

Fisher’s exact test. A value of p < 0.05 was considered statistically significant. 
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6.2.4. Pharmacokinetics, tissue distribution, and excretion study: 

6.2.4.1. Objective: 

To develop a simple and sensitive HPLC method and pharmacokinetic 

evaluation (including tissue distribution and excretion) of INDUS83010 and 

INDUS83020 with Trigoneoside Ib and Vicenin-1 as a marker compound after 

single oral administration in laboratory rats.  

 

6.2.4.2. Methods: 

6.2.4.2.1. Instrumentation and Chromatographic Conditions: 

The HPLC analysis was carried out on chrompassliquid 

chromatographic-4000 system (Jasco, Tokyo, Japan) equipped with an 

autosampler and UV-2075 plus detector. Data acquisition was controlled by 

JASCO ChromPass Chromatography Data System software (JASCO GmbH, 

Grob-Umstadt, Germany). Chromatographic separation was accomplished on 

the a Kromasil 100-5 C18 (Serial No. E31667) (250 mm X 4.6mm X 5µm) 

analytical column (Sigma-Aldrich, India), pump: pu-2080 plus, UV detector: 

UV-2075 and autosampler: AS-2055 plus. The mobile phase for INDUS83010 

was formic acid (0.3 %) and acetonitrile (80:20 v/v) at a flow rate of 1 mL/min 

whereas mobile phase for INDUS83020 was water and acetonitrile (75:25 v/v) 

at a flow rate of 1 mL/min. Chromatograms were monitored at 274 nm for 

INDUS83010 and 210 nm for INDUS83020 with runtime 30 min. Moreover, the 

column temperature was maintained at 25 °C. 

 

 

 



Materials and Methods 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
 Page 71 

6.2.4.2.2. Preparation of serum samples: 

For the assay of serum samples, the internal standard solution (100 μL) 

and the mixture (100 μL) of acetic acid and water corresponding to the volume 

of the working standard solutions were added to a glass tube, and the solvent 

was evaporated to dryness under the nitrogen gas flow. Serum sample (2 mL) 

was added to the residue, and the mixture was vortex mixed for 5 min and 

applied to Tulsicon® ADS-400 (0.40-1.2 mm) column followed by washing with 

6 ml distilled water. Then the column was eluted with 2 ml of methanol and 

eluate was concentrated under nitrogen. The resultant residue was mixed with 

1 ml of distilled water and analyzed by HPLC. A 20 μL aliquot was injected into 

the HPLC system for analysis. 

 

6.2.4.2.3. Calibration Standards and Quality Control (QC) Samples 

Preparation: 

A stock solution of INDUS83010 and INDUS83020 was prepared in 

methanol to give a final concentration of 1.0 µg/mL. A series of working 

solutions were obtained by diluting the SFSE-G stock solution with methanol. 

All solutions were stored at -70 °C until used. Calibration standards of 

INDUS83010 and INDUS83020 were prepared by spiking the appropriate 

amount of the working solutions into 100 μL drug-free rat plasma or tissue 

homogenates. The final concentrations of calibration standard samples for 

INDUS83010 (2.3, 4.6, 6.9, 9.2 and 11.5 μg/mL) and INDUS83020 (10.5-100.5 

μg/mL). Quality control (QC) samples for INDUS83010 (2.3, 6.9 and 11.5 

μg/mL) and for INDUS83020 (52.5, 100.5 μg/mL) for plasma. QC samples of 

INDUS83010 (1, 10, 100, 1000 and 5000 μg/mL) and for INDUS83020 (2.5-

500 μg/mL) for different tissue homogenates, urine, and fecal samples (Food 

and Drug Administration, 2005).  
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6.2.4.2.4. General Procedure for Sample Preparation for INDUS83010 and 

INDUS83020 Analysis in Plasma, Tissue, Urine and Fecal Samples: 

A solid-liquid extraction (SLE) of INDUS83010 and INDUS83020 in 

biosamples was performed prior to HPLC analysis. Briefly, 100 μL of plasma or 

tissue samples or clear supernatant of urine or stool was obtained by 

centrifuging the whole urine at 10,000 rpm at 40C for 20 minutes. Then it 

passed through Tulsicon® ADS-400 (0.40-1.2 mm) and washed with 6 ml of 

distilled water and elute with 2 ml of methanol. It was concentrated under 

nitrogen and residue was dissolved in 1 ml mobile phase consist of formic acid 

(0.3 %) and acetonitrile (80:20). An aliquot (20 μL) of the supernatant was 

injected onto the HPLC system.  

 

6.2.4.2.5. Method Validation: 

6.2.4.2.5.1. Specificity: 

Specificity was assessed by analyzing blank plasma and tissue 

homogenate samples, blank plasma, and tissue homogenate samples spiked 

with INDUS83010 and INDUS83020.  

 

6.2.4.2.5.2. Calibration Curves and Lower Limit of Quantification: 

Calibration standard was prepared as described above in triplicate and 

analyzed on three consequent days. The lower limit of quantification (LLOQ) 

was defined as the lowest concentration of an analyte in a sample which 

provided a peak area with a signal-to-noise ratio higher than 10.  
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6.2.4.2.5.3. Precision and Accuracy: 

Intra-day and Inter-day precision and accuracy were evaluated by 

analysis of the three QC samples with six determinations per concentration at 

the same day while the inter-day precision and accuracy were measured over 

three consecutive days. The precision was defined as the relative standard 

deviation (%RSD), while accuracy was determined by calculating the 

percentage deviation observed in the analysis of QC samples and expressed by 

relative error (%RE).  

 

6.2.4.2.5.4. Extraction Recovery and Stability: 

The extraction recoveries of INDUS83010 and INDUS83020 were 

determined at the low, medium and high level of QC samples. Recoveries were 

calculated by comparing the observed peak area ratios in biosamples to those 

non-processed standard solutions at the same concentrations (Food and Drug 

Administration, 2005). The stability of INDUS83010 and INDUS83020 in 

plasma and tissue was determined by different storage or handling conditions. 

Short-term stability was assessed by analyzing QC samples kept at ambient 

temperature for 8 h. Long-term stability was studied by assaying samples 

following a period of 2 weeks of storage at -70 °C (Food and Drug 

Administration, 2005). 

 

6.2.4.2.6. In-vivo Pharmacokinetic Study: 

Six rats were used for pharmacokinetic investigation. INDUS83010 was 

administered orally at the dose of 200 mg/kg whereas INDUS83020 was 

administered orally at the dose of 60 mg/kg. At the time points of 0 (pre-dose), 

0.083, 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 8, 12, 24, 48, 72 and 96 h. post-injection, 
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blood samples (0.5 mL) were collected in heparinized tubes from the retro-

orbital puncture and then centrifuged at 10,000 rpm for 5 min to obtain 

plasma. The plasma was stored at −70 °C prior to analysis by HPLC. 

 

6.2.4.2.7. Tissue Distribution Study: 

For tissue distribution study, three rats were used. INDUS83010 was 

administered orally at the dose of 200 mg/kg whereas INDUS83020 was 

administered orally at the dose of 60 mg/kg. After administration, the rats were 

sacrificed at 72 h following administration, and various tissue were collected. 

Tissue samples were homogenized in ice-cold physiological saline solution and 

HPLC analysis was performed using the procedure described above. 

 

6.2.4.2.8. Urinary and fecal excretion study: 

For urinary and fecal excretion study, three rats were used. INDUS83010 

was administered orally at the dose of 200 mg/kg whereas INDUS83020 was 

administered orally at the dose of 60 mg/kg. The rats were housed in metabolic 

cages (Techniplast, Italy) with free access to water and food was returned 

approximately 4 h post-dosing. Urine and faeces were collected at 0-24, 24-48, 

48-72, 72-96 and 96-108 h post dosing. The faeces were dried at room 

temperature. The specimens were stored at-80 ◦C after the urine volume and 

faeces dry weight for each collection period were measured.  

 

6.2.4.2.9. Statistical Analysis: 

All the data were expressed as the mean ± SEM. The pharmacokinetic 

parameters were calculated using the Kinetica v 5.0 (Alfasoft AB, Sweden).  
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Estimation of Maximum Safe Starting Dose: 

Data obtained from toxicological studies must support a level of risk 

considered acceptable for a new therapeutic to be given to animals for the first 

time. Therefore, to optimize safety in a first in the animal a comprehensive 

understanding of the molecule, its target, and expected behavior in both 

diseased and normal tissues is needed. The FDA guideline (Food and Drug 

Administration, 2005) for selection of a maximum recommended starting dose 

(MRSD) has been widely adopted for new chemical entities. However, the 

primary focus of dose selection in this guideline centres around defining a dose 

that causes toxicity and the No Observed Adverse Effects Level (NOAEL) with a 

secondary focus on a dose that causes pharmacological activity (the 

pharmacologically active dose (PAD)).  

Selecting a first in animal dose requires the integration of data from 

many disciplines. There are four different approaches: 

1. The dose by factor approach  

2. Similar drug approach  

3. Pharmacokinetically guided approach 

4. The comparative approach 

Once sufficient preclinical data are available, a dose is then selected, 

guided by a relevant endpoint (e.g., NOAEL or PAD) to determine the human 

equivalent dose (HED). A final step in extrapolating an initial safe starting dose 

is to apply a safety factor, which takes into consideration the overall 

robustness and quality of the data. 

HED = Animal NOAEL X [weight of animal (in kg) / weight of human (in kg)]0.33 
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Hence, maximum recommended starting dose (MRSD) for INDUS830 was 

20.35 mg/kg. The remaining three doses were selected on the basis geometric 

progression. One dose is above MRSD and two doses below MRSD. Hence, the 

selected pharmacologically active doses for INDUS830 were 5, 10, 20 and 40 

mg/kg. 

MRSD for INDUS83010 was 14.24 i.e. 15 mg/kg. The remaining three 

doses were selected on the basis geometric progression. One dose is above 

MRSD and two doses below MRSD. Hence, the selected pharmacologically 

active doses for INDUS83010 were 3.75, 7.5, 15 and 30 mg/kg. 

MRSD for INDUS83020 was 6.10 i.e. 6 mg/kg. The remaining three 

doses were selected on the basis geometric progression. One dose is above 

MRSD and two doses below MRSD. Hence, the selected pharmacologically 

active doses for INDUS83020 were 1.5, 3, 6 and 12 mg/kg. 

MRSD for INDUS83030 was 8.14 i.e. 8 mg/kg. The remaining three 

doses were selected on the basis geometric progression. One dose is above 

MRSD and two doses below MRSD. Hence, the selected pharmacologically 

active doses for INDUS83030 were 2, 4, 8 and 16 mg/kg. 
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6.2.5. Bleomycin (BLM)-induced pulmonary fibrosis, pulmonary 

hypertension and liver fibrosis: 

6.2.5.1. Objective: 

To evaluate the efficacy of INDU830, INDUS83010, INDUS83020 and 

INDUS83030 against BLM-induced pulmonary fibrosis (PF), pulmonary 

hypertension (PH) and liver fibrosis by assessing various behavioural, 

biochemical, molecular, histological and ultrastructural changes in the 

laboratory rats. 

 

6.2.5.2. Methods: 

6.2.5.2.1. Induction of PF, PH, liver fibrosis and drug treatment 

After an overnight fasting, PF and PH were induced by intratracheal 

administration of BLM hydrochloride (6 IU/kg in 0.9% NaCl) in Sprague–

Dawley rats (200-220 gm) under anesthesia with 60 mg/kg ketamine 

hydrochloride and 5 mg/kg xylazine (Kalayarasan et al., 2008). The rats in the 

normal and sham control group were subjected to the same procedure, but 

BLM was substituted by saline. The rats were randomly divided into following 

groups (n=12) as follows: 

Group I: Normal group: (N): Rats did not undergo any surgery and 

did not receive BLM. They were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group II: Sham control group: (S): Rats were undergone surgery 

and received saline. They were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group III: BLM control group: (BLM): Rats were undergone surgery 

and received the intratracheal administration of BLM. 
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They were administered a single daily dose of distilled 

water (10 mg/kg), p.o. for 28 days. 

Group IV: Methylprednisolone (10 mg/kg) treated group: [MP 

(10)]: Rats were undergone surgery and receive the 

intratracheal administration of BLM. They were 

administered a single daily dose of Methylprednisolone (10 

mg/kg), p.o. for 28 days. 

Group V: Sildenafil (25 mg/kg) treated group: [Sil (25)]: Rats were 

undergone surgery and receive the intratracheal 

administration of BLM. They were administered a single 

daily dose of sildenafil (25 mg/kg), p.o. for 28 days. 

Groups VI-IX:  INDU830 (5, 10, 20 and 40 mg/kg) treated group: 

[INDUS830 (5) and INDUS830 (10) and INDUS830 (20) 

and INDUS830 (40)]: Rats were undergone surgery and 

receive the intratracheal administration of BLM. They were 

administered a single daily dose of INDUS830 (5 mg/kg) or 

INDUS830 (10 mg/kg) or INDUS830 (20 mg/kg) or 

INDUS830 (40 mg/kg), p.o. for 28 days. 

Groups X-XIII:  INDU83010 (3.75, 7.5, 15 and 30 mg/kg) treated 

group: [INDUS83010 (3.75) and INDUS83010 (7.5) and 

INDUS83010 (15) and INDUS83010 (30)]: Rats were 

undergone surgery and receive the intratracheal 

administration of BLM. They were administered a single 

daily dose of INDUS83010 (3.75 mg/kg) or INDUS83010 

(7.5 mg/kg) or INDUS83010 (15 mg/kg) or INDUS83010 

(30 mg/kg), p.o. for 28 day. 

Groups XIV-XVII: INDU83020 (1.5, 3, 6 and 12 mg/kg) treated group: 

[INDUS83020 (1.5) and INDUS83020 (3) and 

INDUS83020 (6) and INDUS83020 (12)]: Rats were 

undergone surgery and receive the intratracheal 
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administration of BLM. They were administered a single 

daily dose of INDUS83020 (1.5 mg/kg) or INDUS83020 (3 

mg/kg) or INDUS83020 (6 mg/kg) or INDUS83020 (12 

mg/kg), p.o. for 28 day. 

Groups XVIII-XXI: INDU83030 (2, 4, 8 and 16 mg/kg) treated group: 

[INDUS83030 (2) and INDUS83030 (4) and INDUS83030 

(8) and INDUS83030 (16)]: Rats were undergone surgery 

and receive the intratracheal administration of BLM. They 

were administered a single daily dose of INDUS83030 (2 

mg/kg) or INDUS83030 (4 mg/kg) or INDUS83030 (8 

mg/kg) or INDUS83030 (16 mg/kg), p.o. for 28 days. 

 

After intratracheal administration of BLM, the animals were allowed to 

recovered, and wound area was treated with soframycin twice a day for 

prophylaxis of wound infection. Vehicle or drugs were given after the 24 hrs. of 

administration of BLM and the treatment was continued for 28 consecutive 

days. The doses of INDU830, INDUS83010, INDUS83020 and INDUS83030 

were selected on the basis of reported subacute oral toxicity study (repeated 

dose 28 days) whereas dose of methylprednisolone (10 mg/kg) and sildenafil 

(25 mg/kg) were based on previously reported methods (Li and Cui, 2002; 

Cortijo et al., 2009; Wang et al., 2009).  

As BLM-induced pulmonary fibrosis is associated with the sequence of 

biphasic events, a primary inflammatory event occurred from 14-16 days, 

followed by secondary fibrogenic changes up to 28 days thus biochemical and 

histological markers related to inflammatory changes were evaluated on day 14 

by sacrificing half of the rats from each group. Whereas biochemical and 

histological markers related to fibrotic changes were evaluated on day 28 by 

sacrificing remaining rats from each group. (Figure 6.1)  
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6.2.5.2.2. Parameters evaluated:  

The efficacy of INDU830, INDUS83010, INDUS83020 and INDUS83030 

in BLM-induced pulmonary fibrosis, pulmonary hypertension and liver fibrosis 

was evaluated by using the following parameters: 

 Body weight, Lung injury index, Fulton index (on 14th and 28th Day)  

 Liver weight to body weight ratio (on 14th and 28th Day) 

 Lung function measurements (on 14th and 28th Day)  

 Hemodynamic measurements (on 28th Day)  

 Peripheral blood oxygen content (on 14th and 28th Day)  

 BALF Differential cell count and Haematological count (on 14th and 28th 

Day)  

 Hydroxyproline level in lung and BALF (on 14th and 28th Day) 

 Histamine and Serotonin levels in lung (on 14th and 28th Day) 

 Eosinophil peroxidase (EPO) activity in lung (on 14th and 28th Day) 

 Endogenous antioxidant (SOD and GSH) level in lung, liver and BALF (on 

14th and 28th Day) 

 Myeloperoxidase (MPO) level, nitric oxide level and lipid peroxidation 

(MDA) level in lung, liver and BALF (on 14th and 28th Day) 

 Total antioxidant capacity of lung and liver (on 14th and 28th Day) 

 Liver function measurements and LDH level (on 28th Day)  

 RT-PCR analysis of various inflammatory and oxidative genes (TNF-α, IL-

1β, IL-6, IL-8, Nrf2 and HO-1) in lung (on 14th Day) 
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 RT-PCR analysis of various fibrotic genes (TGF-β, Collagen-1, Smad-3, 

Smad-7, VEGF, Muc5ac, ET-1, NF-kB) in lung (on 28th Day) 

 RT-PCR analysis of various apoptotic genes (Bax, Bcl-2, Caspase-3) in 

lung (on 28th Day) 

 RT-PCR analysis of FXRα gene in liver (on 28th Day) 

 Histological examinations of lungs (H&E staining (on 14th Day), Masson’s 

trichrome staining (on 28th Day), Picro-Sirius Red staining (on 28th Day), 

Alcian blue staining (on 28th Day))  

 Histological examinations of liver (H&E staining) (on 28th Day) 

 Histological examinations of pulmonary artery (H&E staining) (on 28th 

Day) 

 Transmission electron microscopic analysis (TEM) of lung tissue (on 28th 

Day) 

 

 

 

 

 

 

 

 

Figure 6. 1. The paradigm of BLM-induced PF, PH and liver fibrosis 
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6.2.6. Monocrotaline (MCT)-induced pulmonary hypertension: 

6.2.6.1. Objective: 

To evaluate the efficacy of INDU830, INDUS83020 and INDUS83030 

against MCT-induced pulmonary hypertension (PH) by assessing various 

behavioural, biochemical, molecular, histological and ultrastructural changes 

in the laboratory rats. 

 

6.2.6.2. Methods: 

6.2.6.2.1. Induction of pulmonary hypertension and drug treatment 

PH was induced by single subcutaneous (s.c.) injection of MCT (80 

mg/kg) in Sprague–Dawley rats (200-220 gm) under ether anesthesia. MCT 

was dissolved in 1 N HCl, and the pH was adjusted to 7.4 with 1 N NaOH. MCT 

administered as a single s.c. injection in a volume of 3 ml/kg (Jasińska-

Stroschein et al., 2014). The rats in the normal group were subjected to the 

same procedure, but MCT was substituted by vehicle. The rats were randomly 

divided into following groups (n=12) as follows: 

Group I: Normal group: (N): Rats received a single subcutaneous 

(s.c.) injection of vehicle. They were administered a single 

daily dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group II: MCT control group: (MCT): Rats received single 

subcutaneous (s.c.) injection of MCT (60 mg/kg). They 

were administered a single daily dose of distilled water (10 

mg/kg), p.o. for 28 days. 

Group III: Sildenafil (25 mg/kg) treated group: [Sil (25)]: Rats 

received single subcutaneous (s.c.) injection of MCT (60 
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mg/kg). They were administered a single daily dose of 

sildenafil (25 mg/kg), p.o. for 28 days. 

Group IV: Bosentan (300 mg/kg) treated group: [BOS (300)]: Rats 

received single subcutaneous (s.c.) injection of MCT (60 

mg/kg). They were administered a single daily dose of 

Bosentan (300 mg/kg), p.o. for 28 days. 

Groups V-VIII:  INDU830 (5, 10, 20 and 40 mg/kg) treated group: 

[INDUS830 (5) and INDUS830 (10) and INDUS830 (20) 

and INDUS830 (40)]: Rats received single subcutaneous 

(s.c.) injection of MCT (60 mg/kg). They were administered 

a single daily dose of INDUS830 (5 mg/kg) or INDUS830 

(10 mg/kg) or INDUS830 (20 mg/kg) or INDUS830 (40 

mg/kg), p.o. for 28 day. 

Groups IX-XII:  INDU83020 (1.5, 3, 6 and 12 mg/kg) treated group: 

[INDUS83020 (1.5) and INDUS83020 (3) and 

INDUS83020 (6) and INDUS83020 (12)]: Rats received 

single subcutaneous (s.c.) injection of MCT (60 mg/kg). 

They were administered a single daily dose of INDUS83020 

(1.5 mg/kg) or INDUS83020 (3 mg/kg) or INDUS83020 (6 

mg/kg) or INDUS83020 (12 mg/kg), p.o. for 28 day. 

Groups XIII-XVI: INDU83030 (2, 4, 8 and 16 mg/kg) treated group: 

[INDUS83030 (2) and INDUS83030 (4) and INDUS83030 

(8) and INDUS83030 (16)]: Rats received single 

subcutaneous (s.c.) injection of MCT (60 mg/kg). They 

were administered a single daily dose of INDUS83030 (2 

mg/kg) or INDUS83030 (4 mg/kg) or INDUS83030 (8 

mg/kg) or INDUS83030 (16 mg/kg), p.o. for 28 day. 
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Vehicle or drugs were given after the 24 hrs. of MCT administration and 

the treatment was continued for 28 consecutive days. The doses of INDU830, 

INDUS83020 and INDUS83030 were selected on the basis of reported subacute 

oral toxicity study (repeated dose 28 days) whereas dose of sildenafil (25 

mg/kg) and bosentan (300 mg/kg) were based on previously reported methods 

(Fontoura et al., 2014; Itoh et al., 2004). On 28th day, after blood collection 

animals were sacrificed for evaluation of biochemical, molecular, histological 

and ultrastructural parameters. (Figure 6.2) 

 

6.2.6.2.2. Parameters evaluated:  

The efficacy of INDU830, INDUS83020, and INDUS83030 in 

monocrotaline-induced PH was evaluated by using the following parameters: 

 Body weight (on 14th and 28th Day)  

 Lung injury index and Fulton index (on 28th Day)  

 Lung function measurements (on 14th and 28th Day) 

 Hemodynamic measurements (on 28th Day)  

 Peripheral blood oxygen content (on 14th and 28th Day)  

 Haematological count (on 14th and 28th Day)  

 Hydroxyproline level in lung and right ventricle (on 28th Day) 

 Endogenous antioxidant (SOD & GSH) level in RV & lungs (on 28th Day) 

 Myeloperoxidase (MPO) level, nitric oxide level and lipid peroxidation 

(MDA) level in RV and lungs (28th Day) 

 CK-MB and LDH levels (on 28th Day)  
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 Endothelin-1 (ET-1) and ET-2 level in plasma (on 28th Day)  

 RT-PCR analysis of various cardiac damage genes (cTn-1, ANP, BNP and 

NHE-1) in RV (on 28th Day)  

 RT-PCR analysis of various inflammatory and oxidative genes (TNF-α, IL-

1β, IL-6, Nrf2, HO-1, HIF-1α, ET-1, NF-kB, eNOs and iNOs) in RV and 

lung (on 28th Day) 

 RT-PCR analysis of various genes (TGF-β, BMP-2, BMP-4, p-Smad-2, p-

Smad-3, Smad-1, Smad-4, Alk-1, VEGF, PCNA and NF-kB) in pulmonary 

artery & lungs (on 28th Day) 

 RT-PCR analysis of various apoptotic genes (Bax, Bcl-2, and Caspase-3) 

in RV & pulmonary artery (on 28th Day) 

 RT-PCR analysis of pulmonary vascular remodelling genes (Kv1.5 and 

Kv2.1) in pulmonary artery (on 28th Day) 

 Histological examinations of lungs (H&E staining, Masson’s trichrome 

staining) (on 28th Day) 

 Histological examinations of pulmonary artery (H&E staining) (on 28th 

Day) 

 Histological examinations of RV (H&E staining and Masson’s trichrome 

staining) (on 28th Day) 

 Transmission electron microscopic analysis (TEM) of pulmonary artery 

and RV tissue (on 28th Day) 
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Figure 6. 2. The paradigm of Monocrotaline-induced pulmonary 
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6.2.7. Silica (SIL)-induced pulmonary fibrosis and silicosis: 

6.2.7.1. Objective: 

To evaluate the efficacy of INDU830 and INDUS83010 against SIL-

induced pulmonary fibrosis and silicosis by assessing various behavioural, 

biochemical, molecular and histological changes in the laboratory rats. 

 

6.2.7.2. Methods: 

6.2.7.2.1. Induction of pulmonary fibrosis, silicosis, and drug treatment 

Pulmonary fibrosis and silicosis were induced by intratracheal 

instillation of 50 mg of silica/0.1 ml of saline in Sprague–Dawley rats (200-220 

gm) under anesthesia with 60 mg/kg ketamine hydrochloride and 5 mg/kg 

xylazine (Hemmati et al., 2008). The rats in the normal and sham control group 

were subjected to the same procedure, but silica was substituted by saline. The 

rats were randomly divided into following groups (n=12) as follows: 

Group I: Normal group: (N): Rats did not undergo any surgery and 

did not receive silica. They were administered a single 

daily dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group II: Sham control group: (S): Rats were undergone surgery 

and received saline. They were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group III: SIL control group: (SIL): Rats were undergone surgery 

and received the intratracheal administration of SIL. They 

were administered a single daily dose of distilled water (10 

mg/kg), p.o. for 28 days. 

Group IV: Methylprednisolone (10 mg/kg) treated group: [MP 

(10)]: Rats were undergone surgery and receive the 
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intratracheal administration of SIL. They were 

administered a single daily dose of Methylprednisolone (10 

mg/kg), p.o. for 28 days. 

Groups V-VIII:  INDU830 (5, 10, 20 and 40 mg/kg) treated group: 

[INDUS830 (5) and INDUS830 (10) and INDUS830 (20) 

and INDUS830 (40)]: Rats were undergone surgery and 

receive the intratracheal administration of SIL. They were 

administered a single daily dose of INDUS830 (5 mg/kg) or 

INDUS830 (10 mg/kg) or INDUS830 (20 mg/kg) or 

INDUS830 (40 mg/kg), p.o. for 28 days. 

Groups IX-XII:  INDU83010 (3.75, 7.5, 15 and 30 mg/kg) treated 

group: [INDUS83010 (3.75) and INDUS83010 (7.5) and 

INDUS83010 (15) and INDUS83010 (30)]: Rats were 

undergone surgery and receive the intratracheal 

administration of SIL. They were administered a single 

daily dose of INDUS83010 (3.75 mg/kg) or INDUS83010 

(7.5 mg/kg) or INDUS83010 (15 mg/kg) or INDUS83010 

(30 mg/kg), p.o. for 28 day. 

 

After intratracheal administration of SIL, the animals were allowed to 

recovered, and wound area was treated with soframycin twice a day for 

prophylaxis of wound infection. Vehicle or drugs were given after the 24 hrs. of 

administration of SIL and the treatment was continued for 28 consecutive 

days. The doses of INDU830 and INDUS83010 were selected on the basis of 

reported subacute oral toxicity study (repeated dose 28 days) whereas a dose of 

methylprednisolone (10 mg/kg) was based on previously reported method 

(Sharma et al., 1991).  

As SIL-induced pulmonary fibrosis is associated with the sequence of 

biphasic events, a primary inflammatory event occurred from 14-16 days, 
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followed by secondary fibrogenic changes up to 28 days thus biochemical and 

histological markers related to inflammatory changes were evaluated on day 14 

by sacrificing half of the rats from each group. Whereas biochemical and 

histological markers related to fibrotic changes were evaluated on day 28 by 

sacrificing remaining rats from each group. (Figure 6.3) 

 

6.2.7.2.2. Parameters evaluated:  

The efficacy of INDU830 and INDUS83010 in silica-induced pulmonary 

fibrosis and silicosis was evaluated by using the following parameters: 

 Body weight and Lung injury index (on 14th and 28th Day) 

 Lung function measurements (on 14th and 28th Day) 

 Differential cell count in BALF and Haematological count (on 14th and 

28th Day) 

 Hydroxyproline level in lung and BALF (on 14th and 28th Day) 

 Endogenous antioxidant (SOD and GSH) level in lungs and BALF (on 14th 

and 28th Day) 

 Myeloperoxidase (MPO) level, Lipid peroxidation (MDA) and Nitric oxide 

level in lungs and BALF (on 14th and 28th Day) 

 Serum and BALF LDH level and Albumin level (on 28th Day) 

 RT-PCR analysis of various inflammatory and oxidative genes (TNF-α, IL-

1β and Nrf2) in lung (on 14th Day) 

 RT-PCR analysis of various fibrotic genes (TGF-B, Collagen-1, Smad-3 

and Smad-7) in lung (on 28th Day) 
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 RT-PCR analysis of various apoptotic genes (Bax, Bcl-2 and Caspase-3) 

in lung (on 28th Day) 

 Histological examinations of lungs (H&E staining (on 14th Day), Masson’s 

trichrome staining (on 28th Day), Picrosirius Red staining (on 28th Day), 

Ladewig’s trichrome staining (on 28th Day))  

 

 

 

 

 

 

 

 

 

Figure 6. 3. The paradigm of silica-induced pulmonary fibrosis and silicosis 
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6.2.8. Alpha-naphthylthiourea (ANTU)-induced pulmonary edema: 

6.2.8.1. Objective: 

To evaluate the efficacy of INDU830 and INDUS83030 against ANTU-

induced pulmonary edema by assessing various biochemical and histological 

changes in the laboratory rats. 

 

6.2.8.2. Methods: 

6.2.8.2.1. Induction of pulmonary edema and drug treatment 

Pulmonary edema was induced by single intraperitoneal (i.p.) injection of 

ANTU (10 mg/kg) in Sprague–Dawley rats (200-220 gm). ANTU was suspended 

in olive oil at a concentration of 4 mg/mL (Atalay et al., 2012). The rats in the 

normal group were subjected to the same procedure, but ANTU was 

substituted by vehicle i.e. olive oil. The rats were randomly divided into 

following groups (n=5) as follows: 

Group I: Normal group: (N): Rats received distilled water (10 

mg/kg, p.o.) for 7 days. On 8th days, rats received a single 

intraperitoneal (i.p.) injection of olive oil (10 mg/kg).  

Group II: ANTU control group: (ANTU): Rats received distilled water 

(10 mg/kg, p.o.) for 7 days. On 8th days, rats received a 

single intraperitoneal (i.p.) injection of ANTU (10 mg/kg). 

Group III: Sildenafil (25 mg/kg) treated group: [Sil (25)]: Rats 

received pretreatment of sildenafil (25 mg/kg, p.o.) for 7 

days. On 8th days, rats received a single intraperitoneal 

(i.p.) injection of ANTU (10 mg/kg). 

Groups IV-VII:  INDU830 (5, 10, 20 and 40 mg/kg) treated group: 

[INDUS830 (5) and INDUS830 (10) and INDUS830 (20) 
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and INDUS830 (40)]: Rats received pretreatment of 

INDUS830 (5 mg/kg) or INDUS830 (10 mg/kg) or 

INDUS830 (20 mg/kg) or INDUS830 (40 mg/kg), p.o. for 7 

days. On 8th days rats received single intraperitoneal (i.p.) 

injection of ANTU (10 mg/kg). 

 

Groups VIII-XI:  Groups XIII-XVI: INDU83030 (2, 4, 8 and 16 mg/kg) 

treated group: [INDUS83030 (2) and INDUS83030 (4) 

and INDUS83030 (8) and INDUS83030 (16)]: Rats 

received pretreatment of INDUS83030 (2 mg/kg) or 

INDUS83030 (4 mg/kg) or INDUS83030 (8 mg/kg) or 

INDUS83030 (16 mg/kg), p.o. for 7 days. On 8th days, rats 

received a single intraperitoneal (i.p.) injection of ANTU (10 

mg/kg). 

 

Vehicle or drugs were given as pretreatment for 7 days before 

administration of ANTU. The doses of INDU830, INDUS83020 and 

INDUS83030, were selected on the basis of reported subacute oral toxicity 

study (repeated dose 28 days) whereas a dose of sildenafil (25 mg/kg) was 

based on previously reported method (Itoh et al., 2004). On the 8th day after 4 

hr. of post-ANTU administration, blood was collected by retro-orbital puncture 

and animals were sacrificed for evaluation of biochemical and histological 

parameters. (Figure 6.4) 
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6.2.8.2.2. Parameters evaluated:  

The efficacy of INDU830, INDUS83020, and INDUS83030 in ANTU-

induced pulmonary edema was evaluated by using the following parameters: 

 Body weight and Lung injury index  

 Plural effusion volume and Lung edema index  

 Haematological count and Differential cell count in BALF  

 Total Protein level and 5-HT (hydroxytryptamine) level in lung  

 LDH (Lactate dehydrogenase) level in BALF  

 GGT (Creatine Gamma Glutamyl Transferase) level in BALF  

  Histological examinations of lungs (H&E staining)  

 

 

 

 

 

 

 

Figure 6. 4. The paradigm of ANTU-induced pulmonary edema 
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6.2.9. Alpha-naphthylthiourea (ANTU)-induced pulmonary hypertension: 

6.2.9.1. Objective: 

To evaluate the efficacy of INDU830 and INDUS83030 against ANTU-

induced pulmonary hypertension by assessing various biochemical, molecular 

and histological changes in the laboratory rats. 

 

6.2.9.2. Methods: 

6.2.9.2.1. Induction of pulmonary hypertension and drug treatment 

Pulmonary hypertension was induced by administering intraperitoneal 

(i.p.) injection of ANTU (5 mg/kg/week, for 4 weeks) in a volume of 3 ml/kg in 

Sprague–Dawley rats (200-220 gm). ANTU was suspended in olive oil (Hill et 

al., 1984). The rats in the normal group were subjected to the same procedure, 

but ANTU was substituted by vehicle i.e. olive oil. The rats were randomly 

divided into following groups (n=6) as follows: 

Group I: Normal group: (N): Rats received intraperitoneal (i.p.) 

injection of vehicle. They were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 28 days. 

Group II: ANTU control group: (ANTU): Rats received an 

intraperitoneal (i.p.) injection of ANTU (5 mg/kg/week, for 

4 weeks). They were administered a single daily dose of 

distilled water (10 mg/kg), p.o. for 28 days. 

Group III: Sildenafil (25 mg/kg) treated group: [Sil (25)]: Rats 

received intraperitoneal (i.p.) injection of ANTU (5 

mg/kg/week, for 4 weeks). They were administered a 

single daily dose of sildenafil (25 mg/kg), p.o. for 28 days. 
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Groups IV-VII:  INDU830 (5, 10, 20 and 40 mg/kg) treated group: 

[INDUS830 (5) and INDUS830 (10) and INDUS830 (20) 

and INDUS830 (40)]: Rats received intraperitoneal (i.p.) 

injection of ANTU (5 mg/kg/week, for 4 weeks). They were 

administered a single daily dose of INDUS830 (5 mg/kg) or 

INDUS830 (10 mg/kg) or INDUS830 (20 mg/kg) or 

INDUS830 (40 mg/kg), p.o. for 28 days. 

Groups VIII-XI:  Groups XIII-XVI: INDU83030 (2, 4, 8 and 16 mg/kg) 

treated group: [INDUS83030 (2) and INDUS83030 (4) 

and INDUS83030 (8) and INDUS83030 (16)]: Rats 

received intraperitoneal (i.p.) injection of ANTU (5 

mg/kg/week, for 4 weeks). They were administered a 

single daily dose of INDUS83030 (2 mg/kg) or 

INDUS83030 (4 mg/kg) or INDUS83030 (8 mg/kg) or 

INDUS83030 (16 mg/kg), p.o. for 28 days. 

 

Vehicle or drugs were given after the 24 hrs. of ANTU administration and 

the treatment was continued for 28 consecutive days. The doses of INDU830 

and INDUS83030 were selected on the basis of reported subacute oral toxicity 

study (repeated dose 28 days) whereas a dose of sildenafil (25 mg/kg) was 

based on previously reported method (Itoh et al., 2004). On 28th day, after 

blood collection animals were sacrificed for evaluation of biochemical, 

molecular and histological parameters. (Figure 6.5) 
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6.2.9.2.2. Parameters evaluated:  

The efficacy of INDU830, INDUS83020, and INDUS83030 in ANTU-

induced pulmonary hypertension was evaluated by using the following 

parameters: 

 Body weight (on 14th and 28th Day) 

 Lung injury index, Liver injury index and Fulton index (on 28th Day) 

 Lung function measurements (on 14th and 28th Day) 

 Electrocardiographic measurements (on 14th and 28th Day) 

 Hemodynamic measurements (on 28th Day) 

 Haematological count (on 28th Day) 

 Peripheral blood oxygen content (on 28th Day) 

 Endogenous antioxidant (SOD and GSH) level in RV, lung and liver (on 

28th Day) 

 Myeloperoxidase (MPO) and Lipid peroxidation (MDA) level in RV, lung 

and liver (on 28th Day) 

 Serum CKMB, LDH, GGT, AST and ALT (on 28th Day) 

 RT-PCR analysis of various endothelin dysfunction markers (eNOs and 

VEGF) in right ventricle, lung and pulmonary artery (on 28th Day) 

 Histological examinations of Lungs, Right ventricle, Liver and Pulmonary 

artery (H&E stain) (on 28th Day) 
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Figure 6. 5. The paradigm of ANTU-induced pulmonary hypertension 
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6.2.10. Detailed procedure for evaluation of behavioral, biochemical, 

molecular, histological and ultrastructural parameters: 

6.2.10.1. Behavioral parameters: 

 

6.2.10.1.1. Lung function measurements 

Whole-body flow-through plethysmography (EMKA Technologies, France) 

was used to monitor the respiratory dynamics of an unrestrained rat in a 

quantitative manner. Recorded variables included Peak inspiratory flow (PIF), 

Peak expiratory flow (PEF), tidal volume (TV), expired volume (EV), the 

frequency of breathing (f), enhanced pause (Penh) value. The system was 

calibrated by injecting a known volume (5 mL) into the plethysmographic 

chamber by use of a glass syringe. Rats were allowed to acclimate to the 

chamber for 15 min before recordings were made. Respiratory activity was 

recorded for 10 min, to establish baseline values for the variables described 

above, including airway obstruction parameters (Delaunois et al., 2009).  

 

6.2.10.1.2. Measurement of peripheral blood oxygen content 

To assess peripheral blood oxygen content in-vivo, rats were monitored 

for the percentage of hemoglobin saturated with oxygen (pulse Ox). The rats 

were anesthetized with ether, and a peripheral pulse Ox sensor (ChoiceMMed, 

V1.0CF3, MD300CF3, China) was attached to the tail. Pulse Ox readings were 

taken as the animal regained consciousness (Pilling et al., 2007).  

 

6.2.10.1.3. Assessment of electrocardiographic abnormalities 

For the measurement of the electrocardiogram, the leads were placed on 

the right foreleg (negative electrode), left foreleg (positive electrode), and right 
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hind leg (neutral electrode). Electrocardiographic changes were recorded using 

8 channels Power Lab System (LabChart 7.3; AD Instrument Pvt. Ltd., Bella 

Vista, Australia) (Ghule et al., 2009).  

 

6.2.10.1.4. Hemodynamic measurement 

Right ventricular pressure was measured via a closed-chest technique as 

previously described (Bei et al., 2013). Briefly, rats were anesthetized with 

intraperitoneal injection of urethane (1.25 gm/kg). A Millar mikro-tip 

transducer catheter (Model SRP-320, Millar instrument, Texas) was directly 

inserted into the right ventricle via the right jugular vein and connected to a 

bioamplifier. The right ventricular functions like RVSP (Right Ventricular 

Systolic Pressure), RVDP (Right Ventricular Diastolic Pressure), RVMP (Right 

Ventricular Mean Pressure) and Heart rate were obtained from primary signals 

by means of an acquisition data system (AD Instruments Pvt. Ltd. with 

software LabChart 7.3; AD Instrument Pvt. Ltd.). 

 

6.2.10.1.5. Morphometric measurements 

After hemodynamic measurement, blood was collected by the retro-

orbital puncture under ether anesthesia. Each blood sample was collected into 

two separate vials for the determination of hematological count and serum 

parameters. The animal was sacrificed by overdose of ether anesthesia. Then, 

Thorax was opened, and the heart was removed. The RV was dissected from 

the left ventricle (LV) plus septum (S). The ratio of RV/(LV + S) weight was 

calculated to assess RV hypertrophy i.e. Fulton index.  

The lungs were removed from the chest cavity en block with the trachea 

and perfused via the trachea. The ratios of wet weights of the lung to body 

weight (BW) were calculated as Lung injury index (LV/BW).  
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After collection of lung plural effusion (PE) was carefully collected by 

suction and the volume was measured. Care was also taken to prevent 

contamination of the PE with blood. The pleural effusion/body weight (PE/BW) 

ratios were calculated as lung edema index. 

Bronchoalveolar lavage fluid (BALF) was obtained by washing the lung 

four times with 5 ml aliquots of saline through a tracheal polyethylene catheter 

equipped with a 24-gauge needle.  

Perfused tissue samples were immersed in the fixative for 24 to 72 h for 

subsequent light microscopy and ultrastructural studies. A part of tissue 

samples were stored at -700C for Reverse Transcriptase Polymerase Chain 

Reaction (RT-PCR) analysis of various markers. 

 

6.2.10.2. Biochemical parameters: 

 

6.2.10.2.1. Serum biochemistry  

The serum was separated by centrifugation using an Eppendorf 

cryocentrifuge (model no. 5810, Eppendorf, Hamburg, Germany), maintained at 

4 oC and run at a speed of 7000 rpm for 15 min. The levels of serum albumin, 

alkaline phosphatase (ALP), direct bilirubin, total bilirubin, lactate 

dehydrogenase (LDH), aspartate transaminase (AST), alanine transaminase 

(ALT), Gamma Glutamyl Transferase (GGT) and Creatine Kinase-MB (CK-MB) 

were measured by a spectrophotometer (UV–visible spectrophotometer, Jasco 

V-530, Tokyo, Japan) using commercially available reagent kits according to 

procedure provided by manufacturer (Accurex Biomedical Pvt. Ltd., Mumbai, 

India).  
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6.2.10.2.2. Bronchoalveolar Lavage Fluid (BALF) analysis: 

The BAL fluid was centrifuged using an Eppendorf cryocentrifuge (model 

no. 5810, Eppendorf, Hamburg, Germany) maintained at 4 oC and run at a 

speed of 800 rpm for 20 min., the supernatant was removed, and the pelleted 

cells were collected. Total BAL cells were enumerated by counting on a 

hemocytometer in the presence of trypan blue. Cytospins were prepared from 

resuspended BAL cells. Cytospins of BAL cells were made, and slides were 

allowed to air dry and were then stained with Diff-Quick stain set. A total of 

400 cells were counted from randomly chosen high-power microscope fields for 

each sample. BAL supernatants were collected and were used for analysis of 

various markers. 

 

6.2.10.2.3. Tissue homogenate preparation: 

Tissue homogenates were prepared with 0.1 M Tris–HCl buffer (pH 7.4) to 

a concentration of 10% w/v by tissue homogenizer (Remi Motors, Mumbai, 

India). In order to release soluble proteins, prolonged homogenization under 

hypotonic condition was designed to disrupt the structure of the cells. The 

homogenates were centrifuged using an Eppendorf cryocentrifuge (model no. 

5810, Eppendorf, Hamburg, Germany) maintained at 0 oC and run at a speed 

of 7000 rpm for 20 min. The clear supernatant of homogenates was employed 

to estimate various markers. 

 

6.2.10.2.4. Estimation of total protein contents: 

Protein concentration was estimated according to the previously reported 

method using BSA (bovine serum albumin) as a standard (Lowry et al., 1951). 

Briefly, diluted tissue fraction aliquots (0.1 ml) were taken in a test tube. To 
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this, 0.8 ml of 0.1 M sodium hydroxide and 5.0 ml Lowry C reagent was added, 

and the solution was allowed to stand for 15 min. Then 0.5 ml of Folin phenol 

reagent was added, and the contents were mixed by a vortex mixer. Color 

developed was measured at 660 nm against reagent blank containing distilled 

water instead of a sample. The values were expressed as mg of protein/ gm of 

wet tissue (mg/gm).  

 

6.2.10.2.5. Estimation of SOD contents:  

The pathological alteration in tissue occurs due to the overproduction of 

ROS. SOD assay were determined as describe previously (Misera and Fridovich, 

1972). Briefly, 0.5 ml of tissue homogenate was diluted with 0.5 ml of distilled 

water (DW), to which 0.25 ml of ice-cold ethanol and 0.15 ml of ice-cold 

chloroform, were added. The mixture was mixed well using cyclomixer and 

centrifuged at 2500 rpm at 4°C for 15 min. To 0.5 ml of supernatant, 1.5 ml of 

carbonate buffer and 0.5 ml of EDTA solution were added. The reaction was 

initiated by the addition of 0.4 ml of epinephrine and the change in optical 

density/min was measured at 480 nm against reagent blank. Change in optical 

density per minute at 50% inhibition of epinephrine to adrenochrome 

transition by the enzyme is taken as the enzyme unit. SOD activity is expressed 

as units/mg protein. 

 

6.2.10.2.6. Estimation of GSH contents:  

The GSH assay was performed according to method describe previously 

(Moron et al., 1979). Briefly, Equal volumes of tissue homogenate (supernatant) 

and 20% TCA were mixed. The precipitated fraction was centrifuged at 2500 

rpm at 4°C for 15 min, and 2.0 ml of DTNB reagent was added to 0.25 ml of 

supernatant. The final volume was made up to 3.0 ml with phosphate buffer. 
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The color developed was read at 412 nm against reagent blank. The amount of 

reduced glutathione is expressed as μg of GSH / mg protein. 

 

6.2.10.2.7. Estimation of MDA content: 

Malondialdehyde (MDA) levels in the tissue were determined by the 

method to describe previously (Slater and Sawyer, 1971). Briefly, 2.0 ml of the 

tissue homogenate (supernatant) was added to 2 ml of freshly prepared 10% 

w/v TCA and the mixture was allowed to stand in an ice bath for 15 min, the 

precipitate formed was separated by centrifugation at 2500 rpm at 4°C for 15 

min and 2.0 ml of clear supernatant solution was mixed with 2.0 ml of freshly 

prepared TBA. The resulting solution was heated in a boiling water bath for 10 

min. It was then immediately cooled in an ice bath for 5 min. The color 

developed was measured at 532 nm against reagent blank. The results are 

expressed as nM of MDA / mg protein. 

 

6.2.10.2.8. Estimation of nitrite level: 

The NO level was estimated as nitrite by the acidic Griess reaction after 

reduction in nitrate to nitrite by vanadium trichloride according to the method 

describe previously (Miranda et al., 2001). The Griess reaction relies on a 

simple colorimetric reaction between nitrite, sulfonamide and N-(1- naphthyl) 

ethylenediamine to produce a pink azo-product with maximum absorbance at 

543 nm. The concentrations were determined using a standard curve of sodium 

nitrate and the results were expressed in µg/ml.  
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6.2.10.2.9. Estimation of total antioxidant capacity by cyclic voltammeter: 

The total antioxidant capacity was determined by using Autolab, PGSTA 

101 (Metrohm, Switzerland). A three-electrode system was used throughout the 

study. The working electrode: glassy carbon (Autolab GC) 8 mm in diameter 

was polished before each measurement; platinum wire served as an auxiliary 

electrode and saturated calomel electrode as the reference electrode. The cell 

contained 2 ml of phosphate buffered liver homogenate. All cyclic 

voltammogram measurements were performed in the range (–0.2) – (1.3) V at a 

scan rate of 400 mV/s. Each sample was analyzed thrice (Momen-Beitollahi et 

al., 2010). 

 

6.2.10.2.10. Estimation of myeloperoxidase activity:  

The myeloperoxidase assay was performed according to the method 

describe previously (Krawisz et al., 1984). Briefly, tissue were homogenized in a 

10 ml phosphate buffer (50 mM, pH 6) containing 0.5% hexadecyltrimethyl-

ammonium bromide (HETAB), and then it sonicate in an ice bath for 10 

seconds. The homogenates were freeze-thawed three times, repeating the 

sonication after which they were centrifuged for 15 min at 8,000 rpm. Then 0.1 

ml of the supernatant was mixed with 1.0 ml PBS (50 mM, pH 6.0) and 1.0 ml 

O-dianisidine dihydrochloride (0.167 mg/ml) and 0.9 ml 0.0005% hydrogen 

peroxide. Change in absorbance was measured at 460 nm. MPO activity was 

measured using the following formula:  

Myeloperoxidase activity (mU/mg) = 1000 × X/weight of tissue (mg)  

X = 10 × change in absorbance per minute/volume of supernatant 
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6.2.10.2.11. Estimation of 5-hydroxytryptamine (5-HT) level:  

5-HT was measured spectrofluorimetrically according to the method 

describe previously (Curzon and Green, 1970). Briefly, tissue was homogenized 

in 1 ml of ice cold acidified n-butanol. After centrifugation for 5 min at 3,000 

rpm then the supernatant was added in n-heptane and HCI containing L-

cysteine. The upper organic phases were utilized for 5-HT determination with 

read at activation 360 nm and fluorescence 470 nm intensity in 

spectrofluorometer instrument (JASCO-FP-8200, JASCO Corp., Tokyo, Japan). 

 

6.2.10.2.12. Estimation of histamine level: 

The histamine content of was measured by the o-phthaldialdehyde 

spectrofluorimetric procedure. The fluorescent intensity was measured at 450 

nm (excitation at 360 nm) using a spectrofluorometric (Shore et al., 1959). 

 

6.2.10.2.13. Estimation of hydroxyproline level: 

Measurement of hydroxyproline was carried out according to the method 

describe previously (Kandhare et al., 2014a). For the preparation of protein 

hydrolysate, 50 mg of the tissue sample in 1.0 ml of 6.0N HCl was weighed and 

sealed in a screw-capped glass tube. The tubes were autoclaved at 1.056 

kilograms per square centimeter for 3 h. The hydrolysate was neutralized to pH 

7.0 and brought to the appropriate volume. 1.0 mL of sample, 1.0 ml of DM 

water and 1.0 mL of copper sulfate solution (0.01M) was added to all the test 

tubes followed by the addition of 1.0 ml of 2.5 N sodium hydroxide and 1.0 ml 

of 6% hydrogen peroxide. The solutions were occasionally mixed for 5 min and 

then kept for 5 min in a water bath at 80 oC. Tubes were chilled in an ice-cold 

water bath and 4.0 ml of 3.0 N sulphuric acid was added with agitation. Two 
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milliliters of p-(dimethylamino) benzaldehyde was then added and heated in 

water bath at temperature 70 oC for 15 min. The absorbance was measured at 

540 nm using spectrophotometer (UV–visible spectrophotometer, Jasco V-530, 

Tokyo, Japan). 

 

6.2.10.2.14. Estimation of Eosinophil peroxidase (EPO) activity: 

EPO activity was measurement according to the method describe 

previously (Schneider and Issekutz, 1996). Briefly, tissue was homogenized in 1 

ml of HEPES buffer (pH 8.0) followed by centrifugation at 10,000 g for 30 min 

at 4°C. The pellet was rehomogenized in 350 ml 0.5% CTAC 

(cetyltrimethylammonium chloride) and centrifuged as above. The supernatant 

was diluted 1:1 with HEPES buffer (pH 8.0), and 75 ml of the diluted sample 

was pipetted into a 96-well plate in duplicate. HEPES buffer served as a 

negative control. The substrate solution, which consisted of 50 mM HEPES, pH 

8.0, 6 mM KBr, 3mM OPD (O-phenylenediamine), and 8.8 mM H2O2, was 

freshly prepared, and 75 ml was added to each well. The reaction was allowed 

to occur at room temperature and was stopped after 1.5 min with 75 ml 4 N 

sulfuric acid containing 2 mM resorcinol. Optical density was measured at 490 

nm using spectrophotometer (UV–visible spectrophotometer, Jasco V-530, 

Tokyo, Japan). 

 

6.2.10.3. Molecular parameters: 

 

6.2.10.3.1. Estimation of Endothelin-1 (ET-1) and ET-2 level: 

The quantifications of ET-1 and ET-2 were determined using an enzyme-

linked immunosorbent assay (Bioassay Technology laboratory, Shanghai, 
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China) according to the manufacturer’s instructions. ELISA is a 1.5-h-solid-

phase enzyme linked immunosorbent rat ET-1 and ET-2 immunoassay 

designed to measure rat ET-1 and ET-2 levels. The assay is based on the 

sandwich enzyme immunoassay technique. A monoclonal antibody specific to 

rat ET-1 and ET-2 is precoated onto the microplate. The intensity of the 

developed color was measured at 450 nm, which was proportional to the 

amount of rat ET-1 and ET-2 bound in the initial steps. The sample values 

were determined from a standard curve. Values are expressed as mean ± SEM. 

 

6.2.10.3.2. Reverse transcriptase PCR  

 

The levels of mRNA were analyzed in various tissues using a reverse 

transcription (RT)-PCR approach. Briefly, single-stranded cDNA was 

synthesized from 5 µg of total cellular RNA using reverse transcriptase (MP 

Biomedicals India Private Limited, India) as described previously (Kandhare et 

al., 2014b). The primer sequence for various genes is presented in Table 6.1. 

Amplification of β-actin served as a control for sample loading and integrity. 

PCR products were detected by electrophoresis on a 1.5 % agarose gel 

containing ethidium bromide. The size of amplicons was confirmed using a 

100-bp ladder as a standard size marker. The amplicons were visualized, and 

images were captured using a gel documentation system (Alpha Innotech Inc., 

San Leandro, CA, USA). Gene expression was assessed by generating 

densitometry data for band intensities in different sets of experiments, by 

analyzing the gel images on the Image J program (Version 1.33, Wayne 

Rasband, National Institutes of Health, Bethesda, MD, USA) semi-

quantitatively. The band intensities were compared with constitutively 

expressed β-actin. The intensity of mRNAs was standardized against that of the 

β-actin mRNA from each sample, and the results were expressed as PCR-

product/ β-actin mRNA ratio. 
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6.2.10.4. Histological parameters: 

The histological examination was performed using light microscopy. The 

dissected tissue specimens were fixed in 10% formaldehyde, processed 

routinely for embedding in paraffin. Histopathological analysis of hematoxylin 

and eosin (H&E) stain were carried out for the inspection of the general 

histopathology features of specimen and infiltration of inflammatory cells. 

To assess the airway mucus hypersecretion, lung sections were stained 

with Alcian Blue (AB) stain, to detect collagen deposition Masson’s Trichrome 

(MT) staining was performed. To demonstrate increased extracellular collagen 

accumulation, Picrosirius red stain (PSR) was used. Ladewig’s trichrome 

staining (LWT) was also used which stained collagen blue, erythrocytes, and 

muscle tissue yellow/orange, cytoplasm red, and nuclei dark blue/black. 

In Masson’s trichrome stain, each successive field was individually 

assessed for the severity of interstitial fibrosis using the semi-quantitative 

grading system as described previously (Ashcroft et al., 1988). A score ranging 

from 0 (normal lung) to 8 (total fibrosis) was assigned. Microscopic scoring was 

performed by an experienced histologist, unaware of the treatment groups.  

 

6.2.10.5. Ultrastructural parameters: 

For ultrastructural studies, tissue samples were fixed with 2.5% 

glutaraldehyde in 0.1M phosphate buffer, pH 7.4, for 18 h. The tissue sample 

were dissected into small pieces and postfixed for 1.5 h in 1% osmium tetroxide 

dissolved in 0.1M phosphate buffer (pH 7.4), and then dehydrated through a 

series of graded ethanol solutions and embedded in araldite (epoxy resin). 

Ultrathin sections were cut, stained with uranyl acetate and lead nitrate, 

mounted on copper grids and examined under a transmission electron 

microscope (H-7000 Hitachi). 
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Table 6.1. Primer sequences used in studies 

Sr. 

No. 
Gene 

Primer Sequence Size 

(bp) Forward primer Reverse primer 

1.  Alk-1 GGGCAAGAGACAAGATCAGC GCGTTAGGAAGCATTTGGAG 503 

2.  ANP CTGCTAGACCACCTGGAGGA AAGCTGTTGCAGCCTAGTCC 320 

3.  Bax GGGAATTCTGGAGCTGCAGAGGATGATT GCGGATCCAAGTTGCCATCAGCAAACAT 96 

4.  Bcl-2 CTGTACGGCCCCAGCATGGCG GCTTTGTTTCATGGTACATC 231 

5.  BMP-2 ATGACTTCCTCGCTGCAGCGGCCCTTT TTACATCAGATTACTGGGAG 1257 

6.  BMP-4 GAGGAGGAAGAAGAGCAGAGC GCGACGGCAGTTCTTATTCT 651 

7.  BNP TGATTCTGCTCCTGCTTTTC GTGGATTGTTCTGGAGACTG 91 

8.  Caspase-3 CTCGGTCTGGTACAGATGTCGATG GGTTAACCCGGGTAAGAATGTGCA 238 

9.  Collagen-1 GAGCGGAGAGTACTGGATCG GGTTCGGGCTGATGTACCAG 218 

10.  cTn-I ACTTCGCAGAGGCAGCAATCA GGTTGCCTTGTTCTTCCTTCAG 267 

11.  eNOs TGGCAAGACAGACTACACGA CGCAATGTGAGTCCGAAA 422 

12.  ET-1 TCTTCTCTCTGCTGTTTGTGGCTT TCTTTTACGCCTTTCTGCATGGTA 407 

13.  FXRα GACCACGAAGACCAGATTGCT TCTCCACTGCCTCTCTATCCTT 226 

14.  HIF-1α TGCTTGGTGCTGATTTGTGA GGTCAGATGATCAGAGTCCA 209 

15.  HO-1 TTGTAACAGACTTGCCAGAG CACTCACTGGTTGTATGCG 202 

16.  IL-1β TGATGTTCCCATTAGACAGC GAGGTGCTGATGTACCAGTT 290 

17.  IL-6 TAGCCGCCCCACACAGACAG GGCTGGCATTTGTGGTTGGG 479 

18.  IL-8 CTGCGCCAACACAGAAATTA ATTGCATCTGGCAACCCTAC 360 
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19.  iNOs ATCCCGAAACGCTACACTT TCTGGCGAAGAACAAATCC 314 

20.  Kv1.5 ACTTCGCAGAGGCAGACAATCA GGTTGCCTTGTTCTTCCTTCAG 292 

21.  Kv2.1 TGGAGTACGTGGATGTGGTT CGGTTTGACTTCCTTGACGT 433 

22.  Muc5ac TCCTTCTTGTCAATGGTGTCT ACCAGGTTCAGGACAAGTAG 151 

23.  NF-kB CCGTTATGTATGTGAAGG AGAGTCCAGGATTATAGC 338 

24.  NHE-1 TCTGTGGACCTGGTGAATGA GTCACTGAGGCAGGGTTGTA 210 

25.  Nrf2 CCTCACCTCTGCTGCCAGT GGGAGGAATTCTCCGGTCTC 316 

26.  PCNA GAGCTTGGCAATGGGAACATTA TGAACTGGCTCATTCATCTCTATGG 294 

27.  Smad-1 TCTTCGTGCAGAGTCGAAAC CTAAGCGGGTTCTTGATATC 519 

28.  Smad-3 AGCACACAATAACTTGGACC TAAGACACACTGGAACAGCGGATG 368 

29.  Smad-4 AGGTGGCTGGTCGGAAAG TTGGTGGATGTTGGATGGTT 357 

30.  Smad-7 GGCATACTGGGAGGAGAAGA CTGTTGAAGATGACCTCCTCCAGC 106 

31.  TGF-β GTTCTTCAATACGTCAGACATTCG CATTATCTTTGCTGTCACAAGAGC 309 

32.  TNF-α AAGCCTGTAGCCCATGTTGT CAGATAGATGGGCTCATACC 295 

33.  VEGF CCCTGATGAGATCGAGTACATCTT ACCGCCTCGGCTTGTCAC 165 

34.  β-actin GTCACCCACACTGTGCCCATCT ACAGAGTACTTGCGCTCAGGAG 764 
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6.2.11. Distribution of tissue for biochemical, molecular, histological 

and ultrastructural analysis: 

We have used twelve Sprague–Dawley rats (n=12). After collection of blood 

sample animal was sacrificed by overdose of ether anesthesia and various 

tissue (lung, liver, pulmonary artery and heart) were collected from each rat. 

Tissue from four rats (n=4) were used for estimation of oxido-nitrosative stress 

whereas remaining anti-inflammatory (MPO, 5-HT, and EPO) analysis were 

carried out in the tissue from four rats (n=4). For estimation of histopathology, 

reverse transcriptase PCR analysis and ultrastructural tissue from four rats 

(n=4) were utilized. 

 

6.2.12. Statistical analysis 

Data are expressed as mean ± standard error means (SEM). Data analysis was 

performed using GraphPad Prism 5.0 software (GraphPad, San Diego, CA). 

Data were analyzed by using two-way repeated analysis of variance (ANOVA), 

and Bonferroni’s test was applied for post hoc analysis and one-way analysis of 

variance (ANOVA), and Dunnett’s test was applied for post hoc analysis. Data 

of mortality was analyzed by using by using Kaplan–Meier analysis, log-rank 

(Mantel-Cox) test was applied for post hoc analysis. The pulmonary artery area 

was analyzed by using the Image J program (Version 1.33, Wayne Rasband, 

National Institutes of Health (NIH), Bethesda, MD, USA) semi-quantitatively. A 

value of p < 0.05 was considered to be statistically significant. 
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7. Results 

 

7.1. Acute oral toxicity (AOT) of INDUS830, INDUS83010, INDUS83020 

and INDUS83030: 

7.1.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on percent survival and LD50 in AOT: 

Table 7.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on percent survival in AOT 

Treatment 
Dose 

(mg/kg) 
Sex D/T Dead (%) Latency Symptoms 

INDUS830 

1750 
M 0/5 

0 
-- None 

F 0/5 -- None 

5000 
M 2/5 

40** 
>60 h, <72 h Hypoactivity, Asthenia 

F 2/5 >60 h, <72 h Hypoactivity, Asthenia 

INDUS83010 

1750 

M 2/5 

30* 

>10 day,  

<12 day 
Hypoactivity, Asthenia 

F 1/5 
>11 day,  

<12 day 
Hypoactivity, Asthenia 

5000 

M 4/5 

70*** 

>4 day,  

<12 day 
Hypoactivity, Asthenia 

F 3/5 
>6 day,  

<12 day 
Hypoactivity, Asthenia 

INDUS83020 

1750 
M 0/5 

0 
--- None 

F 0/5 --- None 

5000 

M 0/5 

10 

--- None 

F 1/5 
> 10 days,  

< 12 days 
Hypoactivity, Asthenia 

INDUS83030 

1750 
M 0/5 

0 
--- None 

F 0/5 --- None 

5000 
M 0/5 

0 
--- None 

F 0/5 --- None 

Data of “mortality” was analyzed by Fisher’s exact test. *p < 0.05, **p < 0.01 and ***p < 

0.001 as compared to respective parameter value of vehicle control (VC). M- Male,  

F- Female, D- Number of death, T- total number of animals used. 
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The AOT data indicated that the calculated LD50 value for the INDUS830 

was more than 4350 mg/kg, for INDUS83010 was more than 3195 mg/kg, for 

INDUS83020 was more than 4837.5 mg/kg and for INDUS83030 was more 

than 5000 mg/kg. 

Mortality rate was 0% in INDUS830 (55, 175, 550 and 1750 mg/kg) 

treated group. Mice treated with INDUS830 (5000 mg/kg) showed significant 

mortality (p < 0.01, 40%) as compared to vehicle control. 

Mortality rate was 0% in INDUS83010 (55, 175 and 550 mg/kg) treated 

group. However, mice treated with INDUS83010 (1750 mg/kg) showed 

significant mortality (p < 0.01, 30%) as compared to vehicle control. Whereas, 

mice treated with INDUS83010 (5000 mg/kg) showed significant mortality (p < 

0.001, 70%) as compared to vehicle control. 

Mortality rate was 0% in INDUS83020 (55, 175, 550 and 1750 mg/kg) 

treated group. Mice treated with INDUS83020 (5000 mg/kg) showed non-

significant mortality (10%) as compared to vehicle control. 

Mortality rate was 0% in all INDUS83030 administered group i.e. 55, 175, 

550 and 1750 mg/kg treated group. (Table 7.1) 
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7.1.2. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on food intake and water intake in AOT: 

Table 7.2. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on food intake and water intake in AOT 

Treatment Dose (mg/kg) Sex Mean food intake (g) Mean water intake (ml) 

INDUS830 0 
M 3.68 ± 0.10 3.38 ± 0.08 

F 3.42 ± 0.06 3.41 ± 0.04 

INDUS830 5000 
M 3.22 ± 0.11* 3.27 ± 0.06 

F 3.46 ± 0.04 3.47 ± 0.04 

INDUS83020 

0 
M 3.51 ± 0.05 3.43 ± 0.04 

F 3.66 ± 0.03 3.58 ± 0.02 

175 
M 3.73 ± 0.03** 3.56 ± 0.01 

F 3.66 ± 0.03 3.58 ± 0.02 

550 
M 3.70 ± 0.04* 3.61 ± 0.02* 

F 3.58 ± 0.05 3.62 ± 0.03 

1750 
M 3.75 ± 0.04** 3.60 ± 0.03** 

F 3.85 ± 0.04* 3.66 ± 0.02 

5000 
M 3.85 ± 0.04*** 3.65 ± 0.01** 

F 3.57 ± 0.04 3.56 ± 0.02 

INDUS83030 

0 
M 3.56 ± 0.02 3.56 ± 0.03 

F 3.58 ± 0.02 3.53 ± 0.03 

1750 
M 3.57 ± 0.04 3.72 ± 0.03* 

F 3.65 ± 0.03 3.66 ± 0.02* 

5000 
M 3.61 ± 0.02 3.62 ± 0.04 

F 3.68 ± 0.02 3.68 ± 0.02** 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by 

Dunnett’s test for each parameter separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as 

compared to respective parameter value of VC. M- Male, F- Female. (n = 3-5) 
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INDUS830 (except 5000 mg/kg), INDUS83010 and INDUS83030 (except 

1750 and 5000 mg/kg) treated mice did not show any significant change in 

food and water intake as compared to respective VC mice.  

However, male mice treated with INDUS830 (5000 mg/kg) a showed a 

significant decrease (p < 0.05) in the food intake as compared to VC mice (i.e. 

INDUS830 (0 mg/kg)).  

There was significant increased (p < 0.01, p < 0.05, p < 0.01 and p < 

0.001) in the food intake of the male mice treated with INDUS83020 (175, 550, 

1750 and 5000 mg/kg), whereas female mice treated with INDUS83020 (1750 

mg/kg) showed significant increased (p < 0.05) food intake was as compared 

with that of VC mice (i.e. INDUS83020 (0 mg/kg)). INDUS83020 (550, 1750 

and 5000 mg/kg) treated male mice showed significant increase (p < 0.05, p < 

0.01 and p < 0.01) in water intake as compared with that of VC mice (i.e. 

INDUS83020 (0 mg/kg)).  

INDUS83030 (1750 mg/kg) treated male mice showed significant 

increase (p < 0.05) in water intake as compared with that of the VC mice (i.e. 

INDUS83030 (0 mg/kg)). However, female mice treated with INDUS83030 

(1750 and 5000 mg/kg) showed significant increase (p < 0.05 and p < 0.01) in 

the water intake as compared to VC mice (i.e. INDUS83030 (0 mg/kg)). (Table 

7.2) 

 

 

 

 

 



Results 

Evaluation of fenugreek seed derived phytoconstituents in animal models of respiratory disorder 
 Page 116 

7.1.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on body weight and organ 

weights in AOT: 

Table 7.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on body weight and organ 

weights in AOT  

Treatment 
Dose 

(mg/kg) 
Sex 

Terminal Body 

weight (g) 

Relative liver 

weight 

Relative kidney 

weight 

Relative spleen 

weight 

INDUS830 

0 
M 24.00 ± 1.04 0.07 ± 0.007 0.04 ± 0.002 0.009 ± 0.0009 

F 23.80 ± 0.73 0.06 ± 0.003 0.04 ± 0.002 0.009 ± 0.0007 

5000 
M 22.33 ± 0.33 0.10 ± 0.004* 0.05 ± 0.006 0.011 ± 0.001 

F 22.33 ± 0.88 0.08 ± 0.006 0.05 ± 0.008 0.009 ± 0.003 

INDUS83010 

0 
M 24.40 ± 0.67 0.05 ± 0.002 0.04 ± 0.001 0.01 ± 0.001 

F 24.80 ± 0.58 0.06 ± 0.005 0.04 ± 0.003 0.08 ± 0.0005 

1750 
M 26.33 ± 0.33 0.06 ± 0.01 0.02 ± 0.006* 0.019 ± 0.002* 

F 26.25 ± 0.47 0.08 ± 0.01 0.02 ± 0.001 0.019 ± 0.001*** 

5000 
M 22.33 ± 1.85 0.10 ± 0.009*** 0.02 ± 0.004* 0.02 ± 0.0009*** 

F 25.00 ± 1.15 0.11 ± 0.01*** 0.014 ± 0.001* 0.02 ± 0.001*** 

INDUS83020 

0 
M 26.60 ± 0.74 0.06 ± 0.001 0.04 ± 0.006 0.009 ± 0.0007 

F 28.00 ± 0.00 0.054 ± 0.002 0.04 ± 0.002 0.006 ± 0.0004 

1750 
M 29.40 ± 0.40* 0.05 ± 0.002 0.04 ± 0.006 0.008 ± 0.0005 

F 28.80 ± 0.86 0.049 ± 0.002 0.03 ± 0.004 0.008 ± 0.001 

5000 
M 29.80 ± 1.15** 0.05 ± 0.003 0.03 ± 0.010 0.007 ± 0.0009 

F 28.25 ± 0.25 0.056 ± 0.004 0.03 ± 0.005 0.007 ± 0.0005 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by Dunnett’s test for each parameter 

separately, *p < 0.05 and ***p < 0.05 as compared to the respective parameter value of VC. M- Male, F- Female. (n = 3-5)
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There was a significant increase (p < 0.05) in the absolute as well as the 

relative liver weight of the INDUS830 (5000 mg/kg) treated male mice as 

compared to VC mice. INDUS830 treated female mice did not show any 

alteration in the absolute and relative weights of organs as compared to VC 

mice when determined on day 14. 

In male mice, there was a significant increase (p < 0.01 and p < 0.001) in 

the absolute as well as the relative liver weight of the INDUS83010 (5000 

mg/kg) treated male mice as compared to VC mice. When compared with VC 

mice, the relative weight of kidney was significantly increased increase (p < 

0.05) in INDUS83010 (1750 and 5000 mg/kg) treated male mice. Relative 

spleen weight was increased (p < 0.05 and p < 0.001) significantly in 

INDUS83010 (1750 and 5000 mg/kg) treated male mice as compared to VC 

mice. There was a significant increase (p < 0.001) in relative liver weight of the 

INDUS83010 (5000 mg/kg) treated female mice as compared to VC mice. When 

compared with VC mice, the relative weight of kidney was significantly 

increased increase (p < 0.05) in INDUS83010 (5000 mg/kg) treated female 

mice. The relative spleen weight was increased (p < 0.001) significantly in the 

INDUS83010 (1750 and 5000 mg/kg) treated female mice as compared to VC 

mice. 

Male mice treated with INDUS83020 (1750 mg/kg) showed significant 

increased (p < 0.05) in the body weight as compared to VC mice. There was 

significant increased (p < 0.05 and p < 0.01) in the body weight of INDUS83020 

(5000 mg/kg) treated mice as compared to VC mice. 

Mice treated with INDUS83030 (55, 175, 550, 1750 and 5000 mg/kg) did 

not show any alteration in the terminal body weight as well as absolute and 

relative weights of brain, heart, lung, liver, kidney, spleen and testis as 

compared to VC mice. (Table 7.3) 
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7.2. Repeated dose 28-Day (sub-acute) oral toxicity of INDUS830, 

INDUS83010, INDUS83020, and INDUS83030: 

7.2.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on percent survival in sub-acute oral toxicity: 

Table 7.4. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on percent survival in sub-acute oral toxicity 

Treatment Dose (mg/kg) Sex D/T Dead (%) 

INDUS830 

1000 
M 2/5 

40** 
F 2/5 

1000-R 
M 1/5 

20 
F 1/5 

INDUS83010 

350 
M 2/5 

40** 
F 2/5 

350-R 
M 2/5 

30 
F 1/5 

Data of “mortality” was analyzed by Fisher’s exact test. *p < 0.05, **p < 0.01 and ***p < 

0.001 as compared to respective parameter value of VC. M- Male, F- Female,  

D- Number of death, T- total number of animals used. 

There percentage of mortality of INDUS830 (1000 mg/kg) and 

INDUS83010 (350 mg/kg) treated mice was significantly (40%, p < 0.01) higher 

than VC mice i.e. INDUS830 (0 mg/kg) and INDUS83010 (0 mg/kg), resp.  

After 28 days of study period (stoppage of INDUS830 and INDUS83010 

treatment) INDUS830 (1000 mg/kg) reversal (1000 mg/kg-R) mice showed 20% 

mortality whereas INDUS83010 (350 mg/kg) reversal mice (350 mg/kg-R) 

showed 30% mortality. 

INDUS83020, INDUS83030, and their respective reversal dose treated 

mice showed 100% survival over a period of 28 days and 43 days. (Table 7.4) 
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7.2.2. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on food and water intake in sub-acute oral toxicity: 

Table 7.5. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on food and water intake in sub-acute oral toxicity  

Treatment Dose (mg/kg) Sex Mean food intake (g) Mean water intake (ml) 

INDUS83010 

0-R 
M 4.47 ± 0.06 4.75 ± 0.10 

F 5.02 ± 0.10 4.45 ± 0.10 

350-R 
M 4.62 ± 0.18 4.61 ± 0.08 

F 4.25 ± 0.17** 4.60 ± 0.16 

INDUS83030 

0 
M 4.20 ± 0.04 4.30 ± 0.07 

F 4.32 ± 0.06 4.50 ± 0.04 

100 
M 4.47 ± 0.08* 4.40 ± 0.04 

F 4.57 ± 0.06* 4.55 ± 0.02 

0-R 
M 4.32 ± 0.04 4.52 ± 0.05 

F 4.31 ± 0.04 4.47 ± 0.06 

100-R 
M 4.50 ± 0.04* 4.41 ± 0.03 

F 4.48 ± 0.06 4.55 ± 0.02 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by 

Dunnett’s test for each parameter separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as 

compared to the respective parameter value of VC. M- Male, F- Female. (n = 3-5) 

Female mice treated with INDUS83010 reversal (350-R mg/kg) group 

showed a significant decrease (p < 0.01) in food intake as compared to VC mice. 

Mice treated with INDUS83030 (100 mg/kg) showed a significant 

increase (p < 0.05) in food intake as compared with that of VC mice. Male mice 

treated with INDUS83030 (100 mg/kg-R) reversal group also showed a 

significant increase (p < 0.05) in food intake as compared to VC mice. (Table 

7.5) 
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7.2.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on hematological parameters 

in sub-acute oral toxicity: 

Table 7.6. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on hematological parameters 

in sub-acute oral toxicity  

Treatment Dose (mg/kg) Sex Hb (g/dL) RBC (x1012 /L) PLT (x 109/L) TLC (x 106/µL) 

INDUS830 

0 
M 7.66 ± 1.07 4.68 ± 0.60 704.8 ± 114.7 6.14 ± 1.56 

F 10.46 ± 0.91 6.59 ± 0.51 929.2 ± 116.2 2.92 ± 0.43 

1000 
M 7.60 ± 0.80 5.39 ± 0.34 1008.00 ± 139.0 8.15 ± 2.51 

F 10.10 ± 0.42 6.08 ± 0.45 733.6 ± 122.8 6.96 ± 1.54* 

0-R 
M 12.44 ± 0.35 7.83 ± 0.23 901.0 ± 39.64 11.42 ± 1.02 

F 12.56 ± 0.11 8.17 ± 0.24 937.2 ± 20.82 2.92 ± 0.43 

1000-R 
M 9.16 ± 0.95 6.22 ± 0.66 715.6 ± 102.6 5.26 ± 0.95* 

F 9.66 ± 0.79 6.22 ± 0.45* 685.8 ± 62.63 5.16 ± 1.17 

INDUS83010 

0-R 
M 10.98 ± 0.57 7.49 ± 0.23 959.0 ± 40.63 8.12 ± 0.94 

F 12.34 ± 0.32 7.44 ± 0.21 871.8 ± 67.52 3.90 ± 1.06 

350-R 
M 7.24 ± 1.33** 4.63 ± 0.88** 670.8 ± 181.8 5.16 ± 0.80 

F 10.24 ± 0.77* 6.03 ± 0.54* 572.4 ± 41.10** 7.15 ± 0.15 

INDUS83020 

0 
M 12.27 ± 0.12 7.91 ± 0.13 916.0 ± 29.02 6.70 ± 0.96 

F 11.54 ± 0.22 7.50 ± 0.30 920.4 ± 35.67 6.68 ± 0.86 

150 
M 10.78 ± 0.37 7.29 ± 0.13 590.7 ± 138.2* 7.08 ± 0.66 

F 10.96 ± 0.40 7.15 ± 0.35 1024.00 ± 75.39 7.56 ± 1.48 
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INDUS83020 

0-R 
M 10.84 ± 0.44 6.91 ± 0.37 581.2 ± 56.20 7.84 ± 0.34 

F 9.88 ± 0.38 6.20 ± 0.32 743.2 ± 45.54 7.00 ± 0.80 

150-R 
M 10.02 ± 0.50 6.27 ± 0.29 837.4 ± 42.80 10.70 ± 1.86*** 

F 10.78 ± 0.48 6.71 ± 0.32 729.2 ± 80.94 7.66 ± 0.78 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by Dunnett’s test for each parameter 

separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as compared to the respective parameter value of VC. M- Male, F- 

Female, Hb- Hemoglobin, RBC- Red Blood Corpuscles, PLT- Platelet count, TLC- Total leukocyte count. (n = 3-5) 

There was significant decrease (p < 0.05) in the TLC count of male rats treated with INDUS830 (1000 

mg/kg) and INDUS830 (1000 mg/kg-R) recovery period group as compared to VC mice. The TLC count was 

significantly increased (p < 0.05) in the INDUS830 (1000 mg/kg) treatment female group on day 28 as 

compared to VC mice. RBC count was significantly decreased (p < 0.05) in the INDUS830 (1000 mg/kg-R) 

recovery period treated the female group as compared to respective VC mice.  

The level of Hb and RBC was significantly decreased (p < 0.01 and p < 0.05) in INDUS83010 (350 

mg/kg-R) reversal group treated male and female mice, respective as compared to VC mice. Platelet count was 

significantly decreased (p < 0.01) in INDUS83010 (350 mg/kg-R) recovery period treated the female group as 

compared to VC mice. 

There was significant decreased (p < 0.05) in platelet count in INDUS83020 (150 mg/kg) treated male 

mice as compared to VC mice. INDUS83020 (150 mg/kg-R) reversal treated male group showed significant 

increased (p < 0.001) in TLC level as compared to VC mice. (Table 7.6) 

INDUS83030 administration did not show any significant alteration in hematological parameters. 
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7.2.4. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on blood biochemistry in sub-

acute oral toxicity: 

Table 7.7. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on blood biochemistry in sub-

acute oral toxicity  

Treatment Dose (mg/kg) Sex Alb (g/dL) ALP (IU/L) ALT (IU/L) AST (IU/L) 

INDUS830 

0 
M 3.37 ± 0.35 224.9 ± 8.59 40.72 ± 2.48 245.8 ± 20.68 

F 3.61 ± 0.34 231.2 ± 14.64 48.79 ± 4.21 236.4 ± 18.97 

1000 
M 5.48 ± 0.34** 218.7 ± 15.18 90.64 ± 3.13*** 409.8 ± 12.77*** 

F 5.76 ± 0.38** 210.2 ± 23.88 70.97 ± 1.38 407.7 ± 36.04** 

0-R 
M 3.03 ± 0.25 218.1 ± 10.34 50.42 ± 3.71 229.0 ± 12.76 

F 3.48 ± 0.34 218.7 ± 12.39 49.16 ± 2.79 313.3 ± 13.29 

1000-R 
M 5.71 ± 0.26*** 234.8 ± 4.00 96.81 ± 7.43*** 321.3 ± 20.24* 

F 5.84 ± 0.66** 188.4 ± 21.06 83.31 ± 13.18** 345.1 ± 21.39 

INDUS83010 

0 
M 3.26 ± 0.08 220.6 ± 6.24 41.51 ± 6.16 222.0 ± 8.38 

F 3.27 ± 0.21 219.7 ± 4.56 36.59 ± 1.35 218.3 ± 11.73 

350 
M 5.59 ± 0.56** 393.4 ± 45.31*** 66.15 ± 5.43** 371.0 ± 48.73*** 

F 5.63 ± 0.38*** 363.4 ± 17.88*** 55.11 ± 5.67** 347.8 ± 57.89** 

0-R 
M 3.49 ± 0.36 224.3 ± 9.13 35.77 ± 2.41 203.5 ± 17.03 

F 3.88 ± 0.23 214.0 ± 3.14 37.76 ± 3.86 243.2 ± 32.60 

350-R 
M 5.40 ± 0.40* 342.5 ± 56.28** 40.81 ± 3.87 329.5 ± 36.44** 

F 5.87 ± 0.41*** 258.5 ± 10.19** 50.14 ± 5.93 341.8 ± 13.37* 
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Treatment Dose (mg/kg) Sex Bili (mg %) BUN (mg/dL) Creat (mg/dL) GGT (U/L) 

INDUS830 

0 
M 0.34 ± 0.05 7.30 ± 0.24 0.29 ± 0.02 31.01 ± 3.60 

F 0.39 ± 0.05 7.87 ± 0.37 0.28 ± 0.01 37.88 ± 7.25 

1000 
M 0.69 ± 0.02** 9.58 ± 0.36 0.44 ± 0.03** 58.33 ± 4.59*** 

F 0.86 ± 0.08** 8.78 ± 0.76 0.33 ± 0.02 68.93 ± 8.61** 

0-R 
M 0.35 ± 0.05 7.47 ± 0.56 0.26 ± 0.01 26.50 ± 2.44 

F 0.37 ± 0.05 7.87 ± 0.41 0.28 ± 0.03 29.43 ± 3.80 

1000-R 
M 0.63 ± 0.05** 7.29 ± 1.15 0.40 ± 0.01** 44.68 ± 7.36* 

F 0.68 ± 0.08** 7.09 ± 1.21 0.51 ± 0.07** 35.85 ± 6.39 

INDUS83010 

0 
M 0.42 ± 0.03 7.34 ± 0.32 0.24 ± 0.02 32.73 ± 3.38 

F 0.33 ± 0.04 7.92 ± 0.65 0.23 ± 0.02 31.41 ± 3.38 

350 
M 0.30 ± 0.10 10.72 ± 0.82* 1.11 ± 0.05*** 61.19 ± 8.91*** 

F 0.26 ± 0.05 13.18 ± 1.50** 0.91 ± 0.08*** 64.23 ± 4.76*** 

0-R 
M 0.36 ± 0.02 7.64 ± 0.52 0.23 ± 0.03 29.76 ± 2.76 

F 0.36 ± 0.03 8.03 ± 0.53 0.31 ± 0.03 32.03 ± 0.93 

350-R 
M 0.36 ± 0.09 10.49 ± 1.19* 0.87 ± 0.06*** 52.35 ± 4.09** 

F 0.40 ± 0.095 12.61 ± 1.20** 0.92 ± 0.12*** 45.92 ± 3.38* 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by Dunnett’s test for each parameter 

separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as compared to the respective parameter value of VC. M- Male, F- 

Female, Alb- Albumin, ALP- Alkaline Phosphatase, ALT- Alanine Aminotransferase, AST- Aspartate Aminotransferase, 

Bili- Bilirubin, BUN- Blood Urea Nitrogen, Creat- Creatinine, GGT- Gamma Glutamyl Transferase. (n = 3-5) 
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In male mice, there was a significant increase (p < 0.01 and p < 0.001) in the albumin level of 

INDUS830 (1000 mg/kg) treated mice and INDUS830 (1000 mg/kg-R) reversal group as compared to VC 

mice. The ALT level was increased significantly (p < 0.001) in INDUS830 (1000 mg/kg) treated mice and 

INDUS830 (1000 mg/kg-R) reversal group as compared to VC mice. When compared with VC mice, INDUS830 

(1000 mg/kg) treated mice and INDUS830 (1000 mg/kg-R) reversal group showed a significant increase in 

AST and GGT level (p < 0.001 and p < 0.05). There was a significant increase (p < 0.01) in the level of bilirubin 

and creatinine in INDUS830 (1000 mg/kg) treated mice and INDUS830 (1000 mg/kg-R) reversal group as 

compared to VC mice. There was significant increase (p < 0.01 and p < 0.05) in the albumin level of 

INDUS83010 (350 mg/kg) treated male mice and INDUS83010 (350 mg/kg-R) reversal group as compared to 

VC mice. The ALP and AST level were increased significantly (p < 0.001 and p < 0.01) in INDUS83010 (350 

mg/kg) treated male mice and INDUS83010 (350 mg/kg-R) reversal group as compared to VC mice. When 

compared with VC mice, INDUS83010 (350 mg/kg) treated mice showed a significant increase in ALT level (p 

< 0.01). There was a significant increase (p < 0.05) in the level of bilirubin in INDUS83010 (350 mg/kg) 

treated mice and INDUS83010 (350 mg/kg-R) reversal group as compared to VC mice. The level of creatinine 

and GGT was significantly increased (p < 0.001) in INDUS83010 (350 mg/kg) treated mice and INDUS83010 

(350 mg/kg-R) reversal group as compared to VC mice. 

In female mice, there was a significant increase (p < 0.01) in the albumin level of INDUS830 (1000 

mg/kg) treated female mice and INDUS830 (1000 mg/kg-R) reversal group as compared to VC mice. The ALT 

level was increased significantly (p < 0.01) in INDUS830 (1000 mg/kg-R) reversal group as compared to VC 

mice. When compared with VC mice, INDUS830 (1000 mg/kg) treated female mice showed a significant 

increase (p < 0.01) in the AST level. There was a significant increase (p < 0.01) in the level of bilirubin in 
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INDUS830 (1000 mg/kg) treated female mice and INDUS830 (1000 mg/kg-R) female reversal group as 

compared to VC mice. There was significant increase (p < 0.01) in the serum creatinine level of INDUS830 

(1000 mg/kg-R) reversal group as compared to VC mice. The level of GGT was significantly increased (p < 

0.01) in INDUS830 (1000 mg/kg) treated female mice on day 28 as compared to VC mice. 

There was a significant increase (p < 0.001) in the albumin and creatinine level of INDUS83010 (350 

mg/kg) treated female mice and INDUS83010 (350 mg/kg-R) reversal group as compared to VC mice. The ALP 

level was increased significantly (p < 0.001 and p < 0.01) in INDUS83010 (350 mg/kg-R) reversal group as 

compared to VC mice. When compared with VC mice, INDUS83010 (350 mg/kg) treated female mice showed a 

significant increase (p < 0.01) in the ALT level. There was significant increase (p < 0.01 and p < 0.05) in the 

level of AST in INDUS83010 (350 mg/kg) treated female mice and INDUS83010 (350 mg/kg-R) female reversal 

group as compared to VC mice. There was a significant increase (p < 0.01) in the BUN level of INDUS83010 

(350 mg/kg) treated female mice and INDUS83010 (350 mg/kg-R) female reversal group as compared to VC 

mice. The level of GGT was significantly increased (p < 0.001 and p < 0.05) in INDUS83010 (350 mg/kg) 

treated female mice and INDUS83010 (350 mg/kg-R) female reversal group. 

INDUS83020 and INDUS83030 administration did not show any significant alteration in blood 

biochemistry parameters. (Table 7.7) 
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7.2.5. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on body weight and organ 

weights in sub-acute oral toxicity: 

Table 7.8. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on body weight and organ 

weights in sub-acute oral toxicity 

Treatment 
Dose 

(mg/kg) 
Sex 

Terminal 

Body weight 

(g) 

Relative lung 

weight 

Relative liver 

weight 

Relative 

kidney weight 

Relative 

spleen weight 

INDUS830 

0 
M 32.00 ± 0.89 0.012 ± 0.001 0.047 ± 0.001 0.031 ± 0.002 

0.0068 ± 

0.0009 

F 31.60 ± 1.07 0.013 ± 0.002 0.047 ± 0.003 0.036 ± 0.002 0.007 ± 0.009 

1000 
M 27.67 ± 1.20** 0.015 ± 0.0015 0.08 ± 0.005*** 0.037 ± 0.004 0.009 ± 0.0008 

F 30.33 ± 2.96 0.016 ± 0.002 0.087 ± 0.005*** 0.04 ± 0.007 0.009 ± 0.0006 

0-R 
M 36.00 ± 0.54 0.013 ± 0.0008 0.05 ± 0.005 0.039 ± 0.004 0.008 ± 0.0003 

F 36.40 ± 0.50 0.013 ± 0.001 0.042 ± 0.002 0.04 ± 0.004 0.009 ± 0.0007 

1000-R 
M 31.75 ± 0.47 0.01 ± 0.002 0.07 ± 0.004** 0.046 ± 0.002 0.01 ± 0.001 

F 34.75 ± 1.10 0.012 ± 0.002 0.056 ± 0.002 0.04 ± 0.004 0.008 ± 0.001 

INDUS83010 

0 
M 26.00 ± 0.54 0.016 ± 0.0001 0.06 ± 0.004 0.04 ± 0.004 0.009 ± 0.0009 

F 27.80 ± 1.20 0.01 ± 0.001 0.05 ± 0.001 0.04 ± 0.001 0.01 ± 0.0006 

350 
M 28.67 ± 0.33* 0.02 ± 0.0005** 0.09 ± 0.004*** 

0.017 ± 

0.004** 
0.015 ± 0.002* 

F 26.33 ±2.66 0.02 ± 0.002** 0.07 ± 0.008*** 0.03 ± 0.004** 0.01 ± 0.002** 
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INDUS83010 

0-R 
M 34.40 ± 0.81 0.012 ± 0.0005 0.04 ± 0.002 0.03 ± 0.001 0.007 ± 0.0009 

F 36.20 ± 0.86 0.01 ± 0.001 0.04 ± 0.001 0.03 ± 0.002 0.007 ± 0.0006 

350-R 

M 33.67 ± 0.88 
0.017 ± 

0.0004** 
0.08 ± 0.004*** 0.02 ± 0.003 0.01 ± 0.001 

F 
31.75 ± 

0.62*** 
0.02 ± 0.0005** 0.05 ± 0.004** 0.02 ± 0.003 0.01 ± 0.001* 

INDUS83020 

0 
M 30.40 ± 0.4 0.011 ± 0.0009 0.04 ± 0.004 0.035 ± 0.003 0.007 ± 0.0004 

F 29.00 ± 0.83 0.013 ± 0.001 0.046 ± 0.001 0.03 ± 0.006 0.007 ± 0.0009 

150 
M 33.60 ± 0.87* 0.011 ± 0.001 0.04 ± 0.004 0.03 ± 0.005 0.006 ± 0.0009 

F 34.00 ± 0.83** 0.013 ± 0.002 0.04 ± 0.001 0.03 ± 0.006 0.006 ± 0.0007 

0-R 
M 35.40 ± 0.24 0.01 ± 0.001 0.04 ± 0.002 0.03 ± 0.005 0.005 ± 0.0008 

F 35.00 ± 0.83 0.12 ± 0.0014 0.04 ± 0.003 0.03 ± 0.004 0.006 ± 0.0006 

150-R 
M 

40.60 ± 

1.32*** 
0.01 ± 0.001 0.03 ± 0.004 0.02 ± 0.003 0.005 ± 0.001 

F 38.80 ± 1.20* 0.011 ± 0.002 0.04 ± 0.001 0.028 ± 0.003 0.006 ± 0.001 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by Dunnett’s test for each parameter 

separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as compared to respective parameter value of VC. M- Male, F- Female. 

(n = 3-5) 
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When compared with male VC group, the body weight of INDUS830 

(1000 mg/kg) treated male mice was decreased significantly (p < 0.01) as 

compared to corresponding VC. There was a significant increase (p < 0.001) in 

relative liver weight of the INDUS830 (1000 mg/kg) treated male and female 

mice.  

Terminal body weight of the male mice treated with INDUS83010 (350 

mg/kg) significantly increased (p < 0.05) as compared to VC mice. There was 

significant decrease in terminal body weight of female INDUS83010 (350 

mg/kg-R) reversal treated group mice as compared to VC mice. There was a 

significant increase (p < 0.01) in the relative lung weight of the INDUS83010 

(350 mg/kg) treated male and female mice and INDUS83010 (350 mg/kg-R) 

reversal treated male mice as compared to VC mice. The relative liver weight of 

the INDUS83010 (350 mg/kg) treated and reversal male and female mice was 

increased significantly (p < 0.001) as compared to VC mice. Relative kidney 

weight of INDUS83010 (350 mg/kg) treated male and female mice was 

increased significantly (p < 0.01) as compared to VC mice. There was a 

significant increase (p < 0.01 and p < 0.05) in the relative spleen weight of 

INDUS83010 (350 mg/kg) treated male mice when compared with VC mice. 

There was a significant increase (p < 0.05) in relative spleen weight of 

INDUS83010 (350 mg/kg) treated and INDUS83010 (350 mg/kg-R) reversal 

treated female mice when compared with VC mice. 

Terminal body weight of male and female mice treated with INDUS83020 

(150 mg/kg) significantly increased (p < 0.05 and p < 0.01) as compared to VC 

mice. There was significant increase (p < 0.001 and p < 0.05) in terminal body 

weight of the INDUS83020 (150 mg/kg-R) reversal male and female mice as 

compared to VC mice.  

There was no significant difference in body weight, and organ weights of 

all INDUS83030 treated mice as compared to vehicle control mice. (Table 7.8) 
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7.2.6. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on total protein, SOD, GSH 

and MDA level in liver, kidney, and lung in sub-acute oral toxicity: 

Table 7.9. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on total protein, SOD, GSH 

and MDA level in liver, kidney, and lung in sub-acute oral toxicity 

Treatment 
Dose 

(mg/kg) 
Organs 

Total protein 

(mg/gm) 

SOD (U /mg of 

protein) 

GSH (mg/mg 

of protein) 

MDA (nM/mg 

of protein) 

INDUS830 

0 Liver 17.13 ± 0.49 5.89 ± 0.88 15.67 ± 1.96 6.18 ± 0.53 

1000 Liver 28.90 ± 1.71** 3.33 ± 0.47 17.23 ± 2.01 11.73 ± 1.38** 

0-R Liver 15.95 ± 2.96 6.60 ± 1.80 16.95 ± 1.62 6.63 ± 0.88 

1000-R Liver 24.84 ± 1.98* 2.26 ± 0.52* 19.77 ± 1.65 10.66 ± 1.31* 

INDUS83010 

0 

Liver 14.35 ± 1.15 5.14 ± 1.19 13.58 ± 1.43 5.51 ± 0.52 

Kidney 4.31 ± 0.79 2.98 ± 0.79 4.17 ± 1.21 2.37 ± 0.54 

Lung 24.75 ± 0.70 9.09 ± 0.42 3.37 ± 0.36 3.51 ± 0.29 

350 

Liver 22.85 ± 0.47*** 1.40 ± 0.28* 9.52 ± 0.43* 9.64 ± 1.21** 

Kidney 10.24 ± 0.86*** 0.85 ± 0.07* 1.38 ± 1.55* 1.83 ± 0.27 

Lung 40.05 ± 2.14*** 5.31 ± 0.49** 1.26 ± 0.23** 3.68 ± 0.67 

INDUS83010 0-R 

Liver 16.45 ± 0.47 6.01 ± 1.00 14.00 ± 0.71 5.24 ± 0.53 

Kidney 4.02 ± 0.63 2.85 ± 0.43 4.55 ± 0.70 1.75 ± 0.24 

Lung 23.55 ± 0.72 9.95 ± 0.65 3.49 ± 0.22 3.24 ± 0.61 
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350-R 

Liver 23.43 ± 1.17** 2.07 ± 0.54* 10.22 ± 0.92* 7.64 ± 0.93** 

Kidney 8.88 ± 0.37*** 0.96 ± 0.04* 2.19 ± 0.17 1.47 ± 0.22 

Lung 31.70 ± 1.50** 6.06 ± 0.67** 1.57 ± 0.39** 4.23 ± 0.40 

Data are expressed as Mean ± SEM and analyzed by one-way ANOVA followed by Dunnett’s test for each parameter 

separately, *p < 0.05, **p < 0.01 and ***p < 0.05 as compared to the respective parameter value of VC. (n = 4) 

The hepatic total protein and MDA level of INDUS830 (1000 mg/kg) treated as well as INDUS830 (1000 

mg/kg-R) group were significantly increased (p < 0.01 and p < 0.05). SOD level in the liver was decreased 

significantly (p < 0.05) in INDUS830 (1000 mg/kg-R) group.  

The liver, kidney and lung total protein of INDUS83010 (350 mg/kg) treated, and INDUS83010 (350 

mg/kg-R) reversal group was significantly increased (p < 0.001 and p < 0.01) as compared to VC mice. The 

SOD and GSH level in the liver and kidney were decreased significantly (p < 0.05) in INDUS83010 (350 

mg/kg) treated group and INDUS83010 (350 mg/kg-R) reversal group as compared to VC mice. INDUS83010 

(350 mg/kg) treated and INDUS83010 (350 mg/kg) reversal group showed significant increased (p < 0.01) in 

the level of hepatic MDA as compared to VC group. The level of SOD and GSH in the lung was decreased 

significantly (p < 0.01) in INDUS83010 (350 mg/kg) treated group and INDUS83010 (350 mg/kg) reversal 

group as compared to VC mice. 

Administration of INDUS83020 and INDUS83030 did not show any significant alterations in total 

protein, SOD, GSH and MDA level in liver, kidney, and lung. (Table 7.9) 
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7.2.7. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on histopathological examination of various organs in sub-acute 

oral toxicity: 

INDUS830 treated mice did not show any alteration in histology of heart, 

lung, stomach, testis and ovary. Administration of INDUS83010 treated mice 

also did not show any alteration in histology of heart, stomach, testis, and 

ovary.  

Administration of INDUS830 (1000 mg/kg) and INDUS83010 (350 

mg/kg) caused renal damage, which was evident from glomerular structural 

disruption. It showed the presence of intraluminal cell debris, karyorrhexis, 

and pyknosis. Histological analysis of kidney from INDUS830 (1000 mg/kg-R) 

and INDUS83010 (350 mg/kg-R) group showed a moderate number of 

inflammatory cells (red arrow). It showed increased thickness of the glomerular 

basement membrane (black arrow). (Figure 7.1 and Table 7.10) 

Histopathological examination of liver of INDUS830 (1000 mg/kg), 

INDUS83010 (350 mg/kg), INDUS830 (1000 mg/kg-R) and INDUS83010 (350 

mg/kg-R) group showed inflammatory cells (red arrow) with chromatin 

condensation, centrilobular necrosis (black arrow), vascular congestion of the 

hepatocytes and macrovesicular fatty changes were evident in it. (Figure 7.2) 

Lung tissue of INDUS83010 (350 mg/kg) treated mice showed alteration 

in airway perimeter structure (white arrow). There was evidence of moderate 

inflammatory cell infiltration (Yellow arrow), hemorrhage, edema or necrosis in 

lung histology of INDUS83010 (350 mg/kg) treated mice and INDUS83010 (350 

mg/kg-R) reversal treated mice. Hyperplasia of lung goblet cell occurred in 

INDUS83010 (350 mg/kg) treated mice. (Figure 7.3 and Table 7.10) 

All INDUS83020 and INDUS83030 treated mice did not show any 

alteration in histology of heart, lung, liver, kidney, stomach, testis, and ovary.  
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Figure 7.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on histological findings of 

kidney tissue in mice during 28 days repeated dose toxicity study.  

Photomicrographs from representative mice from respective groups: INDUS830 (0 mg/kg) (A), INDUS830 

(1000 mg/kg) (B), INDUS830 (0 mg/kg-R) (C), INDUS830 (1000 mg/kg-R) (D), INDUS83010 (0 mg/kg) (E), 

INDUS83010 (350 mg/kg) (F), INDUS83010 (0 mg/kg-R) (G) and INDUS83010 (350 mg/kg-R) (H) treated 

mice (H&E stain) at 40X. 
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Figure 7.2. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on histological findings of liver 

tissue in mice during 28 days repeated dose toxicity study.  

Photomicrographs from representative mice from respective groups: INDUS830 (0 mg/kg) (A), INDUS830 

(1000 mg/kg) (B), INDUS830 (0 mg/kg-R) (C), INDUS830 (1000 mg/kg-R) (D), INDUS83010 (0 mg/kg) (E), 

INDUS83010 (350 mg/kg) (F), INDUS83010 (0 mg/kg-R) (G) and INDUS83010 (350 mg/kg-R) (H) treated 

mice (H&E stain) at 40X. 
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Figure 7.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on histological findings of lung 

tissue in mice during 28 days repeated dose toxicity study.  

Photomicrographs from representative mice from respective groups: INDUS830 (0 mg/kg) (A), INDUS830 

(1000 mg/kg) (B), INDUS830 (0 mg/kg-R) (C), INDUS830 (1000 mg/kg-R) (D), INDUS83010 (0 mg/kg) (E), 

INDUS83010 (350 mg/kg) (F), INDUS83010 (0 mg/kg-R) (G) and INDUS83010 (350 mg/kg-R) (H) treated 

mice (H&E stain) at 40X. 
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Table 7.10. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on histopathological 

examination of various organs in sub-acute oral toxicity 

Lesions in Organs 
INDUS830 (mg/kg) INDUS83010 (mg/kg) 

0 1000 0-R 1000-R 0 350 0-R 350-R 

Kidney 

Glomerular hypertrophy + 0 + 0 0 +++ 0 ++ 

Inflammatory infiltration ++ 0 ++ 0 0 ++++ 0 ++ 

Congestion ++ 0 + 0 0 ++ 0 + 

Edema + 0 + 0 0 ++ 0 + 

Pyknosis 0 0 0 0 0 + 0 0 

Necrosis + 0 0 0 0 ++ 0 + 

Liver 

Vesicular Fat 0 + 0 ++ 0 ++ 0 + 

Inflammatory infiltration + +++ 0 ++ 0 +++ 0 ++ 

Plasma cells 0 0 0 0 0 0 0 0 

Congestion 0 + 0 ++ + ++ + ++ 

Edema 0 0 0 0 0 ++ 0 ++ 

Vacuolization 0 0 0 0 0 +++ 0 ++ 

Pyknosis 0 ++ 0 + 0 + 0 + 

Necrosis 0 ++ 0 ++ 0 +++ 0 ++ 

Lungs 

Goblet cell hyperplasia 0 0 0 0 0 + 0 0 

Pneumonitis 0 0 0 0 0 ++ 0 ++ 

Eosinophils 0 + 0 0 0 ++ 0 + 

Infiltration of leukocytes 0 + 0 + 0 +++ 0 + 

Oedema 0 0 0 0 0 ++ 0 ++ 

Hemorrhage 0 0 0 0 0 + 0 + 

Airway perimeter Normal Normal Normal Normal Normal Alter Normal Normal 

Necrosis 0 0 0 0 0 + 0 + 
Note: 0: no abnormality detected; +: damage/active changes up to <25%; ++: damage/active changes up to <50%;  
+++: damage/active changes up to < 75%; ++++: damage/active changes up to > 75%. 
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7.2.8. Concentration of INDUS830, INDUS83010, INDUS83020 and INDUS83030 in various organs in 

sub-acute oral toxicity: 

Table 7.11. Concentration of INDUS830, INDUS83010, INDUS83020 and INDUS83030 in various organs in 

sub-acute oral toxicity 

Sr. 

No. 
Tissue 

INDUS830 INDUS83010 INDUS83020 INDUS83030 

Mean 

Conc. 

(µgm/gm) 

Mean 

Conc. 

(%) 

Mean 

Conc. 

(µgm/gm) 

Mean 

Conc. 

(%) 

Mean 

Conc. 

(µgm/gm) 

Mean 

Conc. 

(%) 

Mean 

Conc. 

(µgm/gm) 

Mean 

Conc. 

(%) 

1.  Brain 127.48 0.17 42.10 0.16 0 0 0 0 

2.  Liver 1238.73 4.86 53.26 0.61 764.35 3.46 2.89 0.04 

3.  Lung 681.75 0.39 636.22 1.61 149.46 0.65 1.99 0.10 

4.  Kidney 940.18 0.96 604.40 1.90 523.21 13.22 0.18 0.0018 

5.  Small Intestine 2713.2 11.73 1739.04 28.19 66.66 2.17 0.25 0.01 

 

At the end of the 28-day dosing period, mice administered with INDUS830 (1000 mg/kg), INDUS83010 

(350 mg/kg), INDUS83020 (150 mg/kg) and INDUS83030 (100 mg/kg) showed tissue concentration as 

represented in Table 7.11.  
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Table 7.12. The no-observed-adverse-effect levels (NOAEL) and lowest-

observed-adverse-effect levels (LOAEL) data for INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 sub-acute oral 

toxicity 

Treatment NOAEL (mg/kg) LOAEL (mg/kg) 

INDUS830 250 500 

INDUS83010 175 350 

INDUS83020 75 150 

INDUS83030 100 100 

 

For both sexes, no-observed-adverse-effect levels (NOAEL) of the 

INDUS830, INDUS83010, INDUS83020 and INDUS83030 was 250 mg/kg, 175 

mg/kg, 75 mg/kg and 100 mg/kg, respectively when given by the oral route 

over a period of 28 days. 

Whereas, for both sexes lowest observed adverse effect levels (LOAEL) of 

the INDUS830, INDUS83010, INDUS83020 and INDUS83030 was 500 mg/kg, 

350 mg/kg, 150 mg/kg and 100 mg/kg, respectively when given by the oral 

route over a period of 28 days. (Table 7.12) 
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7.3. Pharmacokinetics, tissue distribution and excretion study of 

INDUS83010 and INDUS83020 in rats: 

 

7.3.1. Selection of mobile phase: 

Biosample preparation was performed using a solid-liquid extraction 

(SLE) and different solvents such as ethyl acetate, chloroform, hexane, formic 

acid and acetonitrile were investigated. Finally, formic acid (0.3 %) and 

acetonitrile in a mixture of 80:20 v/v was found to be optimal for INDUS83010 

whereas water and acetonitrile in a mixture of 75:25 v/v was found to be 

optimal for INDUS83020, because it can produce clean chromatograms for 

plasma, tissues, urine and fecal as well as its yielded the highest recovery for 

the analytes. 

 

7.3.2. Method Validation: 

7.3.2.1. Linearity of Calibration Curve and Lower Limit of Quantification: 

In INDUS83010, the calibration curves showed good linearity over the 

concentration range of 100-600 μg/mL in rat plasma and tissue homogenates 

with a correlation coefficient (R2) larger than 0.996. The peak area versus 

concentration equipped well with a straight line, with the equation y = 1.301x - 

31.26 for plasma and tissue homogenates. For the urine and stool samples, 

calibration curves showed good linearity over the concentration range of 1.0-

5000 μg/mL with a correlation coefficient (R2) larger than 0.994. The peak area 

versus concentration equipped well with a straight line, with the equation y = 

9.341x + 599.7 for urine and fecal sample. The current assay offered an LLOD 

of 37.18 μg/mL whereas LLOQ of 112.68 μg/mL for plasma, and tissue 

samples. The limits were sufficient for studies of pharmacokinetics, tissue 
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distribution and urine-fecal elimination following a single oral administration of 

INDUS83010.  

In INDUS83020, The calibration curves showed a good linearity over the 

concentration range of 10.5-100.5 μg/mL in rat plasma and tissue 

homogenates with a correlation coefficient (R2) larger than 0.995. The peak 

area versus concentration equipped well with a straight line, with the equation 

y = 95.99x + 75.38 for plasma and tissue homogenates. For the urine and stool 

samples, calibration curves showed a good linearity over the concentration 

range of 2.5-500 μg/mL with a correlation coefficient (R2) larger than 0.999. 

The peak area versus concentration equipped well with a straight line, with the 

equation y = 11.55x - 27.54 for urine and fecal sample. The current assay 

offered an LLOD of 8.96 μg/mL whereas LLOQ of 27.53 μg/mL for plasma, and 

for tissue samples LLOD of 7.12 μg/mL and LLOQ of 21.59 μg/mL for urine 

and fecal sample were obtained. The limits were sufficient for studies of 

pharmacokinetics, tissue distribution and urine elimination following a single 

oral administration of INDUS83020. (Figure 7.4) 

 

Figure 7.4. Concentration versus residual plot of INDUS83010 (A) and 

INDUS83010 (B). 
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7.3.2.2. Precision and accuracy: 

For all the samples spiked with analytes at three concentration levels, 

the %RSD of both Intra-day and inter-day precision was between 0.39 to 1.74% 

and 0.23 to 0.89% respectively for INDUS83010 whereas 1.16 to 1.79% and 

1.28 to 1.73% respectively. for INDUS83020. Accuracy was calculated as % 

recovery, and it was ranged between 99.96-100.42 % for INDUS83010 whereas 

98.51-99.58 % for INDUS83020 for the matrices studied in plasma. The results 

demonstrated that the methods were accurate and reproducible for 

determination of INDUS83010 and INDUS83020 in rat plasma, tissues, urine 

and fecal samples.  

 

7.3.2.3. Recovery and Robustness: 

The extraction recoveries of INDUS83010 ranged between 99.96% to 

100.42% in plasma and tissue samples whereas extraction recoveries of 

INDUS83020 ranged between 98.51% to 99.58% in plasma and tissue samples. 

These data indicated the biosample preparation procedure was satisfied and 

can achieve the acceptable extraction recovery. Robustness of the envisaged 

method studied after deliberate alterations of the analytical parameters 

indicated that areas of peaks of interest and retention factor remained 

unaffected by small changes in the operational parameters (% RSD < 2).  

 

7.3.2.4. Specificity  

The retention time of INDUS83010 was about 3.5 min whereas it was 

3.02 min for INDUS83020 which indicated that analyte was well separated, 

and no interferences were detected from endogenous substances or 

metabolites. 
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7.3.3. Pharmacokinetics of INDUS83010 and INDUS83020 in rats: 

The mean plasma concentration-time profiles of INDUS83010 and INDUS83020 in rats following oral 

administration at a dose of 200 mg/kg and 60 mg/kg, respectively. is shown in Figure 7.5. and corresponding 

pharmacokinetic parameters are summarized in Table 7.13. It was found that the data were best fitted with a 

two-compartment model. Both compounds had a slow distribution phase as they appeared in plasma after 30 

min. which was followed by a relative slow elimination phase and could be detected by 96 h post dosing.  

 

Figure 7.5. Mean plasma concentration-time profiles of INDUS83010 in rats after receiving a single oral dose 

at a concentration of 200 mg/kg (A) and mean plasma concentration-time profiles of INDUS83020 

in rats after receiving a single oral dose at a concentration of 60 mg/kg (B). 

Data are expressed as Mean ± SEM (n = 2) 
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Table 7.13. Pharmacokinetic parameters for INDUS83010 and INDUS83020 in 

rats after receiving a single oral dose  

Parameters Units Values for INDUS81010 Values for INDUS81020 

AUCall(CObs) (h)*(µg) 0.1775 0.0944 

Cmax µg/mL 3.030 7.039 

Tmax h 72 2.0 

T1/2 h 40.10 11.60 

AUClast (h)*(µg/mL) 0.177 0.0944 

AUMClast (h)2*(µg/mL) 9.538 1.66 

Rsmooth -- 0.6491 0.485 

R2 -- 0.9961 0.999 

MRT h 53.71 17.97 

AUC- Area Under Curve; AUMC- Area Under the First Moment Curve, T1/2- Terminal 

Half-life, MRT- Mean Residence Time. 

 

7.3.4. Tissue Distribution Study: 

The tissue distribution of INDUS83010 after single oral administration 

of 200 mg/kg in rats showed the highest level of INDUS83010 was observed in 

lung followed by the brain. The high affinity in the lung of INDUS83010 

confirms that it has a good curative effect on respiratory diseases. In addition, 

the presence of INDUS83010 in brain tissue revealed that it can efficiently 

cross the blood-brain barrier that may be good for treating the disorder related 

to the central nervous system. (Table 7.14) 

The tissue distribution of INDUS83020 after single oral administration 

of 60 mg/kg in rats showed that the highest concentration of INDUS83020, 

which was observed in the liver followed by the lung. The high affinity in the 
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liver and lung of INDUS83020 confirms that it has a good curative effect on 

hepatic and respiratory diseases. In addition, the presence of INDUS83020 in a 

very low concentration was detected in the brain suggesting that INDUS83020 

has difficulty in crossing the blood-brain barrier. (Table 7.14) 

 

Table 7.14. Concentration of INDUS83010 and INDUS83020 in rat various 

tissues after receiving a single oral dose  

Organs 

INDUS81010 INDUS81020 

Availability 

(µg) 

% 

distribution 
Availability (µg) 

% 

distribution 

Brain 5.75 ± 0.005 0.014 10.67 ± 1.43 0.09 

Kidney nd -- 2.55 ± 0.35 0.02 

Liver nd -- 190.60 ± 59.40 1.59 

Lungs 18.02 ± 4.28 0.044 22.05 ± 2.82 0.18 

Small 

Intestine 
nd -- 4.28 ± 0.46 0.04 

Adrenal gland nd -- 0.26 ± 0.02 0.002 

Data are expressed as mean ± SEM (n = 3). nd- not detectable. 

 

7.3.5. Urinary and fecal excretion study: 

After a single oral administration of INDUS83010 and INDUS83020, the 

mean elimination in urine was after 24 h and could be detected until 108 h 

post dosing. Hence, the major unchanged amount of the INDUS83010 and 

INDUS83020 was eliminated from the urine over 108 h. INDUS83010 showed 

fecal excretion after 24 h and over a period of 108 h. However, INDUS83020 did 

not show any fecal excretion over a period of 108 h (Figure 7.6).  
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Figure 7.6. Cumulative urinary excretion of INDUS83010 in rats after receiving a single oral dose at a 

concentration of 200 mg/kg (A) and Cumulative urinary excretion of INDUS83020 in rats after 

receiving a single oral dose at a concentration of 60 mg/kg (B).  

Data are expressed as mean ± SEM (n = 3). 
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7.4. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on 

bleomycin (BLM)-induced pulmonary fibrosis, pulmonary 

hypertension and liver fibrosis in rats: 

 

7.4.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in body weight, relative lung weight, 

relative liver weight, and fulton index of rats: 

In the present study, the animals were treated with INDU830 (5, 10, 20 

and 40 mg/kg) or INDU83010 (3.75, 7.5, 15 and 30 mg/kg) or INDU83020 

(1.5, 3, 6 and 12 mg/kg) or INDU83030 (2, 4, 8 and 16 mg/kg) however, the 

doses which showed significant effects were reported in the results.  

There was significant (p < 0.001) decrease in the body weight in BLM 

control rats as compared to normal and sham control rats on day 14 and day 

28. Treatment with INDUS830 (20 and 40 mg/kg), INDUS83010 (15 and 30 

mg/kg), INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

significantly (p < 0.001) inhibited BLM-induced decreased body weight as 

compared to BLM control rats on day 14 and day 28. Methylprednisolone (10 

mg/kg) and sildenafil (25 mg/kg) also showed significantly (p < 0.001) 

increased body weight as compared to BLM control rats on day 14 and day 28.  

BLM control group showed significant increased (p < 0.001) in the 

relative lung weight on day 14 as well as on day 28 as compared to the normal 

and sham group. This increased in relative lung weight after BLM instillation 

was significantly decreased (p < 0.001) by INDUS830 (20 and 40 mg/kg), 

INDUS83010 (15 and 30 mg/kg), INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) significantly (p < 0.001) treatment on day 14 

and day 28 as compared to BLM control group. Treatment with 

methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) also showed 
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significantly decreased (p < 0.001) relative lung weight on day 14 and day 28 as 

compared to BLM control group on respective days. 

On 28th day, there was significant increased (p < 0.001) in the relative 

liver weight in BLM control group as compared to the normal and sham group. 

When compared with BLM control group, relative liver weight was significantly 

decreased (p < 0.001 and p < 0.01) in the INDUS830 (20 and 40 mg/kg) treated 

group on day 28. When compared with BLM control group, relative liver weight 

was significantly decreased (p < 0.001 and p < 0.001) in the INDUS83010 (15 

and 30 mg/kg), INDUS83020 (6 and 12 mg/kg) treated group on day 28. When 

compared with BLM control group, relative liver weight was significantly 

decreased (p < 0.05 and p < 0.01) in the INDUS83030 (8 and 16 mg/kg) treated 

group on day 28. Methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) 

treatment also showed significant inhibition (p < 0.001) in the BLM-induced 

increased relative liver weight as compared to BLM control group on day 28. 

The Fulton index (right ventricle weight: left ventricle weight + septum 

weight ratio) was increased significantly (p < 0.001) in BLM control group on 

day 28 as compared to normal and sham group. Administration of INDUS830 

(20 and 40 mg/kg) and INDUS83030 (8 and 16 mg/kg) significantly and dose 

dependently decreased (p < 0.05 and p < 0.01) fulton index as compared to 

BLM control rats on day 28. Administration of INDUS83010 (3.75, 7.5, 15 and 

30 mg/kg) failed to produce any significant decreased in Fulton index as 

compared to BLM control rats on day 28. Administration of INDUS83020 (6 

and 12 mg/kg) showed significant decreased (p < 0.001 and p < 0.001) in fulton 

index as compared to BLM control rats on day 28. Treatment with 

methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) also significantly 

decreased (p < 0.05 and p < 0.001) fulton index as compared to BLM control 

rats on day 28. (Table 7.15) 
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Table 7.15. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in body weight, relative lung weight, relative liver weight, and fulton index of rats 

Treatment 

Time 

(in 

Days) 

Body Weight (g) 
Lung weight to body 

weight ratio 

Relative liver 

weight 
Fulton index 

Normal 
14 247.75 ± 3.47 0.010 ± 0.001 0.025 ± 0.002 0.82 ± 0.022 

28 270.60 ± 5.60 0.009 ± 0.001 0.021 ± 0.004 0.71 ± 0.12 

Sham 
14 240.25 ± 3.86 0.009 ± 0.001 0.023 ± 0.002 0.80 ± 0.08 

28 261.40 ± 3.17 0.011 ± 0.001 0.024 ± 0.003 0.86 ± 0.02 

BLM control 

14 
164.25 ± 

4.58###,$$$ 
0.031 ± 0.002###,$$$ 0.034 ± 0.003 0.86 ± 0.21 

28 
176.80 ± 

3.92###,$$$ 
0.033 ± 0.001###,$$$ 

0.047 ± 

0.003###,$$$ 

2.04 ± 

0.21###,$$$ 

MP (10) 
14 200.75 ± 11.47*** 0.02 ± 0.002*** 0.029 ± 0.002 0.99 ± 0.15 

28 230.40 ± 17.36*** 0.018 ± 0.003*** 0.028 ± 0.002*** 1.42 ± 0.28* 

Slid (25) 
14 212.00 ± 6.67*** 0.017 ± 0.002*** 0.028 ± 0.002 1.20 ± 0.20 

28 248.80 ± 5.13*** 0.017 ± 0.002*** 0.027 ± 0.002*** 1.12 ± 0.02*** 

INDUS830 

(20) 

14 189.25 ± 10.60** 0.017 ± 0.001*** 0.034 ± 0.007 1.04 ± 0.11 

28 212.20 ± 2.41*** 0.021 ± 0.002*** 0.025 ± 0.003** 1.48 ± 0.15* 

INDUS830 

(40) 

14 203.75 ± 9.51*** 0.013 ± 0.001*** 0.031 ± 0.003 1.01 ± 0.03 

28 218.80 ± 4.84*** 0.017 ± 0.002*** 0.031 ± 0.003*** 1.24 ± 0.15*** 
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INDUS83010 

(15) 

14 206.00 ± 8.16 0.01 ± 0.0008*** 0.03 ± 0.002 0.99 ± 0.18 

28 221.80 ± 7.41*** 0.01 ± 0.009*** 0.02 ± 0.002*** 1.99 ± 0.14 

INDUS83010 

(30) 

14 210.60 ± 5.30 0.01 ± 0.002*** 0.03 ± 0.001 1.05 ± 0.17 

28 227.20 ± 6.01*** 0.01 ± 0.001*** 0.02 ± 0.003*** 1.99 ± 0.10 

INDUS83020 

(6) 

14 203.60 ± 3.15*** 0.022 ± 0.001*** 0.03 ± 0.003 1.00 ± 0.11 

28 205.40 ± 3.93** 0.025 ± 0.001** 0.033 ± 0.002** 1.08 ± 0.07*** 

INDUS83020 

(12) 

14 215.20 ± 3.96*** 0.022 ± 0.001*** 0.027 ± 0.003 1.10 ± 0.11 

28 228.00 ± 5.89*** 0.022 ± 0.001*** 0.032 ± 0.005*** 1.11 ± 0.18*** 

INDUS83030 

(8) 

14 196.20 ± 3.54** 0.03 ± 0.003 0.032 ± 0.001 0.85 ± 0.02 

28 205.40 ± 4.56** 0.033 ± 0.002** 0.037 ± 0.005* 1.41 ± 0.17* 

INDUS83030 

(16) 

14 195.60 ± 1.03** 0.027 ± 0.003 0.031 ± 0.003 0.98 ± 0.08 

28 213.60 ± 1.20*** 0.032 ± 0.005*** 0.035 ± 0.001** 1.13 ± 0.22*** 

 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.2. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung function test of rats: 

A significant (p < 0.001) increase in PIF, frequency of breathing and Penh 

were recorded in BLM control rats as compared to normal and sham control 

rats on day 14 and day 28. Whereas PEF, TV and EV were decreased 

significantly (p < 0.001) in BLM control rats as compared to normal and sham 

control rats on day 14 and day 28.  

These alterations in the lung function tests were significantly and dose-

dependently (p < 0.01 and p < 0.001) prevented by INDUS830 (20 and 40 

mg/kg) and INDUS83010 (15 and 30 mg/kg) treatment as compared to BLM 

control rats on day 28.  

Treatment with INDUS83020 (6 and 12 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) restored altered lung function test as 

compared to as compared to BLM control rats on day 28. 

When compared with BLM control rats, INDUS83030 (16 mg/kg) 

administration significantly (p < 0.01, p < 0.05 and p < 0.05) decreased PIF and 

frequency of breathing and Penh as well as significantly (p < 0.05) increased PEF 

after 28 day treatment. 

When compared to BLM control rats, sildenafil (25 mg/kg) treatment 

significantly (p < 0.05, p < 0.01 and p < 0.001) decreased PIF, frequency of 

breathing and Penh as well as significantly (p < 0.01) increased PEF, TV and EV 

after 28 day treatment. 

Treatment with methylprednisolone (10 mg/kg) significantly (p < 0.001) 

restored altered lung function test as compared to as compared to BLM control 

rats on day 28. (Table 7.16) 
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Table 7.16. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung function test of rats 

Treatment 
Time (in 

Days) 
PIF (m/s) PEF (m/s) TV (m) EV (m) f (bpm) Penh 

Normal 
14 11.50 ± 0.56 20.38 ± 0.98 1.11 ± 0.08 1.12 ± 0.08 213.26 ± 23.76 0.93 ± 0.16 

28 12.72 ± 1.71 21.37 ± 1.81 1.26 ± 0.10 1.26 ± 0.10 220.96 ± 10.84 1.04 ± 0.05 

Sham 
14 12.30 ± 2.80 20.00 ± 1.43 1.08 ± 0.16 1.07 ± 0.15 230.37 ± 23.91 0.88 ± 0.07 

28 11.59 ± 1.44 21.63 ± 1.27 1.16 ± 0.27 1.34 ± 0.16 221.28 ± 8.14 1.15 ± 0.04 

BLM control 

14 22.43 ± 

3.54###,$$$ 

7.70 ± 

1.17###,$$$ 
0.65 ± 0.12 0.75 ± 0.13 

334.76 ± 

27.43###,$$$ 
1.36 ± 0.12 

28 27.71 ± 

1.97###,$$$ 

6.60 

±1.28###,$$$ 

0.37 ± 

0.10###,$$$ 

0.41 ± 

0.06###,$$$ 

355.41 ± 

25.07###,$$$ 

2.71 ± 

0.19###,$$$ 

MP (10) 

14 17.17 ± 1.84 13.95 ± 1.32* 0.85 ± 0.09 0.96 ± 0.09 255.61 ± 37.46 1.21 ± 0.18 

28 12.92 ± 
1.52*** 

17.92 ± 
1.78*** 

1.09 ± 
0.09*** 

1.18 ± 
0.08*** 

243.47 ± 
41.50** 

1.55 ± 
0.06*** 

Slid (25) 

14 21.03 ± 1.60 11.99 ± 1.61 0.74 ± 0.11 0.85 ± 0.11 286.63 ± 21.78 1.43 ± 0.14 

28 19.84 ± 2.24* 14.47 ± 1.35** 0.92 ± 0.04* 0.92 ± 0.04* 
253.96 ± 

18.62** 

1.72 ± 

0.09*** 

INDUS830 

(20) 

14 15.14 ± 1.23* 11.96 ± 1.40 0.72 ± 0.03 0.73 ± 0.04 266.53 ± 35.94 1.42 ± 0.03 

28 18.39 ± 
0.65** 

13.27 ± 0.36* 0.87 ± 0.08* 0.86 ± 0.08 
265.90 ± 
17.85* 

1.74 ± 
0.04*** 

INDUS830 

(40) 

14 15.74 ± 1.08* 11.55 ± 1.41 0.90 ± 0.06 0.90 ± 0.06 
246.42 ± 

15.26* 
1.09 ± 0.19 

28 15.23 ± 
1.72*** 

14.82 ± 
1.63*** 

1.06 ± 
0.25** 

1.11 ± 
0.29** 

248.36 ± 
13.66** 

1.64 ± 
0.10*** 
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INDUS83010 

(15) 

14 17.61 ± 1.33 11.37 ± 1.95 0.76 ± 0.04 0.94 ± 0.011 282.99 ± 17.11 1.43 ± 0.13 

28 17.94 ± 

1.12*** 
13.74 ± 0.44** 0.90 ± 0.08* 0.98 ± 0.09* 

248.99 ± 

11.38*** 

1.52 ± 

0.05*** 

INDUS83010 

(30) 

14 14.44 ± 1.23 12.25 ± 1.02 0.90 ± 0.07 0.93 ± 0.06 
243.41 ± 
10.66** 

1.25 ± 0.19 

28 15.76 ± 

2.55*** 

15.13 ± 

1.29*** 

1.13 ± 

0.02*** 

1.15 ± 

0.18*** 

231.60 ± 

7.32*** 

1.25 ± 

0.21*** 

INDUS83020 

(6) 

14 21.43 ± 1.25 10.47 ± 1.22 0.70 ± 0.21 0.79 ± 0.09 304.62 ± 15.73 1.31 ± 0.15 

28 23.91 ± 2.78 11.86 ± 0.64* 0.80 ± 0.20 0.97 ± 0.10* 315.74 ± 13.02 1.98 ± 0.36* 

INDUS83020 

(12) 

14 19.68 ± 2.36 10.36 ± 1.03 0.69 ± 0.15 0.80 ± 0.08 271.20 ± 11.31 1.50 ± 0.19 

28 19.10 ± 

1.14** 
12.66 ± 1.49* 0.94 ± 0.15* 

1.04 ± 

0.07** 

272.72 ± 

17.09* 

1.86 ± 

0.32** 

INDUS83030 

(8) 

14 19.66 ± 1.69 10.53 ± 0.56 0.76 ± 0.08 0.83 ± 0.11 324.97 ± 10.58 1.54 ± 0.22 

28 23.16 ± 1.56 11.25 ± 1.42 0.63 ± 0.12 0.64 ± 0.09 296.45 ± 11.15 2.09 ± 0.06* 

INDUS83030 

(16) 

14 19.27 ± 1.10 9.68 ± 0.44 0.74 ± 0.07 0.83 ± 0.05 290.71 ± 21.18 1.45 ± 0.06 

28 18.85 ± 
1.18** 

12.60 ± 2.06* 0.72 ± 0.06 0.81 ± 0.08 
275.99 ± 
20.61* 

2.11 ± 0.15* 

 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, PIF- Peak Inspiratory Flow, 

PEF- Peak Expiratory Flow, TV- Tidal Volume, EV- Expired Volume, f- frequency of breathing and Penh- Enhanced 

Pause. (n=4) 
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7.4.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in percent oxygen saturation of rats: 

Percent oxygen saturation (% O2) was decreased significantly (p < 0.001) 

in the BLM control rats as compared to normal and sham control rats. 

Administration of INDUS830 (20 and 40 mg/kg) significantly increased (p < 

0.01) % O2 as compared to BLM control rats. When compared to BLM control 

rats, INDUS83010 (15 and 30 mg/kg) treatment significantly and dose-

dependently increased (p < 0.01 and p < 0.001) % O2. Administration of 

INDUS83020 (12 mg/kg) showed significant increased (p < 0.05) % O2 as 

compared to BLM control rats. Methylprednisolone (10 mg/kg) and sildenafil 

(25 mg/kg) treatment showed significant (p < 0.001 and p < 0.05) increase in  

% O2 as compared to BLM control rats. (Figure 7.7) 

 

Figure 7.7. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 
on BLM-induced alteration in percent oxygen saturation of rats. 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 
0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 
MP- Methylprednisolone, Sild- Sildenafil. (n = 4) 
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7.4.4. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in hemodynamic parameters of rats: 

Right ventricular systolic pressure (RVSP), right ventricular diastolic 

pressure (RVDP) and right ventricular mean pressure (RVMP) was increased 

significantly (p < 0.001) in the BLM control group as compared to the normal 

and sham group. Administration of INDUS830 (20 and 40 mg/kg) showed 

significant decreased (p < 0.01) in the RVSP as compared to BLM control group 

whereas RVDP and RVMP was significantly decreased (p < 0.05 and p < 0.001) 

by INDUS830 (40 mg/kg) treatment as compared to BLM control group.  

Administration of INDUS83020 (6 and 12 mg/kg) significantly and dose-

dependently decreased (p < 0.05 and p < 0.001) the RVSP as compared to BLM 

control group. The increased RVDP after intratracheal BLM instillation was 

significantly and dose-dependently decreased (p < 0.01 and p < 0.001) by 

INDUS83020 (6 and 12 mg/kg) treatment as compared to BLM control group. 

Administration of INDUS83020 (6 and 12 mg/kg) showed significant decreased 

(p < 0.001) in the RVMP as compared to BLM control group. 

Administration of INDUS83030 (8 and 16 mg/kg) significantly decreased 

(p < 0.001) the RVSP and RVMP as compared to BLM control group. The 

increased RVDP after intratracheal BLM instillation was significantly decreased 

(p < 0.01 and p < 0.05) by INDUS83030 (8 and 16 mg/kg) treatment as 

compared to BLM control group. 

Administration of methylprednisolone (10 mg/kg) significantly decreased 

(p < 0.05) RVSP, however, failed to produce any significant reduction in the 

RVDP as compared to BLM control group. When compared with BLM control 

group, sildenafil (25 mg/kg) significantly decreased (p < 0.001) RVSP, RVDP 

and RVMP. Intratracheal instillation of BLM did not produce any significant 

alteration in the heart rate (HR) in BLM control rats as compared to the normal 

and sham group. (Table 7.17) 
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Table 7.17. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in hemodynamic 

parameters of rats 

Treatment RVSP (mmHg) RVDP (mmHg) 
RVMP 

(mmHg) 
HR (BPM) 

Normal 16.95 ± 3.05 7.41 ± 0.82 11.73 ± 1.57 332.8 ± 34.11 

Sham 19.37 ± 2.96 8.91 ± 1.04 12.13 ± 1.13 332.1 ± 21.77 

BLM control 54.31 ± 

4.16###,$$$ 

16.60 ± 

1.62###,$$$ 

48.46 ± 

4.35###,$$$ 
353.5 ± 48.57 

MP (10) 33.11 ± 2.03* 15.83 ± 1.18 46.82 ± 1.36 355.3 ± 24.06 

Slid (25) 19.11 ± 5.31*** 9.59 ± 0.94*** 
13.68 ± 

1.46*** 
356.5 ± 6.83 

INDUS830 (20) 24.98 ± 5.44** 15.66 ± 0.66 39.34 ± 1.80 353.1 ± 29.84 

INDUS830 (40) 25.38 ± 2.78*** 11.55 ± 1.16* 
31.10 ± 

1.22*** 
360.8 ± 16.90 

INDUS83010 

(15) 
47.01 ± 5.54 12.99 ± 1.12 52.86 ± 3.52 348.7 ± 37.04 

INDUS83010 

(30) 
41.13 ± 3.66 13.23 ± 0.51 45.09 ± 1.84 333.9 ± 39.79 

INDUS83020 

(6) 
38.62 ± 2.98* 9.94 ± 1.33** 

24.83 ± 
2.09*** 

345.9 ± 36.14 

INDUS83020 

(12) 
30.33 ± 1.11*** 9.77 ± 0.38*** 

15.48 ± 
1.86*** 

363.5 ± 47.87 

INDUS83030 

(8) 
27.77 ± 1.44*** 11.27 ± 0.75*** 

31.08 ± 

1.67*** 
318.2 ± 44.23 

INDUS83030 

(16) 
30.34 ± 2.26*** 12.13 ± 0.74* 

32.06 ± 

1.88*** 
318.2 ± 39.62 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 
0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 
MP- Methylprednisolone, Sild- Sildenafil, RVSP- Right ventricular systolic pressure, 
RVDP- Right Ventricular Diastolic Pressure, RVMP- Right Ventricular Mean Pressure, 
HR- Heart Rate. (n = 4) 
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7.4.5. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in hematological parameters of rats: 

BLM control rats showed significantly (p < 0.001) decreased Hb, RBC, 

HCT, PLT, lymphocytes and monocytes count as well as significant (p < 0.001) 

increase in WBC and neutrophils count after day 14 and day 28 of 

intratracheal BLM administration as compared to normal and sham control 

rats.  

Treatment with INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 and 

30 mg/kg) significantly and dose-dependently (p < 0.01 and p < 0.001) 

prevented these alterations in the hematological parameters induced after 14th 

and 28th day of BLM administration as compared to BLM control rats. 

Administration of INDUS83020 (6 and 12 mg/kg) significantly and dose 

dependently (p < 0.01 and p < 0.001) increased Hb, RBC, HCT, PLT and 

lymphocytes count as well as significant (p < 0.01) decrease in WBC and 

neutrophils count as compared to BLM control group on 14th and 28th day.  

Administration of INDUS83030 (8 and 16 mg/kg) significantly (p < 0.001) 

increased Hb, RBC, HCT and PLT count as well as significant (p < 0.01) 

decrease in WBC count as compared to BLM control group. 

Methylprednisolone (10 mg/kg) showed significant (p < 0.001) increase in 

Hb, RBC, PLT, lymphocytes and monocytes count as well as significant (p < 

0.001) decrease in WBC and neutrophils count as compared to BLM control 

rats on day 14 and day 28. 

Sildenafil (25 mg/kg) treatment significantly (p < 0.001) inhibited BLM-

induced alterations in Hb, HCT, PLT, WBC, neutrophils, lymphocytes, 

monocytes count as compared to BLM control rats on day 14 and day 28. 

(Table 7.18) 
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Table 7.18. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in hematological parameters of rats 

Treatment 
Time (in 

Days) 
Hb (g/dl) 

RBC 

(*1012/L) 

HCT 

(%) 

PLT 

(*109/L) 

WBC 

(*109/L) 
N (%) L (%) M (%) 

Normal 

14 
14.90 ± 

0.55 

7.32 ± 

0.08 

41.30 ± 

1.43 

917.25 ± 

62.85 

10.62 ± 

1.78 

21.25 ± 

1.88 

68.00 ± 

2.85 

8.50 ± 

0.28 

28 
14.95 ± 

0.58 
7.60 ± 
0.37 

39.45 ± 
0.54 

937.75 ± 
79.07 

11.32 ± 
2.46 

21.50 ± 
0.86 

66.75 ± 
0.75 

9.25 ± 
0.47 

Sham 

14 
14.67 ± 

0.50 

7.40 ± 

0.28 

41.07 ± 

1.95 

934.50 ± 

48.63 

10.72 ± 

1.40 

21.75 ± 

0.85 

69.00 ± 

1.68 

6.25 ± 

1.25 

28 
14.75 ± 

0.35 
7.66 ± 
0.28 

40.02 ± 
1.05 

957.25 ± 
97.08 

11.42 ± 
1.17 

22.00 ± 
0.91 

66.00 ± 
0.91 

9.50 ± 
0.64 

BLM control 

14 
12.27 ± 

0.55##,$$ 

5.75 ± 

0.45##,$$ 

34.97 ± 

1.53#,$ 

546.75 ± 

53.40##,$$ 

19.82 ± 

1.70##,$$ 

67.25 ± 

1.65###,$$$ 

28.00 ± 

1.29###,$$$ 

2.50 ± 

0.64##,$$ 

28 
10.00 ± 

0.58###,$$$ 
4.66 ± 

0.36###,$$$ 
31.55 ± 
1.94##,$$ 

517.50 ± 
118.03###,$$$ 

19.77 ± 
1.96##,$$ 

62.25 ± 
1.65###,$$$ 

30.50 ± 
4.57###,$$$ 

4.00 ± 
0.70###,$$$ 

MP (10) 

14 
15.45 ± 

0.43*** 

8.20 ± 

0.25*** 

44.75 ± 

1.34*** 

839.75 ± 

100.95* 

17.67 ± 

2.25 

54.75 ± 

4.13*** 

37.25 ± 

3.90* 

5.50 ± 

0.64* 

28 
15.70 ± 
0.05*** 

8.04 ± 
0.17*** 

42.12 ± 
0.37*** 

852.75 ± 
112.82** 

12.90 ± 
1.87* 

31.25 ± 
1.10*** 

60.75 ± 
1.65*** 

5.25 ± 
0.75 

Slid (25) 

14 
13.05 ± 

0.75 

6.42 ± 

0.41 

39.05 ± 

0.71 

819.25 ± 

66.65* 

14.92 ± 

1.32 

57.75 ± 

0.75** 

35.50 ± 

0.28 

4.25 ± 

0.75 

28 
13.22 ± 

0.25*** 

5.20 ± 

0.21 

37.67 ± 

0.98* 

773.00 ± 

63.81* 

11.20 ± 

1.11** 

35.25 ± 

1.43*** 

55.75 ± 

2.13*** 

6.00 ± 

1.08* 

INDUS830 
(20) 

14 
13.70 ± 

0.49 

7.10 ± 

0.31* 

40.32 ± 

1.46 

844.00 ± 

48.77* 

12.47 ± 

1.69* 

47.25 ± 

2.13*** 

42.00 ± 

2.88*** 

7.75 ± 

0.75*** 

28 
12.32 ± 

1.07* 

6.43 ± 

0.64*** 

33.55 ± 

3.35 

795.50 ± 

94.85* 

13.32 ± 

1.56* 

31.25 ± 

1.10*** 

60.50 ± 

1.84*** 

5.75 ± 

0.25* 

INDUS830 

(40) 
14 

14.07 ± 

0.32 

7.15 ± 

0.08** 

40.75 ± 

2.29* 

876.50 ± 

34.36** 

12.70 ± 

2.31* 

42.00 ± 

2.70*** 

48.00 ± 

2.67*** 

7.50 ± 

0.64*** 
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INDUS830 

(40) 
28 

14.50 ± 

0.26*** 

7.55 ± 

0.12*** 

39.40 ± 

0.64** 

837.50 ± 

63.84** 

12.52 ± 

1.86* 

27.50 ± 

1.93*** 

63.25 ± 

2.01*** 

6.50 ± 

0.86** 

INDUS83010 

(15) 

14 
15.25 ± 
0.27*** 

7.65 ± 
0.08*** 

41.57 ± 
0.31** 

795.25 ± 
28.31 

12.55 ± 
0.55* 

54.50 ± 
2.17* 

37.00 ± 
2.38 

5.75 ± 
0.25** 

28 
12.70 ± 

0.61** 

6.39 ± 

0.36*** 

34.87 ± 

1.62 

891.50 ± 

45.80** 

11.27 ± 

0.33 ** 

39.75 ± 

3.83*** 

52.50 ± 

4.11*** 

5.00 ± 

0.91 

INDUS83010 

(30) 

14 
14.72 ± 

0.66** 

7.58 ± 

0.33*** 

39.65 ± 

1.54 

802.25 ± 

102.62* 

13.10 ± 

2.11* 

41.50 ± 

2.39*** 

48.25 ± 

3.01*** 

7.25 ± 

0.47*** 

28 
14.20 ± 

0.61*** 

7.18 ± 

0.37*** 

39.62 ± 

1.94*** 

818.75 ± 

16.90* 

13.15 ± 

2.72* 

32.00 ± 

5.14*** 

55.75 ± 

4.93*** 

9.50 ± 

1.32*** 

INDUS83020 

(6) 

14 
13.92 ± 

1.24 

6.19 ± 

0.60 

34.80 ± 

2.68 

835.25 ± 

43.41** 

15.27 ± 

0.73 

56.50 ± 

1.70*** 

35.75 ± 

1.93*** 

5.00 ± 

0.40 

28 
12.37 ± 

1.37* 

7.52 ± 

0.32*** 

37.90 ± 

0.70** 

750.00 ± 

64.33* 

13.17 ± 

1.79* 

48.75 ± 

1.70*** 

42.75 ± 

1.65*** 

5.50 ± 

0.50 

INDUS83020 

(12) 

14 
14.15 ± 

0.15 

7.33 ± 

0.11** 

38.37 ± 

0.53 

838.75 ± 

65.99** 

15.20 ± 

1.35 

52.75 ± 

1.54*** 

39.50 ± 

1.19*** 

5.00 ± 

1.47 

28 
14.70 ± 

0.31*** 

7.58 ± 

0.16*** 

37.91 ± 

1.11** 

837.00 ± 

37.93** 

12.80 ± 

2.05** 

47.00 ± 

2.48*** 

43.50 ± 

1.93*** 

6.50 ± 

0.95 

INDUS83030 

(8) 

14 
16.12 ± 

0.92*** 

8.41 ± 

0.44*** 

44.67 ± 

2.47*** 

859.75 ± 

62.22* 

13.85 ± 

1.53* 

62.25 ± 

3.61 

31.50 ± 

2.39 

3.25 ± 

0.47 

28 
13.32 ± 
0.42*** 

6.92 ± 
0.30*** 

37.65 ± 
1.08* 

668.00 ± 
24.90 

13.70 ± 
1.79* 

62.00 ± 
1.58 

31.25 ± 
1.84 

3.75 ± 
0.47 

INDUS83030 

(16) 

14 
15.87 ± 

0.86*** 

7.76 ± 

0.31*** 

42.20 ± 

1.53** 

980.25 ± 

41.47*** 

13.07 ± 

2.08* 

62.25 ± 

3.37 

31.25 ± 

3.79 

4.00 ± 

0.57 

28 
14.35 ± 
0.87*** 

7.14 ± 
0.45*** 

38.65 ± 
2.19* 

796.75 ± 
73.53* 

12.87 ± 
0.91* 

60.00 ± 
2.34 

32.25 ± 
1.93 

5.00 ± 
0.70 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, Hb- Hemoglobin, RBC- Red 

Blood Corpuscles, HCT- Hematocrit, PLT- Platelet, WBC- White Blood Corpuscles, N- Neutrophils, L- Lymphocytes, M- 

Monocytes. (n = 4) 
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7.4.6. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in BALF differential cell count of rats: 

Total cell count, neutrophils, and eosinophils count were increased 

significantly (p < 0.001) in BLM control rats on day 14 and day 28 as compared 

to normal and sham control rats. There was a significant decrease (p < 0.001) 

in lymphocytes and monocytes count of BLM control rats on day 14 and day 28 

as compared to normal and sham control rats. These alterations in BALF 

differential cell counts were significantly (p < 0.001) prevented by INDUS830 

(20 and 40 mg/kg) treatment on day 14 and day 28 as compared to BLM 

control rats.  

INDUS83010 (15 and 30 mg/kg) treatment significantly and dose-

dependently (p < 0.05 and p < 0.01) restored BLM-induced alteration in BALF 

differential cell count as compared to BLM control rats on day 14 and day 28. 

Administration of INDUS83020 (6 and 12 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) decreased BALF total cell count whereas it 

significantly and dose-dependently (p < 0.01 and p < 0.001) increased 

lymphocytes in BALF on day 14 and day 28 as compared to BLM control rats.  

INDUS83030 (8 and 16 mg/kg) treatment significantly (p < 0.05) restored 

BLM-induced alteration in BALF differential cell count as compared to BLM 

control rats on day 14 and day 28. 

The increased total cell count, neutrophils and eosinophils count as well 

as decreased lymphocytes and monocytes count after BLM administration were 

significantly (p < 0.001) inhibited by methylprednisolone (10 mg/kg) treatment 

as compared to BLM control rats on day 14 and day 28.  

Sildenafil (25 mg/kg) treatment significantly (p < 0.05 and p < 0.01) 

restored BLM-induced alteration in BALF differential cell count as compared to 

BLM control rats on day 14 and day 28. (Table 7.19) 
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Table 7.19. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in BALF differential cell count of rats 

Treatment 
Time (in 

Days) 

Total cell count 

(*106/mL) 
N (%) L (%) E (%) M (%) 

Normal 
14 0.47 ± 0.05 3.00 ± 0.40 12.50 ± 1.04 1.00 ± 0.40 83.50 ± 1.70 

28 0.44 ± 0.07 3.75 ± 0.47 14.25 ± 0.85 1.25 ± 0.25 80.75 ± 1.18 

Sham 
14 0.43 ± 0.09 2.75 ± 0.85 13.50 ± 0.64 1.00 ± 0.40 82.75 ± 1.10 

28 0.46 ± 0.06 3.50 ± 0.64 12.25 ± 0.85 0.75 ± 0.25 83.50 ± 0.64 

BLM control 

14 
3.31 ± 

0.034###,$$$ 

53.50 ± 

1.70###,$$$ 

4.25 ± 

0.75###,$$$ 

3.75 ± 

0.85###,$$$ 

38.50 ± 

1.25###,$$$ 

28 2.77 ± 0.23###,$$$ 
44.00 ± 

4.60###,$$$ 

7.25 ± 

0.47###,$$$ 

3.25 ± 

0.25###,$$$ 

45.50 ± 

4.87###,$$$ 

MP (10) 

14 1.30 ± 0.10*** 34.50 ± 2.63*** 9.00 ± 0.70*** 2.00 ± 0.40** 54.50 ± 2.59*** 

28 1.22 ± 0.15*** 31.50 ± 4.87** 
12.25 ± 

2.01*** 
1.00 ± 0.00*** 55.25 ± 5.15* 

Slid (25) 
14 2.52 ± 0.19* 41.50 ± 4.36* 8.25 ± 0.75** 1.75 ± 0.25*** 48.50 ± 4.05* 

28 1.70 ± 0.28** 30.75 ± 4.15** 7.75 ± 0.85 1.50 ± 0.28** 60.00 ± 3.71** 

INDUS830 

(20) 

14 1.98 ± 0.13*** 46.00 ± 4.69 6.75 ± 0.47 2.50 ± 0.50* 44.75 ± 4.04 

28 1.83 ± 0.44* 33.50 ± 2.32* 10.00 ± 0.91 2.00 ± 0.40* 54.50 ± 2.06*** 

INDUS830 

(40) 

14 1.80 ± 0.22*** 34.75 ± 2.62*** 8.50 ± 0.86** 1.50 ± 0.28*** 55.25 ± 1.75*** 

28 1.28 ± 0.37*** 30.50 ± 2.59** 11.25 ± 0.47** 1.75 ± 0.25* 56.50 ± 2.50* 
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INDUS83010 

(15) 

14 2.63 ± 0.13 46.00 ± 1.08 8.50 ± 0.95* 2.50 ± 0.28 43.00 ± 1.15 

28 1.86 ± 0.12* 30.25 ± 2.86** 11.75 ± 1.93** 2.75 ± 0.25 55.25 ± 2.65* 

INDUS83010 

(30) 

14 2.06 ± 0.34*** 34.75 ± 2.28*** 8.25 ± 1.65* 2.00 ± 0.40** 55.00 ± 3.67*** 

28 1.35 ± 0.13*** 31.00 ± 1.47** 12.00 ± 0.81** 1.75 ± 0.47* 55.25 ± 1.37* 

INDUS83020 

(6) 

14 2.91 ± 0.12 44.50 ± 2.10 5.00 ± 0.40 3.25 ± 0.47 47.25 ± 1.93 

28 2.21 ± 0.16* 37.25 ± 2.78 10.00 ± 1.08** 2.25 ± 0.47 48.50 ± 2.66 

INDUS83020 

(12) 

14 2.68 ± 0.11* 42.00 ± 3.80* 6.50 ± 0.95 3.25 ± 0.47 48.25 ± 4.49 

28 2.06 ± 0.17** 39.00 ± 1.47 
12.00 ± 

0.81*** 
2.00 ± 0.40 46.00 ± 3.39 

INDUS83030 

(8) 

14 2.58 ± 0.17* 47.75 ± 2.46 4.25 ± 0.47 3.25 ± 0.25 44.75 ± 3.09 

28 2.59 ± 0.31 32.75 ± 2.95* 8.75 ± 1.10 2.25 ± 0.47 56.25 ± 2.59* 

INDUS83030 

(16) 

14 2.47 ± 0.17** 48.25 ± 4.32 5.75 ± 1.10 3.25 ± 0.47 42.75 ± 3.25 

28 2.71 ± 0.29 34.25 ± 1.65* 10.25 ± 1.31* 2.00 ± 0.40 53.50 ± 1.84 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, N- Neutrophils,  

L- Lymphocytes, E- Eosinophils, M- Monocytes. (n = 4) 
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7.4.7. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in of SOD, GSH, MDA, NO and HP in 

BALF of rats: 

The levels of SOD and GSH were decreased significantly (p < 0.001) in 

the BALF of BLM control rats whereas MDA, NO, and HP levels were increased 

significantly (p < 0.001) in the BALF of BLM control rats as compared to normal 

and sham control rats on day 14 and day 28. However, INDUS830 (20 and 40 

mg/kg) significantly and dose-dependently (p < 0.01 and p < 0.001) increased 

the level of BALF SOD and GSH level on day 14 and day 28 as compared to 

BLM control group. There was significant and dose-dependent (p < 0.05 and p < 

0.01) decrease in the BALF MDA and HP level in INDUS830 (20 and 40 mg/kg) 

treated group. INDUS83010 (15 and 30 mg/kg) treatment significantly 

increased (p < 0.01 and p < 0.001) BALF SOD and BALF GSH levels whereas it 

significantly decreased (p < 0.01 and p < 0.001) BALF MDA and BALF HP levels 

on day 28 as compared to BLM control rats. Elevated BALF NO level was 

significantly and dose-dependently decreased (p < 0.05 and p < 0.01) by 

INDUS83010 (15 and 30 mg/kg) treatment as compared to BLM control rats. 

Treatment with INDUS83020 (12 mg/kg) treatment significantly increased (p < 

0.05) BALF SOD and BALF GSH levels whereas INDUS83030 (16 mg/kg) 

treatment significantly increased (p < 0.05) BALF SOD level on day 28 as 

compared to BLM control rats. Methylprednisolone (10 mg/kg) significantly 

increased (p < 0.05) BALF SOD and significantly (p < 0.01) decreased BALF 

MDA level on day 14 and day 28 as compared to BLM control rats. Moreover, it 

significantly (p < 0.001) increased BALF GSH, and significantly (p < 0.05 and p 

< 0.01) decreased BALF NO and HP levels on day 28 as compared to BLM 

control group. Administration of sildenafil (25 mg/kg) significantly increased (p 

< 0.01 and p < 0.001) BALF SOD and BALF GSH level on day 28 as compared 

to BLM control rats. Moreover, it significantly (p < 0.001) decreased BALF MDA 

and BALF HP levels on day 28 as compared to BLM control group. (Table 7.20) 
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Table 7.20. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in SOD, GSH, MDA, NO and HP in BALF of rats 

Treatment 
Time (in 

Days) 

SOD (U /mg of 

protein) 

GSH (µg/mg of 

protein) 

MDA (nM/ mg 

of protein) 
NO (µg/ml) 

HP 

(µg/ml) 

Normal 
14 1.54 ± 0.15 3.27 ± 0.18 1.01 ± 0.08 37.82 ± 4.15 0.59 ± 0.12 

28 1.50 ± 0.13 3.44 ± 0.16 0.91 ± 0.07 42.10 ± 2.75 0.53 ± 0.04 

Sham 
14 1.50 ± 0.08 3.29 ± 0.21 0.94 ± 0.10 36.57 ± 4.68 0.61 ± 0.02 

28 1.49 ± 0.10 3.34 ± 0.36 1.08 ± 0.07 39.17 ± 4.41 0.54 ± 0.14 

BLM control 

14 0.68 ± 0.14###,$$$ 1.88 ± 0.09##,$$ 
2.25 ± 

0.08###,$$$ 

92.75 ± 

10.69###,$$ 
1.04 ± 0.04#,$ 

28 0.56 ± 0.10###,$$$ 
1.43 ± 

0.17###,$$$ 

2.28 ± 

0.12###,$$$ 

105.12 ± 

8.45###,$$$ 

1.51 ± 

0.15###,$$$ 

MP (10) 
14 1.28 ± 0.11* 2.08 ± 0.26 1.57 ± 0.16** 89.77 ± 4.82 0.93 ± 0.08 

28 1.11 ± 0.24* 3.09 ± 0.25*** 1.63 ± 0.10** 80.62 ± 6.63* 0.92 ± 0.13** 

Slid (25) 
14 1.15 ± 0.20 2.19 ± 0.17 1.63 ± 0.11** 83.58 ± 4.26 0.92 ± 0.09 

28 1.22 ± 0.16** 3.26 ± 0.21*** 1.50 ± 0.13*** 90.93 ± 6.12 0.94 ± 0.11** 

INDUS830 

(20) 

14 1.04 ± 0.08 2.17 ± 0.39 1.77 ± 0.14* 85.35 ± 5.10 0.85 ± 0.07 

28 0.84 ± 0.19 2.78 ± 0.21** 1.99 ± 0.20* 91.80 ± 4.68 1.15 ± 0.19* 

INDUS830 

(40) 

14 1.23 ± 0.13* 2.79 ± 0.48 1.62 ± 0.15** 78.65 ± 8.00 0.76 ± 0.04 

28 1.08 ± 0.15* 3.21 ± 0.27*** 1.58 ± 0.20** 90.50 ± 3.55 0.95 ± 0.16** 

INDUS83010 

(15) 

14 0.96 ± 0.09 2.65 ± 0.13* 1.60 ± 0.16** 91.26 ± 3.91 0.91 ± 0.05 

28 1.32 ± 0.19 3.34 ± 0.17*** 1.53 ± 0.10*** 87.60 ± 3.62* 1.12 ± 0.10** 
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INDUS83010 

(30) 

14 1.23 ± 0.20* 3.03 ± 0.22*** 1.45 ± 0.06*** 87.36 ± 1.25 1.00 ± 0.07 

28 1.27 ± 0.11** 3.24 ± 0.27*** 1.28 ± 0.16*** 83.77 ± 3.63** 0.93 ± 0.05*** 

INDUS83020 

(6) 

14 0.73 ± 0.14 2.47 ± 0.38 1.87 ± 0.09 87.28 ± 3.59 1.03 ± 0.06 

28 1.03 ± 0.16* 2.03 ± 0.32 1.93 ± 0.05 101.65 ± 5.17 1.17 ± 0.05 

INDUS83020 

(12) 

14 0.66 ± 0.10 2.82 ± 0.11** 2.11 ± 0.07 85.56 ± 3.07 0.94 ± 0.02 

28 1.06 ± 0.11* 2.34 ± 0.16* 2.04 ± 0.21 97.35 ± 2.48 1.30 ± 0.10 

INDUS83030 

(8) 

14 0.74 ± 0.18 2.38 ± 0.11 2.07 ± 0.04 89.10 ± 1.78 0.93 ± 0.11 

28 1.01 ± 0.11 2.01 ± 0.23 2.03 ± 0.19 98.65 ± 5.89 1.16 ± 0.06 

INDUS83030 

(16) 

14 0.76 ± 0.20 2.24 ± 0.26 1.91 ± 0.19 92.70 ± 2.96 0.88 ± 0.17 

28 1.09 ± 0.14* 1.78 ± 0.12 2.06 ± 0.30 95.27 ± 7.85 1.21 ± 0.20 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, SOD- Superoxide 

Dismutase, GSH- Glutathione, MDA- Malondialdehyde, NO- Nitric Oxide and HP- Hydroxyproline. (n=4) 
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7.4.8. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in SOD, GSH, T-AOC, MDA and NO in 

lung of rats: 

BLM control rats showed significant (p < 0.001) decrease in the level of 

lung SOD, GSH and T-AOC whereas significant (p < 0.001) increase in the level 

of MDA and NO on day 28 as compared to normal and sham control rats.  

The alteration in the level of SOD, GSH, T-AOC, MDA and NO in the lung 

were significantly (p < 0.01) prevented by the treatment with INDUS830 (20 and 

40 mg/kg) as compared to BLM control rats, however, these restorations were 

not dose or days dependent.  

When compared with BLM control rats, the BLM-induced decreased lung 

SOD, GSH and T-AOC was significantly and dose-dependently increased (p < 

0.01 and p < 0.001) by INDUS83010 (15 and 30 mg/kg) treatment whereas it 

significantly and dose-dependently decreased (p < 0.05 and p < 0.001) lung 

MDA level on day 14 and day 28.  

INDUS83020 (12 mg/kg) treatment produce significant elevation (p < 

0.05) in the level of lung SOD and T-AOC as compared to BLM control rats on 

day 28.  

Administration of INDUS83030 failed to produce any significant 

restoration in BLM-induced alteration of SOD, GSH, T-AOC, MDA and NO in 

the lung as compared to BLM control rats. 

Methylprednisolone (10 mg/kg) treatment also significantly (p < 0.01) 

prevented the altered levels of lung SOD, GSH, T-AOC, MDA and NO levels as 

compared to BLM control rats on day 28.  

Sildenafil (25 mg/kg) treatment also significantly (p < 0.01) prevented the 

altered levels of lung SOD, GSH, T-AOC and MDA as compared to BLM control 

rats on day 28. (Figure 7.8 and Table 7.21)  
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Table 7.21. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in SOD, GSH, T-AOC, MDA and NO in lung of rats 

Treatment 
Time (in 

Days) 

SOD (U /mg of 

protein) 

GSH (µg/mg of 

protein) 

T-AOC (ip) (A) 

(E-06) 

MDA (nM/ mg 

of protein) 
NO (µg/ml) 

Normal 
14 6.47 ± 0.62 3.90 ± 0.67 -- 1.62 ± 0.18 199.56 ± 35.87 

28 6.85 ± 0.11 4.13 ± 0.19 6.49 ± 0.39 2.33 ± 0.48 241.76 ± 15.22 

Sham 
14 6.66 ± 0.85 4.09 ± 0.37 -- 1.17 ± 0.52 263.62 ± 68.05 

28 5.81 ± 0.60 3.88 ± 0.13 6.32 ± 0.29 2.74 ± 0.60 252.11 ± 2.30 

BLM control 

14 2.63 ± 0.33###,$$$ 
1.78 ± 

0.20###,$$$ 
-- 

5.19 ± 

0.86###,$$$ 

524.15 ± 

62.05###,$$ 

28 2.00 ± 0.35###,$$$ 
1.84 ± 

0.44###,$$$ 

1.12 ± 

0.12###,$$$ 

5.68 ± 

0.76###,$$$ 

625.83 ± 

7.79###,$$$ 

MP (10) 

14 3.29 ± 0.81 2.59 ± 0.26 -- 4.16 ± 0.83* 371.52 ± 29.97 

28 5.06 ± 0.93** 3.45 ± 0.36** 3.27 ± 0.47** 3.34 ± 0.67** 
381.58 ± 

75.49** 

Slid (25) 
14 3.29 ± 0.46 3.51 ± 0.24** -- 3.30 ± 0.12 477.00 ± 22.60 

28 5.35 ± 0.47*** 3.44 ± 0.31** 3.32 ± 0.52** 3.41 ± 0.43** 572.00 ± 72.83 

INDUS830 

(20) 

14 4.65 ± 0.38* 3.43 ± 0.49** -- 3.65 ± 0.20 373.41 ± 99.13 

28 4.10 ± 0.83* 3.36 ± 0.34* 2.92 ± 0.31** 3.47 ± 0.48* 
362.57 ± 

69.25** 

INDUS830 

(40) 

14 3.38 ± 0.49 3.18 ± 0.59* -- 2.30 ± 0.27*** 33.15 ± 61.05* 

28 5.58 ± 0.86*** 3.29 ± 0.12* 3.28 ± 0.47* 2.97 ± 0.55** 
433.81 ± 

65.25* 
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INDUS83010 

(15) 

14 4.91 ± 0.17** 3.13 ± 0.15** -- 3.30 ± 0.21* 440.85 ± 55.02 

28 4.56 ± 0.35** 2.89 ± 0.29* 4.21 ± 0.85*** 3.97 ± 0.34* 507.12 ± 65.10 

INDUS83010 

(30) 

14 5.51 ± 0.62*** 3.91 ± 0.30*** -- 2.54 ± 0.39*** 420.42 ± 47.51 

28 5.65 ± 0.40*** 3.68 ± 0.24*** 5.44 ± 0.18*** 2.46 ± 0.36*** 534.50 ± 37.45 

INDUS83020 

(6) 

14 2.90 ± 0.65 2.24 ± 0.36 -- 4.84 ± 0.08 429.16 ± 36.68 

28 2.77 ± 0.25 2.46 ± 0.29 2.35 ± 0.20 5.04 ± 0.40 559.63 ± 42.50 

INDUS83020 

(12) 

14 2.94 ± 0.90 2.27 ± 0.46 -- 4.39 ± 0.14 395.78 ± 45.93 

28 4.08 ± 0.20* 2.87 ± 0.15 2.76 ± 0.70* 4.98 ± 0.23 568.38 ± 32.57 

INDUS83030 

(8) 

14 3.10 ± 0.35 2.28 ± 0.35 -- 4.58 ± 0.45 484.76 ± 44.99 

28 3.22 ± 0.35 2.38 ± 0.32 2.36 ± 0.71 4.51 ± 0.14 547.93 ± 30.64 

INDUS83030 

(16) 

14 3.86 ± 0.56 2.37 ± 0.40 -- 4.95 ± 0.43 487.58 ± 34.01 

28 3.68 ± 0.28 2.34 ± 0.20 2.39 ± 0.18 4.96 ± 0.33 538.56 ± 36.24 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, SOD- Superoxide 

Dismutase, GSH- Glutathione, T-AOC- Total Anti-Oxidant Capacity, MDA- Malondialdehyde and NO- Nitric Oxide. (n=4) 
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Figure 7.8. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in Total Anti-Oxidant Capacity in the lung of rats.  
Representative image of cyclic voltammograms for determination of T-AOC from INDUS830 (A), INDUS83010 (B), 
INDUS83020 (C) and INDUS83030 (D) treated rat lung 
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7.4.9. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in HP, MPO, EPO, 5-HT and histamine 

in lung of rats: 

BLM control rats showed significantly (p < 0.001) increase in the level of 

MPO, EPO, 5-HT and HP in lung whereas there was significant (p < 0.05) 

increase in lung histamine level as compared to normal and sham control rats.  

These increased in the level of HP, MPO and 5-HT in the lung were 

significantly and dose-dependently (p < 0.05 and p < 0.01) decreased by the 

treatment with INDUS830 (20 and 40 mg/kg) treatment as compared to BLM 

control rats.  

When compared with BLM control rats, the increased lung HP and MPO 

was significantly and dose-dependently decreased (p < 0.01 and p < 0.001) by 

INDUS83010 (15 and 30 mg/kg) treatment on day 28. However, INDUS83010 

(15 and 30 mg/kg) showed significant decreased (p < 0.05) in the level of lung 

EPO on day 14 as compared to BLM control rats.  

Administration of INDUS83020 and INDUS83030 failed to produce any 

significant decreased in BLM-induced increased levels of MPO, EPO, 5-HT, HP 

and histamine in the lung as compared to BLM control rats. 

Methylprednisolone (10 mg/kg) treatment also significantly (p < 0.05) 

decreased the lung HP level on day 28 and significantly (p < 0.01) decreased 

lung MPO level on day 14 and day 28 as compared to BLM control rats. 

Sildenafil (25 mg/kg) treatment significantly (p < 0.05) prevented the 

increased levels of lung HO and MPO as compared to BLM control rats on day 

28. (Table 7.22)  
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Table 7.22. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in HP, MPO, EPO, 5-HT and histamine in lung of rats 

Treatment 
Time (in 

Days) 

HP 

(µg/mg tissue) 
MPO (U/gm) 

EPO 

Activities 

(O.D.) 

5-HT (ng/g of 

tissue) 

Histamine 

(ng/g of 

tissue) 

Normal 
14 8.03 ± 1.21 13.59 ± 2.21 0.046 ± 0.005 188.68 ± 24.92 51.03 ± 6.41 

28 8.12 ± 1.31 15.29 ± 1.59 0.041 ± 0.003 203.70 ± 22.45 63.27 ± 6.66 

Sham 
14 8.11 ± 1.58 11.72 ± 1.37 0.049 ± 0.008 192.95 ± 25.05 60.49 ± 15.40 

28 8.36 ± 1.39 13.31 ± 0.43 0.041 ± 0.003 187.40 ± 26.14 57.02 ± 13.49 

BLM control 

14 10.97 ± 1.56 
33.45 ± 

3.35###,$$$ 

0.15 ± 

0.02###,$$$ 

480.74 ± 

44.04###,$$$ 

129.62 ± 

11.03###,$$$ 

28 
17.36 ± 

0.53###,$$$ 

27.91 ± 

2.43###,$$$ 
0.07 ± 0.004 

410.02 ± 

26.20###,$$$ 

104.77 ± 

8.26#,$ 

MP (10) 
14 8.22 ± 0.52 24.12 ± 1.45** 0.13 ± 0.02 413.66 ± 43.06 110.33 ± 10.46 

28 11.86 ± 0.72* 19.80 ± 1.28** 0.09 ± 0.01 326.47 ± 43.96 86.56 ± 9.98 

Slid (25) 
14 7.81 ± 1.93 21.40 ± 0.94*** 0.15 ± 0.01 395.64 ± 14.22 130.80 ± 21.69 

28 11.58 ± 1.29* 20.78 ± 1.16* 0.09 ± 0.009 393.63 ± 39.90 91.88 ± 6.59 

INDUS830 

(20) 

14 8.34 ± 1.55 20.47 ± 2.13*** 0.12 ± 0.02 334.96 ± 48.31* 118.01 ± 21.06 

28 13.40 ± 1.98 26.92 ± 1.86 0.07 ± 0.02 259.88 ± 47.87* 84.62 ± 12.51 

INDUS830 

(40) 

14 8.84 ± 1.83 24.03 ± 2.09** 0.11 ± 0.03 
269.99 ± 

33.52*** 
116.51 ± 8.92 

28 10.20 ± 1.66** 25.91 ± 1.20 0.08 ± 0.01 
222.72 ± 

26.30** 
89.25 ± 4.03 
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INDUS83010 

(15) 

14 9.20 ± 0.36 25.53 ± 2.41** 0.10 ± 0.006* 449.42 ± 17.88 126.77 ± 6.37 

28 10.59 ± 1.51** 24.37 ± 1.66 0.08 ± 0.01 400.24 ± 57.37 84.35 ± 3.14 

INDUS83010 

(30) 

14 9.19 ± 0.72 23.83 ± 3.13*** 0.10 ± 0.01* 434.74 ± 14.75 120.62 ± 12.53 

28 10.00 ± 2.41*** 21.01 ± 1.86* 0.07 ± 0.005 359.09 ± 60.84 93.60 ± 5.93 

INDUS83020 

(6) 

14 11.02 ± 1.83 28.72 ± 1.97 0.14 ± 0.01 456.68 ± 5.90 107.71 ± 8.48 

28 14.88 ± 1.29 26.69 ± 1.62 0.06 ± 0.01 368.00 ± 34.63 114.73 ± 16.70 

INDUS83020 

(12) 

14 10.65 ± 0.87 30.27 ± 3.04 0.12 ± 0.01 471.09 ± 5.75 110.40 ± 8.31 

28 14.36 ± 0.83 25.57 ± 1.72 0.07 ± 0.007 386.11 ± 23.38 112.38 ± 4.00 

INDUS83030 

(8) 

14 8.59 ± 0.92 27.51 ± 1.65 0.13 ± 0.007 459.09 ± 15.20 124.59 ± 7.24 

28 15.33 ± 1.20 28.36 ± 1.07 0.08 ± 0.004 379.35 ± 12.82 101.36 ± 5.17 

INDUS83030 

(16) 

14 9.92 ± 0.96 26.84 ± 4.54 0.13 ± 0.005 467.55 ± 19.01 116.93 ± 6.56 

28 15.76 ± 1.39 24.49 ± 2.05 0.07 ± 0.012 379.73 ± 13.08 98.93 ± 9.65 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM 

control group on respective days. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, HP- Hydroxyproline, MPO- 

Myeloperoxidase, EPO- Eosinophil peroxidase, 5-HT- 5-hydroxytryptamine. (n=4) 
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7.4.10. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in serum biochemistry of rats: 

There were significant (p < 0.01) increase in serum AST, ALT, ALP, direct 

bilirubin, total bilirubin, GGT and LDH level whereas significant (p < 0.001) 

decrease in serum albumin in BLM control rats as compared to normal and 

sham control rats.  

These elevated levels of serum AST, ALT, and GGT, as well as ALP, 

albumin, and LDH were significantly (p < 0.05 and p < 0.01) decrease by 

INDUS830 (20 and 40 mg/kg) treatment as compared to BLM control rats.  

Administration of INDUS83010 (15 and 30 mg/kg) significantly and 

dose-dependently decreased (p < 0.05 and p < 0.01) serum AST, ALT, ALP, 

direct bilirubin, total bilirubin, GGT, LDH and albumin levels as compared to 

BLM control rats. 

BLM-induced decreased serum albumin and LDH levels were 

significantly and dose-dependently (p < 0.05 and p < 0.01) inhibited by 

INDUS83020 (6 and 12 mg/kg) treatment as compared to BLM control rats.  

Administration of INDUS83030 (8 and 16 mg/kg) produce significant 

decreased (p < 0.01) in serum AST, ALT, direct bilirubin, total bilirubin, GGT, 

LDH and albumin levels as compared to BLM control rats. 

When compared to BLM control rats, methylprednisolone (10 mg/kg) 

treatment showed significant (p < 0.05) inhibition in the elevated serum ALT, 

ALP, total bilirubin, LDH and albumin levels in rats.  

Sildenafil (25 mg/kg) treatment also significantly (p < 0.05) prevented the 

increased levels of serum total bilirubin, LDH and albumin as compared to 

BLM control rats. (Table 7.23) 
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Table 7.23. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in serum biochemistry of rats 

Treatment AST 

(IU/I) 

ALT 

(IU/I) 

ALP 

(U/I) 

Albumin 

(g/dL) 

Direct 

bilirubin 

(mg %) 

Total 

bilirubin 

(mg %) 

GGT (IU/I) LDH (mg %) 

Normal 106.0 ± 

13.32 

33.81 ± 

7.27 

53.63 ± 

6.06 

3.40 ± 

0.56 

0.18 ± 

0.01 
0.05 ± 0.01 

13.15 ± 

0.31 

1004 ± 

339.9 

Sham 108.9 ± 

20.67 

32.88 ± 

5.84 

59.39 ± 

11.17 

3.32 ± 

0.58 

0.19 ± 

0.02 
0.05 ± 0.01 

13.45 ± 

0.78 

906.9 ± 

253.1 

BLM control 229.4 ± 

8.61##,$$ 

76.02 ± 

5.24##,$$ 

185.7 ± 

30.25###,

$$$ 

0.89 ± 

0.14###,$$$ 

0.50 ± 

0.04##,$$ 

0.26 ± 

0.02##,$$ 

33.57 ± 

2.63###,$$$ 

2521 ± 

349.0##,$$ 

MP (10) 194.8 ± 

18.11 

46.38 ± 

5.79* 

111.2 ± 

15.66* 

2.32 ± 

0.12* 

0.31 ± 

0.06 

0.16 ± 

0.04* 

26.69 ± 

2.65 

1080 ± 

176.7** 

Slid (25) 
175.5 ± 

25.37 

68.56 ± 

7.31 

148.2 ± 

14.50 

2.65 ± 

0.12* 

0.34 ± 

0.04 

0.15 ± 

0.04* 

26.82 ± 

4.55 

1138 ± 

172.5** 

INDUS830 

(20) 

140.2 ± 

16.66* 

45.12 ± 

4.33* 

92.19 ± 

11.69** 

2.70 ± 

0.20** 

0.32 ± 

0.06 

0.18 ± 

0.006 

24.18 ± 

0.63 

914.7 ± 

202.6** 

INDUS830 

(40) 

133.2 ± 

24.18* 

46.14 ± 

5.28* 

85.54 ± 

10.88** 

2.76 ± 

0.39** 

0.32 ± 

0.10 

0.18 ± 

0.006 

21.98 ± 

2.78* 

1107 ± 

59.22** 
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INDUS83010 

(15) 

166.2 ± 

19.85 

47.11 ± 

3.90* 

102.2 ± 

11.27** 

2.46 ± 

0.36* 

0.27 ± 

0.04* 
0.14 ± 0.03 

20.69 ± 

3.23* 

1678 ± 

156.2 

INDUS83010 

(30) 

136.1 ± 

20.38** 

41.98 ± 

3.53** 

95.65 ± 

9.04** 

3.07 ± 

0.43** 

0.29 ± 

0.02* 

0.10 ± 

0.04* 

18.98 ± 

2.97** 

1008 ± 

231.4** 

INDUS83020 

(6) 

210.2 ± 

8.96 

70.57 ± 

2.18 

185.2 ± 

9.29 

2.36 ± 

0.45* 

0.44 ± 

0.08 
0.19 ± 0.02 

31.45 ± 

3.38 

1415 ± 

203.1* 

INDUS83020 

(12) 

196.8 ± 

11.22 

69.93 ± 

2.86 

171.6 ± 

17.80 

2.99 ± 

0.33** 

0.46 ± 

0.06 
0.25 ± 0.03 

29.26 ± 

3.89 

1208 ± 

183.2** 

INDUS83030 

(8) 

132.1 ± 

24.41* 

46.70 ± 

6.51* 

168.3 ± 

14.21 

1.95 ± 

0.27 

0.26 ± 

0.06* 
0.18 ± 0.03 

18.52 ± 

2.22** 

1295 ± 

297.0* 

INDUS83030 

(16) 

124.2 ± 

22.24** 

46.12 ± 

5.92* 

130.5 ± 

28.75 

2.21 ± 

0.18* 

0.21 ± 

0.03** 

0.10 ± 

0.02* 

14.22 ± 

0.97*** 

1238 ± 

282.2* 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group, $$$p < 

0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. 

BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, AST- Aspartate Aminotransferase, ALT- Alanine 

Aminotransferase, ALP- Alkaline Phosphatase, LDH- Lactate dehydrogenase, GGT- Gamma Glutamyl Transferase. (n =4)
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7.4.11. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in SOD, GSH, T-AOC, MDA and NO in 

liver of rats: 

BLM control rats showed significantly (p < 0.001) decrease in the level of 

liver SOD, GSH and T-AOC whereas significant (p < 0.001 and p < 0.01) 

increase in the level of MDA and NO as compared to normal and sham control 

rats.  

The alteration in the level of SOD, GSH, T-AOC and MDA in liver were 

significantly and dose-dependently (p < 0.05 and p < 0.01) prevented by the 

treatment with INDUS830 (20 and 40 mg/kg) as compared to BLM control rats.  

When compared with BLM control rats, the BLM-induced decreased liver 

SOD, GSH and T-AOC was significantly increased (p < 0.01) by INDUS83010 

(15 and 30 mg/kg) treatment whereas it significantly decreased (p < 0.01) liver 

MDA and NP levels.  

Administration of INDUS83020 failed to produce any significant 

restoration in BLM-induced alteration of SOD, GSH, T-AOC, MDA and NO in 

the liver as compared to BLM control rats. 

INDUS83030 (16 mg/kg) treatment produce significant elevation (p < 

0.05) in the level of liver SOD, GSH and T-AOC whereas it produced significant 

decreased (p < 0.05) in the level of liver MDA as compared to BLM control rats.  

Methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) treatment 

significantly (p < 0.05) decreased the BLM-induced elevated levels of liver GSH 

and T-AOC as compared to BLM control rats. Moreover, methylprednisolone 

(10 mg/kg) and sildenafil (25 mg/kg) treatment produced significant (p < 0.05) 

decrease in liver MDA level when compared with BLM control rats. (Figure 7.9 

and Table 7.24) 
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Table 7.24. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in SOD, GSH, T-AOC, MDA and NO in liver of rats 

Treatment SOD (U /mg of 

protein) 

GSH (µg/mg of 

protein) 

T-AOC (ip) (A)  

(E-06) 

MDA (nM/ mg of 

protein) 
NO (µg/ml) 

Normal 3.95 ± 0.29 2.40 ± 0.06 9.96 ± 0.65 0.53 ± 0.05 196.8 ± 15.55 

Sham 3.95 ± 0.44 2.41 ± 0.08 9.68 ± 1.00 0.44 ± 0.09 203.8 ± 18.00 

BLM control 0.97 ± 0.16###,$$$ 1.78 ± 0.10##,$$ 1.30 ± 0.18###,$$$ 1.49 ± 0.18###,$$$ 340.6 ± 7.65##,$$ 

MP (10) 1.24 ± 0.35 2.24 ± 0.03* 3.83 ± 0.25* 0.85 ± 0.07* 298.1 ± 33.77 

Slid (25) 1.54 ± 0.47 2.27 ± 0.12* 4.01 ± 0.60* 0.80 ± 0.14* 261.4 ± 39.80 

INDUS830 (20) 2.70 ± 0.49* 2.31 ± 0.07** 4.39 ± 0.50** 0.77 ± 0.13* 265.2 ± 6.96 

INDUS830 (40) 3.15 ± 0.28** 2.20 ± 0.18* 4.64 ± 0.54** 0.72 ± 0.10** 261.6 ± 22.27 

INDUS83010 (15) 2.10 ± 0.25 2.30 ± 0.14* 4.40 ± 0.40** 0.98 ± 0.13 289.2 ± 32.07 

INDUS83010 (30) 2.42 ± 0.55* 2.40 ± 0.07** 4.82 ± 0.66** 0.69 ± 0.07** 212.2 ± 13.26** 

INDUS83020 (6) 1.81 ± 0.22 2.16 ± 0.13 2.65 ± 0.24 1.33 ± 0.18 322.1 ± 37.14 

INDUS83020 (12) 1.84 ± 0.23 2.08 ± 0.26 2.56 ± 0.81 1.18 ± 0.13 338.7 ± 15.33 

INDUS83030 (8) 2.21 ± 0.34 2.19 ± 0.09 4.06 ± 0.65* 0.97 ± 0.05* 259.4 ± 17.43 

INDUS83030 (16) 2.35 ± 0.36* 2.20 ± 0.19* 3.77 ± 0.46* 0.97 ± 0.14* 261.0 ± 5.81 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group, $$$p < 

0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. 

BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil, SOD: Superoxide Dismutase, GSH: Glutathione, T-AOC: 

Total Anti-Oxidant Capacity, MDA: Malondialdehyde and NO: Nitric Oxide. (n=4) 
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Figure 7.9. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in Total Anti-Oxidant Capacity in the liver of rats.  
Representative image of cyclic voltammograms for determination of T-AOC from INDUS830 (A), INDUS83010 (B), 
INDUS83020 (C) and INDUS83030 (D) treated rat liver 
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7.4.12. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung TNF-α and IL-1β mRNA 

expressions in rats: 

Intratracheal BLM instillation caused significant (p < 0.001) up-regulation 

in lung TNF-α and IL-1β mRNA expressions in BLM control rats as compared to 

normal and sham control rats.  

The up-regulated lung TNF-α mRNA expressions were significantly and 

dose-dependently (p < 0.01 and p < 0.001) down-regulated whereas up-

regulated lung IL-1β mRNA expressions were significantly and dose-

dependently (p < 0.05 and p < 0.01) down-regulated by INDUS830 (20 and 40 

mg/kg) treatment as compared to BLM control rats.  

Up-regulated lung TNF-α and IL-1β mRNA expressions were significantly 

down-regulated (p < 0.001) by INDUS83010 (15 and 30 mg/kg) treatment as 

compared to BLM control rats.  

There was significant down-regulation (p < 0.01) in lung TNF-α mRNA 

expressions by INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 

mg/kg) treatment as compared to BLM control rats. 

IL-1β mRNA expressions was significantly and dose dependently (p < 0.05 

and p < 0.01) down-regulated by INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) treatment as compared to BLM control rats.  

Methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) treatment also 

significantly (p < 0.001 and p < 0.01) inhibited BLM-induced up-regulated lung 

TNF-α and IL-1β mRNA expressions as compared to BLM control rats. (Figure 

7.10) 
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Figure 7.10. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung TNF-α (A) and 

IL-1β (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.13. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung IL-6, IL-8, TGF-β and NF-kB 

mRNA expressions in rats: 

Intratracheal BLM instillation caused significant (p < 0.001) up-

regulation in lung IL-6, IL-8, TGF-β, and NF-kB mRNA expressions in BLM 

control rats as compared to normal and sham control rats.  

The up-regulated lung IL-6 mRNA expressions were significantly (p < 

0.001) down-regulated by INDUS830 (20 and 40 mg/kg), INDUS83010 (15 and 

30 mg/kg) and INDUS83020 (6 and 12 mg/kg) treatment as well as 

significantly (p < 0.05) down-regulated by INDUS83030 (8 and 16 mg/kg) as 

compared to BLM control rats. Up-regulated lung IL-8 mRNA expressions was 

significantly and dose dependently (p < 0.01 and p < 0.001) by INDUS830 (20 

and 40 mg/kg) and INDUS83010 (15 and 30 mg/kg) treatment as compared to 

BLM control rats. There was significant down-regulation (p < 0.001) in lung 

TGF-β mRNA expressions by INDUS830 (20 and 40 mg/kg) and INDUS83010 

(15 and 30 mg/kg) treatment as compared to BLM control rats. The NF-kB 

mRNA expressions in lung was significantly (p < 0.001) down-regulated by 

INDUS830 (20 and 40 mg/kg) and whereas INDUS83010 (15 and 30 mg/kg) 

treatment showed significant (p < 0.05) down-regulated lung NF-kB mRNA 

expressions, moreover INDUS83020 (6 and 12 mg/kg) treatment also showed 

significant (p < 0.01) down-regulation in lung NF-kB mRNA expressions as 

compared to BLM control rats.  

Methylprednisolone (10 mg/kg) treatment also significantly (p < 0.001, p 

< 0.001, p < 0.001 and p < 0.01) inhibited BLM-induced up-regulated lung IL-6, 

IL-8, TGF-β and NF-kB mRNA expressions as compared to BLM control rats. 

Sildenafil (25 mg/kg) also significantly (p < 0.001, p < 0.01, p < 0.01 and 

p < 0.01) inhibited BLM-induced up-regulated lung IL-6, IL-8, TGF-β and NF-

kB mRNA expressions as compared to BLM control rats. (Figure 7.11 and 7.12) 
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Figure 7.11. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung IL-6 (A) and  

IL-8 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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Figure 7.12. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung TGF-β (A) and 

NF-κB (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.14. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung Nrf2 and HO-1 mRNA 

expressions in rats: 

The Nrf2 mRNA expression was significantly (p < 0.001) down-regulated 

and HO-1 mRNA expression was up-regulated in the lung of BLM control rats 

as compared to normal and sham control rats.  

INDUS830 (20 and 40 mg/kg), INDUS83010 (15 mg/kg), INDUS83020 

(12 mg/kg), Methylprednisolone (10 mg/kg) and Sildenafil (25 mg/kg) 

treatment significantly (p < 0.01) up-regulated lung Nrf2 mRNA expression as 

compared to BLM control rats. 

INDUS830 (20 and 40 mg/kg) as well as INDUS83030 (8 and 16 mg/kg) 

treatment significantly and dose dependently (p < 0.05 and p < 0.01) down-

regulated lung HO-1 mRNA expression whereas INDUS83010 (20 and 40 

mg/kg) significantly (p < 0.001) down-regulated lung HO-1 mRNA expression. 

There was significant (p < 0.05) inhibition in BLM-induced up-regulated lung 

HO-1 mRNA expression by INDUS83020 (6 and 12 mg/kg) treatment. 

Methylprednisolone (10 mg/kg) treatment showed significant (p < 0.01) 

down-regulation in lung HO-1 mRNA expression as compared to BLM control 

rats.  

There was significant (p < 0.05) down-regulation in lung HO-1 mRNA 

expression by sildenafil (25 mg/kg) treatment as compared to BLM control rats. 

(Figure 7.13) 
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Figure 7.13. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung Nrf2 (A) and 

HO-1 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.15. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung Smad-3, Smad-7, Muc5ac, 

Collagen-1, ET-1 and VEGF mRNA expressions in rats: 

BLM control rats showed significantly (p < 0.001) up-regulated lung 

Muc5ac, Collagen-1 and ET-1 as well as significantly (p < 0.01) up-regulated 

Smad-3 and VEGF mRNA expressions whereas significant (p < 0.001) down-

regulated lung Smad-7 mRNA expression as compared to normal and sham 

control rats.  

When compared with BLM control rats, the up-regulated lung mRNA 

expression of Smad-3, Collagen-1 and ET-1 were significantly (p < 0.05) down-

regulated by INDUS830 (40 mg/kg) treatment. Methylprednisolone (10 mg/kg) 

and sildenafil (25 mg/kg) treatment significantly (p < 0.01) down-regulated lung 

collagen-1 mRNA expression as compared to BLM control rats. INDUS83020 (6 

and 12 mg/kg) produced significant down-regulation (p < 0.01) and sildenafil 

(25 mg/kg) treatment showed significant down-regulation (p < 0.001) in lung 

ET-1 mRNA expressions as compared to BLM control rats.  

INDUS830 (20 and 40 mg/kg) treatment significantly (p < 0.001) down-

regulated lung Muc5ac mRNA expression as compared to BLM control rats. 

However, INDUS83010 (15 and 30 mg/kg) showed significant and dose 

dependently (p < 0.05 and p < 0.01) inhibition in BLM-induced up-regulated 

lung Muc5ac mRNA expressions as compared to BLM control rats.  

Treatment with methylprednisolone (10 mg/kg) significantly (p < 0.05) 

down-regulated lung Muc5ac mRNA expression as compared to BLM control 

rats. Sildenafil (25 mg/kg) treatment also significantly (p < 0.001) down-

regulated lung Muc5ac mRNA expression as compared to BLM control rats.  

However, INDUS830, INDUS83010, INDUS83020, INDUS83020, 

methylprednisolone and sildenafil treatment failed to produce any significant 

alteration in lung VEGF mRNA expressions. (Figure 7.14, 7.15 and 7.16) 
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Figure 7.14. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung smad-3 (A) and 

smad-7 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group, $$p < 0.01, $$$p < 0.001 as compared with sham 

group, and *p < 0.05 as compared with BLM control group. BLM- Bleomycin, MP- 

Methylprednisolone, Sild- Sildenafil. (n=4) 
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Figure 7.15. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung collagen-1 (A) 

and ET-1 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01 as compared with BLM control group. BLM- Bleomycin, MP- 

Methylprednisolone, Sild- Sildenafil. (n=4) 
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Figure 7.16. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung Muc5ac (A) 

and VEGF (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01. ###p < 

0.001 as compared with normal group, $$p < 0.01, $$$p < 0.001 as compared with 

sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with BLM control 

group. BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.16. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung Bax and Bcl-2 mRNA 

expressions in rats: 

There was a significant (p < 0.001) up-regulation of lung Bax and 

Caspase-3 mRNA expression and down-regulation in lung Bcl-2 mRNA 

expression in BLM control rats as compared to normal and sham control rats.  

INDUS830 (20 and 40 mg/kg) treatment significantly and dose 

dependently (p < 0.05 and p < 0.001) inhibited BLM-induced up-regulated lung 

Bax mRNA expressions as compared to BLM control rats.  

INDUS83030 (8 and 16 mg/kg) also significantly and dose dependently (p 

< 0.05 and p < 0.01) inhibited BLM-induced up-regulated lung Bax mRNA 

expressions as compared to BLM control rats.  

INDUS83010 (15 and 30 mg/kg) and INDUS83020 (6 and 12 mg/kg) 

significantly (p < 0.001 and p < 0.01) down-regulated lung Bax mRNA 

expressions as compared to BLM control rats. Methylprednisolone (10 mg/kg) 

significantly (p < 0.01) down-regulated lung Bax mRNA expression as compared 

to BLM control rats. 

However, lung Bcl-2 mRNA expression was up-regulated significantly (p < 

0.01) by INDUS830 (40 mg/kg), INDUS83010 (15 mg/kg) and INDUS83020 (12 

mg/kg) treatment when compared with BLM control rats.  

Treatment of INDUS83010 (30 mg/kg) and INDUS83030 (16 mg/kg) 

showed significant up-regulation (p < 0.01 and p < 0.001) in lung Bcl-2 mRNA 

expressions when compared with BLM control rats.  

Methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) treatment 

failed to produce any significant up-regulation in lung Bcl-2 mRNA expressions 

as compared to BLM control rats. (Figure 7.17) 
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Figure 7.17. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung Bax (A) and 

Bcl-2 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.17. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung Caspase-3 and liver FXR mRNA 

expressions in rats: 

There was a significant (p < 0.001) up-regulation of lung Caspase-3 

mRNA expression and liver FXR mRNA expression in BLM control rats as 

compared to normal and sham control rats.  

INDUS830 (20 and 40 mg/kg), INDUS83020 (12 mg/kg) and 

INDUS83030 (16 mg/kg) treatment significantly (p < 0.05) inhibited BLM-

induced up-regulated lung Caspase-3 mRNA expressions as compared to BLM 

control rats.  

However, lung Caspase-3 mRNA expression was down-regulated 

significantly (p < 0.01) by INDUS83010 (15 and 30 mg/kg) treatment when 

compared with BLM control rats.  

INDUS830 (20 and 40 mg/kg) and INDUS83010 (30 mg/kg) treatment 

significant (p < 0.01) down-regulated of liver FXR mRNA expression when 

compared with BLM control rats.  

INDUS83030 (8 and 16 mg/kg) treatment significantly (p < 0.05) 

inhibited BLM-induced up-regulated liver FXR mRNA expressions as compared 

to BLM control rats. 

Methylprednisolone (10 mg/kg) and Sildenafil (25 mg/kg) did not show 

any significant alteration in lung Caspase-3 and liver FXR mRNA expressions. 

(Figure 7.18) 
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Figure 7.18. Effect of INDUS830, INDUS83010, INDUS83020 and 

INDUS83030 on BLM-induced alteration in lung caspase-3 (A) 

and liver FXR (B) mRNA expression in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01 ***p < 0.001 as compared with BLM control group. BLM- Bleomycin, 

MP- Methylprednisolone, Sild- Sildenafil. (n=4) 
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7.4.18. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung histology of rats: 

Lungs tissues from various groups were stained with H&E stain for the 

assessment of inflammatory changes. Lung tissue from normal and sham 

group revealed normal morphologies with thin-lined alveolar septa with well-

organized alveolar space (Figure 7.19.A and Figure 7.19.B, resp.). Treatment 

with BLM-induced severe inflammatory changes in lungs, accompanied by 

distorted lung morphologies. Severe alveolar injury with thickened intra-

alveolar septa collapsed alveolar spaces, huge inflammatory exudates, and 

fibrotic changes were observed in histology of lung tissue from BLM control 

rats (Figure 7.19.C). Treatment with INDUS830 (20 mg/kg) showed moderate 

infiltration of inflammatory cells were observed whereas alveolar blood vessels 

were slightly congested (Figure 7.19.F). Lung tissue from INDUS830 (40 mg/kg) 

treated rats showed reduced infiltration of inflammatory cells, epithelial 

degeneration and vascular congestion (Figure 7.19.G). INDUS83010 (15 and 30 

mg/kg) there was mild infiltration of inflammatory cells and vascular 

congestion (Figure 7.19.H and Figure 7.19.I). Lung tissue from INDUS83020 (6 

and 12 mg/kg) treated group showed inflammatory cell infiltration, epithelial 

degeneration, vascular congestion and disturbance of alveolar structure (Figure 

7.19.J and 7.19.K, resp.). INDUS83030 (8 and 16 mg/kg) did not reveal any 

protection against the BLM-induced lung damage and there were severe 

inflammatory exudate, congested blood vessels, epithelial degeneration, 

vascular congestion and disturbance of alveolar structure (Figure 7.19.L and 

7.19.M, resp.). Treatment with methylprednisolone (10 mg/kg) markedly 

reduced pulmonary inflammation and lung injury (Figure 7.19.D). Sildenafil 

(25 mg/kg) treatment had a mild protective effect on lung injury induced by 

bleomycin. Sildenafil-treated fibrosis group showed moderate inflammatory cell 

infiltration, epithelial degeneration, vascular congestion, and disturbance of 

alveolar structure (Figure 7.19.E). (Table 7.25) 
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Lungs tissues from various groups were stained with MT, PSR and LWT 

stain for evaluation of alveolar fibrosis, peribronchial fibrosis, and interstitial 

fibrosis. Normal and Sham group lungs revealed normal morphologies with 

thin-lined alveolar septa with a well-organized alveolar space. Moreover, it was 

devoid of any fibrotic changes in the lung (Figure 7.20.A and 7.20.B, Figure 

7.21.A and 7.21.B, Figure 7.22.A and 7.22.B, resp.). Histopathological analysis 

of BLM-treated lung revealed severe congestion and edema of interalveolar 

spaces, fibrosis observed around the small vessels and alveolar walls was 

accompanied by infiltrates of inflammatory cells. Lung structure was 

disordered, alveolar space was narrowed or occluded, and the numbers of 

alveoli were reduced. The alveolar walls were thickened (Figure 7.20.C, 7.21.C, 

and 7.22.C, resp.). INDUS830 treatment at high doses (20 and 40 mg/kg) had 

a minimal protective effect on lung injury (Figure 7.20.F and 7.20.G, Figure 

7.21.F and 7.21.G, Figure 7.22.F and 7.22.G, resp.). INDUS83010 (15 and 30 

mg/kg) treatment showed a marked reduction in fibrosis and collagen 

deposition around the blood vessels and bronchioles. There was minimal 

infiltration of inflammatory cells and edema (Figure 7.20.H and 7.20.I, Figure 

7.21.H and 7.21.I, Figure 7.22.H and 7.22.I, resp.). In INDUS83020 (6 and 12 

mg/kg) and INDUS83030 (8 mg/kg) did not show any reduction in the BLM-

induced collagen deposition, severe congestion and oedema of inter-alveolar 

spaces, fibrosis observed around the small vessels and alveolar walls was 

accompanied by infiltrates of inflammatory cells (Figure 7.20.J, 7.20.K and 

7.220L, Figure 7.21.J, 7.21.K and 7.21.L, Figure 7.22.J, 7.22.K and 7.22.L, 

resp.). INDUS83030 (16 mg/kg) showed minimal protective effect, which was 

confirmed by reduced collagen deposition, moderate congestion, and edema of 

inter-alveolar spaces along with moderate infiltrates of inflammatory cells 

(Figure 7.20.M, 7.21.M, and 7.22.M, resp.). Treatment with methylprednisolone 

(10 mg/kg) and sildenafil (25 mg/kg) markedly reduced fibrosis and lung injury 

(Figure 7.20.D and 7.20.E, Figure 7.21.D and 7.21.E, Figure 7.22.D and 

7.22.E, resp.). (Table 7.25) 
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Figure 7.19. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology (H&E stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Lung H&E staining at 100X. 
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Figure 7.20. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology (Picro-sirius red stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Lung Picro-sirius red staining at 100X. 
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Figure 7.21. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology (Masson’s trichrome stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Lung Masson’s trichrome staining at 100X. 
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Figure 7.22. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology (Ladewig’s trichrome stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Lung Ladewig’s trichrome staining at 100X. 
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Lung airway tissues were stained with Alcian blue (AB) for evaluation of 

mucus hypersecretion and metaplasia. Histological examination of lung tissue 

from normal and sham group animals revealed that there were very few AB-

positive goblet cells in small airways (Figure 7.23.A and 7.23.B, resp.).  

There was a prominent increase in the number of AB stained goblet cells 

along the airway surface epithelium in BLM-treated rats (Figure 7.23.C).  

Lung tissue from INDUS830 (20 and 40 mg/kg) treated rat showed 

moderate AB positive stained goblet cells (Figure 7.23.F and 7.23.G, resp.).  

INDUS83010 (15 mg/kg) treatment showed the presence of moderate AB 

positive cells (Figure 7.23.H) however, INDUS83010 (30 mg/kg) treatment 

showed the mild presence of AB positive cells (Figure 7.23.I). 

INDUS83020 (6 and 12 mg/kg) failed to show any protection against 

BLM-induced damage to AB stained mucus-secreting goblet cells. There is a 

prominent increase in the numbers of AB stained goblet cells along the airway 

surface epithelium in lung tissue from INDUS83020 treated rats. There was no 

reduction in the AB positive epithelial cells caused by treatment of bleomycin. 

(Figure 7.23.J and 7.23.K). 

INDUS83030 (8 and 16 mg/kg) did not reveal any effect against BLM-

induced damage to AB stained mucus-secreting goblet cells. There was no 

reduction in the AB positive epithelial cells caused by treatment of bleomycin 

(Figure 7.23.L and 7.23.M). 

The results suggested that the increase of AB staining in airway 

epithelium, induced by BLM exposure, was reduced by methylprednisolone (10 

mg/kg) and sildenafil (25 mg/kg) treatment (Figure 7.23.D and 7.23.E, resp.). 

(Table 7.25) 
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Figure 7.23. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology (Alcian blue stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Lung Alcian blue staining at 100X. 
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Table 7.25. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in lung histology of rats 

Treatment 
Alveolar 

fibrosis 

Peri-

bronchial 

fibrosis 

Inter-

stitial 

fibrosis 

Edema 
Conge

stion 

Infla-

mmatory 

infiltration 

Goblet cell 

metaplasia 

Mucus 

hyper-

secretion 

Ashcroft 

Score 

Normal 0 0 0 0 0 0 0 0 0 

Sham 0 0 0 + 0 0 0 0 0 

BLM control ++++ ++++ ++++ +++ +++ ++++ ++++ +++ 7 

MP (10) ++ ++ + + 0 + ++ ++ 2 

Slid (25) ++ + ++ ++ ++ ++ +++ ++ 3 

INDUS830 (20) ++ ++ ++ ++ + + +++ ++ 5 

INDUS830 (40) ++ + ++ + 0 + ++ + 3 

INDUS83010 (15) ++ + ++ ++ ++ + ++ +++ 3 

INDUS83010 (30) ++ ++ + + + + ++ ++ 2 

INDUS83020 (6) ++++ ++++ ++++ +++ +++ ++++ ++++ +++ 7 

INDUS83020 (12) +++ +++ +++ +++ +++ +++ +++ +++ 6 

INDUS83030 (8) ++++ ++++ ++++ +++ +++ ++++ ++++ +++ 7 

INDUS83030 (16) +++ +++ +++ +++ +++ +++ +++ +++ 6 

BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 201 

7.4.19. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in pulmonary artery histology of rats: 

Histological sections of pulmonary artery from normal and sham treated 

groups revealed more patent arterial lumina and less fibrosis around the 

vessels (Figure 7.24.A and 7.24.B, resp.). Intratracheal administration of BLM 

caused increased collagen around the pulmonary artery and mild infiltration of 

inflammatory cells (Figure 7.24.C).  

INDUS830 (20 and 40 mg/kg) treatment reduced the damage caused by 

BLM. Collagen around pulmonary artery and infiltration of inflammatory cells 

were reduced by treatment of INDUS830 (20 and 40 mg/kg) (Figure 7.24.F and 

7.24.G, resp.).  

INDUS83010 (15 and 30) treatment failed to show any protective effect 

against BLM-induced pulmonary arterial damage evident by the presence of 

collagen around the pulmonary artery and infiltration of inflammatory cells 

(Figure 7.24.H and 7.24.I, resp.). 

Histological sections of pulmonary artery from INDUS83020 (6 and 12 

mg/kg) and INDUS83030 (8 and 16 mg/kg) treated rats showed a marked 

reduction in pulmonary arterial damage caused by BLM. It showed marked 

improvement with mild collagen around the pulmonary artery and few 

inflammatory cells perivascularly (Figure 7.24.J, 7.24.K, 7.24.L and 7.24.M, 

resp.). 

In methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) treated 

groups the pulmonary arteries showed marked improvement, and there was 

mild collagen around the pulmonary artery and few inflammatory cells 

perivascularly (Figure 7.24.D and 7.24.E, resp.). 
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Figure 7.24. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in pulmonary artery histology (H&E stain) of rats.  

Photomicrograph of sections of pulmonary artery of Normal (A), Sham control (B), BLM control (C), Methylprednisolone 

(10 mg/kg) (D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) 

(H), INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) 

and INDUS83030 (16 mg/kg) (M) treated rats. Pulmonary artery H&E staining at 100X. 
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7.4.20. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in liver histology of rats: 

Microscopic examination of livers from normal and sham treated group 

rats showed the normal histological architecture; there is no infiltration of 

inflammatory cells (Figure 7.25.A and 7.25.B, resp.). Intratracheal BLM 

instillation caused mild perivascular fibrous tissue proliferation, hepatocellular 

necrosis and reduced sinusoidal spaces (Figure 7.25.C).  

Liver tissue from INDUS830 (20 and 40 mg/kg) treated rat showed 

protective effects against BLM-induced hepatic damage reflected by decreased 

perivascular fibrous tissue proliferation and hepatocellular necrosis. 

Inflammatory cells infiltration were mild in INDUS830 (40 mg/kg) treated 

group (Figure 7.25.F and 7.25.G, resp.). 

INDUS83010 (15 and 30 mg/kg) showed minimal protective effects 

evident by the presence of perivascular fibrous tissue proliferation, 

hepatocellular necrosis, reduced sinusoidal spaces along with inflammatory 

cells infiltration (Figure 7.25.H and 7.25.I, resp.). 

INDUS83020 (6 and 12 mg/kg) showed minimal protective effects against 

BLM-induced hepatic damage. It showed mild perivascular fibrous tissue 

proliferation, hepatocellular necrosis (Figure 7.25.J and 7.25.K, resp.). 

INDUS83030 (8 and 16 mg/kg) treated rat liver tissue showed protective 

effects against BLM-induced hepatic damage. It showed decrease perivascular 

fibrous tissue proliferation with mild hepatocellular necrosis as well as 

inflammatory cells infiltration (Figure 7.25.L and 7.25.M, resp.). 

Treatment of methylprednisolone (10 mg/kg) and sildenafil (25 mg/kg) 

showed the slight protective effect, and there were minimal degenerative 

changes seen in hepatocytes along with mild infiltration of inflammatory cells 

(Figure 7.25.D and 7.25.E, resp.). (Table 7.26) 
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Figure 7.25. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in liver histology (H&E stain) of rats. 

Photomicrograph of sections of liver of Normal (A), Sham control (B), BLM control (C), Methylprednisolone (10 mg/kg) 

(D), Sildenafil (25 mg/kg) (E), INDUS830 (20 mg/kg) (F), INDUS830 (40 mg/kg) (G), INDUS83010 (15 mg/kg) (H), 

INDUS83010 (30 mg/kg) (I), INDUS83020 (6 mg/kg) (J), INDUS83020 (12 mg/kg) (K), INDUS83030 (8 mg/kg) (L) and 

INDUS83030 (16 mg/kg) (M) treated rats. Liver H&E staining at 100X. 
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Table 7.26. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on BLM-induced alteration 

in liver and pulmonary artery histology of rats 

Treatment 

Hepatic Changes Pulmonary arterial Changes 

Inflammatory 

cell 

infiltration 

Peri-vascular 

fibrous 

tissue 

proliferation 

Vascular 

congestion 

Hepato-

cellular 

necrosis 

Infla-

mmatory 

cell 

infiltration 

Collagen 

deposition 

Media 

thickening 

Normal 0 0 0 0 0 0 0 

Sham 0 0 0 0 0 0 0 

BLM control ++ ++ ++ +++ ++++ ++ +++ 

MP (10) ++ ++ + ++ +++ ++ + 

Slid (25) ++ + + ++ + + 0 

INDUS830 (20) ++ + ++ ++ ++ ++ ++ 

INDUS830 (40) 0 + ++ + + ++ + 

INDUS83010 (15) ++ ++ ++ ++ +++ ++ +++ 

INDUS83010 (30) ++ + + ++ ++ ++ +++ 

INDUS83020 (6) + + ++ ++ ++ + ++ 

INDUS83020 (12) ++ + + ++ + + + 

INDUS83030 (8) + + ++ ++ ++ + ++ 

INDUS83030 (16) ++ + + + + + + 

BLM- Bleomycin, MP- Methylprednisolone, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.4.21. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

on BLM-induced alteration in lung ultrastructural changes of rats: 

The lung tissue from normal animals depicted the normal structure of 

nuclei and cytoplasm with the normal architecture of type II pneumocyte, the 

presence of bronchial epithelial cells with brush border, epithelial alveoli 

showed normal nucleus. However, it showed the presence of some 

vacuolization and phagocytes (Figure 7.26.A). Lung tissue from sham control 

rats showed normal architecture with few erythrocyte presences. Intestinal 

septa were normal with the normal architecture of pneumocyte. Few nuclear 

changes were seen (Figure 7.26.B).  

Lung section from BLM control rat displayed extensive vacuolization of 

the alveolar type II cells, increased collagen deposition and irregular shrunken 

nucleus with abnormal cytoplasm. Moreover, epithelium showed ballooning of 

the endothelial cell in the capillary lumen with lamellar bodies in lungs of BLM 

control rats. The thickness of interstitial septa was increased, pyknosis of the 

alveolar epithelial cell were observed, the presence of vesicular cytoplasm, 

nuclear membrane thickness were increased, and the presence of electron-

dense mitochondria has been revealed in lungs of BLM control rats. The 

bronchial epithelial cell showed loss of brush border (Figure 7.26.C and 

7.26.D).  

Lung tissue from INDUS830 (20 mg/kg) administered rat showed the 

mild reconstruction of bronchial epithelial cells brush border, enlarged blood 

vessels with disrupted endoplasmic reticulum, enlarged vesicular cytoplasm, 

dilated golgi cell and degenerated type I pneumocyte. It also showed reduced 

and swollen mitochondria (Figure 7.26.G). Lung tissue from INDUS830 (40 

mg/kg) treated rats showed reconstructed bronchial epithelial cells, narrow 

septa, large swollen nucleus, and presence of electron-dense granulocyte. It 

also revealed mild regeneration of nucleolus, marginal chromatic granular 

nucleoside. The cytoplasm was decreased and elongated (Figure 7.26.H). 
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Lung section from INDUS83010 (15 mg/kg) administer rat showed 

presence of mild intracellular fibrosis, electron dense mitochondria, the 

presence of lymphocytes and phagocytes. Septum was thick and presence of 

fibromatous infiltration, mild regeneration of type-I and type-II pneumocyte 

(Figure 7.27.A). Lung tissue from INDUS83010 (30 mg/kg) treated rat showed 

reconstructed bronchial epithelial cells with narrow septa and mucous 

secreting endothelia cells. The presence of mild intracellular fibrosis, septa with 

polymorphic mononuclear cell infiltration. It showed presence of few 

inflammatory cells and vesicular cytoplasm (Figure 7.27.B). 

Lung section from INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 

and 16 mg/kg) treated rat showed the presence of intracellular fibrosis, thick 

septa filled with polymorphic mononuclear cell infiltration. The presence of few 

inflammatory cells and enlarged vesicle with cytoplasmic vesicular granules in 

vesicles. The nucleus is swollen, the presence of shrunken mitochondria 

disrupted endoplasmic reticulum and damage to the nucleolus. Epithelium 

showing ballooning of the endothelial cell in the capillary lumen with lamellar 

bodies, nuclear membrane thickness was increased and the presence of 

electron dense mitochondria (Figure 7.27.C, 7.27.D, 7.27.E and 7.27.F, resp.). 

Lung section from methylprednisolone (10 mg/kg) treated rats showed 

invaded nuclear membrane with the presence of mild collagen, the enlarged 

vesicle with cytoplasmic vesicular granules in vesicles (Figure 7.26.E).  

Lung section from sildenafil (25 mg/kg) treated rats showed normal 

nuclear membrane, however, septa were dilated and thin but irregular. The 

presence of collagen in abundant quantity and vesicular cytoplasm and 

disrupted endoplasmic reticulum (Figure 7.26.F).  
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Figure 7.26. Effect of INDUS830 on BLM-induced alteration in lung ultrastructural changes of rats.  

Photomicrographs of lung from representative animals, Normal (at 4825 X) (A), Sham control (at 3474 X) (B), BLM 

control (at 23160 X) (C), BLM control (at 5790 X) (D), Methylprednisolone (10 mg/kg) (at 3474 X) (E), Sildenafil (25 

mg/kg) (at 3474 X) (F), INDUS830 (20 mg/kg) (at 4825 X) (G) and INDUS830 (40 mg/kg) (at 3474 X) (H) treated rats. 
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Figure 7.27. Effect of INDUS83010, INDUS83020 and INDUS83030 on BLM-

induced alteration in lung ultrastructural changes of rats.  

Photomicrographs of lung from representative animals, INDUS83010 (15 

mg/kg) (at 3860 X) (A), INDUS83010 (30 mg/kg) (at 3474 X) (B), INDUS83020 

(6 mg/kg) (at 19300 X) (C), INDUS83020 (12 mg/kg) (at 7720 X) (D), 

INDUS83030 (8 mg/kg) (at 4825 X) (E) and INDUS83030 (16 mg/kg) (at 2895 X) 

(F) treated rats. 
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7.5. Effect of INDUS830, INDUS83020 and INDUS83030 on 

monocrotaline (MCT)-induced pulmonary hypertension in rats: 

 

7.5.1. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in body weight, relative lung weight, fulton 

index and percent survival of rats: 

There was significant decreased (p < 0.001) in the body weight of MCT 

control group as compared to the normal group. Treatment with INDUS830 (20 

and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 

mg/kg) significantly inhibited (p < 0.001) MCT-induced decreased body weight 

as compared to MCT control group. When compared with MCT control group, 

bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) showed significant 

increased (p < 0.001) in the body weight on respective days. 

Subcutaneous administration of MCT significantly increased (p < 0.001) 

the relative lung weight and fulton index of MCT control group as compared to 

the normal group. Administration of INDUS830 (20 and 40 mg/kg), 

INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

significantly decreased (p < 0.001) relative lung weight and fulton index as 

compared to MCT control group. Whereas bosentan (300 mg/kg) as well as 

sildenafil (25 mg/kg) also showed a significant reduction (p < 0.001) in relative 

lung weight and fulton index as compared to MCT control group on respective 

days. 

Subcutaneous administration of MCT caused significant (p < 0.05) 

mortality in MCT control rats (5/12) i.e. 58.33% rats showed survival as 

compared to normal rats. Administration of sildenafil (25 mg/kg) showed 

significant inhibition (p < 0.05) in MCT-induced mortality as compared to MCT 

control rats. (Table 7.27) 
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Table 7.27. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in body weight, 

relative lung weight, fulton index and percent survival of rats 

Treatment Body Weight (g) 
Lung weight to body 

weight ratio 
Fulton index Percent survival 

Normal 244.57 ± 3.56 0.008 ± 0.0004 0.73 ± 0.05 10/10 (100.00) 

MCT Control 197.42 ± 3.18### 0.022 ± 0.001### 1.47 ± 0.06### 7/12^ (58.33) 

BOS (300) 228.85 ± 2.76*** 0.014 ± 0.0009*** 0.83 ± 0.06*** 9/12 (75.00) 

Sild (25) 231.85 ± 3.43*** 0.15 ± 0.0009*** 0.95 ± 0.06*** 11/12& (91.66) 

INDUS830 (20) 219.85 ± 2.56*** 0.016 ± 0.0006*** 0.99 ± 0.08*** 10/12 (83.33) 

INDUS830 (40) 226.85 ± 2.78*** 0.013 ± 0.0002*** 0.82 ± 0.08*** 10/12 (83.33) 

INDUS83020 (6) 225.85 ± 1.84*** 0.01 ± 0.0005*** 1.01 ± 0.03*** 10/12 (83.33) 

INDUS83020 (12) 225.85 ± 1.01*** 0.01 ± 0.0007*** 0.92 ± 0.07*** 10/12 (83.33) 

INDUS83030 (8) 223.85 ± 1.68* 0.015 ± 0.0006*** 0.97 ± 0.06*** 9/12 (75.00) 

INDUS83030 (16) 228.57 ± 2.21*** 0.01 ± 0.0008*** 0.89 ± 0.08*** 10/12 (83.33) 

 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group and *p 

< 0.05, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=7)  

Data of percent survival was analyzed by Long Rank Test. ^p < 0.05 as compared with normal group and &p < 0.05 as 

compared with MCT control group. 
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7.5.2. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in morphology of heart right ventricle of rats: 

To evaluate the effect of MCT on the thickness of RV, the sections were 

made midway between the apex and base of the ventricles. Figures 7.28.A 

represents the normal morphology of heart showed the normal thickness of 

right ventricle. 

Figures 7.28.B showed the representative change in macroscopic 

morphology after MCT treatment reflected by increased thickness of RV as 

compared to normal (indicated by red arrow). The thickness of the RV free wall 

in the MCT-treated rat was markedly increased, whereas the LV wall thickness 

was unaffected. Moreover, the interventricular septum was shifted to LV in the 

MCT control group.  

INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) treatment showed decrease in RV thickness as 

well as interventricular septum (Figures 7.28.E, 7.28.F, 7.28.G, 7.28.H, 7.28.I 

and 7.28.J, resp.). 

Treatment with bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) 

showed a marked reduction in the RV hypertrophy reflected by decreased 

thickness of the RV and interventricular septum (Figures 7.28.C and Figures 

7.28.D, resp.).  
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Figure 7.28. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in the 

morphology of heart right ventricle of rats. 

Morphology representation of heart tissue of rats from each group i.e. normal (A), MCT control (B), Bosentan (300 

mg/kg) (C), Sildenafil (25 mg/kg) (D), INDUS830 (5 mg/kg) (E), INDUS830 (10 mg/kg) (F), INDUS830 (20 mg/kg) (G) 

and INDUS830 (40 mg/kg) (H) treated rats. 
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7.5.3. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in electrocardiographic abnormalities of rats: 

 

Subcutaneous administration of MCT caused significant decreased (p < 

0.001) in heart rate and QRS amplitude whereas significant increased (p < 

0.001) in RR interval, QRS interval, QTc interval, PR interval and ST interval in 

MCT control rats as compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently (p < 0.01 and p < 0.001) inhibited MCT-induced alterations in 

heart rate and RR interval as compared to MCT control rats. MCT-induced 

alterations in QRS amplitude, QRS interval, and ST interval were significantly 

and dose-dependently (p < 0.05 and p < 0.01) inhibited by INDUS830 (20 and 

40 mg/kg) treatment as compared to MCT control rats. Whereas QTc interval 

and PR interval were decreased significantly and dose-dependently (p < 0.01 

and p < 0.05) by INDUS830 (20 and 40 mg/kg) treatment as compared to MCT 

control rats. MCT-induced alterations in the heart rate, QRS interval, and ST 

interval was significantly and dose-dependently (p < 0.01 and p < 0.001) 

inhibited by INDUS83020 (6 and 12 mg/kg) treatment as compared to MCT 

control rats. Treatment with INDUS83020 (6 and 12 mg/kg) showed significant 

decreased (p < 0.01) in RR interval and QTc interval, PR interval and ST 

interval whereas it showed significant increased (p < 0.01) in QRS amplitude as 

compared to MCT control rats. Electrocardiographic abnormalities induced by 

MCT was significantly and dose-dependently (p < 0.05 and p < 0.01) inhibited 

by INDUS83030 (8 and 16 mg/kg) treatment as compared to MCT control rats. 

Bosentan (300 mg/kg) and sildenafil (25 mg/kg) treatment also showed 

significant inhibition (p < 0.01) in electrocardiographic abnormalities induced 

by MCT when compared with MCT control group. (Figures 7.29 and 7.30) 

(Table 7.28)  
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Figure 7.29. Effect of INDUS830 on MCT-induced alteration in electrocardiographic abnormalities of rats. 

Representative images of electrocardiogram obtained after 4 week of MCT administration from each experimental groups 

i.e., normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil (25 mg/kg) (D), INDUS830 (5 mg/kg) (E), 

INDUS830 (10 mg/kg) (F), INDUS830 (20 mg/kg) (G) and INDUS830 (40 mg/kg) (H) treated rats. 
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Figure 7.30. Effect of INDUS83020 and INDUS83030 on MCT-induced 

alteration in electrocardiographic abnormalities of rats. 

Representative images of electrocardiogram obtained after 4 week of MCT 

administration from each experimental groups i.e., INDUS83020 (6 mg/kg) (A), 

INDUS83020 (12 mg/kg) (B), INDUS83030 (8 mg/kg) (C) and INDUS83030 (16 mg/kg) 

(D) treated rats. 
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Table 7.28. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in 

electrocardiographic abnormalities of rats  

Treatment 
Heart rate 

(BPM) 

RR interval 

(ms) 

QRS interval 

(ms) 

QRS amplitude 

(µV) 

QTc interval 

(ms) 

PR interval 

(ms) 

ST interval 

(ms) 

Normal 
334.14 ± 

8.29 
140.42 ± 8.12 14.57 ± 1.19 636.71 ± 14.10 

138.28 ± 

6.13 

26.57 ± 

1.58 

26.28 ± 

1.08 

MCT Control 
270.85 ± 
11.73### 

187.57 ± 
7.29### 

25.85 ± 
1.07### 

538.28 ± 
23.46### 

169.71 ± 
5.94### 

35.42 ± 
1.86## 

35.14 ± 
1.24### 

BOS (300) 
322.28 ± 

6.68*** 

153.57 ± 

8.45** 

19.42 ± 

1.13*** 

613.28 ± 

11.51** 

141.42 ± 

5.35** 

27.00 ± 

1.52** 

28.42 ± 

1.47** 

Sild (25) 
315.42 ± 
6.13*** 

148.00 ± 
7.50*** 

20.71 ± 
0.68** 

616.85 ± 16.07 
141.57 ± 
8.05** 

28.14 ± 
1.29* 

29.14 ± 
1.24* 

INDUS830 (20) 
308.42 ± 

12.32** 

152.71 ± 

6.22** 
21.71 ± 1.20* 597.71 ± 19.84* 

143.71 ± 

5.32** 

28.57 ± 

1.23* 

29.71 ± 

1.70* 

INDUS830 (40) 
313.85 ± 
8.81*** 

148.42 ± 
9.64*** 

21.00 ± 
1.09** 

618.57 ± 8.31** 
140.71 ± 
5.76** 

28.57 ± 
1.68* 

28.28 ± 
1.72** 

INDUS83020 

(6) 

309.00 ± 

4.45** 

158.85 ± 

3.86** 

20.42 ± 

0.84** 

609.00 ± 

18.52** 

141.57 ± 

5.07** 

28.42 ± 

1.41** 

28.42 ± 

1.58** 

INDUS83020 
(12) 

316.28 ± 
7.14*** 

155.00 ± 
4.96** 

19.00 ± 
0.97*** 

614.71 ± 
27.50** 

142.71 ± 
6.13** 

28.14 ± 
1.87** 

27.71 ± 
2.20*** 

INDUS83030 

(8) 

308.28 ± 

10.64* 

160.71 ± 

8.59* 
22.85 ± 1.20 595.28 ± 11.82* 

144.00 ± 

7.15* 

31.14 ± 

1.26 

29.57 ± 

0.75* 

INDUS83030 

(16) 

313.71 ± 

8.14** 

153.71 ± 

9.21** 

21.71 ± 

1.19** 

611.28 ± 

16.12** 

142.28 ± 

7.33** 

27.85 ± 

2.85** 

28.71 ± 

1.10** 

 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-

Bosentan, Sild- Sildenafil. (n=7)  
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7.5.4. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in hemodynamic abnormalities of rats: 

Right ventricular systolic pressure (RVSP) and right ventricular diastolic 

pressure (RVDP), Right ventricular systolic pressure (RVMP), dP/dtmax, 

dP/dtmin, Tau were increased significantly (p < 0.001) in the MCT control group 

as compared to the normal group. Whereas contractility index was decreased 

significantly (p < 0.001) in the MCT control group as compared to the normal 

group. 

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83020 (6 and 

12 mg/kg) showed significant and dose dependant decreased (p < 0.01 and p < 

0.001) in the RVSP, RVDP, RVMP, dP/dtmax, dP/dtmin, Tau as compared to MCT 

control group whereas Contractility index was significantly and dose dependant 

increased (p < 0.01 and p < 0.001) by INDUS830 (20 and 40 mg/kg) as well as 

INDUS83020 (6 and 12 mg/kg) treatment as compared to MCT control group.  

There were significant and dose dependant decreased (p < 0.01 and p < 

0.001) in the RVSP, significant and dose dependant decreased (p < 0.05 and p < 

0.01) in Tau as well as significant and dose dependant increased (p < 0.05 and 

p < 0.01) in contractility index by INDUS83030 (8 and 16 mg/kg) treatment as 

compared to MCT control group. Administration of INDUS83030 (8 and 16 

mg/kg) showed significant decrease (p < 0.01) in RVDP, RVMP, dP/dtmax and 

dP/dtmin as compared to MCT control group. 

Administration of bosentan (300 mg/kg) and sildenafil (25 mg/kg) for 28 

days significantly decreased (p < 0.001) RVSP, RVDP, RVMP and dP/dtmin 

whereas it significantly decreased (p < 0.01) dP/dtmax and Tau as compared to 

MCT control group. When compared with MCT control group, there was 

significantly increased (p < 0.001) in contractility index by bosentan (300 

mg/kg) and sildenafil (25 mg/kg) treatment. (Figures 7.31 and Table 7.29) 
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Figure 7.31. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in 

hemodynamic abnormalities of rats. 

Representative images of hemodynamic graph from experimental groups i.e., Normal (A), MCT control (B), Bosentan 

(300 mg/kg) (C), Sildenafil (25 mg/kg) (D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (12 

mg/kg) (G), INDUS83030 (8 mg/kg) (H) and INDUS83030 (16 mg/kg) (I) treated rats.  



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of respiratory disorder 
  Page 220 

Table 7.29. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in 

hemodynamic abnormalities of rats 

Treatment 
RVSP  

(mm Hg) 

RVDP  

(mm Hg) 

RVMP 

(mm Hg) 

dP/dtmax 

(mm Hg) 

dP/dtmin 

(mm Hg) 

Contractility 

index 

Tau 

(ms) 

Normal 
15.71 ± 

1.08 
9.00 ± 0.48 

15.57 ± 

0.97 

982.3 ± 

46.15 

-746.6 ± 

76.15 
17.71 ± 0.91 

14.71 ± 

1.12 

MCT Control 
50.29 ± 
1.40### 

20.43 ± 
1.21### 

45.43 ± 
1.78### 

1376.00 ± 
94.80## 

-1356.00 ± 
66.02### 

8.28 ± 
0.77### 

26.14 ± 
1.10### 

BOS (300) 
29.00 ± 

1.75*** 

10.86 ± 

0.96*** 

24.86 ± 

2.41*** 

1036.00 ± 

46.88** 

-876.6 ± 

61.29*** 

14.00 ± 

0.87*** 

20.43 ± 

1.04** 

Sild (25) 
28.43 ± 
2.41*** 

11.43 ± 
1.08*** 

22.00 ± 
2.65*** 

1077.00 ± 
58.22* 

-1053.00 ± 
62.46** 

13.43 ± 
0.81*** 

19.86 ± 
1.01*** 

INDUS830 (20) 
39.57 ± 

2.56** 

15.71 ± 

1.10** 

33.29 ± 

1.84** 

1090.00 ± 

55.16* 

-1041.00 ± 

33.43** 
11.57 ± 0.52* 

21.29 ± 

0.86* 

INDUS830 (40) 
29.57 ± 
1.08*** 

15.43 ± 
0.64** 

25.43 ± 
1.25*** 

1042.00 ± 
65.86** 

-1021.00 ± 
46.38*** 

13.71 ± 
0.71*** 

18.57 ± 
0.89*** 

INDUS83020 (6) 
39.86 ± 

1.93** 

16.14 ± 

0.70* 

36.43 ± 

1.75* 

1105.00 ± 

77.56* 

-943.4 ± 

68.22** 

12.29 ± 

0.56** 

21.14 ± 

0.50** 

INDUS83020 (12) 
37.57 ± 
2.34*** 

14.14 ± 
0.79*** 

33.57 ± 
1.60*** 

1030.00 ± 
44.20** 

-907.0 ± 
69.80*** 

13.29 ± 
0.77*** 

19.43 ± 
0.84*** 

INDUS83030 (8) 
42.00 ± 

1.30** 

15.14 ± 

1.02** 

37.43 ± 

2.65** 

1001.00 ± 

73.42* 

-1001.00 ± 

73.42** 
11.43 ± 0.61* 

22.00 ± 

0.81* 

INDUS83030 (16) 
40.29 ± 

1.10*** 

14.14 ± 

0.76** 

35.86 ± 

1.26** 

975.4 ± 

92.18* 

-975.4 ± 

92.18** 

11.86 ± 

0.70** 

20.71 ± 

1.04** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-

Bosentan, Sild- Sildenafil. (n=7)  
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7.5.5. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in percent oxygen saturation of rats: 

Percent oxygen saturation (% O2) was decreased significantly (p < 0.001) 

in the MCT control rats as compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 

16 mg/kg) significantly increased (p < 0.01) % O2 as compared to MCT control 

rats. When compared to MCT control rats, INDUS83020 (6 and 12 mg/kg) 

treatment significantly increased (p < 0.05) % O2.  

Bosentan (300 mg/kg) and sildenafil (25 mg/kg) treatment showed 

significant (p < 0.001) inhibition in the MCT-induced decreased % O2 as 

compared to MCT control rats. (Figure 7.32) 

 

Figure 7.32. Effect of INDUS830, INDUS83020 AND INDUS83030 on MCT-

induced alteration in percent oxygen saturation of rats. 
Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 
compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 
MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n = 7) 
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7.5.6. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung function test of rats: 

A significant (p < 0.01) increase in PIF and Penh were recorded in MCT 

control rats as compared to normal rats. Whereas PEF, TV, EV and frequency 

of breathing were decreased significantly (p < 0.01) in MCT control rats as 

compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) showed significant (p < 

0.05) decrease in PIF whereas Penh significantly and dose-dependently (p < 0.05 

and p < 0.01) decreased by INDUS830 (20 and 40 mg/kg) treatment as 

compared to MCT control rats. Whereas PEF, TV, EV and frequency of 

breathing were increased significantly (p < 0.05) by INDUS830 (40 mg/kg) 

treatment as compared to MCT control rats.  

MCT-induced alterations in lung function tests were significantly (p < 

0.05) prevented by INDUS83020 (6 and 12 mg/kg) treatment as compared to 

MCT control rats.  

Treatment with INDUS83030 (8 and 16 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) decrease PIF and Penh as compared to MCT 

control rats. Whereas PEF, TV, EV and frequency of breathing were increased 

significantly and dose-dependently (p < 0.05 and p < 0.01) by INDUS83030 (8 

and 16 mg/kg) treatment as compared to MCT control rats.  

Administration of bosentan (300 mg/kg) and sildenafil (25 mg/kg) 

significantly (p < 0.05) decrease PIF and Penh as compared to MCT control rats.  

MCT-induced decreased in PEF, TV, EV and frequency of breathing were 

increased significantly (p < 0.05) by bosentan (300 mg/kg) and sildenafil (25 

mg/kg) treatment as compared to MCT control rats. (Table 7.30)  
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Table 7.30. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in lung function 

test of rats 

Treatment PIF (m/s) PEF (m/s) TV (m) EV (m) f (bpm) Penh 

Normal 14.28 ± 0.78 18.42 ± 1.13 1.30 ± 0.19 1.37 ± 0.08 224.04 ± 16.78 0.89 ± 0.05 

MCT Control 18.89 ± 1.26## 11.62 ± 0.68## 0.57 ± 0.08## 0.81 ± 0.08## 170.37 ± 11.25## 1.48 ± 0.18## 

BOS (300) 15.04 ± 0.73* 17.31 ± 0.73* 1.11 ± 0.14* 1.40 ± 0.19** 215.09 ± 8.13* 0.95 ± 0.15* 

Sild (25) 14.89 ± 0.97* 16.97 ± 1.53* 1.16 ± 0.11* 1.32 ± 0.13* 215.02 ± 12.12* 0.92 ± 0.11** 

INDUS830 (20) 15.04 ± 0.73* 15.74 ± 0.52 1.09 ± 0.11* 1.13 ± 0.14 214.93 ± 8.90* 0.97 ± 0.20* 

INDUS830 (40) 15.09 ± 1.09* 16.92 ± 0.92* 1.18 ± 0.13* 1.28 ± 0.15* 215.56 ± 6.05* 0.93 ± 0.08** 

INDUS83020 (6) 17.25 ± 1.13 15.28 ± 1.17 0.79 ± 0.15 1.20 ± 0.02 192.86 ± 13.32 1.02 ± 0.13* 

INDUS83020 (12) 14.75 ± 0.92* 16.98 ± 1.08* 0.89 ± 0.12 1.28 ± 0.09* 217.08 ± 15.49* 1.05 ± 0.11* 

INDUS83030 (8) 14.68 ± 1.49* 16.44 ± 1.18* 1.11 ± 0.21* 1.26 ± 0.12* 211.01 ± 14.16* 1.11 ± 0.18 

INDUS83030 (16) 15.07 ± 0.49* 17.78 ± 1.84** 1.17 ± 0.19** 1.38 ± 0.12** 226.58 ± 9.00** 0.92 ± 0.11** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as compared with normal group and *p < 

0.05, **p < 0.01 as compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil, PIF- Peak 

Inspiratory Flow, PEF- Peak Expiratory Flow, TV- Tidal Volume, EV- Expired Volume, f- frequency of breathing and Penh- 

Enhanced Pause. (n=5) 
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7.5.7. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in hematological parameters of rats: 

MCT control rats showed significantly (p < 0.001) decreased Hb count 

whereas it showed significantly (p < 0.01) decreased RBC and PLT count as 

compared to normal rats. The HCT and monocytes count was significantly (p < 

0.05) decreased in MCT control rats as compared to normal rats. There was 

significant (p < 0.01) increase in WBC and neutrophils count after of 

intraperitoneal MCT administration as compared to normal rats.  

Treatment with INDUS830 (20 and 40 mg/kg) significantly (p < 0.01) 

prevented this MCT-induced alteration in the hematological parameters as 

compared to MCT control rats. Administration of INDUS83020 (6 and 12 

mg/kg) significantly and dose-dependently (p < 0.05 and p < 0.01) increased Hb 

and HCT count as well as significant (p < 0.01) increase in RBC, PLT and 

monocytes count as compared to MCT control group on. Whereas there was 

significant (p < 0.01) decrease in WBC and neutrophils count by INDUS83020 

(6 and 12 mg/kg) treatment as compared to MCT control group.  

Administration of INDUS83030 (8 and 16 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) increased Hb and RBC count whereas 

HCT, PLT and monocytes count was increased significantly (p < 0.05) in 

INDUS83030 (16 mg/kg) treated rats as compared to MCT control group. 

Bosentan (300 mg/kg) showed significant (p < 0.01) increase in Hb and 

RBC count whereas showed significant (p < 0.05) increase in HCT and 

monocytes count as well as significant (p < 0.001) decrease in WBC and 

neutrophils count as compared to MCT control rats.  

Sildenafil (25 mg/kg) treatment significantly (p < 0.05) inhibited MCT-

induced alterations in Hb, RBC, HCT, WBC and monocytes count as compared 

to MCT control rats. (Table 7.31) 
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Table 7.31. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in 

hematological parameters of rats 

Treatment Hb (g/dl) 
RBC 

(*1012/L) 
HCT (%) 

PLT 

(*109/L) 

WBC 

(*109/L) 
N (%) M (%) 

Normal 
14.88 ± 

0.42 
6.88 ± 0.26 

39.56 ± 

1.24 

1046.00 ± 

33.53 

13.16 ± 

0.40 

22.40 ± 

1.12 

9.80 ± 

0.66 

MCT Control 
11.30 ± 
0.53### 

5.08 ± 0.22## 
33.92 ± 
1.00# 

849.8 ± 
46.27## 

15.64 ± 
0.57## 

27.40 ± 
0.87## 

7.40 ± 
0.67# 

BOS (300) 
13.88 ± 

0.68** 
6.58 ± 0.29** 

38.76 ± 

1.54* 

879.8 ± 

32.46 

13.90 ± 

0.38* 

23.60 ± 

0.74* 

10.20 ± 

0.48* 

Sild (25) 
14.00 ± 
0.45** 

6.50 ± 0.31* 
38.98 ± 
1.46* 

925.8 ± 
30.70 

13.96 ± 
0.50* 

24.40 ± 
0.87 

9.80 ± 
0.91* 

INDUS830 (20) 
13.34 ± 

0.58* 
6.30 ± 0.31* 

38.50 ± 

1.20 

989.6 ± 

37.12* 

13.66 ± 

0.20* 

24.40 ± 

0.81 

9.20 ± 

0.58 

INDUS830 (40) 
14.40 ± 
0.49** 

6.42 ± 0.42* 
38.96 ± 
0.76* 

1010.00 ± 
32.81* 

13.88 ± 
0.23* 

23.80 ± 
0.73* 

9.80 ± 
0.48* 

INDUS83020 (6) 
13.70 ± 

0.50* 
6.38 ± 0.14* 

38.52 ± 

0.73* 

1012.00 ± 

47.23* 

14.40 ± 

0.26 

23.80 ± 

0.37* 

9.80 ± 

0.20* 

INDUS83020 (12) 
14.34 ± 
0.43** 

6.30 ± 0.29* 
40.26 ± 
0.75** 

1013.00 ± 
53.63* 

13.84 ± 
0.50* 

24.00 ± 
0.70* 

10.00 ± 
0.31* 

INDUS83030 (8) 
13.66 ± 

0.36* 
6.28 ± 0.28* 

38.30 ± 

1.34 

970.0 ± 

28.30 

14.52 ± 

0.55 

24.20 ± 

1.15 

9.40 ± 

0.50 

INDUS83030 (16) 
13.88 ± 

0.49** 
6.58 ± 0.35** 

39.40 ± 

1.03* 

979.2 ± 

31.67* 

13.76 ± 

0.42* 

23.60 ± 

0.67* 

10.20 ± 

0.37* 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. #p < 0.05, ##p < 0.01, ###p < 0.001 as compared with 

normal group and *p < 0.05, **p < 0.01 as compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, 

Sild- Sildenafil, Hb- Hemoglobin, RBC- Red Blood Corpuscles, HCT- Hematocrit, PLT- Platelet, WBC- White Blood 

Corpuscles, N- Neutrophils, M- Monocytes. (n = 5) 
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7.5.8. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in of SOD, GSH, MDA, NO, MPO and HP in 

right ventricle (RV) of rats: 

MCT control group showed significant decreased (p < 0.001) in the RV 

SOD and GSH level whereas MDA, NO and HP in RV were increased 

significantly (p < 0.001) in MCT control rats as compared to normal group.  

INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) treatment showed significant increase (p < 

0.001) in the RV SOD and GSH level as compared to MCT control rats.  

The increased level of MDA in RV after MCT administration was 

significantly decreased (p < 0.01) by INDUS830 (20 and 40 mg/kg), 

INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) treatment 

as compared to MCT control rats. Administration of INDUS830 (40 mg/kg) for 

28 days showed significant decreased (p < 0.05) in RV NO level as compared to 

MCT control group.  

When compared with MCT control group, RV MPO level was significantly 

decreased (p < 0.05) by INDUS830 (40 mg/kg) treatment whereas 

administration of INDUS83030 (8 and 16 mg/kg) showed significant and dose 

dependant decreased (p < 0.05 and p < 0.01) in RV MPO level. 

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-

dependently decreased (p < 0.05 and p < 0.01) the elevated RV HP content 

whereas INDUS83020 (12 mg/kg) treatment significantly decreased (p < 0.01) 

the elevated RV HP as compared to MCT control rats.  

Bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) treated group also 

showed significant inhibition (p < 0.001 and p < 0.01) in the MCT-induced 

altered RV SOD, GSH, MDA and hydroxyproline content as compared to MCT 

control group. (Table 7.32) 
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Table 7.32. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in SOD, GSH, 

MDA, NO, MPO and HP in right ventricle (RV) of rats 

Treatment 
SOD (U /mg 

of protein) 

GSH (µg/mg of 

protein) 

MDA (nM/ mg 

of protein) 

NO (µg/ mg of 

protein) 
MPO (U/gm) 

Hydroxyproline 

content 

(µg / mg tissue) 

Normal 11.08 ± 0.87 29.81 ± 0.99 4.61 ± 0.58 5.36 ± 0.61 6.50 ± 0.47 1.57 ± 0.31 

MCT Control 5.01 ± 0.27### 20.73 ± 1.53### 9.23 ± 0.40### 12.03 ± 0.78### 10.20 ± 0.96## 4.22 ± 0.26### 

BOS (300) 8.68 ± 0.52** 28.54 ± 0.54*** 6.59 ± 0.45** 10.28 ± 0.89 8.93 ± 0.73 2.30 ± 0.21*** 

Sild (25) 8.51 ± 0.66** 27.93 ± 0.35*** 7.04 ± 0.37** 11.21 ± 1.90 9.03 ± 0.58 2.69 ± 0.14** 

INDUS830 (20) 7.94 ± 0.45* 26.95 ± 1.15** 6.59 ± 0.23** 10.81 ± 0.78 8.75 ± 0.34 3.08 ± 0.25* 

INDUS830 (40) 9.48 ± 0.33*** 27.37 ± 1.67** 6.76 ± 0.30** 7.86 ± 0.86* 7.47 ± 0.28* 2.82 ± 0.30** 

INDUS83020 (6) 9.44 ± 0.52*** 26.18 ± 0.81** 7.32 ± 0.49* 10.69 ± 0.83 8.07 ± 0.23 3.38 ± 0.24 

INDUS83020 (12) 9.54 ± 0.82*** 27.40 ± 1.12*** 5.74 ± 0.47** 11.30 ± 0.80 8.75 ± 0.21 2.74 ± 0.37** 

INDUS83030 (8) 9.19 ± 0.48*** 25.60 ± 1.42* 6.13 ± 0.55** 10.26 ± 0.68 7.27 ± 0.44* 3.43 ± 0.26 

INDUS83030 (16) 
10.08 ± 

0.73*** 
28.16 ± 1.14*** 5.95 ± 0.64*** 9.08 ± 0.44 7.06 ± 0.48** 3.95 ± 0.28 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-

Bosentan, Sild- Sildenafil, SOD: Superoxide Dismutase, GSH: Glutathione, MDA: Malondialdehyde, NO: Nitric Oxide, 

MPO- Myeloperoxidase and HP- Hydroxyproline. (n=4) 
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7.5.9. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in of SOD, GSH, MDA, NO, MPO and HP in lung 

of rats: 

MCT control group showed significant decreased (p < 0.01) in the lung 

SOD and GSH level whereas MDA, NO, and HP in the lung were increased 

significantly (p < 0.01) in MCT control rats as compared to the normal group.  

INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

treatment showed significant and dose dependent increase (p < 0.05 and p < 

0.01) in the lung SOD level whereas GSH level was significantly increase (p < 

0.05) by INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

treatment as compared to MCT control rats.  

The increased level of MDA in the lung after MCT administration was 

significantly decreased (p < 0.01) by INDUS830 (20 and 40 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) treatment as compared to MCT control rats. 

Administration of INDUS830 (40 mg/kg) for 28 days showed significant 

decreased (p < 0.05) in lung NO level as compared to MCT control group.  

When compared with MCT control group, lung MPO level was 

significantly decreased (p < 0.05) by INDUS830 (20 and 40 mg/kg) treatment 

whereas administration of INDUS83030 (8 and 16 mg/kg) showed significant, 

and dose dependent decreased (p < 0.05 and p < 0.01) in lung MPO level. 

INDUS830 (40 mg/kg) treatment significantly decreased (p < 0.05) the 

elevated lung HP content as compared to MCT control rats.  

Bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) treated group also 

showed significant inhibition (p < 0.001 and p < 0.01) in the MCT-induced 

altered lung SOD, GSH, MDA, MPO and hydroxyproline content as compared to 

MCT control group. (Table 7.33) 
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Table 7.33. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in SOD, GSH, 

MDA, NO, MPO and HP in lung of rats 

Treatment 
SOD (U /mg 

of protein) 

GSH (µg/mg 

of protein) 

MDA (nM/ mg 

of protein) 

NO (µg/ mg of 

protein) 
MPO (U/gm) 

Hydroxyproline 

content 

(µg / mg tissue) 

Normal 6.67 ± 0.14 4.01 ± 0.27 1.91 ± 0.18 11.23 ± 1.55 13.26 ± 0.60 7.57 ± 0.35 

MCT Control 4.58 ± 0.30## 2.65 ± 0.09## 3.77 ± 0.34### 19.41 ± 1.24## 16.59 ± 0.98## 10.63 ± 0.59## 

BOS (300) 6.34 ± 0.19** 3.72 ± 0.18* 2.38 ± 0.29** 16.53 ± 1.01 13.55 ± 0.75** 8.45 ± 0.66* 

Sild (25) 6.17 ± 0.38* 3.71 ± 0.11* 2.36 ± 0.15** 19.62 ± 2.03 13.06 ± 0.49** 8.19 ± 0.45* 

INDUS830 (20) 6.00 ± 0.24* 3.51 ± 0.23* 2.74 ± 0.12* 14.13 ± 1.21 14.21 ± 0.26* 9.47 ± 0.50 

INDUS830 (40) 6.37 ± 0.36** 3.65 ± 0.27* 2.50 ± 0.26** 12.87 ± 1.10* 13.90 ± 0.44* 8.44 ± 0.20* 

INDUS83020 (6) 5.20 ± 0.48 3.31 ± 0.22 3.32 ± 0.31 17.79 ± 0.80 15.25 ± 0.23 9.31 ± 0.53 

INDUS83020 (12) 5.49 ± 0.54 3.42 ± 0.28 3.09 ± 0.23 18.55 ± 0.42 15.07 ± 0.38 10.07 ± 0.45 

INDUS83030 (8) 5.98 ± 0.44* 3.66 ± 0.33* 2.45 ± 0.19** 16.58 ± 2.14 13.44 ± 0.77* 10.04 ± 0.60 

INDUS83030 (16) 6.33 ± 0.17** 3.73 ± 0.17* 2.38 ± 0.26** 17.41 ± 0.66 13.18 ± 0.31** 9.07 ± 0.61 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01 as compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- 

Sildenafil, SOD: Superoxide Dismutase, GSH: Glutathione, MDA: Malondialdehyde, NO: Nitric Oxide, MPO- 

Myeloperoxidase and HP- Hydroxyproline. (n=4) 
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7.5.10. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in serum biochemistry of rats: 

Intraperitoneal MCT administration significantly increased (p < 0.01 and p 

< 0.001) serum LDH and CK-MB level of MCT Control group as compared to 

normal.  

Administration of INDUS830 (20 and 40 mg/kg), INDUS83030 (8 and 16 

mg/kg), bosentan (300 mg/kg) and sildenafil (25 mg/kg) significantly 

decreased (p < 0.05) serum LDH level as compared to MCT Control group. 

INDUS83020 (6 and 12 mg/kg) showed significant and dose dependent 

inhibition (p < 0.05 and p < 0.01) in MCT-induced elevated serum LDH level as 

compared to MCT Control rats. 

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83020 (6 and 

12 mg/kg) for 28 day significantly and dose-dependently decreased (p < 0.01 

and p < 0.001) serum CK-MB level as compared to MCT Control rats. There 

was significant decreased (p < 0.001) in serum CK-MB level by INDUS83030 (8 

and 16 mg/kg), bosentan (300 mg/kg) and sildenafil (25 mg/kg) treatment as 

compared to MCT control rats. 

The serum endothelin-1 level was increased significantly (p < 0.001) in the 

MCT control group as compared to the normal group. There was no significant 

alteration in the serum endothelin-1 level by INDUS830, INDUS83020, and 

INDUS83030 as well as sildenafil (25 mg/kg) as compared to MCT control rats. 

However, this increased in serum endothelin-1 level was significantly decreased 

(p < 0.001) by 28-day treatment with bosentan (300 mg/kg) as compared to 

MCT control rats.  

Subcutaneous administration of MCT did not induce any significant 

alteration in serum endothelin-2 level when compared with MCT control rats. 

(Table 7.34)  
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Table 7.34. Effect of INDUS830, INDUS83020, AND INDUS83030 on MCT-induced alteration in serum 

biochemistry of rats 

Treatment LDH (IU/L) CK-MB (IU/L) ET-1 (ng/L) ET-2 (ng/L) 

Normal 1266 ± 140.1 465.0 ± 42.92 147.6 ± 15.81 33.32 ± 3.71 

MCT Control 2043 ± 184.2## 857.9 ± 32.84### 327.8 ± 21.19### 33.84 ± 6.24 

BOS (300) 1516 ± 128.0* 538.2 ± 56.23*** 201.8 ± 22.11*** 37.20 ± 5.22 

Sild (25) 1531 ± 102.2* 532.4 ± 28.41*** 291.4 ± 15.77 28.68 ± 4.77 

INDUS830 (20) 1440 ± 103.1* 643.8 ± 52.15** 290.4 ± 21.50 31.48 ± 3.00 

INDUS830 (40) 1418 ± 108.5* 552.5 ± 38.52*** 248.2 ± 9.00 32.36 ± 5.55 

INDUS83020 (6) 1494 ± 145.3* 669.6 ± 17.46** 302.2 ± 12.55 33.84 ± 1.14 

INDUS83020 (12) 1363 ± 68.40** 559.1 ± 28.12*** 283.6 ± 8.38 38.52 ± 2.61 

INDUS83030 (8) 1428 ± 70.48* 612.5 ± 56.75*** 264.0 ± 16.87 31.64 ± 2.67 

INDUS83030 (16) 1453 ± 119.9* 578.0 ± 37.17*** 285.6 ± 22.77 31.40 ± 2.29 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-

Bosentan, Sild- Sildenafil, LDH- Lactate dehydrogenase, CK-MB- Creatine Kinase-MB, ET-1- Endothelin-1, ET-2- 

Endothelin-2. (n =4) 
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7.5.11. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV TNF-α, IL-1β, IL-6 and NF-kB mRNA 

expressions in rats: 

There was significant up-regulation (p < 0.001) in RV TNF-α, IL-1β, IL-6, 

and NF-kB mRNA expression in MCT control group as compared to the normal 

group. 

Treatment with INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 

mg/kg), bosentan (300 mg/kg) and sildenafil (25 mg/kg) significantly inhibited 

(p < 0.001) MCT-induced up-regulated RV TNF-α and IL-1β m-RNA expression 

as compared to MCT control rats. The up-regulated RV TNF-α m-RNA 

expression also down-regulated significantly (p < 0.01) in INDUS83030 (8 and 

16 mg/kg) treated group as compared to MCT control rats.  

Administration of INDUS830 (20 and 40 mg/kg), bosentan (300 mg/kg) 

and sildenafil (25 mg/kg) showed significant down-regulation (p < 0.001) in the 

MCT-induced up-regulated RV IL-6 m-RNA expression m-RNA expression as 

compared to MCT control group. When compared with MCT control rats, 

INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) treated 

group showed significant down-regulation (p < 0.01) in IL-6 m-RNA expression.  

Administration of INDUS830 (20 and 40 mg/kg) significantly down-

regulated (p < 0.001 and p < 0.01) RV NF-kB m-RNA expression as compared to 

MCT control rats. Treatment with INDUS83020 (6 and 12 mg/kg) significantly 

and dose-dependently down-regulated (p < 0.01 and p < 0.001) RV NF-kB m-

RNA expression as compared to MCT control rats. INDUS83030 (8 and 16 

mg/kg) treatment also significantly and dose-dependently down-regulated (p < 

0.05 and p < 0.01) RV NF-kB m-RNA expression as compared to MCT control 

rats. Bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) also produce 

significant down-regulation (p < 0.05 and p < 0.001) in RV NF-kB m-RNA 

expression as compared to MCT control rats. (Figure 7.33 and Figure 7.34)  



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 233 

 

Figure 7.33. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV TNF-α (A) and IL-1β (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and **p < 0.01, ***p < 0.001 as compared with MCT 

control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.34. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV IL-6 (A) and NF-kB (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.12. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV Nrf2, HO-1, NHE-1 and HIF-1α mRNA 

expressions in rats: 

RV Nrf2 and HO-1 m-RNA expression was significantly down-regulated (p 

< 0.001 and p < 0.01) whereas RV NHE-1 and HIF-1α m-RNA expression was 

significantly up-regulated (p < 0.001) in the MCT control rats as compared to 

normal group.  

However, administration of INDUS830 (20 and 40 mg/kg) and 

INDUS83020 (6 and 12 mg/kg) significantly and dose-dependently up-

regulated (p < 0.01 and p < 0.001) RV Nrf2 m-RNA expression as compared to 

MCT control group. INDUS83030 (8 and 16 mg/kg) treatment also produced 

significantly up-regulation (p < 0.01) in Nrf2 m-RNA in RV as compared to MCT 

control rats. When compared to MCT control group, bosentan (300 mg/kg) and 

sildenafil (25 mg/kg) treatment also significantly up-regulated (p < 0.001) RV 

Nrf2 m-RNA expression.  

Administration of sildenafil (25 mg/kg) significantly up-regulated (p < 

0.05) RV HO-1 m-RNA expression as compared to MCT control rats. The up-

regulated RV NHE-1 m-RNA expression was significantly down-regulated (p < 

0.05) by INDUS830 (20 and 40 mg/kg) and INDUS83020 (6 and 12 mg/kg) 

treatment as compared to MCT control rats. Sildenafil (25 mg/kg) treatment 

also showed significant down-regulation (p < 0.01) in RV NHE-1 m-RNA 

expression as compared to MCT control rats.  

Treatment with INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 

mg/kg), bosentan (300 mg/kg) and sildenafil (25 mg/kg) significantly down-

regulated (p < 0.001) RV HIF-1α m-RNA expression whereas, there was 

significantly and dose-dependently down-regulated (p < 0.05 and p < 0.01) in 

RV HIF-1α m-RNA expression by INDUS83030 (8 and 16 mg/kg) treated group 

as compared to MCT control group. (Figure 7.35 and Figure 7.36) 
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Figure 7.35. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV Nrf2 (A) and HO-1 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as 

compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- 

Sildenafil. (n=4) 
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Figure 7.36. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV NHE-1 (A) and HIF-1α (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 238 

7.5.13. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV ANP, BNP, cTn-I, ET-1, eNOs and iNOs 

mRNA expressions in rats: 

There was significant up-regulation (p < 0.001) in the RV ANP, cTn-I, ET-

1 and iNOs m-RNA expression as well as significant up-regulation (p < 0.01) 

BNP m-RNA expression of MCT control group as compared to normal group. 

The eNOs mRNA expression was down-regulated significantly (p < 0.001) in 

MCT control group as compared to normal group.  

Bosentan (300 mg/kg) treatment significantly inhibited (p < 0.001 and p 

< 0.01) the MCT-induced up-regulated RV ANP and BNP m-RNA expression as 

compared to MCT control group. It also significantly down-regulated (p < 0.001) 

RV ET-1 m-RNA expression as compared to MCT control rats. 

There was significant down-regulation (p < 0.05) in RV cTn-I m-RNA 

expression by INDUS830 (20 and 40 mg/kg) treatment as compared to MCT 

control group. INDUS83020 (6 and 12 mg/kg) treatment significantly and dose-

dependently down-regulated (p < 0.01 and p < 0.001) RV cTn-I m-RNA 

expression whereas INDUS83030 (8 and 16 mg/kg) administration significantly 

and dose-dependently down-regulated (p < 0.05 and p < 0.01) RV cTn-I m-RNA 

expression as compared to MCT control group. 

Administration of INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently up-regulated (p < 0.05 and p < 0.001) RV eNOs m-RNA expression 

as compared to MCT control group. INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) significantly and dose-dependently up-

regulated (p < 0.05 and p < 0.01) RV eNOs m-RNA expression as compared to 

MCT control group. Administration of sildenafil (25 mg/kg) significantly up-

regulated (p < 0.001) RV eNOs m-RNA expression and significantly down-

regulation (p < 0.001) in the RV iNOs m-RNA expression as compared to MCT 

control group. (Figure 7.37, Figure 7.38 and Figure 7.39) 
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Figure 7.37. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV ANP (A) and BNP (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.38. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV cTn-I (A) and ET-1 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.39. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV eNOs (A) and iNOs (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.14. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV Bax, Bcl-2, caspase-3 and Collagen-1 

mRNA expressions in rats: 

The Bax, caspase-3 and Collagen-1 m-RNA expression in RV were up-

regulated significantly (p < 0.001) whereas Bcl-2 mRNA expression was down-

regulated significantly (p < 0.001) after subcutaneous MCT administration in 

the MCT control group as compared to normal group.  

Treatment with INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 

mg/kg) and INDUS83030 (8 and 16 mg/kg) significantly and dose-dependently 

down-regulated (p < 0.01 and p < 0.001) RV Bax m-RNA expression as 

compared to MCT control rats. Administration of INDUS830 (20 and 40 mg/kg) 

significantly and dose-dependently inhibited (p < 0.05 and p < 0.001) MCT-

induced down-regulated RV Bcl-2 m-RNA expression as compared to MCT 

control rats. INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 

mg/kg) treatment significantly and dose-dependently up-regulated (p < 0.5 and 

p < 0.01) RV Bcl-2 m-RNA expression as compared to MCT control rats. 

Bosentan (300 mg/kg) and sildenafil (25 mg/kg) treated rats showed significant 

down-regulation (p < 0.001) in RV Bax, caspase-3 and Collagen-1 mRNA 

expression and significant down-regulation (p < 0.01) Bcl-2 m-RNA expression 

as compared to MCT control rats. 

Administration of INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 

mg/kg) and INDUS83030 (8 and 16 mg/kg) significantly and dose-dependently 

down-regulated (p < 0.01 and p < 0.001) RV caspase-3 m-RNA expression as 

compared to MCT control rats. INDUS830 (20 and 40 mg/kg) treatment 

showed significant and dose dependant down-regulation (p < 0.05 and p < 0.01) 

in RV collagen-1 m-RNA expression whereas INDUS83020 (12 mg/kg) 

treatment significantly down-regulated (p < 0.01) in RV collagen-1 m-RNA 

expression as compared to MCT control rats. (Figure 7.40 and Figure 7.41)  
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Figure 7.40. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV Bax (A) and Bcl-2 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.41. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in RV caspase-3 (A) and Collagen-1 (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.15. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery BMP-2, BMP-4, Alk-1, 

VEGF, Kv1.5 and Kv2.1 mRNA expressions in rats: 

Pulmonary artery (PA) BMP-2 and BMP-4 m-RNA expression was 

significantly down-regulated (p < 0.01) in the MCT control rats as compared to 

normal group. Administration of INDUS830 (40 mg/kg), INDUS83020 (6 and 

12 mg/kg) and INDUS83030 (8 and 16 mg/kg) significantly up-regulated (p < 

0.05) BMP-2 m-RNA expression in PA as compared to MCT control group.  

Subcutaneous administration of MCT-induced significant up-regulation 

(p < 0.001) in Alk-1 and VEGF m-RNA expression in PA as compared to normal 

rats. When compared with MCT control rats, INDUS830 (20 and 40 mg/kg) 

showed significant down-regulation (p < 0.01) in Alk-1 m-RNA expression in 

PA. Whereas INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 

mg/kg) treatment significantly and dose-dependently down-regulated (p < 0.05 

and p < 0.01) Alk-1 m-RNA expression in PA as compared to MCT control rats. 

VEGF m-RNA expression in PA was significantly and dose-dependently 

down-regulated (p < 0.01 and p < 0.001) by INDUS830 (20 and 40 mg/kg) 

administration. Whereas INDUS83020 (12 mg/kg) treatment showed 

significant down-regulation (p < 0.05) in VEGF m-RNA expression and 

INDUS83030 (8 and 16 mg/kg) treatment showed significant down-regulation 

(p < 0.01) in VEGF m-RNA expression There was significant down-regulation (p 

< 0.01 and p < 0.001) in RV VEGF m-RNA expression by bosentan (300 mg/kg) 

as well as sildenafil (25 mg/kg) treatment as compared to MCT control rats. 

There was significant down-regulation (p < 0.001) in the PA Kv1.5 m-RNA 

expression of MCT control group as compared to normal group. Treatment with 

INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (16 mg/kg) significantly up-regulated (p < 0.01) PA Kv1.5 m-RNA 

expression as compared to MCT control rats. (Figure 7.42, 7.4 and 7.44)  
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Figure 7.42. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery BMP-2 (A) and BMP-4 

(B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as 

compared with normal group and *p < 0.05 as compared with MCT control group. 

MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.43. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Alk-1 (A) and VEGF (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.44. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Kv1.5 (A) and Kv2.1 (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and **p < 0.01, ***p < 0.001 as compared with MCT 

control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.16. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery PCNA, ET-1, TGF-β, and 

NF-kB mRNA expressions in rats: 

Pulmonary artery PCNA, ET-1, TGF-β and NF-kB m-RNA expression was 

significantly up-regulated (p < 0.001) in the MCT control rats as compared to 

the normal group.  

When compared with MCT control rats, sildenafil (25 mg/kg) treated rats 

showed significant down-regulation (p < 0.01) in PA PCNA m-RNA expression. 

When compared with MCT control group, the pulmonary artery ET-1 m-

RNA expression was significantly down-regulated (p < 0.001) by bosentan (300 

mg/kg) treatment.  

Administration of INDUS830 (20 and 40 mg/kg), bosentan (300 mg/kg) 

and sildenafil (25 mg/kg) significantly down-regulated (p < 0.001) TGF-β m-

RNA expression as compared to MCT control group. Administration of 

INDUS83020 (6 and 12 mg/kg) significantly down-regulated (p < 0.05) TGF-β 

m-RNA expression whereas INDUS83030 (8 and 16 mg/kg) treatment also 

significantly and dose-dependently down-regulated (p < 0.05 and p < 0.01) 

TGF-β m-RNA expression in PA as compared to MCT control group.  

Up-regulated NF-kB m-RNA expression in PA after subcutaneous MCT 

administration was significantly and dose-dependently (p < 0.01 and p < 0.001) 

inhibit by INDUS830 (20 and 40 mg/kg) and INDUS83020 (6 and 12 mg/kg) 

treatment as compared to MCT control rats. Whereas INDUS83030 (8 and 16 

mg/kg) treatment also significantly and dose-dependently down-regulated (p < 

0.05 and p < 0.01) NF-kB m-RNA expression in PA as compared to MCT control 

group. When compared with MCT control rats, sildenafil (25 mg/kg) and 

bosentan (300 mg/kg) treated rats showed significant down-regulation (p < 

0.01 and p < 0.001) in PA NF-kB m-RNA expression. (Figure 7.44 and 7.46)  
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Figure 7.45. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery PCNA (A) and ET-1 (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and **p < 0.01, ***p < 0.001 as compared with MCT 

control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 

 



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 251 

 

Figure 7.46. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery TGF-β (A) and NF-kB (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.17. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Bax, Bcl-2, Caspase-3, p-

Smad-3, Smad-1 and Smad-4 mRNA expressions in rats: 

There was significant down-regulation (p < 0.001) in pulmonary artery 

Bcl-2, Smad-1 and Smad-4 m-RNA expression whereas significant up-

regulation in pulmonary artery Bax, Caspase-3 and p-Smad-3 m-RNA 

expression of MCT control group as compared to the normal group.  

INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) and 

INDUS83030 (8 and 16 mg/kg) treatment significantly down-regulated (p < 

0.001) pulmonary artery Bax m-RNA expression as compared to MCT control 

rats. Bosentan (300 mg/kg) and Sildenafil (25 mg/kg) treatment also 

significantly inhibited (p < 0.001) the MCT-induced up-regulated pulmonary 

artery Bax m-RNA expression as compared to MCT control group. 

Treatment with INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently up-regulated (p < 0.01 and p < 0.001) pulmonary artery Bcl-2 m-

RNA expression as compared to MCT control group. Whereas INDUS83030 (8 

and 16 mg/kg) treatment significantly and dose-dependently (p < 0.05 and p < 

0.01) inhibited MCT-induced down-regulated pulmonary artery Bcl-2 m-RNA 

expression as compared to MCT control rats. INDUS83020 (6 and 12 mg/kg), 

bosentan (300 mg/kg) and sildenafil (25 mg/kg) treatment significantly 

inhibited (p < 0.001) the MCT-induced down-regulated (p < 0.001) pulmonary 

artery Bcl-2 m-RNA expression as compared to MCT control group. 

Administration of INDUS830 (20 and 40 mg/kg) as well as INDUS83020 

(6 and 12 mg/kg) significantly and dose-dependently down-regulated (p < 0.01 

and p < 0.001) pulmonary artery caspase-3 m-RNA expression as compared to 

MCT control rats. INDUS83030 (8 and 16 mg/kg) treatment also significantly 

and dose-dependently down-regulated (p < 0.05 and p < 0.01) pulmonary artery 

caspase-3 m-RNA expression as compared to MCT control rats. When 
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compared with MCT control rats, Bosentan (300 mg/kg) as well as sildenafil 

(25 mg/kg) also showed significant inhibition (p < 0.001) in MCT-induced up-

regulation in caspase-3 m-RNA expression in pulmonary artery as compared to 

MCT control rats. 

MCT-induced up-regulated pulmonary artery p-Smad-3 m-RNA 

expression was significantly down-regulated (p < 0.01) by INDUS830 (20 and 

40 mg/kg) treatment when compared with MCT control rats. Whereas there 

was significant down-regulation (p < 0.001) in p-Smad-3 m-RNA expression in 

INDUS83020 (6 and 12 mg/kg) treated rats as compared to MCT control rats. 

INDUS83030 (8 and 16 mg/kg) treatment showed significant and dose 

dependent down-regulation in p-Smad-3 m-RNA expression as compared to 

MCT control rats.  

Treatment with INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently inhibited (p < 0.05 and p < 0.001) MCT-induced down-regulated 

pulmonary arterial Smad-1 and Smad-4 m-RNA expression as compared to 

MCT control rats. INDUS83020 (6 and 12 mg/kg) treatment showed significant 

up-regulation (p < 0.001) in pulmonary arterial Smad-1 m-RNA expression as 

compared to MCT control rats. Whereas INDUS83030 (8 and 16 mg/kg) 

treatment showed significant and dose dependent (p < 0.05 and p < 0.01) up-

regulation in Smad-1 m-RNA expression as compared to MCT control rats.  

INDUS83020 (6 and 12 mg/kg) treatment showed significant and dose 

dependant up-regulation (p < 0.01 and p < 0.001) in pulmonary arterial Smad-

4 m-RNA expression as compared to MCT control rats. Whereas INDUS83030 

(8 and 16 mg/kg) treatment showed significant (p < 0.01) up-regulation in 

Smad-4 m-RNA expression as compared to MCT control rats. (Figure 7.47, 

Figure 7.48 and Figure 7.49) 
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Figure 7.47. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Bax (A) and Bcl-2 (B) 

mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 255 

 

Figure 7.48. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Caspase-3 (A) and p-

Smad-3 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.49. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in pulmonary artery Smad-1 (A) and Smad-4 

(B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.18. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung TNF-α, IL-1β, IL-6 and NF-kB mRNA 

expressions in rats: 

There was significant up-regulation (p < 0.001) in lung TNF-α, IL-1β and 

NF-kB m-RNA expression whereas lung IL-6 m-RNA expression was significant 

up-regulation (p < 0.01) in MCT control group as compared to normal group. 

Administration of INDUS830 (20 and 40 mg/kg) significantly down-

regulated (p < 0.01) lung TNF-α m-RNA expression as compared to MCT control 

rats. There was significant down-regulation (p < 0.001 and p < 0.01) in lung 

TNF-α m-RNA expression by bosentan (300 mg/kg) and sildenafil (25 mg/kg) 

treatment as compared to MCT control rats. Treatment with INDUS83020 (12 

mg/kg) and INDUS83030 (16 mg/kg) showed significant down-regulation (p < 

0.05) in lung TNF-α m-RNA expression when compared with MCT control rats. 

MCT-induced up-regulated lung IL-1β m-RNA expression was 

significantly down-regulated (p < 0.001) by INDUS830 (20 and 40 mg/kg), 

bosentan (300 mg/kg) and sildenafil (25 mg/kg) treatment when compared 

with MCT control rats. INDUS83020 (12 mg/kg) treatment showed significant 

down-regulation (p < 0.01) in lung IL-1β m-RNA expression when compared 

with MCT control rats. There was significant and dose dependent (p < 0.05 and 

p < 0.01) down-regulation in lung IL-1β m-RNA expression by INDUS83030 (8 

and 16 mg/kg) treatment. 

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 

16 mg/kg) showed significant and dose dependant (p < 0.05 and p < 0.01) 

down-regulation in lung IL-6 m-RNA expression m-RNA expression as 

compared to MCT control group. INDUS83020 (12 mg/kg) treatment showed 

significant down-regulation (p < 0.05) in lung IL-6 m-RNA expression when 

compared with MCT control rats. Bosentan (300 mg/kg) and sildenafil (25 
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mg/kg) treated group also showed significant down-regulation (p < 0.05 and p 

< 0.01) in IL-6 m-RNA expression in lung as compared to MCT control group. 

However, INDUS830 (20 and 40 mg/kg) treatment showed significant 

and dose dependant down-regulation (p < 0.05 and p < 0.001) in lung NF-kB 

m-RNA expression as compared to MCT control rats. INDUS83020 (12 mg/kg) 

treatment showed significant inhibition (p < 0.05) in MCT-induced up-regulated 

lung NF-kB m-RNA expression as compared to MCT control group. There was 

significant down-regulation (p < 0.01) in lung NF-kB m-RNA expression by 

bosentan (300 mg/kg) as well as sildenafil (25 mg/kg) treatment as compared 

to MCT control group. (Figure 7.50 and Figure 7.51) 
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Figure 7.50. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung TNF-α (A) and IL-1β (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.51. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung IL-6 (A) and NF-kB (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as 

compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- 

Sildenafil. (n=4) 
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7.5.19. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung Nrf2 mRNA expressions in rats: 

There was significant down-regulation (p < 0.001) in the lung Nrf2 m-

RNA expression of MCT control group as compared to normal group. Treatment 

with INDUS830 (40 mg/kg), bosentan (300 mg/kg) and sildenafil (25 mg/kg) 

significantly up-regulated (p < 0.01) lung Nrf2 m-RNA expression as compared 

to MCT control rats. The lung Nrf2 m-RNA expression was significantly and 

dose-dependently up-regulated (p < 0.05 and p < 0.01) in INDUS83030 (8 and 

16 mg/kg) treated group as compared to MCT control group. (Figure 7.52) 

 

Figure 7.52. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung Nrf2 mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01 as compared with MCT control 

group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.20. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung ET-1, HIF-1α eNOs and iNOs mRNA 

expressions in rats: 

There was significant up-regulation (p < 0.01) in the lung ET-1 and iNOs 

m-RNA expression whereas HIF-1α m-RNA expression was up-regulated 

significantly (p < 0.001) in MCT control group as compared to normal group. 

Lung eNOs m-RNA expression was significantly down-regulated (p < 0.01) in 

the MCT control rats as compared to normal group.  

Administration of bosentan (300 mg/kg) significantly down-regulated (p < 

0.05) lung ET-1 m-RNA expression as compared to MCT control rats. 

Treatment with INDUS830 (20 and 40 mg/kg) as well as INDUS83030 (8 

and 16 mg/kg) significantly and dose-dependently down-regulated (p < 0.01 

and p < 0.001) lung HIF-1α m-RNA expression as compared to MCT control 

rats. INDUS83020 (6 and 12 mg/kg) treatment showed significant down-

regulation (p < 0.05) in lung HIF-1α m-RNA expression as compared to MCT 

control rats. The up-regulated lung HIF-1α m-RNA expression was also 

significantly down-regulated (p < 0.001) in Bosentan (300 mg/kg) and sildenafil 

(25 mg/kg) treated group as compared to MCT control group.  

Administration of sildenafil (25 mg/kg) and INDUS83030 (8 and 16 

mg/kg) significantly up-regulated (p < 0.05) lung eNOs m-RNA expression as 

compared to MCT control group.  

The up-regulated lung iNOs m-RNA expression was did not significantly 

altered by bosentan (300 mg/kg) as well as INDUS830 (20 and 40 mg/kg), 

INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) treated 

group. However, sildenafil (25 mg/kg) showed significantly down-regulation (p 

< 0.05) in the lung iNOs m-RNA expression as compared to MCT control group. 

(Figure 7.53 and Figure 7.54) 
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Figure 7.53. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung ET-1 (A) and HIF-1α (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as 

compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- 

Sildenafil. (n=4) 
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Figure 7.54. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung eNOs (A) and iNOs (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as 

compared with normal group and *p < 0.05 as compared with MCT control group. 

MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.21. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung BMP-2, BMP-4, Alk-1, and collagen-1 

mRNA expressions in rats: 

Lung BMP-2 and BMP-4 m-RNA expression was significantly down-

regulated (p < 0.001 and p < 0.01) whereas lung Alk-1 and Collagen-1 m-RNA 

expression was up-regulated significantly (p < 0.001 and p < 0.01) in the MCT 

control rats as compared to normal group.  

Administration of INDUS830 (20 and 40 mg/kg) significantly and dose 

dependant up-regulated (p < 0.05 and p < 0.01) lung BMP-2 m-RNA expression 

as compared to MCT control group. The down-regulated lung BMP-2 m-RNA 

expression was significantly (p < 0.05) up-regulated by INDUS83030 (8 and 16 

mg/kg) treatment as compared to MCT control group.  

The 28 day treatment with INDUS830 (20 and 40 mg/kg), INDUS83020 

(6 and 12 mg/kg), INDUS83030 (8 and 16 mg/kg), bosentan (300 mg/kg) and 

sildenafil (25 mg/kg) failed to produce any significantly up-regulation lung 

BMP-4 m-RNA expression as compared to MCT control group. 

Administration of INDUS830 (20 and 40 mg/kg) significantly down-

regulated (p < 0.05) lung Alk-1 m-RNA expression as compared to MCT control 

rats. INDUS83030 (16 mg/kg) treatment showed significant (p < 0.01) down-

regulation in lung Alk-1 m-RNA expression as compared to MCT control rats.  

The up-regulated lung Collagen-1 m-RNA expression was significantly 

down-regulated (p < 0.05) by INDUS830 (40 mg/kg) as compared to MCT 

control rats. Treatment with Bosentan (300 mg/kg) as well as sildenafil (25 

mg/kg) also showed significant down-regulation (p < 0.05) in lung Collagen-1 

m-RNA expression as compared to MCT control rats. However, when compared 

with MCT control rats, INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 

16 mg/kg) failed to produce any significant down-regulation in lung Collagen-1 

m-RNA expression. (Figure 7.55 and Figure 7.56) 
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Figure 7.55. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung BMP-2 (A) and BMP-4 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and *p < 0.05, **p < 0.01 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.56. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung Alk-1 (A) and collagen-1 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 

0.001 as compared with normal group and *p < 0.05, **p < 0.01 as compared with 

MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.22. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung p-Smad-3, Smad-1, Smad-4 and TGF-β 

mRNA expressions in rats: 

There was significant up-regulation (p < 0.001) in lung p-Smad-3 and 

TGF-β m-RNA expression of MCT control group as compared to normal group.  

Administration of INDUS830 (20 and 40 mg/kg) showed significant 

down-regulation (p < 0.05) in lung p-Smad-3 m-RNA expression as compared to 

MCT control rats. INDUS83030 (16 mg/kg) showed significant down-regulation 

(p < 0.01) in p-Smad-3 m-RNA expression when compared with MCT control 

rats. 

Treatment with INDUS830 (40 mg/kg) significantly inhibited (p < 0.05) 

MCT-induced up-regulated lung TGF-β m-RNA expression as compared to MCT 

control rats. The up-regulated lung TGF-β m-RNA expression also down-

regulated significantly (p < 0.01) in bosentan (300 mg/kg) and sildenafil (25 

mg/kg) treated group as compared to MCT control rats.  

There was significant down-regulation (p < 0.05 and p < 0.01) in lung 

Smad-1 and Smad-4 m-RNA expression in MCT control group as compared to 

normal group. Treatment with INDUS830 (40 mg/kg) significantly inhibited (p 

< 0.05) MCT-induced down-regulated lung Smad-1 and Smad-4 m-RNA 

expression as compared to MCT control rats. However, the down-regulated lung 

Smad-4 m-RNA expression was significantly up-regulated (p < 0.05) by 

INDUS83030 (16 mg/kg) treatment when compared with MCT control rats. 

INDUS83020 (6 and 12 mg/kg), bosentan (300 mg/kg) and sildenafil (25 

mg/kg) treatment failed to produce any significant up-regulation in lung Smad-

1 and Smad-4 m-RNA expression when compared with MCT control rats. 

(Figure 7.57 and Figure 7.58) 
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Figure 7.57. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung p-Smad-3 (A) and TGF-β (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01 as compared with MCT control 

group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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Figure 7.58. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in lung Smad-1 (A) and Smad-1 (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. #p < 0.05, ##p < 

0.01 as compared with normal group and *p < 0.05 as compared with MCT control 

group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=4) 
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7.5.23. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-

induced alteration in right ventricle (RV) histology of rats: 

The myocardial tissues from normal rats did not show any abnormalities. 

It is devoid of inflammation, nuclear pyknosis, cytoplasmic vacuolization, and 

cytoplasmic eosinophilia. RV from normal rats exhibited normal organization 

and configuration myocytes (Figure 7.59.A).  

However, subcutaneous administration of MCT caused focal myocyte 

necrosis and mononuclear leukocyte infiltration in RV. It also showed 

disorganized arrangement with no well-defined boundaries, vascular 

congestion, cytoplasmic vacuoles and cytoplasmic eosinophilia in myocardial 

cells (Figure 7.59.B).  

RV from INDUS830 (20 and 40 mg/kg), INDUS83020 (6 and 12 mg/kg) 

and INDUS83030 (8 and 16 mg/kg) treated rats showed remarkably improved 

histological changes in the RV tissue induced after MCT.  

RV from INDUS830 (20 and 40 mg/kg) treated rats showed reduced 

myocardial necrosis, diminished the extent of inflammation and nuclear 

pyknosis (Figure 7.59.E and Figure 7.59.F, resp.).  

RV from INDUS83020 (6 and 12 mg/kg) treated rats showed moderate 

inflammation and nuclear pyknosis. However, it showed the presence of 

myocardial necrosis up to some extent (Figure 7.59.G and 7.59.H, resp.). 

RV from INDUS83030 (8 and 16 mg/kg) treated rats showed mild 

inflammation and nuclear pyknosis. However, it showed the presence of 

myocardial necrosis up to some extent (Figure 7.59.I and Figure 7.59.J, resp.). 

RV from bosentan (300 mg/kg) and sildenafil (25 mg/kg) treated rats 

showed decreased loss of myocardial fibers, myocardial hypertrophy and 

cytoplasmic eosinophilia as compared to MCT control group (Figure 7.59.C and 

Figure 7.59.D, resp.). (Table 7.35) 
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Figure 7.60.A showed the normal architecture of the RV from normal rats 

without any fibrotic changes after Masson's trichrome stain. The 

photomicrographs of MCT control group rat right ventricle showed massive 

fibrosis of RV muscle fibers indicated by blue color with Masson's trichrome 

dye along with focal mass and fragmentation. It showed a severe grade of 

interstitial and perivascular fibrosis (Figure 7.60.B).  

Microscopic evaluation of RV from INDUS830 (20 mg/kg) treated animals 

showed the distorted architecture of RV cardiac cells in myocardial bundles 

tissue which was associated with mild fibrosis and collagen deposition (Figure 

7.60.E). RV from INDUS830 (40 mg/kg) treated rats showed decreased fibrosis 

and no collagen deposition. It remarkably improved the myocardial architecture 

and fibrosis when compared with RV of MCT control rats (Figure 7.60.F). 

However, INDUS830 (20 mg/kg) treatment failed to maintain the myocardial 

architecture of RV (Figure 7.60.E). 

Whereas RV from INDUS83020 (6 mg/kg) treated animals showed the 

distorted architecture of RV cardiac cells in myocardial bundles tissue which 

was associated with marked fibrosis and collagen deposition (Figure 7.60.G). 

RV from INDUS83020 (12 mg/kg) treated rats showed decreased fibrosis and 

no collagen deposition. It remarkably improved the myocardial architecture and 

fibrosis when compared with RV of MCT control rats (Figure 7.60.H). 

RV from INDUS83030 (8 and 16 mg/kg) treated rats showed the 

presence of moderate fibrosis and collagen deposition. It myocardial 

architecture was improved up to some extent (Figure 7.60.I and Figure 7.60.J). 

Light microscopic evaluation of the RV section in bosentan (300 mg/kg) 

and the sildenafil (25 mg/kg) treatment group showed decreased interstitial 

and perivascular fibrosis (Figure 7.60.C and Figure 7.60.D). Bosentan (300 

mg/kg) treatment is more effectively improved the histological changes i.e. 

interstitial and perivascular fibrosis. (Table 7.35) 
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Figure 7.59. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in right 

ventricle (RV) histology (H&E stain) of rats.  

Photomicrograph of sections of RV of Normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil (25 mg/kg) (D), 

INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (6 mg/kg) (G), INDUS83020 (12 mg/kg) (H), 

INDUS83030 (8 mg/kg) (I) and INDUS83030 (16 mg/kg) (J) treated rats. RV H&E staining at 100 X with inset at 400 X. 
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Figure 7.60. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in right 

ventricle (RV) histology (Masson’s trichrome stain) of rats.  

Photomicrograph of sections of RV of Normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil (25 mg/kg) (D), 

INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (6 mg/kg) (G), INDUS83020 (12 mg/kg) (H), 

INDUS83030 (8 mg/kg) (I) and INDUS83030 (16 mg/kg) (J) treated rats. RV Masson’s trichrome staining at 400 X. 
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Table 7.35. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in right 

ventricle (RV) histology of rats 

Treatment 

Infla-

mmatory 

infiltration 

Pyknosis 
vacu-

olization 
Oedema Necrosis Congestion 

Inter-

stitial 

fibrosis 

Peri-

vascular 

fibrosis 

Necrosis 

Normal 0 0 0 + 0 0 0 0 0 

MCT control ++++ +++ +++ +++ ++++ +++ ++++ ++++ ++++ 

BOS (300) + + 0 + + + + + + 

Slid (25) + + + 0 ++ + ++ + ++ 

INDUS830 (20) +++ ++ ++ ++ ++ ++ ++ ++ ++ 

INDUS830 (40) + ++ + 0 + ++ + ++ + 

INDUS83020 

(6) 
++ ++ ++ ++ ++ ++ +++ +++ ++ 

INDUS83020 

(12) 
+ ++ + + ++ ++ + + + 

INDUS83030 

(8) 
+ ++ ++ + ++ ++ +++ +++ ++ 

INDUS83030 

(16) 
+ + + + + + +++ ++ + 

MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.5.24. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in pulmonary artery histology of rats: 

Histological evaluation of pulmonary artery from the normal group 

showed the endothelial, tunica media, and tunica adventitia layers were in 

normal aspect. The endothelium was intact, no medial hypertrophy and medial 

vacuolization. There was no disintegration in endothelial cells (Figure 7.61.A). 

The pulmonary artery from MCT control group showed hypertrophy and 

vacuolization in the muscle cells of the pulmonary artery. Endothelial cells 

were disintegrated. Reduction of the lumen and periadventitial edema with 

macrophage infiltration were observed. There are thickening of alveolar septa 

with fibrosis and alveolar macrophage infiltration with an increase in 

surrounding extracellular matrix in lung treated with MCT. Vessels were 

surrounded by inflammatory infiltrates and edema. Bronchiole and vein did not 

appear to be affected by MCT treatment (Figure 7.61.B).  

The pulmonary artery area, pulmonary artery thickness, percent wall 

thickness and percent wall area were increased significantly (p < 0.001) in the 

MCT control group as compared to the normal group. (Table 7.36) 

The structure of pulmonary artery in the INDUS830 (20 and 40 mg/kg) 

treated group was normal; there was no disintegration in the endothelial cells, 

and the tunica media and tunica adventitia layers were in normal aspect. 

However, it showed with the presence of a few inflammatory cells in the 

alveolar septa and moderate congestion of the small caliber arteries (Figure 

7.61.E and Figure 7.61.F, resp.). 

MCT-induced increase in pulmonary artery area, pulmonary artery 

thickness, percent wall thickness and percent wall area were significantly 

decreased (p < 0.001) by 28-day treatment with INDUS830 (20 and 40 mg/kg) 

as compared to MCT control rats. (Table 7.36) 
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The structure of pulmonary artery in the INDUS83020 (6 and 12 mg/kg) 

and INDUS83030 (8 and 16 mg/kg) treated group showed reduced thickness of 

pulmonary artery (Figure 7.61.G, Figure 7.61.H, Figure 7.61.I and Figure 

7.61.J, resp.). However, INDUS83020 (6 and 12 mg/kg) treated group showed 

the presence of moderate inflammatory cells. There was no disintegration in the 

endothelial cells, and the tunica media and tunica adventitia layers were in 

normal aspect (Figure 7.61.G and Figure 7.61.H, resp.). 

Administration of INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 

and 16 mg/kg) significantly decreased (p < 0.001) pulmonary artery area, 

pulmonary artery thickness, percent wall thickness and percent wall area of 

pulmonary artery as compared to MCT control group. (Table 7.36) 

In the bosentan (300 mg/kg) and sildenafil (25 mg/kg) treated group, the 

endothelium was intact, and medial hypertrophy and medial vacuolization was 

reduced. The structure of pulmonary arteries was uniform, and endothelial 

cells were intact. The number of inflammatory cells and the thickness of the 

alveolar septa are markedly reduced. Moreover, the organization of the elastic 

lamina was homogeneous, and medial muscle mass was not hypertrophied 

(Figure 7.61.C and Figure 7.61.D, resp.).  

When compared with MCT control rats, pulmonary artery area, 

pulmonary artery thickness, percent wall thickness and percent wall area were 

significantly decreased (p < 0.001) in bosentan (300 mg/kg) as well as sildenafil 

(25 mg/kg) treatment group after 28 days. (Table 7.36) 
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Figure 7.61. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in pulmonary 

artery histology (H&E stain) of rats.  

Photomicrograph of sections of pulmonary artery of Normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil 

(25 mg/kg) (D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (6 mg/kg) (G), INDUS83020 (12 

mg/kg) (H), INDUS83030 (8 mg/kg) (I) and INDUS83030 (16 mg/kg) (J) treated rats. Pulmonary artery H&E staining at 

100 X with inset at 400 X. 
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Table 7.36. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-induced alteration in 

pulmonary artery histology of rats 

Treatment Area of 

PA (µm2) 

Mean 

thickness 
of PA (µm) 

Wall 

thickness 
of PA (%) 

Wall 

area of 
PA (%) 

Medial 

hyper-
trophy 

Medial 

vacuoli-
zation 

Medial 

thickening 

Endothelial 

cells 
disintegration 

Normal 3556 ± 

119.2 

14.49 ± 

0.48 

31.28 ± 

1.23 

52.74 ± 

1.68 
0 + 0 0 

MCT control 7494 ± 

90.09### 

43.00 ± 

0.62### 

87.28 ± 

0.89### 

98.37 ± 

0.23### 
++++ ++++ ++++ ++++ 

BOS (300) 4814 ± 

443.3*** 

20.73 ± 

2.05*** 

43.64 ± 

3.57*** 

67.97 ± 

3.94*** 
0 + + 0 

Slid (25) 4723 ± 

471.8*** 

20.45 ± 

2.30*** 

43.29 ± 

4.26*** 

67.48 ± 

4.82*** 
0 + + 0 

INDUS830 (20) 5418 ± 

238.1*** 

24.16 ± 

1.28*** 

50.53 ± 

2.71*** 

75.38 ± 

2.61*** 
++ ++ + 0 

INDUS830 (40) 4634 ± 

414.0*** 

20.22 ± 

2.00*** 

43.22 ± 

3.73*** 

67.49 ± 

4.26*** 
0 + + 0 

INDUS83020 (6) 5258 ± 
290.1*** 

23.12 ± 
1.46*** 

48.35 ± 
2.99*** 

73.14 ± 
3.07*** 

++ ++ + + 

INDUS83020 (12) 4657 ± 

397.7*** 

20.16 ± 

1.63*** 

42.93 ± 

2.58*** 

67.30 ± 

2.94*** 
0 + + 0 

INDUS83030 (8) 5926 ± 
346.7* 

27.77 ± 
2.34*** 

57.80 ± 
4.63*** 

81.76 ± 
3.91** 

++ ++ + + 

INDUS83030 (16) 4584 ± 

267.2*** 

19.82 ± 

1.48*** 

42.30 ± 

3.12*** 

66.51 ± 

3.55*** 
0 + + 0 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group and *p 

< 0.05, ***p < 0.001 as compared with MCT control group. MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. (n=3) 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.5.25. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in lung histology of rats: 

Histological analysis of lungs tissue from normal group revealed normal 

morphologies with thin-lined alveolar septa with well-organized alveolar space 

(Figure 7.62.A and Figure 7.63.A).  

Microscopic evaluation of lungs from MCT-treated rats revealed 

hemorrhages and congestion, along with collagen deposition as compared with 

normal rats. It also showed diffuse alveolar damage, alveolar exudates, 

interstitial edema with thickening of the alveolar septae, perivascular edema, 

and inflammatory cellular infiltrates (Figure 7.62.B).  

Lung tissue from rats treated with INDUS830 (20 and 40 mg/kg) showed 

moderate congestion and oedema of inter-alveolar spaces, fibrosis observed in 

thickened alveolar septa with inflammatory infiltration (Figure 7.62.E & Figure 

7.62.F, resp.).  

Histological analysis of lung tissue from INDUS83020 (6 mg/kg) and 

INDUS83030 (8 mg/kg) showed the presence of fibrotic foci with cellular 

inflammatory infiltrates, severe epithelial degeneration, oedema, vascular 

congestion and disturbance of alveolar structure (Figure 7.62.G and Figure 

7.62.H).  

Lung tissue from rats treated with INDUS83020 (12 mg/kg) and 

INDUS83030 (16 mg/kg) had a marked decrease in the incidences and 

severities of perivascular fibrosis and severities of alveolar inflammation. 

Presence of moderate perivascular inflammation was seen in the lung of rats 

treated with INDUS83020 (12 mg/kg) (Figure 7.62.I and Figure 7.62.J).  

Lung tissue from bosentan (300 mg/kg) and sildenafil (25 mg/kg) treated 

group had a marked decrease in the severities of hemorrhages and congestion 

as compared with MCT-treated rats. It also showed decrease alveolar and 
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perivascular inflammation and edema, perivascular fibrosis (Figure 7.62.C and 

Figure 7.62.D, resp.). 

Histopathological analysis of MCT control lung revealed severe congestion 

and oedema of inter-alveolar spaces, fibrosis observed in thickened alveolar 

septa by Masson's trichrome stain which was accompanied by infiltrates of 

inflammatory cells. Lung structure was disordered, alveolar space was 

narrowed or occluded, and the number of alveoli was reduced. The high 

amount of collagen formation was evident in MCT control lung which is 

indicated by higher assigned values for Ashcroft Score (Figure 7.63.B).  

Lung tissue from rats treated with INDUS830 (20 and 40 mg/kg) had a 

marked decrease in the incidences and severities of perivascular fibrosis, 

severities of alveolar inflammation and septal remodeling. Perivascular 

inflammation and oedema were also clearly reduced in rats treated with 

INDUS830 (40 mg/kg) (Figure 7.63.E and Figure 7.63.F, resp.).  

INDUS83020 (6 and 12 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

treatment had no protective effect against MCT-induced lung fibrosis revealed 

by the presence of high amount of collagen formation. Intraalveolar 

hemorrhage and macrophages were also found in it. It also showed moderate 

congestion and oedema of inter-alveolar spaces, fibrosis observed in thickened 

alveolar septa with inflammatory infiltration (Figure 7.63.G, Figure 7.63.H, 

Figure 7.63.I and Figure 7.63.J, resp.). 

Treatment of bosentan (300 mg/kg) and sildenafil (25 mg/kg) markedly 

reduced fibrosis and lung injury (Figure C & D, resp.). Bosentan (300 mg/kg) 

showed presence mild inflammatory infiltrates and vascular congestion in its 

structure (Figure 7.63.C and Figure 7.63.D, resp.). (Table 7.37) 
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Figure 7.62. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in lung (H&E 

stain) of rats.  

Photomicrograph of sections of lung of Normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil (25 mg/kg) (D), 

INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (6 mg/kg) (G), INDUS83020 (12 mg/kg) (H), 

INDUS83030 (8 mg/kg) (I) and INDUS83030 (16 mg/kg) (J) treated rats. Lung H&E staining at 400 X. 
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Figure 7.63. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in lung 

(Masson’s trichrome stain) of rats.  

Photomicrograph of sections of lung of Normal (A), MCT control (B), Bosentan (300 mg/kg) (C), Sildenafil (25 mg/kg) (D), 

INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83020 (6 mg/kg) (G), INDUS83020 (12 mg/kg) (H), 

INDUS83030 (8 mg/kg) (I) and INDUS83030 (16 mg/kg) (J) treated rats. Lung Masson’s trichrome staining at 100 X. 
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Table 7.37. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in lung 

histology of rats 

Treatment 
Alveolar 

fibrosis 

Peri-

bronchial 

fibrosis 

Inter-

stitial 

fibrosis 

Edema 
Conge

stion 

Infla-

mmatory 

infiltration 

Epithelial 

degeneration 

Lung 

oedema 

Ashcroft 

Score 

Normal 0 0 0 0 0 0 0 0 0 

MCT control +++ +++ +++ ++ +++ +++ +++ ++ 5 

BOS (300) ++ ++ + + + + + 0 3 

Slid (25) ++ ++ + ++ + ++ + 0 3 

INDUS830 (20) ++ ++ ++ ++ ++ ++ ++ 0 4 

INDUS830 (40) ++ ++ ++ + + ++ + 0 3 

INDUS83020 (6) +++ +++ +++ ++ ++ +++ ++ ++ 5 

INDUS83020 (12) +++ +++ +++ + ++ ++ + + 5 

INDUS83030 (8) +++ +++ +++ ++ ++ +++ +++ ++ 5 

INDUS83030 (16) +++ +++ +++ + ++ ++ ++ + 5 

MCT- Monocrotaline, BOS-Bosentan, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.5.26. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in right ventricular ultrastructural changes of 

rats: 

TEM analysis of RV from normal rats showed the well-organized 

cardiomyocytes with normal vascular endothelial cells (VECs) were flat and 

thin with normal morphology, inner elastic layer thickness was even, and 

smooth muscle cells were in uniform shape. The mitochondrial structures were 

normal (Figure 7.64.A). It showed evidence of few inflammatory cells.  

Subcutaneous administration of MCT caused swelling and degeneration 

of VECs, hypertrophy of smooth muscle cells and dilatation of blood vessels. It 

showed hyperplasic and shrunken mitochondria with abundance presence of 

rough endoplasmic reticulum. It is also evident in the presence of fibrosis. 

Other ultrastructural changes including cytoplasmic and nuclear 

condensation, decreased numbers of organelles and granules. Endothelial 

cellular debris was also found. The nucleus was elongated, and intercalated 

discs were thickened. The connectivity of myofibrils was lost (Figure 7.64.B). 

The reconstruction of myofibrils were appeared in the myocardium of 

INDUS830 (20 and 40 mg/kg) treated rats. It also showed the presence of 

functional nucleus with normal mitochondrial structures. The discontinuity in 

myofibroblast was reduced. Size and shape of the nucleus were normal. There 

was a reduction in smooth muscle cells hypertrophy (Figure 7.64.E and Figure 

7.64.F, resp.). 

Administration of INDUS83020 (6 mg/kg) showed discontinuity in 

myofibroblast. Size and shape of the nucleus were changed (Figure 7.64.G).  

Ultra-structure of RV from INDUS83020 (12 mg/kg) treated rats showed 

organized cardiomyocytes with flat and thin VECs were, inner elastic layer 

thickness was even, and smooth muscle cells were in uniform shape (Figure 

7.64.H). 
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The reconstruction of myofibrils were appeared in the myocardium of 

INDUS83030 (8 and 16 mg/kg) treated rats. It also showed the presence of 

functional nucleus with normal mitochondrial structures (Figure 7.64.I and 

Figure 7.64.J, resp.). 

The destruction of ultrastructure to RV was reduced by bosentan (300 

mg/kg) and sildenafil (25 mg/kg) treatment (Figure 7.64.C and Figure 7.64.D, 

resp.). It showed well-organized cardiomyocytes with normal vascular 

endothelial cells with normal morphology; smooth muscle cells were in uniform 

shape. The mitochondrial structures were normal. However, the presence of 

few inflammatory cells. 
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Figure 7.64. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in right 

ventricular ultrastructural changes of rats.  

Photomicrographs of RV from representative animals, Normal (at 3860 X) (A), MCT control (at 11580 X) (B), Bosentan 

(300 mg/kg) (at 5790 X) (C), Sildenafil (25 mg/kg) (at 7720 X) (D), INDUS830 (20 mg/kg) (at 7720 X) (E), INDUS830 (40 

mg/kg) (at 6755 X) (F), INDUS83020 (6 mg/kg) (at 7720 X) (G), INDUS83020 (12 mg/kg) (at 6755 X) (H), INDUS83030 

(8 mg/kg) (at 7720 X) (I) and INDUS83030 (16 mg/kg) (at 6755 X) (J) treated rats. 
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7.5.27. Effect of INDUS830, INDUS83020, and INDUS83030 on MCT-

induced alteration in pulmonary artery ultrastructural changes of 

rats: 

Figure 7.65.A depicted the normal ultrastructural of pulmonary 

endothelial cells. Their cells were flat with the normal basement membrane, 

nucleus was functional, and the mitochondrial structures were normal. It 

showed the presence of tight junction between two endothelial cells. 

Transmission electron microscopy of the pulmonary artery revealed 

abnormalities in the MCT control group. These included such as increased 

mitochondrial density, swelling and vacuolization with sarcoplasmic reticulum 

(Figure 7.65.B). It also showed the presence of alveoli lumen. The endothelial 

cells appeared swollen, and its basement membrane was irregular. The red 

arrows indicate the increased gap junction between two endothelial cells.  

However, administration of INDUS830 (20 and 40 mg/kg) and 

INDUS83020 (6 and 12 mg/kg) treatment ameliorate the MCT-induced 

ultrastructural aberration in the pulmonary artery. The pulmonary endothelial 

cells were flat with the normal basement membrane. The junction between two 

endothelial cells were tight (Figure 7.65.E, Figure 7.65.F, Figure 7.65.G and 

Figure 7.65.H, resp.). 

Administration of INDUS83030 (8 and 16 mg/kg) treatment reduced 

MCT-induced increases mitochondrial density, swelling and vacuolization. The 

sarcoplasmic reticulum and endothelial cells were normal (Figure 7.65.I and 

Figure 7.65.J, resp.).  

Treatment with bosentan (300 mg/kg) and sildenafil (25 mg/kg) 

prevented these abnormalities (Figure 7.65.C and Figure 7.65.D, resp.). It 

showed the presence of tight junction between two endothelial cells (yellow 

arrow). The nucleus was functional, and the mitochondrial structures were 

normal.  
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Figure 7.65. Effect of INDUS830, INDUS83020 and INDUS83030 on MCT-induced alteration in pulmonary 

artery ultrastructural changes of rats.  

Photomicrographs of pulmonary artery from representative animals, Normal (at 19300 X) (A), MCT control (at 23160 X) 

(B), Bosentan (300 mg/kg) (at 13150 X) (C), Sildenafil (25 mg/kg) (at 13150 X) (D), INDUS830 (20 mg/kg) (at 11580 X) 

(E), INDUS830 (40 mg/kg) (at 13150 X) (F), INDUS83020 (6 mg/kg) (at 11580 X) (G), INDUS83020 (12 mg/kg) (at 13150 

X) (H), INDUS83030 (8 mg/kg) (at 11580 X) (I) and INDUS83030 (16 mg/kg) (at 13150 X) (J) treated rats. 
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7.6. Effect of INDUS830 and INDUS83010 on silica (SIL)-induced 

pulmonary fibrosis and silicosis in rats: 

 

7.6.1. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

body weight, relative lung weight and lung dry weight of rats: 

There was significant decreased (p < 0.001) in the body weight of SIL 

control group as compared to normal and sham control group on day 14 and 

day 28. Treatment with INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 

and 30 mg/kg) significantly inhibited (p < 0.001) SIL-induced decreased body 

weight as compared to SIL control group on day 28. When compared with SIL 

control group, methylprednisolone (10 mg/kg) showed significant increased (p 

< 0.01 and p < 0.001) in the body weight on day 14 and day 28. 

SIL control group showed significant increased (p < 0.001) in the relative 

lung weight on day 14 as well as day 28 as compared to the normal and sham 

group. This increased in relative lung weight after SIL instillation was 

significantly decreased (p < 0.001) by INDUS830 (20 and 40 mg/kg) and 

INDUS83010 (15 and 30 mg/kg) on day 28 as compared to SIL control group. 

Treatment with methylprednisolone (10 mg/kg) showed significant decreased (p 

< 0.01 and p < 0.001) in body weight on day 14 and day 28 as compared to SIL 

control group. 

There was significant increased (p < 0.01 and p < 0.001) in the dry lung 

weight of SIL control group on day 14 and day 28 as compared to the normal 

and sham group. However, administration of INDUS830 (20 and 40 mg/kg) 

and INDUS83010 (15 and 30 mg/kg) significantly and dose-dependently 

inhibited (p < 0.01 and p < 0.001) SIL-induced increased in the dry lung weight 

on day 28 as compared to SIL control group. Methylprednisolone (10 mg/kg) 

also showed significant reduction (p < 0.05 and p < 0.001) in dry lung weight 

on day 14 and day 28 as compared to SIL control group. (Table 7.38) 



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of respiratory disorder 
  Page 291 

Table 7.38. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in body weight, relative lung 

weight and lung dry weight of rats 

Treatment Time (in Days) Body Weight (g) Relative Lung weight  Lung dry weight (g) 

Normal 
14 225.20 ± 3.00 0.009 ± 0.001 0.38 ± 0.05 

28 245.20 ± 2.70 0.009 ± 0.001 0.35 ± 0.03 

Sham 
14 230.20 ± 3.95 0.009 ± 0.001 0.42 ± 0.04 

28 239.00 ± 2.16 0.01 ± 0.001 0.43 ± 0.04 

SIL control 
14 208.20 ± 2.43###,$$$ 0.015 ± 0.001###,$$$ 0.73 ± 0.07##,$$ 

28 197.20 ± 3.63###,$$$ 0.026 ± 0.001###,$$$ 1.27 ± 0.10###,$$$ 

MP (10) 
14 224.60 ± 3.18** 0.011 ± 0.001** 0.44 ± 0.04* 

28 233.00 ± 3.53*** 0.012 ± 0.001*** 0.82 ± 0.08*** 

INDUS830 

(20) 

14 219.00 ± 3.70 0.013 ± 0.001 0.49 ± 0.05* 

28 227.00 ± 3.11*** 0.016 ± 0.001*** 0.95 ± 0.06** 

INDUS830 

(40) 

14 221.20 ± 2.28* 0.011 ± 0.001** 0.47 ± 0.06* 

28 233.80 ± 1.46*** 0.013 ± 0.001*** 0.80 ± 0.07*** 

INDUS83010 

(15) 

14 215.60 ± 3.90 0.013 ± 0.001 0.57 ± 0.04 

28 225.80 ± 2.93*** 0.018 ± 0.001*** 0.49 ± 0.06* 

INDUS83010 

(30) 

14 223.40 ± 3.75 0.0012 ± 0.001* 0.84 ± 0.08*** 

28 234.60 ± 3.75*** 0.013 ± 0.001*** 0.73 ± 0.04*** 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ##p < 0.001, ###p < 0.001 as compared with 

normal group, $$p < 0.01, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 

compared with SIL control group on respective days. SIL- Silica, MP- Methylprednisolone. (n=4) 
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7.6.2. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung function test of rats: 

A significant (p < 0.05 and p < 0.001) increase in PIF, frequency of 

breathing and Penh were recorded in SIL control rats as compared to normal 

and sham control rats on day 14 and day 28. Whereas PEF, TV and EV were 

decreased significantly (p < 0.001) in SIL control rats as compared to normal 

and sham control rats on day 14 and on day 28.  

SIL-induced increase in PIF and frequency of breathing were significantly 

decreased (p < 0.001) whereas Penh was significantly and dose-dependently (p < 

0.01 and p < 0.001) decreased by INDUS830 (20 and 40 mg/kg) treatment as 

compared to SIL control rats on day 28. When compared to SIL control rats, 

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-dependently (p 

< 0.01 and p < 0.001) increased PEF, TV and EV after 28 day treatment. 

Treatment with INDUS83010 (15 and 30 mg/kg) significantly and dose-

dependently (p < 0.01 and p < 0.001) decreased PIF, frequency of breathing and 

Penh as compared to as compared to SIL control rats on day 28. Administration 

of INDUS83010 (15 and 30 mg/kg) significantly and dose-dependently (p < 0.05 

and p < 0.01) increased PEF whereas TV and EV were increased significantly (p 

< 0.001) by INDUS83010 (15 and 30 mg/kg) treatment as compared to SIL 

control rats on day 28. 

When compared to SIL control rats, methylprednisolone (10 mg/kg) 

treatment significantly (p < 0.01) increased PEF whereas TV and EV were 

increased significantly (p < 0.001) by methylprednisolone (10 mg/kg) treatment 

on day 28. There was significant decreased (p < 0.001) in PIF, frequency of 

breathing and Penh after 28 days of methylprednisolone (10 mg/kg) treatment. 

(Table 7.39) 
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Table 7.39. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung function test of rats 

Treatment 
Time (in 

Days) 
PIF (m/s) PEF (m/s) TV (m) EV (m) f (bpm) Penh 

Normal 
14 14.20 ± 1.03 18.41 ± 0.84 1.31 ± 0.08 1.45 ± 0.06 239.92 ± 7.81 0.93 ± 0.02 

28 14.16 ± 0.50 18.92 ± 1.21 1.26 ± 0.13 1.48 ± 0.08 236.54 ± 12.69 0.88 ± 0.09 

Sham 
14 13.63 ± 0.51 18.08 ± 1.17 1.34 ± 0.11 1.37 ± 0.08 249.27 ± 9.53 0.96 ± 0.08 

28 14.02 ± 0.56 19.84 ± 1.17 1.28 ± 0.09 1.42 ± 0.13 240.68 ± 11.51 0.88 ± 0.04 

SIL control 

14 
20.24 ± 

1.03###,$$$ 
14.12 ± 1.13#,$ 

0.76 ± 

0.08###,$$$ 

0.69 ± 

0.09###,$$$ 

304.51 ± 

5.69###,$$$ 

1.19 ± 

0.08#,$ 

28 
23.19 ± 

0.72###,$$$ 

10.55 ± 

0.58###,$$$ 

0.43 ± 

0.05###,$$$ 

0.44 ± 

0.03###,$$$ 

344.48 ± 

10.47###,$$$ 

1.46 ± 

0.05###,$$$ 

MP (10) 

14 
16.01 ± 

1.23** 
17.20 ± 0.87 0.98 ± 0.07 0.94 ± 0.05 

261.53 ± 

7.53** 
1.04 ± 0.05 

28 
16.78 ± 

0.85*** 
15.47 ± 0.98** 

1.07 ± 

0.08*** 

1.09 ± 

0.04*** 

291.47 ± 

4.50*** 

1.11 ± 

0.06*** 

INDUS830 

(20) 

14 17.79 ± 1.05 15.62 ± 0.71 0.96 ± 0.06 0.92 ± 0.16 282.83 ± 7.01 1.13 ± 0.04 

28 
18.29 ± 

0.81*** 
14.30 ± 0.72* 

0.89 ± 

0.12** 

0.85 ± 

0.06** 

272.79 ± 

9.85*** 

1.18 ± 

0.08** 

INDUS830 

(40) 

14 16.40 ± 1.14* 15.16 ± 0.77 1.10 ± 0.05 0.97 ± 0.05 294.63 ± 7.04 1.16 ± 0.06 

28 
16.00 ± 

0.54*** 

15.96 ± 

0.78*** 

1.05 ± 

0.12*** 

1.00 ± 

0.15*** 

259.27 ± 

9.82*** 

1.11 ± 

0.06*** 
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INDUS83010 

(15) 

14 17.84 ± 1.06 15.99 ± 0.98 0.99 ± 0.11 1.06 ± 0.06* 297.87 ± 8.47 1.13 ± 0.04 

28 
18.54 ± 

0.63** 
14.45 ± 0.46* 

1.01 ± 

0.08*** 

1.03 ± 

0.07*** 

296.13 ± 

10.57** 
1.24 ± 0.09* 

INDUS83010 

(30) 

14 17.68 ± 1.00 17.70 ± 0.77* 1.06 ± 0.12 
1.12 ± 

0.02** 
269.32 ± 9.54* 1.07 ± 0.09 

28 
17.03 ± 

0.59*** 
15.01 ± 0.50** 

1.09 ± 

0.09*** 

1.01 ± 

0.07*** 

278.34 ± 

13.44*** 

1.08 ± 

0.04*** 

 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. #p < 0.05, ###p < 0.001 as compared with 

normal group, $p < 0.05, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 

compared with SIL control group on respective days. SIL- Silica, MP- Methylprednisolone, PIF- Peak Inspiratory Flow, 

PEF- Peak Expiratory Flow, TV- Tidal Volume, EV- Expired Volume, f- frequency of breathing and Penh- Enhanced 

Pause. (n=4) 
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7.6.3. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

percent oxygen saturation of rats: 

Percent oxygen saturation (% O2) was decreased significantly (p < 0.01) in 

the SIL control rats as compared to normal and sham control rats. 

Administration of INDUS830 (20 and 40 mg/kg) as well as INDUS83010 (15 

and 30 mg/kg) significantly and dose-dependently increased (p < 0.05 and p < 

0.01) % O2 as compared to SIL control rats.  

Methylprednisolone (10 mg/kg) treatment showed significant (p < 0.01) 

inhibition in the SIL-induced decreased % O2 as compared to SIL control rats. 

(Figure 7.66) 

 

Figure 7.66. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in percent oxygen saturation of rats. 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as 

compared with normal group, $$p < 0.01 as compared with sham group, and *p < 0.05, 

**p < 0.01 as compared with SIL control group. SIL- Silica, MP- Methylprednisolone. (n 

= 4) 



Results 
 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 296 

7.6.4. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

hematological parameters of rats: 

SIL control rats showed significantly (p < 0.001) decreased Hb, RBC, 

HCT, PLT, lymphocytes and monocytes count as well as significant (p < 0.001) 

increase in WBC and neutrophils count after day 14 and day 28 of 

intratracheal SIL administration as compared to normal and sham control rats.  

Treatment with INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 and 

30 mg/kg) significantly and dose-dependently (p < 0.01 and p < 0.001) 

increased Hb and PLT as compared to SIL control rats. The SIL-induced 

decreased HCT count was increased significantly (p < 0.01) by INDUS830 (20 

and 40 mg/kg) treatment as compared to SIL control rats. INDUS830 (20 and 

40 mg/kg) treatment significantly (p < 0.001) inhibited SIL-induced alterations 

in WBC, neutrophils, lymphocytes, monocytes count as compared to SIL 

control rats on day 28. 

Administration of INDUS83010 (15 and 30 mg/kg) significantly and 

dose-dependently (p < 0.01 and p < 0.001) inhibited SIL-induced alterations in 

RBC, HCT, WBC and neutrophils count as well as significant (p < 0.01) 

increase in lymphocytes count as compared to SIL control group on 28th day.  

Methylprednisolone (10 mg/kg) showed significant (p < 0.001) increased 

in Hb, RBC, HCT, PLT, lymphocytes, and monocytes count after day 28 of 

intratracheal SIL administration as compared to SIL control rats. SIL-induced 

increased WBC and neutrophils counts were significantly (p < 0.001) decreased 

by methylprednisolone (10 mg/kg) treatment on day 28 as compared to SIL 

control rats. (Table 7.40) 
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Table 7.40. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in hematological parameters of 

rats 

Treatment 

Time 

(in 

Days) 

Hb (g/dl) 
RBC 

(*1012/L) 
HCT (%) 

PLT 

(*109/L) 

WBC 

(*109/L) 
N (%) L (%) M (%) 

Normal 

14 
14.77 ± 

0.21 

7.40 ± 

0.04 

42.70 ± 

0.80 

934.25 ± 

21.51 

10.79 ± 

0.54 

21.50 ± 

1.70 

37.00 ± 

1.58 

7.50 ± 

0.64 

28 
14.75 ± 

0.11 

7.25 ± 

0.13 

42.82 ± 

1.08 

998.00 ± 

78.19 

10.35 ± 

0.32 

22.50 ± 

1.19 

62.25 ± 

1.60 

8.00 ± 

0.40 

Sham 

14 
14.82 ± 

0.11 

7.40 ± 

0.28 

42.75 ± 

0.97 

930.50 ± 

37.66 

11.00 ± 

0.71 

21.75 ± 

1.37 

65.50 ± 

1.32 

8.25 ± 

0.47 

28 
14.77 ± 

0.18 

7.17 ± 

0.23 

42.90 ± 

1.00 

939.75 ± 

55.26 

10.37 ± 

0.23 

22.25 ± 

1.49 

65.25 ± 

1.65 

8.00 ± 

0.40 

SIL control 

14 
13.22 ± 

0.22##,$$ 

6.47 ± 

0.25##,$$ 

37.52 ± 

0.73##,$$ 

738.75 ± 

43.09#,$ 

13.10 ± 

0.35##,$$ 

63.75 ± 

2.13###,$$$ 

29.00 ± 

2.12###,$$$ 

3.25 ± 

0.47###,$$$ 

28 
11.70 ± 

0.40###,$$$ 

5.47 ± 

0.12###,$$$ 

34.90 ± 

0.67###,$$$ 

645.00 ± 

37.17###,$$$ 

15.25 ± 

0.39###,$$$ 

51.50 ± 

2.10###,$$$ 

40.25 ± 

2.39###,$$$ 

3.75 ± 

0.47###,$$$ 

MP (10) 

14 
14.42 ± 

0.42* 

7.12 ± 

0.20 

41.50 ± 

1.65* 

968.25 ± 

34.32** 

11.17 ± 

0.61* 

38.75 ± 

1.25*** 

52.25 ± 

1.93*** 

7.25 ± 

0.47*** 

28 
14.27 ± 

0.14*** 

6.95 ± 

0.11*** 

41.97 ± 

0.67*** 

1005.75 ± 

47.19*** 

11.82 ± 

0.42*** 

30.50 ± 

2.39*** 

59.00± 

2.64*** 

6.75 ± 

0.47*** 
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INDUS830 

(20) 

14 
13.67 ± 

0.64 

6.80 ± 

0.31 

39.17 ± 

1.30 

909.50 ± 

35.99* 

11.40 ± 

0.42* 

51.50 ± 

1.84*** 

38.25 ± 

1.88** 

6.00 ± 

0.40*** 

28 
13.25 ± 

0.29** 

6.95 ± 

0.32*** 

39.60 ± 

1.38** 

861.00 ± 

24.57** 

12.75 ± 

0.29*** 

38.00 ± 

1.08*** 

51.00 ± 

1.08*** 

6.75 ± 

0.47*** 

INDUS830 

(40) 

14 
14.55 ± 

0.41* 

7.25 ± 

0.23* 

41.45 ± 

0.94* 

920.00 ± 

59.47* 

11.37 ± 

0.55* 

41.25 ± 

1.65*** 

47.50 ± 

0.95*** 

7.25 ± 

0.47*** 

28 
14.02 ± 

0.16*** 

7.20 ± 

0.16*** 

40.37 ± 

0.78** 

963.50 ± 

88.28*** 

11.80 ± 

0.62*** 

36.25 ± 

1.60*** 

53.00 ± 

1.29*** 

6.75 ± 

0.47*** 

INDUS83010 

(15) 

14 
14.15 ± 

0.29 

7.07 ± 

0.13 

38.45 ± 

0.95 

872.25 ± 

35.71 

11.77 ± 

0.35 

50.50 ± 

1.04*** 

40.25 ± 

0.85** 

5.25 ± 

0.47* 

28 
13.97 ± 

0.31*** 

6.55 ± 

0.13*** 

39.92 ± 

1.07** 

870.50 ± 

32.28** 

13.27 ± 

0.65* 

40.75 ± 

2.01** 

49.50 ± 

2.06** 

5.50 ± 

0.64* 

INDUS83010 

(30) 

14 
14.57 ± 

0.51* 

7.12 ± 

0.14* 

40.60 ± 

0.96* 

912.25 ± 

80.92* 

11.27 ± 

0.33* 

44.50 ± 

3.09*** 

44.50 ± 

2.59*** 

6.75 ± 

0.47*** 

28 
14.02 ± 

0.53*** 

7.20 ± 

0.20*** 

42.12 ± 

0.48*** 

1020.00 ± 

16.94*** 

12.37 ± 

0.84*** 

37.75 ± 

3.35*** 

51.00 ± 

3.02** 

7.00 ± 

0.40*** 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. #p < 0.05, ##p < 0.01, ###p < 0.001 as 

compared with normal group, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with SIL control group on respective days. SIL- Silica, MP- Methylprednisolone, Hb- 

Hemoglobin, RBC- Red Blood Corpuscles, HCT- Hematocrit, PLT- Platelet, WBC- White Blood Corpuscles, N- 

Neutrophils, L- Lymphocytes, M- Monocytes. (n = 4) 
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7.6.5. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

BALF differential cell count of rats: 

Total cell count, neutrophils, and eosinophils count were increased 

significantly (p < 0.001) in SIL control rats on day 14 and day 28 as compared 

to normal and sham control rats. There was a significant decrease (p < 0.001) 

in lymphocytes and monocytes count of SIL control rats on day 14 and day 28 

as compared to normal and sham control rats.  

The increased in total cell count and neutrophils count was decreased 

significantly and dose-dependently (p < 0.01 and p < 0.001) by INDUS830 (20 

and 40 mg/kg) as well as INDUS83010 (15 and 30 mg/kg) treatment on day 14 

and day 28 as compared to SIL control rats. Eosinophils count was decreased 

significantly and dose-dependently (p < 0.05 and p < 0.01) by INDUS830 (20 

and 40 mg/kg) treatment on day 14 and day 28 as compared to SIL control 

rats. However, INDUS83010 (30 mg/kg) treatment decreased eosinophils count 

significantly (p < 0.01) day 28 as compared to SIL control rats.  

The SIL-induced decrease lymphocytes count was increased significantly 

and dose-dependently (p < 0.05 and p < 0.01) by INDUS830 (20 and 40 mg/kg) 

as well as INDUS83010 (15 and 30 mg/kg) treatment on day 14 and day 28 as 

compared to SIL control rats. The monocytes count was increased significantly 

and dose-dependently (p < 0.05 and p < 0.001) by INDUS830 (20 and 40 

mg/kg) treatment whereas INDUS830 (20 and 40 mg/kg) treatment increased 

monocytes count significantly and dose-dependently (p < 0.01 and p < 0.001) 

on day 28 as compared to SIL control rats. 

Methylprednisolone (10 mg/kg) treatment significantly inhibited (p < 

0.001) SIL-induced alterations in total cell count, neutrophils, lymphocytes and 

monocytes count whereas there was a significant decrease (p < 0.01) in 

eosinophils count methylprednisolone (10 mg/kg) treatment on day 14 and day 

28 as compared to SIL control rats. (Table 7.41)  
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Table 7.41. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in BALF differential cell count 

of rats 

Treatment 
Time (in 

Days) 

Total cell count 

(*106/mL) 
N (%) L (%) E (%) M (%) 

Normal 
14 0.45 ± 0.03 3.25 ± 0.62 12.75 ± 1.10 0.75 ± 0.47 83.25 ± 1.03 

28 0.53 ± 0.03 3.00 ± 0.40 11.00 ± 0.91 0.75 ± 0.47 85.25 ± 1.03 

Sham 
14 0.46 ± 0.03 3.00 ± 0.40 13.25 ± 0.85 1.00 ± 0.40 82.75 ± 1.10 

28 0.42 ± 0.04 4.00 ± 0.91 12.25 ± 0.85 0.75 ± 0.47± 83.00 ± 0.70 

SIL control 

14 2.96 ± 0.24###,$$$ 
55.25 ± 

2.49###,$$$ 

3.50 ± 

0.64###,$$$ 

4.75 ± 

0.47###,$$$ 

36.50 ± 

2.90###,$$$ 

28 2.10 ± 0.19###,$$$ 
40.50 ± 

2.10###,$$$ 

4.75 ± 

0.47###,$$$ 

3.50 ± 

0.28###,$$$ 

51.25 ± 

2.78###,$$$ 

MP (10) 
14 1.41 ± 0.16*** 21.25 ± 2.01*** 8.75 ± 1.10*** 3.00 ± 0.40** 67.00 ± 1.78*** 

28 1.11 ± 0.09*** 13.75 ± 1.75*** 9.00 ± 0.40*** 1.50 ± 0.28** 75.75 ± 1.65*** 

INDUS830 

(20) 

14 2.04 ± 0.07*** 47.50 ± 1.04* 7.00 ± 0.40** 3.25 ± 0.25* 42.25 ± 1.37 

28 1.54 ± 0.13** 31.50 ± 2.39** 7.25 ± 0.47* 2.25 ± 0.25* 59.00 ± 2.16* 

INDUS830 

(40) 

14 1.68 ± 0.12*** 45.50 ± 2.39** 7.00 ± 0.40** 3.25 ± 0.47* 44.25 ± 2.75* 

28 1.38 ± 0.12*** 27.25 ± 1.54*** 8.25 ± 0.62** 1.50 ± 0.28** 63.00 ± 1.95*** 

INDUS83010 

(15) 

14 2.26 ± 1.14** 49.00 ± 3.08* 6.50 ± 0.64** 3.75 ± 0.47 40.75 ± 3.09 

28 1.50 ± 0.13* 30.50 ± 1.04*** 7.25 ± 0.47* 2.75 ± 0.25 59.50 ± 1.32** 

INDUS83010 

(30) 

14 2.19 ± 0.21** 47.50 ± 1.70** 7.75 ± 0.47*** 3.00 ± 0.40** 41.75 ± 2.17 

28 1.24 ± 0.20*** 25.75 ± 0.62*** 8.25 ± 0.47** 1.75 ± 0.25** 64.25 ± 0.85*** 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. ###p < 0.001 as compared with normal 

group, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with SIL control 

group on respective days. SIL- Silica, MP- Methylprednisolone, N- Neutrophils, L- Lymphocytes, E- Eosinophils, M- 

Monocytes. (n = 4) 
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7.6.6. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

of SOD, GSH, MDA, NO and HP in BALF of rats: 

The levels of SOD and GSH were decreased significantly (p < 0.001) in 

the BALF of SIL control rats as compared to normal and sham control rats on 

day 14 and day 28. Whereas MDA and HP levels were increased significantly (p 

< 0.01 and p < 0.001) in the BALF of SIL control rats as compared to normal 

and sham control rats on day 14 and day 28. There was a significant increase 

in BALF NO (p < 0.05 and p < 0.001) in SIL control rats as compared to normal 

and sham control rats on day 14 and day 28. 

However, INDUS830 (20 and 40 mg/kg) as well as INDUS83010 (15 and 

30 mg/kg) significantly and dose-dependently (p < 0.05 and p < 0.01) increased 

the level of BALF SOD and GSH level on day 14 and day 28 as compared to SIL 

control group.  

There was a significant and dose-dependent (p < 0.05 and p < 0.001) 

decrease in the BALF MDA level in INDUS830 (20 and 40 mg/kg) treated group 

on day 14 and day 28. INDUS83010 (15 and 30 mg/kg) treatment significantly 

decreased (p < 0.05 and p < 0.01) BALF MDA levels on day 28 as compared to 

SIL control rats.  

Elevated BALF NO level was significantly decreased (p < 0.01) by 

INDUS83010 (30 mg/kg) treatment on day 28 as compared to SIL control rats. 

Administration of INDUS830 (20 and 40 mg/kg) as well as INDUS83010 (15 

and 30 mg/kg) significantly decreased (p < 0.001) BALF HP level on day 28 as 

compared to SIL control rats.  

Methylprednisolone (10 mg/kg) significantly increased (p < 0.05 and p < 

0.01) BALF SOD and GSH level on day 14 and day 28 as compared to SIL 

control rats. It significantly (p < 0.01) decreased BALF MDA level and 

significantly (p < 0.001) decreased BALF NO level on day 28 as compared to SIL 

control rats. (Table 7.42) 
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Table 7.42. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in SOD, GSH, MDA, NO and HP 

in BALF of rats 

Treatment 
Time (in 

Days) 

SOD (U /mg of 

protein) 

GSH (µg/mg of 

protein) 

MDA (nM/ mg 

of protein) 
NO (µg/ml) 

HP 

(µg/ml) 

Normal 
14 1.83 ± 0.13 3.53 ± 0.43 1.27 ± 0.18 33.11 ± 1.76 0.58 ± 0.06 

28 1.74 ± 0.08 3.50 ± 0.43 1.18 ± 0.23 39.78 ± 2.55 0.71 ± 0.09 

Sham 
14 1.87 ± 0.24 3.51 ± 0.56 1.34 ± 0.31 33.85 ± 4.74 0.59 ± 0.06 

28 1.82 ± 0.21 3.66 ± 0.63 1.24 ± 0.37 41.96 ± 1.83 0.78 ± 0.09 

SIL control 

14 0.96 ± 0.10###,$$$ 
1.32 ± 

0.11###,$$$ 
2.59 ± 0.14##,$$ 46.23 ± 3.22#,$ 1.10 ± 0.12##,$$ 

28 0.84 ± 0.02###,$$$ 
1.58 ± 

0.09###,$$$ 

3.03 ± 

0.31###,$$$ 

81.60 ± 

3.79###,$$$ 

2.18 ± 

0.13###,$$$ 

MP (10) 

14 1.54 ± 0.17* 2.53 ± 0.43* 2.08 ± 0.04 42.81 ± 4.26 1.03 ± 0.10 

28 1.57 ± 0.14** 3.37 ± 0.26** 1.68 ± 0.08** 
54.35 ± 

4.00*** 
1.55 ± 0.12 

INDUS830 

(20) 

14 1.48 ± 0.04* 2.18 ± 0.22 1.95 ± 0.19 41.42 ± 4.11 1.04 ± 0.04 

28 1.48 ± 0.26** 3.28 ± 0.19** 1.96 ± 0.40* 75.63 ± 1.63 1.53 ± 0.13*** 

INDUS830 

(40) 

14 1.65 ± 0.07** 2.72 ± 0.39* 1.68 ± 0.04* 39.62 ± 3.89 0.68 ± 0.05* 

28 1.60 ± 0.14** 3.50 ± 0.29*** 1.56 ± 0.10*** 71.53 ± 4.51 1.30 ± 0.14*** 

INDUS83010 

(15) 

14 1.37 ± 0.05 2.28 ± 0.24 1.95 ± 0.23 41.61 ± 2.31 0.82 ± 0.05 

28 1.62 ± 0.16** 3.04 ± 0.33* 2.18 ± 0.33* 71.85 ± 2.25 1.63 ± 0.09*** 

INDUS83010 

(30) 

14 1.48 ± 0.08* 2.63 ± 0.17** 1.67 ± 0.13* 39.16 ± 4.47 0.71 ± 0.10* 

28 1.49 ± 0.20** 3.34 ± 0.29** 1.82 ± 0.30** 64.98 ± 4.19** 1.43 ± 0.11*** 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. #p < 0.05, ##p < 0.01, ###p < 0.001 as 

compared with normal group, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with sham group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with SIL control group on respective days. SIL- Silica, MP- Methylprednisolone, SOD- 

Superoxide Dismutase, GSH- Glutathione, MDA- Malondialdehyde, NO- Nitric Oxide and HP- Hydroxyproline. (n=4) 
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7.6.7. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

SOD, GSH, MDA, NO and HP in lung of rats: 

SIL control rats showed significant (p < 0.001) decrease in the level of 

lung SOD and GSH whereas significant (p < 0.001) increase in the level of NO 

on day 14 and day 28 as compared to normal and sham control rats. Whereas 

the level of lung MDA and HP was increased significantly (p < 0.01 and p < 

0.001) in SIL control rats on day 14 and day 28 as compared to normal and 

sham control rats. 

The decreased in lung SOD level was significantly (p < 0.05 and p < 

0.001) increased by the treatment with INDUS830 (20 and 40 mg/kg) and 

INDUS83010 (15 and 30 mg/kg) as compared to SIL control rats. When 

compared with SIL control rats, the SIL-induced decreased lung GSH level was 

significantly and dose-dependently increased (p < 0.01 and p < 0.001) by 

INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 and 30 mg/kg) treatment 

on day 14 and on day 28.  

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-

dependently (p < 0.05 and p < 0.01) prevented SIL-induced increased lung MDA 

level whereas INDUS83010 (15 and 30 mg/kg) treatment significantly and 

dose-dependently (p < 0.01 and p < 0.001) decreased lung MDA level as 

compared to SIL control rats on day 28.  

Administration of INDUS830 (20 and 40 mg/kg) showed significant and 

dose dependent (p < 0.05 and p < 0.001) inhibition in SIL-induced increased 

lung HP level whereas INDUS83010 (30 mg/kg) treatment significantly (p < 

0.05) decreased lung HP level as compared to SIL control rats on day 28.  

Methylprednisolone (10 mg/kg) treatment also significantly (p < 0.05 and 

p < 0.001) prevented the altered levels of lung SOD, GSH, NO and HP levels as 

compared to SIL control rats on day 14 and day 28. (Table 7.43)  
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Table 7.43. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in SOD, GSH, MDA, NO and HP 

in lung of rats 

Treatment 
Time (in 

Days) 

SOD (U /mg of 

protein) 

GSH (µg/mg 

of protein) 

MDA (nM/ 

mg of 

protein) 

NO (µg/ml) 

HP 

(µg/mg of 

tissue) 

Normal 
14 6.87 ± 0.19 3.73 ± 0.22 1.25 ± 0.16 190.27 ± 10.62 8.30 ± 0.28 

28 6.32 ± 0.27 3.79 ± 0.26 1.50 ± 0.11 194.67 ± 7.63 7.33 ± 0.46 

Sham 
14 6.69 ± 0.29 3.61 ± 0.39 1.22 ± 0.17 187.15 ± 4.14 8.22 ± 0.60 

28 6.35 ± 0.64 3.82 ± 0.27 1.68 ± 0.15 178.30 ± 12.54 7.97 ± 0.43 

SIL control 

14 
4.64 ± 

0.38###,$$$ 

1.66 ± 

0.12###,$$$ 

2.17 ± 

0.12##,$$ 

297.75 ± 

17.02###,$$$ 

11.62 ± 

0.71##,$$ 

28 
1.40 ± 

0.18###,$$$ 

0.75 ± 

0.07###,$$$ 

4.43 ± 

0.28###,$$$ 

520.47 ± 

15.01###,$$$ 

18.70 ± 

0.41###,$$$ 

MP (10) 
14 6.29 ± 0.36** 2.60 ± 0.43* 1.71 ± 0.14 238.81 ± 14.90* 9.32 ± 1.05* 

28 6.72 ± 0.64*** 3.12 ± 0.39*** 2.41 ± 0.10 337.73 ± 29.84*** 12.97 ± 0.79*** 

INDUS830 

(20) 

14 5.95 ± 0.69* 2.16 ± 0.08 1.65 ± 0.19 265.33 ± 25.52 9.46 ± 0.44 

28 5.27 ± 0.07*** 2.00 ± 0.14** 3.54 ± 0.34* 474.41 ± 14.98 15.97 ± 0.84* 

INDUS830 

(40) 

14 6.02 ± 0.32* 2.61 ± 0.38* 1.78 ± 0.21 270.90 ± 10.48 9.38 ± 0.29 

28 5.90 ± 0.39*** 2.59 ± 0.05*** 3.40 ± 0.11** 465.83 ± 23.91 14.34 ± 0.44*** 

INDUS83010 

(15) 

14 6.02 ± 0.12* 2.46 ± 0.20 1.68 ± 0.35 279.05 ± 18.57 10.92 ± 0.54 

28 3.88 ± 0.36*** 1.86 ± 0.08** 3.52 ± 0.27** 483.30 ± 15.93 16.62 ± 0.67 

INDUS83010 

(30) 

14 6.11 ± 0.37* 2.93 ± 0.34** 1.61 ± 0.08 280.62 ± 29.19 10.14 ± 0.54 

28 4.33 ± 0.47*** 3.07 ± 0.23*** 2.71 ± 0.25*** 484.00 ± 42.42 16.28 ± 0.82* 

Data was analyzed by Two-Way ANOVA followed by Bonferroni’s post tests. #p < 0.05, ###p < 0.001 as compared with 

normal group, $p < 0.05, $$$p < 0.001as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared 

with SIL control group on respective days. SIL- Silica, MP- Methylprednisolone, SOD- Superoxide Dismutase, GSH- 

Glutathione, MDA- Malondialdehyde, NO- Nitric Oxide and HP- Hydroxyproline. (n=4) 
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7.6.8. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

serum LDH, serum albumin, BALF LDH, BALF albumin and Free 

silica content in lung of rats: 

There were significant (p < 0.001) increase in serum LDH, BALF LDH, 

and lung free silica whereas significant (p < 0.001) decrease in serum albumin 

in SIL control rats as compared to normal and sham control rats.  

These elevated levels of serum LDH were significantly (p < 0.001) 

decrease by INDUS830 (20 and 40 mg/kg) treatment whereas INDUS83010 (15 

and 30 mg/kg) treatment decreased serum LDH level significantly (p < 0.01) as 

compared to SIL control rats. Administration of INDUS830 (20 and 40 mg/kg) 

significantly and dose-dependently decreased (p < 0.05 and p < 0.001) BALF 

LDH whereas INDUS83010 (15 and 30 mg/kg) treatment significantly 

decreased (p < 0.01) BALF LDH level as compared to SIL control rats. 

SIL-induced decreased serum albumin level was significantly (p < 0.001) 

increased by INDUS830 (20 and 40 mg/kg) treatment whereas INDUS83010 

(15 and 30 mg/kg) treatment significantly and dose-dependently increased (p < 

0.05 and p < 0.01) serum albumin level as compared to SIL control rats.  

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 

and 30 mg/kg) produce significant and dose dependent increased (p < 0.05 and 

p < 0.01) in BALF albumin level as compared to SIL control rats. 

INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 and 30 mg/kg) 

treatment significantly (p < 0.001) decreased lung free silica content as 

compared to SIL control rats. When compared to SIL control rats, 

methylprednisolone (10 mg/kg) treatment showed significant (p < 0.001) 

inhibition in the altered serum LDH, BALF LDH, serum albumin and lung free 

silica content whereas it significantly increased (p < 0.05) BALF albumin level 

as compared to SIL control rats. (Table 7.44) 
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Table 7.44. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in serum LDH, BALF LDH, 

serum albumin, BALF albumin and free silica content in lung of rats 

Treatment Serum LDH 

(IU/L) 

BALF LDH 

(IU/L) 

Serum albumin 

(g/dL) 

BALF albumin 

(mg/mL) 

Lung free 

silica (mg) 

Normal 982.4 ± 73.25 45.14 ± 5.59 3.37 ± 0.16 0.19 ± 0.02 0.00 ± 0.00 

Sham 922.1 ± 124.0 50.82 ± 6.91 3.61 ± 0.07 0.19 ± 0.01 0.00 ± 0.00 

SIL control 2192.00 ± 

123.3###,$$$ 

190.2 ± 

4.48###,$$$ 
0.86 ± 0.09###,$$$ 

0.09 ± 

0.008###,$$$ 

11.03 ± 

1.40###,$$$ 

MP (10) 1304.0 ± 

116.0*** 

84.33 ± 

7.75*** 
2.68 ± 0.28*** 0.16 ± 0.01* 3.95 ± 0.58*** 

INDUS830 

(20) 
1458.00 ± 

93.78*** 

140.8 ± 

10.67* 
2.56 ± 0.11*** 0.15 ± 0.006* 6.25 ± 0.46*** 

INDUS830 

(40) 
1196.00 ± 

117.1*** 

112.7 ± 

12.77*** 
2.64 ± 0.23*** 0.15 ± 0.01** 6.42 ± 0.24*** 

INDUS83010 

(15) 
1741.00 ± 

141.4 

140.8 ± 

18.95** 
1.67 ± 0.19* 0.14 ± 0.006* 7.02 ± 0.40** 

INDUS83010 

(30) 
1477.00 ± 

158.4** 

132.2 ± 

5.17** 
1.88 ± 0.11** 0.16 ± 0.009** 5.82 ± 0.40*** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group, $$$p < 

0.001 as compared with sham group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with SIL control group. SIL- 

Silica, MP- Methylprednisolone, LDH- Lactate dehydrogenase. (n =4) 
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7.6.9. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung TNF-α, IL-1β, TGF-β, and NF-kB mRNA expressions in rats: 

Intratracheal SIL instillation caused significant (p < 0.001) up-regulation 

in lung TNF-α, IL-1β, TGF-β, and NF-kB mRNA expressions in SIL control rats 

as compared to normal and sham control rats.  

The up-regulated lung TNF-α mRNA expressions were significantly (p < 

0.001) down-regulated by INDUS830 (20 and 40 mg/kg) treatment as 

compared to SIL control rats. Whereas up-regulated lung TNF-α mRNA 

expressions was significantly and dose-dependently (p < 0.01 and p < 0.001) 

down-regulated by INDUS83010 (15 and 30 mg/kg) treatment as compared to 

SIL control rats. 

Up-regulated lung IL-1β mRNA expressions was significantly and dose-

dependently (p < 0.01 and p < 0.001) down-regulated by INDUS830 (20 and 40 

mg/kg) and INDUS83010 (15 and 30 mg/kg) treatment as compared to SIL 

control rats.  

The up-regulated lung TGF-β mRNA expressions were significantly and 

dose-dependently (p < 0.01 and p < 0.001) down-regulated INDUS830 (20 and 

40 mg/kg) treatment whereas INDUS83010 (15 and 30 mg/kg) treatment 

significantly (p < 0.001) down-regulated lung TGF-β mRNA expressions as 

compared to SIL control rats.  

Up-regulated lung NF-kB mRNA expressions was significantly and dose-

dependently (p < 0.01 and p < 0.001) by INDUS830 (20 and 40 mg/kg) and 

INDUS83010 (15 and 30 mg/kg) treatment as compared to SIL control rats.  

Methylprednisolone (10 mg/kg) treatment also significantly (p < 0.001) 

inhibited SIL-induced up-regulated lung TNF-α, IL-1β, TGF-β and NF-kB 

mRNA expressions as compared to SIL control rats. (Figure 7.67 and Figure 7.68) 
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Figure 7.67. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung TNF-α (A) and IL-1β (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with SIL control group. SIL- Silica, MP- 

Methylprednisolone. (n=4) 
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Figure 7.68. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung TGF-β (A) and NF-κB (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and **p < 

0.01, ***p < 0.001 as compared with SIL control group. SIL- Silica, MP- 

Methylprednisolone. (n=4) 
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7.6.10. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung Nrf2 mRNA expressions in rats: 

The Nrf2 mRNA expression was significantly (p < 0.001) down-regulated 

in the lung of SIL control rats as compared to normal and sham control rats.  

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-

dependently (p < 0.01 and p < 0.001) up-regulated lung Nrf2 mRNA expression 

INDUS83010 (15 and 30 mg/kg) significantly and dose-dependently (p < 0.05 

and p < 0.01) up-regulated lung Nrf2 mRNA expression as compared to SIL 

control rats. (Figure 7.69) 

Methylprednisolone (10 mg/kg) treatment showed significant (p < 0.001) 

up-regulation in lung Nrf2 mRNA expression as compared to SIL control rats.  

 

Figure 7.69. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung Nrf2 mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with SIL control group. SIL- Silica, MP- 

Methylprednisolone. (n=4) 
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7.6.11. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung Smad-3 mRNA expressions in rats: 

SIL control rats showed significantly (p < 0.001) up-regulated lung Smad-

3 mRNA expressions as compared to normal and sham control rats.  

When compared with SIL control rats, the up-regulated lung mRNA 

expression of Smad-3 was significantly (p < 0.01) down-regulated by INDUS830 

(40 mg/kg) treatment. INDUS83010 (15 and 30 mg/kg) and 

methylprednisolone (10 mg/kg) treatment failed to produce any significantly 

down-regulation in lung Smad-3 mRNA expression as compared to SIL control 

rats. (Figure 7.70) 

 
 

Figure 7.70. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung smad-3 (A) and smad-7 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and **p < 

0.01 as compared with SIL control group. SIL- Silica, MP- Methylprednisolone. (n=4) 
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7.6.12. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung Bax, Bcl-2, caspase-3 and collagen-1 mRNA expressions in 

rats: 

There was significant (p < 0.001) up-regulation of lung Bax, caspase-3 

and collagen-1 mRNA expression and down-regulation in lung Bcl-2 mRNA 

expression in SIL control rats as compared to normal and sham control rats.  

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-

dependently (p < 0.01 and p < 0.001) down-regulated lung Bax mRNA 

expressions whereas INDUS83010 (15 and 30 mg/kg) significantly (p < 0.1) 

down-regulated lung Bax mRNA expressions as compared to SIL control rats.  

Lung Bcl-2 mRNA expression was up-regulated significantly and dose-

dependently (p < 0.05 and p < 0.01) by INDUS830 (20 and 40 mg/kg) whereas 

INDUS83010 (15 and 30 mg/kg) treatment also showed significantly and dose-

dependently (p < 0.05 and p < 0.001) significant up-regulation in lung Bcl-2 

mRNA expression when compared with SIL control rats.  

Treatment of INDUS830 (40 mg/kg) and INDUS83010 (30 mg/kg) 

showed significant down-regulation (p < 0.05 and p < 0.01) in lung caspase-3 

mRNA expressions when compared with SIL control rats.  

Lung collagen-1 mRNA expression was down-regulated significantly and 

dose-dependently (p < 0.01 and p < 0.001) by INDUS830 (20 and 40 mg/kg) 

whereas INDUS83010 (15 and 30 mg/kg) treatment showed significant down-

regulation (p < 0.01) in lung collagen-1 mRNA expression when compared with 

SIL control rats.  

Methylprednisolone (10 mg/kg) treatment showed significant (p < 0.001) 

down-regulation in lung Bax mRNA expressions as well as lung collagen-1 

mRNA expressions as compared to SIL control rats. (Figure 7.71 and Figure 7.72) 
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Figure 7.71. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung Bax (A) and Bcl-2 (B) mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01, ***p < 0.001 as compared with SIL control group. SIL- Silica, MP- 

Methylprednisolone. (n=4) 
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Figure 7.72. Effect of INDUS830 and INDUS83010 on SIL-induced alteration 

in lung caspase-3 (A) and collagen-1 (B) mRNA expression in 

rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group, $$$p < 0.001 as compared with sham group, and *p < 

0.05, **p < 0.01 ***p < 0.001 as compared with SIL control group. SIL- Silica, MP- 

Methylprednisolone. (n=4) 
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7.6.13. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in 

lung histology of rats: 

Lungs tissues from various groups were stained with H&E stain for the 

assessment of inflammatory changes. Lung tissue from normal and sham 

group revealed normal morphologies with thin-lined alveolar septa with well-

organized alveolar space. Moreover, it was devoid of any fibrotic changes in the 

lung (Figure 7.73.A and Figure 7.73.B, Figure 7.74.A and Figure 7.74.B, Figure 

7.75.A and Figure 7.75.B, Figure 7.76.A and Figure 7.76.B, resp.). 

Treatment with SIL-induced severe inflammatory changes in lungs, 

accompanied by distorted lung morphologies. Severe alveolar injury with 

thickened intra-alveolar septa, congestion, collapsed alveolar spaces, huge 

inflammatory exudates, and fibrotic changes were observed in histology of lung 

tissue from SIL control rats. The alveolar walls were thickened, and its number 

was reduced (Figure 7.73.C, Figure 7.74.C, Figure 7.75.C and Figure 7.76.C).  

Treatment of INDUS830 (20 and 40 mg/kg) and INDUS83010 (15 and 30 

mg/kg) showed the presence of mild infiltration of inflammatory cells; alveolar 

blood vessels were slightly congested. The presence of collagen fibers was 

markedly reduced (Figure 7.73.E, Figure 7.73.F and Figure 7.73.G, Figure 

7.73.H, Figure 7.74.E, Figure 7.74.F and Figure 7.74.G, Figure 7.74.H, Figure 

7.75.E, Figure 7.75.F and Figure 7.75.G, Figure 7.75.H, Figure 7.76.E, Figure 

7.76.F and Figure 7.76.G, Figure 7.76.H, resp.). Lung tissue from INDUS830 

(40 mg/kg) treated rats showed normal architecture with reduced epithelial 

degeneration and vascular congestion (Figure 7.73.F).  

Treatment with methylprednisolone (10 mg/kg) markedly reduced 

pulmonary inflammation and lung injury. However, it showed the presence of 

mild vascular congestion and edema. Treatment with Methylprednisolone (10 

mg/kg) markedly reduced fibrosis and lung injury (Figure 7.73.D, Figure 

7.74.D, Figure 7.75.D and Figure 7.76.D). (Table 7.45) 
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Figure 7.73. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung histology (H&E stain) of 

rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), SIL control (C), Methylprednisolone (10 mg/kg) 

(D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83010 (15 mg/kg) (G) and INDUS83010 (30 mg/kg) (H) 

treated rats. Lung H&E staining at 10X. 
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Figure 7.74. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung histology (Picro-sirius 

red stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), SIL control (C), Methylprednisolone (10 mg/kg) 

(D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83010 (15 mg/kg) (G) and INDUS83010 (30 mg/kg) (H) 

treated rats. Lung Picro-sirius red staining at 100X. 
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Figure 7.75. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung histology (Masson’s 

trichrome stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), SIL control (C), Methylprednisolone (10 mg/kg) 

(D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83010 (15 mg/kg) (G) and INDUS83010 (30 mg/kg) (H) 

treated rats. Lung Masson’s trichrome staining at 100X. 
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Figure 7.76. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung histology (Ladewig’s 

trichrome stain) of rats.  

Photomicrograph of sections of lungs of Normal (A), Sham control (B), SIL control (C), Methylprednisolone (10 mg/kg) 

(D), INDUS830 (20 mg/kg) (E), INDUS830 (40 mg/kg) (F), INDUS83010 (15 mg/kg) (G) and INDUS83010 (30 mg/kg) (H) 

treated rats. Lung Ladewig’s trichrome staining at 100X. 
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Table 7.45. Effect of INDUS830 and INDUS83010 on SIL-induced alteration in lung histology of rats 

Treatment 
Alveolar 

fibrosis 

Peri-

bronchial 

fibrosis 

Inter-

stitial 

fibrosis 

Edema 
Conge

stion 

Infla-

mmatory 

infiltration 

Epithelial 

degene-

ration 

Distur-

bance of 

alveolar 

structure 

Ashcroft 

Score 

Normal 0 0 0 0 0 0 0 0 0 

Sham 0 0 0 0 0 0 0 0 0 

SIL control ++++ ++++ ++++ ++ +++ +++ ++++ ++++ 6 

MP (10) + ++ + 0 + + + + 2 

INDUS830 (20) +++ ++ ++ + ++ ++ +++ ++ 3 

INDUS830 (40) ++ ++ ++ + ++ + + ++ 2 

INDUS83010 (15) ++ +++ ++ ++ ++ ++ ++ ++ 3 

INDUS83010 (30) + ++ + + + + + + 3 

SIL- Silica, MP- Methylprednisolone. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.7. Effect of INDUS830 and INDUS83030 on Alpha-naphthylthiourea 

(ANTU)-induced pulmonary edema in rats: 

 

7.7.1. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in body weight, relative lung wet weight, lung dry weight, plural 

effusion volume and lung edema index of rats: 

Intraperitoneal administration of ANTU significantly increased (p < 0.001) 

the relative lung weight, plural effusion volume and lung edema index of ANTU 

control group as compared to the normal group. Whereas ANTU control group 

showed significant increased (p < 0.01) in lung dry weight as compared to the 

normal group. 

Administration of INDUS830 (20 and 40 mg/kg) as well as INDUS83030 

(8 and 16 mg/kg) significantly and dose-dependently decreased (p < 0.01 and p 

< 0.001) relative lung weight as compared to ANTU control group. The 

increased in lung dry weight after ANTU administration was significantly 

decreased (p < 0.05) by INDUS830 (40 mg/kg), INDUS83030 (8 and 16 mg/kg) 

and sildenafil (25 mg/kg) treatment as compared to ANTU control group.  

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 

16 mg/kg) significantly and dose-dependently decreased (p < 0.05 and p < 0.01) 

plural effusion volume as compared to ANTU control group. INDUS830 (20 and 

40 mg/kg) treatment showed significant and dose dependent reduction (p < 

0.05 and p < 0.01) in the lung edema index whereas INDUS83030 (8 and 16 

mg/kg) treatment also showed significant and dose dependent reduction (p < 

0.01 and p < 0.001) in the lung edema index as compared to ANTU control 

group. 

Relative lung weight, plural effusion volume, and lung edema index were 

significantly decreased (p < 0.01) in the sildenafil (25 mg/kg) treatment group 

as compared to ANTU Control. (Table 7.46) 
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Table 7.46. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in body weight, relative lung 

wet weight, lung dry weight, plural effusion volume and lung edema index of rats 

Treatment 

Body Weight 

(g) 

Relative lung 

wet weight 

Lung dry 

weight (gm) 

Plural effusion 

volume (mL) 

Lung edema 

index 

Normal 225.0 ± 3.36 0.008 ± 0.0009 0.29 ± 0.02 0.00 ± 0.00 0.00 ± 0.00 

ANTU control 218.2 ± 5.03 0.02 ± 0.001### 0.42 ± 0.03## 3.48 ± 0.17### 0.015 ± 0.0008### 

Slid (25) 231.2 ± 4.69 0.01 ± 0.0006** 0.32 ± 0.02* 2.24 ± 0.12** 0.009 ± 0.0004** 

INDUS830 (20) 228.4 ± 4.54 0.01 ± 0.0009** 0.37 ± 0.01 2.56 ± 0.18* 0.011 ± 0.0009* 

INDUS830 (40) 230.2 ± 4.70 0.01 ± 0.0006*** 0.30 ± 0.02* 2.14 ± 0.30** 0.009 ± 0.001** 

INDUS83030 (8) 226.2 ± 2.93 0.01 ± 0.0007* 0.33 ± 0.01* 2.78 ± 0.24* 0.01 ± 0.001* 

INDUS83030 

(16) 

227.4 ± 2.78 0.01 ± 0.001*** 0.32 ± 0.01* 2.56 ± 0.18** 0.01 ± 0.0008*** 

 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, 

Sild- Sildenafil. (n=7)  
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7.7.2. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in hematological count and BALF differential cell count of rats: 

ANTU control group showed significant decreased (p < 0.01) in the 

hemoglobin level, RBC count and HCT level as compared to the normal group. 

Intraperitoneal ANTU administration caused significant increased (p < 0.05) in 

WBC and neutrophils count in ANTU control rats as compared to normal rats. 

Treatment with INDUS830 (40 mg/kg), INDUS83030 (8 and 16 mg/kg) 

and sildenafil (25 mg/kg) treatment showed significant increased (p < 0.05) in 

the hemoglobin level as compared with ANTU control group.  

When compared with ANTU control group, Red Blood Corpuscles count 

was significantly increased (p < 0.05) in INDUS830 (20 and 40 mg/kg), 

INDUS83030 (8 and 16 mg/kg) and sildenafil (25 mg/kg) treatment.  

Administration of INDUS830 (20 and 40 mg/kg), INDUS83030 (16 

mg/kg) and sildenafil (25 mg/kg) showed significant increased (p < 0.05) in 

hematocrit level as compared to ANTU control rats.  

This ANTU-induced increased WBC count was significantly inhibited (p < 

0.05) by INDUS830 (40 mg/kg), INDUS83030 (8 and 16 mg/kg) and sildenafil 

(25 mg/kg) treatment as compared to ANTU control group.  

Administration of INDUS830 (40 mg/kg), INDUS83030 (16 mg/kg) and 

sildenafil (25 mg/kg) significantly decreased (p < 0.05) the neutrophils count as 

compared to ANTU control rats.  

When compared with normal group, the total cell count in BALF of ANTU 

control rats was increased significantly (p < 0.01). However, this increased in 

BALF total cell count was significantly and dose-dependently inhibited (p < 

0.05 and p < 0.01) by the INDUS830 (20 and 40 mg/kg) treatment when 

compared with ANTU control rats. INDUS83030 (16 mg/kg) and sildenafil (25 
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mg/kg) treatment also showed significant decreased (p < 0.01) in the BALF 

total cell count as compared to ANTU control rats. 

The BALF neutrophils count was increased significantly (p < 0.001) in the 

ANTU control group as compared to normal group. Whereas BALF lymphocytes 

count was decreased significantly (p < 0.001) in the ANTU control group as 

compared to normal group. Administration of INDUS830 (20 and 40 mg/kg) 

and INDUS83030 (8 and 16 mg/kg) showed significant and dose dependent 

decreased (p < 0.01 and p < 0.001, reps.) in the BALF neutrophils count as 

compared to ANTU control group. BALF neutrophils count was significantly 

decreased (p < 0.001) by sildenafil (25 mg/kg) treatment as compared to ANTU 

control group.  

When compared with ANTU control group, BALF lymphocytes count was 

significantly increased (p < 0.01) by sildenafil (25 mg/kg) treatment. INDUS830 

and INDUS83030 treatments failed to produce any significant increase in BALF 

lymphocytes count as compared to ANTU control group. 

There was significant decreased (p < 0.001) in the monocytes count in 

BALF in the ANTU control group as compared to normal group. Administration 

of INDUS830 (40 mg/kg) and INDUS83030 (16 mg/kg) significantly increased 

(p < 0.01) the monocytes count in BALF as compared to ANTU control group. 

Sildenafil (25 mg/kg) also produce significant increased (p < 0.01) in monocytes 

count in BALF as compared to ANTU control group. (Table 7.47) 
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Table 7.47. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in hematological count and 

BALF differential cell count of rats 

Treatment 
Hb 

(g/dl) 

RBC 

(*1012/L) 

HCT 

(%) 

WBC 

(*109/L) 
N (%) 

Total cell 

count in BALF 

(X 106/mL) 

BALF N 

(%) 

BALF L 

(%) 

BALF M 

(%) 

Normal 
14.34 ± 

0.31 

6.26 ± 

0.10 

39.44 

± 0.50 

13.24 ± 

0.31 

21.60 ± 

0.50 
0.47 ± 0.05 

3.00 ± 

0.31 

13.80 ± 

0.80 

82.40 ± 

1.03 

ANTU control  
12.08 ± 

0.31## 

5.68 ± 

0.08## 

36.52 

± 

0.58## 

14.84 ± 

0.20# 

23.60 ± 

0.24# 
0.82 ± 0.07## 

33.80 ± 

2.31### 

5.40 ± 

0.50### 

58.60 ± 

2.44### 

Sild (25) 
13.98 ± 

0.36* 

6.18 ± 

0.08* 

38.90 

± 0.35* 

13.26 ± 

0.62* 

21.80 ± 

0.20* 
0.51 ± 0.03** 

23.60 ± 

0.74*** 

9.00 ± 

1.09** 

65.80 ± 

1.42** 

INDUS830 (20) 
13.24 ± 

0.64 

6.14 ± 

0.16* 

38.72 

± 0.59* 

13.32 ± 

0.29 

22.60 ± 

0.50 
0.53 ± 0.07* 

27.40 ± 

0.81** 

7.00 ± 

0.70 

64.00 ± 

0.94 

INDUS830 (40) 
13.78 ± 

0.14* 

6.14 ± 

0.06* 

38.88 

± 0.55* 

13.28 ± 

0.37* 

21.60 ± 

0.40* 
0.52 ± 0.04** 

24.00 ± 

0.54*** 

8.00 ± 

0.63 

66.40 ± 

1.16** 

INDUS83030 

(8) 

13.62 ± 

0.37* 

6.16 ± 

0.05* 

38.47 

± 0.42 

13.26 ± 

0.49* 

22.60 ± 

0.50 
0.60 ± 0.07 

27.40 ± 

0.87** 

7.40 ± 

0.74 

63.40 ± 

0.81 

INDUS83030 

(16) 

13.58 ± 

0.28* 

6.18 ± 

0.15* 

38.82 

± 0.71* 

13.14 ± 

0.39* 

22.00 ± 

0.44* 
0.51 ± 0.02** 

24.00 ± 

0.70*** 

7.60 ± 

0.81 

66.60 ± 

0.81** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. #p < 0.05, ##p < 0.01, ###p < 0.001 as compared with 

normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-

naphthylthiourea, Sild- Sildenafil, Hb- Hemoglobin, RBC- Red Blood Corpuscles, HCT- Hematocrit, PLT- Platelet, WBC- 

White Blood Corpuscles, N- Neutrophils, L- Lymphocytes, M- Monocytes. (n = 5) 
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7.7.3. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in lung total protein, lung 5-HT, BALF GGT and BALF LDH level of 

rats: 

There was significant increased (p < 0.01) in lung total protein and 5-HT 

level of ANTU control group as compared to the normal group after 

intraperitoneal administration of ANTU. There was significant increased (p < 

0.001) in the BALF GGT level and significant increased (p < 0.05) in BALF LDH 

level in the ANTU control group as compared to the normal group.  

Administration of INDUS830 (40 mg/kg), INDUS83030 (8 and 16 mg/kg) 

and sildenafil (25 mg/kg) significantly decreased (p < 0.05) the lung total 

protein as compared to ANTU control group. INDUS830 (20 and 40 mg/kg) 

administration significantly decreased (p < 0.05) lung 5-HT level as compared 

to ANTU control group. Administration of INDUS83030 (8 and 16 mg/kg) and 

sildenafil (25 mg/kg) failed to produce any significantly decreased in lung 5-HT 

level as compared to ANTU control rats on day 28. 

Administration of INDUS830 (20 and 40 mg/kg) significantly decreased 

(p < 0.05) the BALF GGT level as compared to ANTU control group whereas 

INDUS83030 (8 and 16 mg/kg) showed significant and dose-dependent (p < 

0.05 and p < 0.01) inhibition in elevated level of BALF GGT as compared to 

ANTU control group. 

INDUS830 (40 mg/kg) and INDUS83030 (8 and 16 mg/kg) treatment 

produce significant decreased (p < 0.05) in BALF LDH level as compared to 

ANTU control group.  

The ANTU-induced increased BALF GGT as well as BALF LDH levels were 

significantly decreased (p < 0.01 and p < 0.05) by sildenafil (25 mg/kg) 

treatment as compared to ANTU control group. (Table 7.48)  
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Table 7.48. Effect of INDUS830 AND INDUS83030 on ANTU-induced 

alteration in lung total protein, lung 5-HT, BALF GGT and BALF 

LDH of rats 

Treatment 

Lung total 

protein 

(mg/gm) 

Lung  

5-HT (ng/g of 

tissue) 

BALF GGT 

(IU/L) 

BALF LDH 

(IU/L) 

Normal 17.63 ± 1.06 182.4 ± 6.35 12.93 ± 1.33 
808.1 ± 

40.39 

ANTU control  22.45 ± 0.98## 281.2 ± 10.66## 22.31 ± 1.41### 
985.8 ± 

57.85# 

Sild (25) 18.77 ± 0.72* 253.7 ± 21.23 14.50 ± 1.10** 
770.8 ± 

8.65* 

INDUS830 (20) 20.95 ± 0.70 208.2 ± 10.86* 16.45 ± 1.15* 
852.0 ± 

20.74 

INDUS830 (40) 19.22 ± 0.43* 209.4 ± 9.22* 16.84 ± 0.82* 
797.2 ± 

38.35* 

INDUS83030 (8) 18.94 ± 0.60* 255.0 ± 13.96 16.20 ± 1.36* 
817.8 ± 

46.86* 

INDUS83030 (16) 18.54 ± 0.74* 258.9 ± 21.36 14.42 ± 1.04** 
812.8 ± 

33.16* 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. #p < 0.05, ##p < 

0.01, ###p < 0.001 as compared with normal group and *p < 0.05, **p < 0.01 as 

compared with ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil, 

LDH- Lactate dehydrogenase, 5-HT- 5-hydroxytryptamine, GGT- Gamma Glutamyl 

Transferase. (n =4) 
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7.7.4. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in lung histology of rats: 

Histological analysis of lungs tissue from normal group revealed normal 

morphologies with thin-lined alveolar septa with well-organized alveolar space 

(Figure 7.77.A).  

Microscopic evaluation of lungs from ANTU-treated rats revealed the 

presence of hemorrhages and congestion. It also showed diffuse alveolar 

damage, interstitial edema with thickening of the alveolar septae, perivascular 

edema, and inflammatory cellular infiltrates (Figure 7.77.B).  

Lung tissue from rats treated with INDUS830 (20 and 40 mg/kg) had a 

marked decrease in the severities of alveolar inflammation. Perivascular 

inflammation and edema were also reduced in the lung of rat treated with 

INDUS830 (40 mg/kg) (Figure 7.77.D and Figure 7.77.E, resp.).  

INDUS83030 (8 mg/kg) treatment showed presence mild inflammatory 

infiltrates and vascular congestion in its structure (Figure 7.77.F). However, 

administration of INDUS83030 (8 and 16 mg/kg) showed a marked decrease in 

the severities of hemorrhages and edema as compared with ANTU-treated rats 

(Figure 7.77.F and Figure 7.77.G, resp.). 

Lung tissue from sildenafil (25 mg/kg) treated group had a marked 

decrease in the severities of hemorrhages, congestion, alveolar inflammation, 

and edema as compared with ANTU-treated rats alone (Figure 7.77.C). (Table 

7.46) 
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Figure 7.77. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in lung histology (H&E 

stain) of rats.  

Photomicrograph of sections of lung of Normal (A), ANTU control (B), Sildenafil (25 mg/kg) (C), INDUS830 (20 mg/kg) 

(D), INDUS830 (40 mg/kg) (E), INDUS83030 (8 mg/kg) (F) and INDUS83030 (16 mg/kg) (G) treated rats. Lung H&E 

stain at 100 X and respective inset at 400 X. 
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Table 7.49. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in lung histology of rats 

Treatment 

Inflammatory 

cell 

infiltration 

Epithelial 

degeneration 

Lung 

oedema 

Vascular 

congestion 

Disturbance of 

alveolar 

structure 

Normal 0 0 0 + 0 

ANTU control  +++ ++ ++++ ++++ +++ 

Slid (25) + + + + + 

INDUS830 (20) ++ ++ ++ ++ ++ 

INDUS830 (40) ++ ++ + + ++ 

INDUS83030 (8) ++ ++ ++ +++ ++ 

INDUS83030 (16) + + + + + 

ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.8. Effect of INDUS830 and INDUS83030 on Alpha-naphthylthiourea 

(ANTU)-induced pulmonary hypertension in rats: 

 

7.8.1. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in body weight, relative lung weight, relative liver weight, and 

fulton index of rats: 

There was significant decreased (p < 0.001) in the body weight of ANTU 

control group as compared to the normal group. Treatment with INDUS830 (20 

and 40 mg/kg), INDUS83030 (8 and 16 mg/kg) and sildenafil (25 mg/kg) 

significantly inhibited (p < 0.001) ANTU-induced decreased body weight as 

compared to ANTU control group.  

Subcutaneous administration of ANTU significantly increased (p < 0.001) 

the relative lung weight and fulton index of ANTU control group as compared to 

the normal group. Administration of INDUS830 (20 and 40 mg/kg), 

INDUS83030 (8 and 16 mg/kg) and sildenafil (25 mg/kg) significantly 

decreased (p < 0.001) relative lung weight as compared to ANTU control group. 

Administration of INDUS830 (20 and 40 mg/kg) showed significant and dose-

dependent (p < 0.05 and p < 0.01) inhibition in ANTU-induced increased fulton 

index as compared to ANTU control group. INDUS83030 (8 and 16 mg/kg) 

treatment showed significant and dose-dependent (p < 0.01 and p < 0.001) 

inhibition in ANTU-induced increased fulton index as compared to ANTU 

control group. Whereas sildenafil (25 mg/kg) also showed a significant 

reduction (p < 0.001) in fulton index as compared to ANTU control group on 

respective days. 

There was significant increased (p < 0.01) in the relative liver weight of 

ANTU control group as compared to the normal group. Treatment with 

INDUS830 (20 and 40 mg/kg), INDUS83030 (16 mg/kg) and sildenafil (25 
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mg/kg) significantly inhibited (p < 0.05) ANTU-induced increased relative liver 

weight as compared to ANTU control group. (Table 7.50) 

Table 7.50. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in body weight, relative lung weight, relative liver 

weight, and fulton index of rats 

Treatment 
Body Weight 

(g) 

Relative lung 

weight  

Relative 

liver weight 
Fulton index 

Normal 
227.60 ± 

2.20 

0.011 ± 

0.0005 

0.02 ± 

0.0007 
0.67 ± 0.04 

ANTU control  
191.20 ± 

2.45### 

0.02 ± 

0.001### 

0.03 ± 

0.001## 

1.35 ± 

0.09### 

Sild (25) 
223.80 ± 

1.71*** 

0.01 ± 

0.0006*** 

0.02 ± 

0.001* 

0.85 ± 

0.07*** 

INDUS830 (20) 
220.40 ± 

3.65*** 

0.01 ± 

0.001*** 

0.02 ± 

0.0009* 
1.02 ± 0.06* 

INDUS830 (40) 
222.40 ± 

2.40*** 

0.01 ± 

0.0006*** 

0.02 ± 

0.0009* 
0.92 ± 0.05** 

INDUS83030 (8) 
223.80 ± 

2.03*** 

0.013 ± 

0.0008*** 
0.02 ± 0.001 0.99 ± 0.08** 

INDUS83030 (16) 
219.20 ± 

2.74*** 

0.014 ± 

0.0004*** 

0.02 ± 

0.001* 

0.87 ± 

0.05*** 

 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. (n=7)  
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7.8.2. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in electrocardiographic abnormalities of rats: 

 

Subcutaneous administration of ANTU caused significant decreased (p < 

0.001) in heart rate and QRS amplitude whereas significant increased (p < 

0.001) in RR interval, QRS interval, and QTc interval as well as significant 

increased (p < 0.01) PR interval and ST interval in ANTU control rats as 

compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently (p < 0.01 and p < 0.001) inhibited ANTU-induced alterations in 

heart rate and QRS amplitude as compared to ANTU control rats. ANTU-

induced alterations in RR interval, QRS interval, and QTc interval were 

significantly (p < 0.01) inhibited by INDUS830 (20 and 40 mg/kg) treatment as 

compared to ANTU control rats. Whereas PR interval and ST interval was 

decreased significantly (p < 0.05) by INDUS830 (20 and 40 mg/kg) treatment as 

compared to ANTU control rats.  

ANTU-induced decreased in the heart rate was significantly and dose-

dependently (p < 0.01 and p < 0.001) inhibited by INDUS83030 (8 and 16 

mg/kg) treatment as compared to ANTU control rats. Treatment with 

INDUS83030 (8 and 16 mg/kg) showed significant, and dose-dependent 

decreased (p < 0.05 and p < 0.001) in RR interval and QRS interval whereas it 

showed significant increased (p < 0.01) in QRS amplitude as compared to ANTU 

control rats. ANTU-induced increased in QTc interval was significantly (p < 

0.01) inhibited by INDUS83030 (8 and 16 mg/kg) treatment as compared to 

ANTU control rats. 

Sildenafil (25 mg/kg) treatment also showed significant inhibition (p < 

0.001) in electrocardiographic abnormalities induced by ANTU when compared 

with ANTU control group. (Table 7.51)  
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Table 7.51. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in electrocardiographic 

abnormalities of rats  

Treatment 
Heart rate 

(BPM) 

RR interval 

(ms) 

QRS interval 

(ms) 

QRS amplitude 

(µV) 

QTc interval 

(ms) 

PR interval 

(ms) 

ST interval 

(ms) 

Normal 
320.60 ± 

5.52 
143.40 ± 9.46 15.08 ± 0.91 619.40 ± 3.93 

136.55 ± 

6.68 

23.17 ± 

0.85 

24.10 ± 

0.65 

ANTU control  
268.60 ± 

6.40### 

181.80 ± 

6.65### 

18.88 ± 

1.31### 

544.40 ± 

14.46### 

174.23 ± 

6.03### 

29.09 ± 

0.66## 

29.97 ± 

1.18## 

Sild (25) 
317.60 ± 

9.42*** 

143.20 ± 

6.36*** 

14.30 ± 

0.66*** 

617.20 ± 

20.17*** 

148.02 ± 

7.69** 

23.85 ± 

0.76* 

25.66 ± 

1.58* 

INDUS830 (20) 
302.20 ± 

10.95** 

148.60 ± 

8.14** 
16.88 ± 0.84* 

601.20 ± 

21.39** 

145.83 ± 

3.50** 

23.96 ± 

1.75* 

25.07 ± 

0.63* 

INDUS830 (40) 
313.00 ± 

14.40*** 

148.60 ± 

2.67** 

15.88 ± 

0.48** 

628.20 ± 

12.15*** 

146.28 ± 

3.92** 

24.10 ± 

1.70* 

25.21 ± 

1.34* 

INDUS83030 

(8) 

303.20 ± 

7.18** 

154.20 ± 

7.59* 
16.38 ± 0.38* 597.00 ± 19.97* 

145.80 ± 

4.10** 

24.62 ± 

1.08* 

25.01 ± 

0.95* 

INDUS83030 

(16) 

316.80 ± 

4.35*** 

146.80 ± 

4.99*** 

16.08 ± 

0.56** 
593.80 ± 15.72* 

147.10 ± 

5.65** 

25.01 ± 

1.41* 

24.77 ± 

0.90** 

 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, 

Sild- Sildenafil. (n=7)  
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7.8.3. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in hemodynamic abnormalities of rats: 

Right ventricular systolic pressure (RVSP) and right ventricular diastolic 

pressure (RVDP), Right ventricular systolic pressure (RVMP), dP/dtmin and Tau 

were increased significantly (p < 0.001), as well as dP/dtmax, increased 

significantly (p < 0.01) in the ANTU control group as compared to normal 

group. Whereas contractility index was decreased significantly (p < 0.001) in 

the ANTU control group as compared to the normal group. 

Administration of INDUS830 (20 and 40 mg/kg) showed significant and 

dose dependent inhibition (p < 0.01 and p < 0.001) in ANTU-induced alterations 

in RVSP, RVMP and contractility index as compared to ANTU control group 

whereas RVDP and Tau were significantly decreased (p < 0.01) by INDUS830 

(20 and 40 mg/kg) treatment as compared to ANTU control group. The 

dP/dtmax and dP/dtmin were significantly decreased (p < 0.01) by INDUS830 (40 

mg/kg) treatment as compared to ANTU control group. 

There were significant inhibition (p < 0.001) in the ANTU-induced 

alterations in RVSP, RVMP and contractility index whereas significant and dose 

dependent decreased (p < 0.01 and p < 0.001) in RVDP by INDUS83030 (8 and 

16 mg/kg) treatment as compared to ANTU control group. Administration of 

INDUS83030 (8 and 16 mg/kg) showed significant decrease (p < 0.05) in 

dP/dtmax and dP/dtmin as compared to ANTU control group. Treatment with 

INDUS83030 (8 and 16 mg/kg) showed significant decreased (p < 0.01) in Tau 

as compared to ANTU control group. 

Administration of sildenafil (25 mg/kg) for 28 days significantly 

decreased (p < 0.001) RVSP, RVDP and RVMP as well as significantly increased 

(p < 0.001) in contractility index whereas it significantly decreased (p < 0.05) 

dP/dtmax, dP/dtmin and Tau as compared to ANTU control group. (Table 7.52) 
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Table 7.52. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in hemodynamic 

abnormalities of rats 

Treatment 
RVSP  

(mm Hg) 

RVDP  

(mm Hg) 

RVMP 

(mm Hg) 

dP/dtmax 

(mm Hg) 

dP/dtmin 

(mm Hg) 

Contractility 

index 

Tau 

(ms) 

Normal 
14.78 ± 

1.24 
10.09 ± 1.05 

16.36 ± 

1.49 

985.3 ± 

86.36 

-779.0 ± 

31.84 
18.19 ± 0.87 

14.61 ± 

0.99 

ANTU control  
41.44 ± 

1.22### 

20.40 ± 

1.94### 

43.39 ± 

1.86### 

1546.00 ± 

141.1## 

-1245.00 ± 

85.24### 

8.67 ± 

0.85### 

25.42 ± 

1.15### 

Sild (25) 
28.86 ± 

1.36*** 

11.59 ± 

0.86*** 

24.86 ± 

1.57*** 

1049.00 ± 

82.12* 

-914.00 ± 

52.25* 

16.49 ± 

0.47*** 

18.25 ± 

1.48** 

INDUS830 (20) 
34.32 ± 

3.02** 

13.67 ± 

0.92** 

28.44 ± 

2.47*** 

1220.00 ± 

71.18 

-996.0 ± 

82.77 

14.44 ± 

1.42** 

18.34 ± 

1.19** 

INDUS830 (40) 
25.97 ± 

1.62*** 

13.25 ± 

1.71** 

26.59 ± 

1.35*** 

1125.00 ± 

75.95* 

-897.8 ± 

80.52* 

16.99 ± 

0.96*** 

18.40 ± 

1.29** 

INDUS83030 (8) 
30.85 ± 

2.44*** 

12.81 ± 

1.15** 

31.25 ± 

2.45*** 

1134.00 ± 

112.1* 

-953.00 ± 

35.12* 

13.73 ± 

0.70*** 

19.23 ± 

0.81** 

INDUS83030 (16) 
23.25 ± 

1.05*** 

12.36 ± 

0.72*** 

25.14 ± 

1.32*** 

1106.00 ± 

90.06* 

-940.80 ± 

111.3* 

13.71 ± 

0.70*** 

18.72 ± 

0.93** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, 

Sild- Sildenafil. (n=7)  
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7.8.4. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in percent oxygen saturation of rats: 

Percent oxygen saturation (% O2) was decreased significantly (p < 0.001) 

in the ANTU control rats as compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) significantly and dose-

dependently increased (p < 0.05 and p < 0.01) % O2 as compared to ANTU 

control rats. When compared to ANTU control rats, INDUS83030 (16 mg/kg) 

treatment significantly increased (p < 0.05) % O2. Sildenafil (25 mg/kg) 

treatment showed significant (p < 0.001) inhibition in the ANTU-induced 

decreased % O2 as compared to ANTU control rats. (Figure 7.78) 

 

Figure 7.78. Effect of INDUS830 AND INDUS83030 on ANTU-induced 
alteration in percent oxygen saturation of rats. 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 
compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 
ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. (n = 5) 
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7.8.5. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in lung function test of rats: 

A significant (p < 0.01) increase in PIF and Penh were recorded in ANTU 

control rats as compared to normal rats. Whereas PEF, EV, and frequency of 

breathing were decreased significantly (p < 0.01) in ANTU control rats as 

compared to normal rats.  

Administration of INDUS830 (20 and 40 mg/kg) showed significant and 

dose-dependent (p < 0.05 and p < 0.01) inhibition in ANTU-induced alterations 

in PIF, EV, frequency of breathing and Penh as compared to ANTU control rats. 

Whereas PEF was increased significantly (p < 0.05) by INDUS830 (40 mg/kg) 

treatment as compared to ANTU control rats.  

ANTU-induced increase in PIF was significantly (p < 0.05) decreased by 

INDUS83030 (16 mg/kg) treatment as compared to ANTU control rats. 

Treatment with INDUS83030 (8 and 16 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) decrease Penh as compared to ANTU control 

rats. Whereas PEF, EV, and frequency of breathing were increased significantly 

(p < 0.05) by INDUS83030 (16 mg/kg) treatment as compared to ANTU control 

rats.  

ANTU-induced decreased in PEF and frequency of breathing were 

increased significantly (p < 0.01) by sildenafil (25 mg/kg) treatment as 

compared to ANTU control rats. Treatment with sildenafil (25 mg/kg) 

significantly (p < 0.01) decreases PIF and Penh as compared to ANTU control 

rats. The ANTU-induced decreased in EV was increased significantly (p < 0.05) 

by sildenafil (25 mg/kg) treatment as compared to ANTU control rats. (Table 

7.53) 
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Table 7.53. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in lung function test of rats 

Treatment PIF (m/s) PEF (m/s) TV (m) EV (m) f (bpm) Penh 

Normal 15.58 ± 0.87 20.34 ± 0.99 1.42 ± 0.07 1.31 ± 0.08 227.10 ± 16.25 0.86 ± 0.05 

ANTU control  19.68 ± 1.04## 16.22 ± 0.46## 1.29 ± 0.12 0.80 ± 0.05## 167.75 ± 8.45## 1.20 ± 0.11## 

Sild (25) 15.98 ± 0.86** 20.53 ± 0.87** 1.56 ± 0.11 1.17 ± 0.07* 227.61 ± 12.97** 0.94 ± 0.04** 

INDUS830 (20) 16.75 ± 0.36* 18.91 ± 0.57 1.57 ± 0.14 1.20 ± 0.14* 215.91 ± 11.09* 0.92 ± 0.09* 

INDUS830 (40) 15.80 ± 0.66** 19.85 ± 0.93* 1.56 ± 0.03 1.24 ± 0.03** 227.09 ± 9.37** 0.89 ± 0.05** 

INDUS83030 (8) 17.21 ± 0.90 17.71 ± 0.44 1.40 ± 0.12 1.10 ± 0.011 203.29 ± 8.07 0.97 ± 0.04* 

INDUS83030 (16) 16.66 ± 0.35* 19.89 ± 0.88* 1.57 ± 0.04 1.14 ± 0.12* 211.74 ± 13.38* 0.93 ± 0.05** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as compared with normal group and *p < 

0.05, **p < 0.01 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil, PIF- Peak 

Inspiratory Flow, PEF- Peak Expiratory Flow, TV- Tidal Volume, EV- Expired Volume, f- frequency of breathing and Penh- 

Enhanced Pause. (n=5) 
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7.8.6. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in hematological parameters of rats: 

ANTU control rats showed significantly (p < 0.001) decreased Hb, RBC, 

and monocytes count whereas it showed significantly (p < 0.01) decreased HCT 

and PLT count as compared to normal rats. There were significant (p < 0.001 

and p < 0.01) increase in WBC and neutrophils count after of intraperitoneal 

ANTU administration as compared to normal rats.  

Treatment with INDUS830 (20 and 40 mg/kg) significantly and dose 

dependent (p < 0.01 and p < 0.001) increased in the Hb, RBC and monocytes 

count as compared to ANTU control rats. Administration of INDUS830 (20 and 

40 mg/kg) significantly (p < 0.05) increased HCT and PLT count as compared to 

ANTU control group. Whereas there was significant and dose dependent (p < 

0.05 and p < 0.01) decrease in WBC count by INDUS830 (20 and 40 mg/kg) 

treatment as compared to ANTU control group. INDUS830 (40 mg/kg) 

treatment showed significant (p < 0.05) decrease in neutrophils count as 

compared to ANTU control group. 

Administration of INDUS83030 (8 and 16 mg/kg) significantly and dose-

dependently (p < 0.05 and p < 0.01) increased Hb and RBC count whereas HCT 

was increased significantly (p < 0.05) in INDUS83030 (16 mg/kg) treated rats 

as compared to ANTU control group. PLT and monocytes count were increased 

significantly (p < 0.01) in INDUS83030 (16 mg/kg) treated rats as compared to 

ANTU control group. There were significant (p < 0.01 and p < 0.05) decrease in 

WBC and neutrophils count in INDUS83030 (16 mg/kg) treated rats as 

compared to normal rats. 

Sildenafil (25 mg/kg) showed significant (p < 0.01) increase in Hb, RBC 

and monocytes count whereas it showed significant (p < 0.05) increase in HCT 

and PTL count as well as significant (p < 0.01 and p < 0.05) decrease in WBC 

and neutrophils count as compared to ANTU control rats. (Table 7.54)  
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Table 7.54. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in hematological parameters 

of rats 

Treatment Hb (g/dl) 
RBC 

(*1012/L) 
HCT (%) 

PLT 

(*109/L) 

WBC 

(*109/L) 
N (%) M (%) 

Normal 
15.18 ± 

0.37 
6.40 ± 0.16 

38.84 ± 

1.12 

1026.00 ± 

39.12 

12.32 ± 

0.42 

22.20 ± 

1.02 

9.00 ± 

0.31 

ANTU control  
11.42 ± 

0.27### 
5.02 ± 0.1### 

32.76 ± 

1.05## 

807.00 ± 

20.56## 

16.06 ± 

0.45### 

27.40 ± 

0.81## 

6.20 ± 

0.66### 

Sild (25) 
13.36 ± 

0.26** 
5.72 ± 0.08** 

37.50 ± 

0.97* 

985.8 ± 

41.71* 

13.94 ± 

0.25** 

23.20 ± 

0.96* 

8.40 ± 

0.50** 

INDUS830 (20) 
13.38 ± 

0.23** 
5.76 ± 0.10** 

37.20 ± 

0.82* 

965.0 ± 

48.06 

14.34 ± 

0.42* 

25.00 ± 

0.44 

8.80 ± 

0.37** 

INDUS830 (40) 
14.26 ± 

0.33*** 

6.40 ± 

0.19*** 

37.36 ± 

1.02* 

984.00 ± 

44.26* 

14.26 ± 

0.35** 

23.40 ± 

1.03* 

9.00 ± 

0.31*** 

INDUS83030 (8) 
12.86 ± 

0.61* 
5.62 ± 0.18* 

35.58 ± 

0.77 

950.4 ± 

51.43 

14.84 ± 

0.40 

24.40 ± 

1.20 

8.00 ± 

0.31 

INDUS83030 (16) 
13.24 ± 

0.19** 
5.70 ± 0.15** 

37.30 ± 

1.21* 

1018.00 ± 

54.87** 

14.04 ± 

0.19** 

23.00 ± 

0.44* 

8.80 ± 

0.20** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, 

Sild- Sildenafil, Hb- Hemoglobin, RBC- Red Blood Corpuscles, HCT- Hematocrit, PLT- Platelet, WBC- White Blood 

Corpuscles, N- Neutrophils, M- Monocytes. (n = 5) 
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7.8.7. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in of SOD, GSH, MDA and MPO in right ventricle (RV) of rats: 

ANTU control group showed significant decreased (p < 0.001) in the RV 

SOD and GSH level whereas MDA and MPO in RV were increased significantly 

(p < 0.001) in ANTU control rats as compared to normal group.  

INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

treatment showed significant increase and dose dependent (p < 0.01 and p < 

0.001) in the RV SOD level as compared to ANTU control rats.  

INDUS830 (20 and 40 mg/kg) treatment significantly and dose-

dependently increased (p < 0.05 and p < 0.001) the RV GSH level whereas 

INDUS83030 (8 and 16 mg/kg) treatment significantly and dose-dependently 

increased (p < 0.05 and p < 0.01) the RV GSH level as compared to ANTU 

control rats.  

The increased level of MDA in RV after ANTU administration was 

significantly and dose-dependently decreased (p < 0.01 and p < 0.001) by 

INDUS830 (20 and 40 mg/kg) whereas INDUS83030 (8 and 16 mg/kg) 

treatment significantly and dose-dependently decreased (p < 0.05 and p < 0.01) 

MDA level in RV as compared to ANTU control rats.  

Administration of INDUS830 (20 and 40 mg/kg) for 28 days showed 

significant decreased (p < 0.05) in RV MPO level whereas INDUS83030 (16 

mg/kg) treatment significantly decreased (p < 0.01) MPO level in RV as 

compared to ANTU control group.  

Sildenafil (25 mg/kg) treated group also showed significant inhibition (p 

< 0.001) in the ANTU-induced altered RV SOD, GSH, MDA and MPO levels as 

compared to ANTU control group. (Table 7.55) 
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Table 7.55. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in SOD, GSH, MDA and MPO in right ventricle (RV) of 

rats 

Treatment 

SOD (U /mg 

of protein) 

GSH (µg/mg of 

protein) 

MDA (nM/ mg 

of protein) 
MPO (U/gm) 

Normal 11.92 ± 0.89 29.72 ± 0.92 3.85 ± 0.50 6.18 ± 0.36 

ANTU control  5.31 ± 0.85### 18.86 ± 1.40### 9.04 ± 0.47### 

11.00 ± 

0.49### 

Sild (25) 

10.82 ± 

0.57*** 
27.48 ± 1.38*** 5.62 ± 0.22*** 

10.13 ± 

0.75*** 

INDUS830 (20) 9.27 ± 0.58** 24.66 ± 0.42* 6.49 ± 0.48** 8.83 ± 0.14* 

INDUS830 (40) 

10.77 ± 

0.60*** 

27.22 ± 2.01*** 5.69 ± 0.54*** 8.62 ± 0.29* 

INDUS83030 (8) 9.30 ± 0.43** 24.05 ± 0.91* 7.09 ± 0.52* 9.17 ± 0.58 

INDUS83030 (16) 9.82 ± 0.43*** 25.31 ± 1.58** 6.56 ± 0.54** 8.01 ± 0.31** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil, SOD: Superoxide 

Dismutase, GSH: Glutathione, MDA: Malondialdehyde and MPO- Myeloperoxidase. 

(n=4) 
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7.8.8. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in of SOD, GSH, MDA and MPO in lung of rats: 

ANTU control group showed significant decreased (p < 0.001) in the lung 

SOD and GSH level whereas MDA and MPO in the lung were increased 

significantly (p < 0.001) in ANTU control rats as compared to the normal group.  

INDUS830 (20 and 40 mg/kg) treatment showed significant and dose-

dependent increase (p < 0.01 and p < 0.001) in the lung SOD level whereas 

GSH level was significantly and dose-dependently increase (p < 0.05 and p < 

0.01) by INDUS830 (20 and 40 mg/kg) treatment as compared to ANTU control 

rats.  

The increased level of MDA in the lung after ANTU administration was 

significantly decreased (p < 0.001) by INDUS830 (20 and 40 mg/kg) treatment 

as compared to ANTU control rats. Administration of INDUS830 (40 mg/kg) for 

28 days showed significant decreased (p < 0.05) in lung MPO level as compared 

to ANTU control group.  

When compared with ANTU control group, lung SOD and GSH levels 

were significantly increased (p < 0.05) by INDUS83030 (16 mg/kg) 

administration whereas lung MDA level was significantly increased (p < 0.05) 

by INDUS83030 (16 mg/kg) administration.  

Treatment of INDUS83030 (8 and 16 mg/kg) showed significant and 

dose-dependent decreased (p < 0.05 and p < 0.01) in lung MPO level as 

compared to ANTU control rats. 

Sildenafil (25 mg/kg) treated group also showed significant increased (p < 

0.001) in lung SOD and GSH levels whereas lung MDA and MPO levels 

decreased significantly (p < 0.001) in sildenafil (25 mg/kg) treated group as 

compared to ANTU control group. (Table 7.56) 
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Table 7.56. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in SOD, GSH, MDA and MPO in lung of rats 

Treatment 

SOD (U /mg 

of protein) 

GSH (µg/mg 

of protein) 

MDA (nM/ mg 

of protein) 
MPO (U/gm) 

Normal 6.24 ± 0.40 3.77 ± 0.29 1.35 ± 0.26 12.79 ± 1.14 

ANTU control  2.78 ± 0.44### 1.43 ± 0.26### 5.51 ± 0.31### 

26.25 ± 

1.29### 

Sild (25) 5.56 ± 0.14*** 3.45 ± 0.39*** 3.00 ± 0.41*** 

20.01 ± 

0.43*** 

INDUS830 (20) 4.60 ± 0.54* 2.87 ± 0.14* 2.90 ± 0.29*** 23.59 ± 0.99 

INDUS830 (40) 6.02 ± 0.24*** 3.27 ± 0.29** 1.85 ± 0.32*** 22.36 ± 0.86* 

INDUS83030 (8) 3.93 ± 0.36 2.33 ± 0.15 4.10 ± 0.46 22.09 ± 0.91* 

INDUS83030 (16) 4.73 ± 0.57* 2.79 ± 0.29* 3.76 ± 0.19* 21.04 ± 0.99** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil, SOD: Superoxide 

Dismutase, GSH: Glutathione, MDA: Malondialdehyde and MPO- Myeloperoxidase. 

(n=4) 
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7.8.9. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in of SOD, GSH, MDA and MPO in liver of rats: 

ANTU control group showed significant decreased (p < 0.01) in the liver 

SOD and GSH level whereas MDA and MPO in liver were increased significantly 

(p < 0.01) in ANTU control rats as compared to normal group. INDUS830 (40 

mg/kg) and INDUS83030 (16 mg/kg) treatment showed significant increase (p 

< 0.05) in the liver SOD and GSH level as compared to ANTU control rats. The 

increased level of MDA in the liver after ANTU administration was significantly 

decreased (p < 0.05) by INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 

16 mg/kg) treatment as compared to ANTU control rats. Administration of 

INDUS830 (20 and 40 mg/kg) and INDUS83030 (16 mg/kg) for 28 days 

showed significant decreased (p < 0.05) in liver MPO level as compared to ANTU 

control group. Sildenafil (25 mg/kg) treated group also showed significant 

inhibition (p < 0.05) in the ANTU-induced altered liver SOD, GSH, MDA and 

MPO and hydroxyproline content as compared to ANTU control group. (Table 

7.57) 

Table 7.57. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in SOD, GSH, MDA and MPO in liver of rats 

Treatment 
SOD (U /mg 

of protein) 

GSH (µg/mg 

of protein) 

MDA (nM/ mg 

of protein) 
MPO (U/gm) 

Normal 4.16 ± 0.38 2.26 ± 0.08 0.40 ± 0.05 6.33 ± 0.43 

ANTU control  2.52 ± 0.23## 1.71 ± 0.10## 0.63 ± 0.03## 9.77 ± 0.62## 

Sild (25) 3.84 ± 0.14* 2.19 ± 0.08* 0.43 ± 0.02* 7.07 ± 0.79* 

INDUS830 (20) 3.28 ± 0.12 2.05 ± 0.11 0.50 ± 0.04 7.53 ± 0.70* 

INDUS830 (40) 3.81 ± 0.31* 2.18 ± 0.07* 0.45 ± 0.03* 7.11 ± 0.41* 

INDUS83030 (8) 3.45 ± 0.34 1.90 ± 0.15 0.47 ± 0.03 8.36 ± 0.45 

INDUS83030 (16) 3.69 ± 0.25* 2.16 ± 0.10* 0.45 ± 0.03* 7.14 ± 0.54* 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01 as 

compared with normal group and *p < 0.05 as compared with ANTU control group. 

ANTU- Alpha-naphthylthiourea, Sild- Sildenafil, SOD: Superoxide Dismutase, GSH: 

Glutathione, MDA: Malondialdehyde and MPO- Myeloperoxidase. (n=4) 
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7.8.10. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in serum biochemistry of rats: 

Intraperitoneal ANTU administration significantly increased (p < 0.01) 

serum AST and ALT levels whereas serum GGT, LDH and CK-MB levels were 

significantly increased (p < 0.001) in ANTU control group as compared to 

normal.  

Administration of INDUS830 (40 mg/kg), INDUS83030 (16 mg/kg) and 

sildenafil (25 mg/kg) significantly decreased (p < 0.05) serum AST and ALT 

levels as compared to ANTU control group.  

INDUS830 (20 and 40 mg/kg) showed significant and dose-dependent 

inhibition (p < 0.05 and p < 0.01) in ANTU-induced elevated serum GGT level as 

compared to ANTU control rats. Whereas INDUS83030 (16 mg/kg) and 

sildenafil (25 mg/kg) treatment significantly inhibited ANTU-induced elevated 

serum GGT level as compared to ANTU control rats. 

The serum LDH level was significantly and dose-dependently (p < 0.05 

and p < 0.001) decreased by INDUS830 (20 and 40 mg/kg) treatment as 

compared to ANTU control group. There was significant decreased (p < 0.01) in 

the serum LDH level by INDUS83030 (8 and 16 mg/kg) treatment whereas 

sildenafil (25 mg/kg) treatment showed significant decreased (p < 0.001) in 

serum LDH level as compared to ANTU control rats.  

Administration of INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 

16 mg/kg) for 28 days significantly decreased (p < 0.01) serum CK-MB level as 

compared to ANTU control rats. There was significant decreased (p < 0.001) in 

serum CK-MB level by sildenafil (25 mg/kg) treatment as compared to ANTU 

control rats. (Table 7.58) 
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Table 7.58. Effect of INDUS830 AND INDUS83030 on ANTU-induced alteration in serum biochemistry of 

rats 

Treatment AST (IU/I) ALT (IU/I) GGT (IU/I) LDH (IU/I) CK-MB (IU/I) 

Normal 128.5 ± 11.09 34.51 ± 3.52 13.95 ± 1.31 1200.00 ± 164.7 468.3 ± 26.12 

ANTU control  176.2 ± 9.41## 54.95 ± 4.33## 22.86 ± 0.96### 
2170.00 ± 

121.9### 
765.4 ± 47.68### 

Sild (25) 132.8 ± 6.65* 38.54 ± 4.50* 16.04 ± 1.09** 
1349.00 ± 

86.75*** 
493.6 ± 41.52*** 

INDUS830 (20) 159.5 ± 9.57 44.40 ± 3.81 16.98 ± 1.05* 1653.00 ± 65.96* 595.4 ± 31.17** 

INDUS830 (40) 
136.2 ± 

11.68* 
36.12 ± 4.11* 15.43 ± 1.58** 

1383.00 ± 

63.91*** 
565.8 ± 9.96** 

INDUS83030 (8) 148.5 ± 9.74 44.22 ± 2.92 18.76 ± 0.57 
1525.00 ± 

126.3** 
605.1 ± 41.27** 

INDUS83030 

(16) 
136.0 ± 3.91* 39.44 ± 2.64* 16.73 ± 1.44** 

1401.00 ± 

112.9** 
566.4 ± 61.09** 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ##p < 0.01, ###p < 0.001 as compared with normal 

group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, 

Sild- Sildenafil, AST- Aspartate Aminotransferase, ALT- Alanine Aminotransferase, LDH- Lactate dehydrogenase, CK-

MB- Creatine Kinase-MB. (n =4) 
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7.8.11. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in RV eNOs and VEGF mRNA expressions in rats: 

ANTU control group showed significant down-regulation (p < 0.001) in 

the RV eNOs mRNA expression as compared to the normal group.  

INDUS830 (20 and 40 mg/kg) and INDUS83030 (16 mg/kg) treatment 

showed significant up-regulation (p < 0.01) in RV eNOs mRNA expression as 

compared to ANTU control rats.  

There was significant up-regulation (p < 0.001) in RV eNOs mRNA 

expression by sildenafil (25 mg/kg) treatment as compared to ANTU control 

group.  

When compared with normal group, intraperitoneal ANTU administration 

induced significant up-regulation (p < 0.001) in VEGF mRNA expression in 

ANTU control group.  

INDUS830 (20 and 40 mg/kg) and INDUS83030 (8 and 16 mg/kg) 

treatment showed significant and dose dependent down-regulation (p < 0.05 

and p < 0.001) in RV VEGF mRNA expression as compared to ANTU control 

rats.  

Sildenafil (25 mg/kg) showed significant down-regulation (p < 0.001) in 

the RV VEGF mRNA expression as compared to ANTU control rats. (Figure 

7.79) 
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Figure 7.79. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in RV eNOs (A) and VEGF (B) mRNA expressions in 

rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. (n=4) 
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7.8.12. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in lung eNOs mRNA expressions in rats: 

ANTU control group showed significant down-regulation (p < 0.001) in 

the lung eNOs mRNA expression as compared to the normal group. INDUS830 

(40 mg/kg) treatment showed significant up-regulation (p < 0.05) in lung eNOs 

mRNA expression as compared to ANTU control rats. There was significant up-

regulation (p < 0.01) in lung eNOs mRNA expression by sildenafil (25 mg/kg) 

treatment as compared to ANTU control group. (Figure 7.80) 

 

Figure 7.80. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in lung eNOs mRNA expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01 as compared with ANTU control 

group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. (n=4) 
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7.8.13. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in pulmonary artery eNOs and VEGF mRNA expressions in rats: 

ANTU control group showed significant down-regulation (p < 0.001) in 

the pulmonary artery eNOs mRNA expression as compared to the normal 

group.  

INDUS830 (40 mg/kg) treatment showed significant up-regulation (p < 

0.01) in pulmonary artery eNOs mRNA expression whereas INDUS83030 (8 and 

16 mg/kg) significantly and dose-dependently up-regulate (p < 0.01 and p < 

0.001) pulmonary artery eNOs mRNA expression as compared to ANTU control 

rats.  

There was significant up-regulation (p < 0.001) in pulmonary artery eNOs 

mRNA expression by sildenafil (25 mg/kg) treatment as compared to ANTU 

control group.  

When compared with normal group, intraperitoneal ANTU administration 

induced significant up-regulation (p < 0.001) in VEGF mRNA expression in 

ANTU control group.  

INDUS830 (40 mg/kg) treatment showed significant down-regulation (p < 

0.01) in pulmonary artery VEGF mRNA expression whereas INDUS83030 (8 

and 16 mg/kg) treatment showed significant and dose dependent down-

regulation (p < 0.01 and p < 0.01) in pulmonary artery VEGF mRNA expression 

as compared to ANTU control rats.  

Sildenafil (25 mg/kg) showed significant down-regulation (p < 0.001) in 

the pulmonary artery VEGF mRNA expression as compared to ANTU control 

rats. (Figure 7.81) 
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Figure 7.81. Effect of INDUS830 and INDUS83030 on ANTU-induced 

alteration in pulmonary artery eNOs (A) and VEGF (B) mRNA 

expressions in rats.  

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as 

compared with normal group and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. (n=4) 
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7.8.14. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in right ventricle (RV) histology of rats: 

The myocardial tissues from normal rats did not show any abnormalities. 

It is devoid of inflammation, nuclear pyknosis, cytoplasmic vacuolization, and 

cytoplasmic eosinophilia. RV from normal rats exhibited normal organization 

and configuration myocytes (Figure 7.82.A). 

However, intraperitoneal administration of ANTU caused focal myocyte 

necrosis and mononuclear leukocyte infiltration in RV. It also showed 

disorganized arrangement with no well-defined boundaries, vascular 

congestion, cytoplasmic vacuoles and cytoplasmic eosinophilia in myocardial 

cells (Figure 7.82.B). 

The RV from INDUS830 (20 and 40 mg/kg) treated rats showed 

remarkably improved histological changes in the RV tissue induced after ANTU. 

RV from INDUS830 (20 and 40 mg/kg) treated rats showed reduced myocardial 

necrosis, diminished the extent of inflammation and nuclear pyknosis (Figure 

7.82.D and Figure 7.82.E, resp.). 

The RV from INDUS83030 (8 and 16 mg/kg) treated rats showed mild 

myocyte necrosis with decreased mononuclear leukocyte infiltration. Vascular 

congestion, cytoplasmic vacuoles and cytoplasmic eosinophilia were reduced in 

the in myocardial cells from INDUS83030 (16 mg/kg) treated rats (Figure 

7.82.F and Figure 7.82.G, resp.). 

RV from sildenafil (25 mg/kg) treated rats showed decrease in the loss of 

myocardial fibers, myocardial hypertrophy and cytoplasmic eosinophilia (Figure 

7.82.C). (Table 7.59) 
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Figure 7.82. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in right ventricle (RV) 

histology (H&E stain) of rats.  

Photomicrograph of sections of RV of Normal (A), ANTU control (B), Sildenafil (25 mg/kg) (C), INDUS830 (20 mg/kg) (D), 

INDUS830 (40 mg/kg) (E), INDUS83030 (8 mg/kg) (F) and INDUS83030 (16 mg/kg) (G) treated rats. RV H&E staining at 

100 X. 
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Table 7.59. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in right ventricle (RV) 

histology of rats 

Treatment 

Inflammatory 

infiltration 
Pyknosis vacuolization Oedema Necrosis Congestion 

Normal 0 0 0 + 0 0 

ANTU control  ++++ +++ +++ +++ ++++ +++ 

Slid (25) 0 + 0 0 + + 

INDUS830 (20) ++ ++ ++ ++ ++ ++ 

INDUS830 (40) + + ++ ++ ++ + 

INDUS83030 

(8) 
++ + + ++ ++ + 

INDUS83030 

(16) 
+ + 0 0 + + 

ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.8.15. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in pulmonary artery histology of rats: 

Histological evaluation of pulmonary artery from the normal group 

showed the endothelial, tunica media, and tunica adventitia layers were in 

normal aspect. The endothelium was intact, no medial hypertrophy and medial 

vacuolization. There was no disintegration in endothelial cells (Figure 7.83.A). 

The pulmonary artery from ANTU control group showed hypertrophy and 

vacuolization in the muscle cells of the pulmonary artery. Endothelial cells 

were disintegrated. Reduction of the lumen and periadventitial edema with 

macrophage infiltration was observed. There are thickening of alveolar septa 

with fibrosis and alveolar macrophage infiltration with an increase in 

surrounding extracellular matrix in lung treated with ANTU. Vessels were 

surrounded by inflammatory infiltrates and oedema. Bronchiole and vein didn't 

appear to be affected by ANTU (Figure 7.83.B).  

The pulmonary artery area, pulmonary artery thickness, percent wall 

thickness and percent wall area were increased significantly (p < 0.001) in the 

ANTU control group as compared to the normal group. (Table 7.60) 

The structure of pulmonary artery in the INDUS830 (20 and 40 mg/kg) 

treated group was normal; there was no disintegration in the endothelial cells, 

and the tunica media and tunica adventitia layers were in normal aspect. 

However, it showed the presence of a few inflammatory cells in the alveolar 

septa and moderate congestion of the small caliber arteries (Figure 7.83.D and 

Figure 7.83.E, resp.). 

ANTU-induced increase in pulmonary artery area, pulmonary artery 

thickness, percent wall thickness and percent wall area were significantly 

decreased (p < 0.001) by a 28-day treatment with INDUS830 (20 and 40 mg/kg) 

as compared to ANTU control rats. (Table 7.60) 
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Pulmonary artery from the INDUS83030 (8 and 16 mg/kg) treated group 

showed normal smooth muscle in alveolar septae. The structure of lung 

parenchyma was normal with a thin septum and pulmonary arterioles. There 

was marked a reduction in the vascular inflammatory infiltration (Figure 7.83.F 

and Figure 7.83.G, resp.). 

Administration of INDUS83030 (8 and 16 mg/kg) significantly decreased 

(p < 0.001) pulmonary artery area, pulmonary artery thickness, percent wall 

thickness and percent wall area of pulmonary artery as compared to ANTU 

control group. (Table 7.60) 

In the sildenafil (25 mg/kg) treated group, the endothelium was intact, 

and medial hypertrophy and medial vacuolization was reduced. The structure 

of pulmonary arteries was uniform, and endothelial cells were intact. The 

number of inflammatory cells and the thickness of the alveolar septa are 

markedly reduced. Moreover, the organization of the elastic lamina was 

homogeneous, and medial muscle mass was not hypertrophied (Figure 7.83.C).  

When compared with ANTU control rats, pulmonary artery area, 

pulmonary artery thickness, percent wall thickness and percent wall area were 

significantly decreased (p < 0.001) in sildenafil (25 mg/kg) treatment group 

after 28 days. (Table 7.60) 
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Figure 7.83. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in pulmonary artery 

histology (H&E stain) of rats.  

Photomicrograph of sections of pulmonary artery of Normal (A), ANTU control (B), Sildenafil (25 mg/kg) (C), INDUS830 

(20 mg/kg) (D), INDUS830 (40 mg/kg) (E), INDUS83030 (8 mg/kg) (F) and INDUS83030 (16 mg/kg) (G) treated rats. 

Pulmonary artery H&E staining at 400 X. 
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Table 7.60. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in pulmonary artery 

histology of rats 

Treatment 
Area of PA 

(µm2) 

Mean 

thickness 

of PA (µm) 

Wall 

thickness 

of PA (%) 

Wall 

area of 

PA (%) 

Medial 

hyper-

trophy 

Medial 

vacuoli-

zation 

Medial 

thickening 

Endothelial 

cells 

disintegration 

Normal 
3740.00 ± 

235.7 

17.07 ± 

1.28 

39.24 ± 

2.75 

62.94 ± 

3.30 
0 + 0 0 

ANTU control  
6480.00 ± 

174.9### 

38.88 ± 

1.18### 

84.50 ± 

1.75### 

97.54 ± 

0.55### 
++++ ++++ ++++ ++++ 

Slid (25) 
3863.00 ± 

307.4*** 

17.82 ± 

1.46*** 

40.92 ± 

2.74* 

64.95 ± 

3.18*** 
+ + ++ + 

INDUS830 (20) 
4532.00 ± 

233.6** 

21.86 ± 

1.25*** 

49.68 ± 

2.38*** 

74.56 ± 

2.36*** 
++ ++ ++ +++ 

INDUS830 (40) 
4136.00 ± 

217.3*** 

19.56 ± 

1.33*** 

44.94 ± 

2.93*** 

69.51 ± 

3.22*** 
+ ++ + ++ 

INDUS83030 (8) 
5402.00 ± 

225.4* 

29.35 ± 

1.62** 

66.60 ± 

3.06** 

88.66 ± 

2.00 
++ ++ ++ +++ 

INDUS83030 (16) 
5138.00 ± 

119.3** 

26.75 ± 

1.00*** 

60.82 ± 

2.37*** 

84.54 ± 

1.88** 
+ ++ + + 

Data was analyzed by One-Way ANOVA followed by Dunnett's tests. ###p < 0.001 as compared with normal group and *p 

< 0.05, **p < 0.01, ***p < 0.001 as compared with ANTU control group. ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. 

(n=3). Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 

50%; +++: damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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7.8.16. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in lung histology of rats: 

Histological analysis of lungs tissue from normal group revealed normal 

morphologies with thin-lined alveolar septa with well-organized alveolar space 

(Figure 7.84.A). 

Microscopic evaluation of lungs from ANTU-treated rats revealed 

hemorrhages and congestion as compared with normal rats. It also showed 

diffuse alveolar damage, alveolar exudates, interstitial as well as perivascular 

edema, and inflammatory cellular infiltrates (Figure 7.84.B).  

Lung tissue from rats treated with INDUS830 (20 and 40 mg/kg) had a 

marked decrease in the severities of alveolar inflammation and septal 

remodeling. Perivascular inflammation was also clearly reduced in rats treated 

with INDUS830 (40 mg/kg) (Figure 7.84.D and Figure 7.84.E, resp.). 

Lung tissue from rats treated with INDUS83030 (8 and 16 mg/kg) 

showed moderate alveolar inflammation. Whereas septal remodeling was 

markedly reduced in INDUS83030 (16 mg/kg) treated group (Figure 7.84.F and 

Figure 7.84.G, resp.).  

Lung tissue from sildenafil (25 mg/kg) treated group had a marked 

decrease in the severities of hemorrhages and congestion as compared with 

ANTU-treated rats alone. It also showed decrease alveolar and perivascular 

inflammation as well as edema (Figure 7.84.C). (Table 7.61) 
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Figure 7.84. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in the lung (H&E stain) of 

rats.  

Photomicrograph of sections of lung of Normal (A), ANTU control (B), Sildenafil (25 mg/kg) (C), INDUS830 (20 mg/kg) 

(D), INDUS830 (40 mg/kg) (E), INDUS83030 (8 mg/kg) (F) and INDUS83030 (16 mg/kg) (G) treated rats. Lung H&E 

staining at 100 X. 
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7.8.17. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration 

in liver histology of rats: 

Microscopic examination of livers from normal group rats showed the 

normal histological architecture; there is no infiltration of inflammatory cells 

(Figure 7.85.A). 

Treatment of ANTU caused mild perivascular fibrous tissue proliferation, 

hepatocellular necrosis and reduced sinusoidal spaces (Figure 7.85.B).  

Liver tissue from rats treated with INDUS830 (20 and 40 mg/kg) had a 

marked decrease in the severities of inflammatory infiltration, vascular 

congestion, and necrosis. (Figure 7.85.D and Figure 7.85.E, resp.). 

Liver tissue from rats treated with INDUS83030 (8 and 16 mg/kg) 

showed moderate inflammatory infiltration, vascular congestion and necrosis 

(Figure 7.85.F and Figure 7.85.G, resp.). 

Treatment of sildenafil (25mg/kg) showed the slight protective effect, and 

there were minimal degenerative changes seen in hepatocytes, the infiltration 

of inflammatory cells was also minimal (Figure 7.85.C). (Table 7.61) 
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Figure 7.85. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in liver (H&E stain) of rats.  

Photomicrograph of sections of liver of Normal (A), ANTU control (B), Sildenafil (25 mg/kg) (C), INDUS830 (20 mg/kg) 

(D), INDUS830 (40 mg/kg) (E), INDUS83030 (8 mg/kg) (F) and INDUS83030 (16 mg/kg) (G) treated rats. Liver H&E 

staining at 100 X. 
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Table 7.61. Effect of INDUS830 and INDUS83030 on ANTU-induced alteration in lung and liver 

histology of rats 

Treatment 

Pulmonary changes Hepatic changes 

Infla-
mmatory 

cell 

infiltration 

Epithelial 

degenerat
ion 

Lung 

oedema 

Vas-
cular 

conges

tion 

Disturban
ce of 

alveolar 

structure 

Infla-
mmatory 

cell 

infiltration 

Peri-vascular 
fibrous 

tissue 

proliferation 

Vascular 

congesti
on 

Hepatoc

ellular 
necrosis 

Normal 0 0 0 + 0 0 0 0 0 

ANTU control  ++++ ++++ +++ +++ +++ ++ ++ ++ ++ 

Slid (25) + + 0 + + + + 0 0 

INDUS830 

(20) 
++ ++ + ++ + + + + 0 

INDUS830 

(40) 
+ + + 0 + + + 0 0 

INDUS83030 

(8) 
+++ +++ +++ ++ +++ + ++ ++ + 

INDUS83030 

(16) 
+++ +++ ++ ++ + ++ + + + 

ANTU- Alpha-naphthylthiourea, Sild- Sildenafil. 

Note: 0: no abnormality detected; +: damage/active changes up to < 25%; ++: damage/active changes up to < 50%; +++: 

damage/active changes up to < 75%; ++++: damage/active changes up to > 75%.  
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8. Discussion 

 

8.1. Acute oral toxicity (AOT) and Repeated dose 28-Day (sub-acute) oral 

toxicity of INDUS830, INDUS83010, INDUS83020, and INDUS83030: 

 

Recently, botanical medicines have become popular as alternative 

remedies as they are believed to be efficacious and have over a thousand years’ 

experience in treating patients (Yang et al., 2013a). The fenugreek seed and its 

extracts have been used in a traditional manner as food supplements and have 

Generally Recognized as Safe (GRAS) ingredient status in the USA.  

Many glycosides rich extracts are marketed worldwide as a dietary 

supplement. However, standardization of fenugreek seed extract based on 

bioactive glycosides and its safety information have not been studied. Many 

drug regulatory agencies worldwide including US-FDA issued regulations that 

address the safety reporting requirements. These regulations enable the 

regulatory agencies to protect and promote public health (Food and Drug 

Administration, 2005) required to use standard guidelines for better 

consistency.  

In the present investigation, the results of acute toxicity study indicated 

that the calculated LD50 value for the INDUS830 was more than 4350 mg/kg, 

for INDUS83010 was more than 3195 mg/kg, for INDUS83020 was more than 

4837.5 mg/kg and for INDUS83030 was more than 5000 mg/kg. 

Repeated exposure to test substance over a relatively limited period has 

been utilized for the determination of adverse effects of the test substance 

qualitatively and quantitatively in laboratory animals (Joshua Allan et al., 

2007). In the OECD guidelines for subacute oral toxicity assessment, the 

adverse effect of the test substances has been determined by using various 

parameters including food intake, body weight, weight and macroscopic 
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pathology of essential organs, clinical biochemistry, hematological analysis, 

urine analysis which provides the insight about the No Observed Adverse Effect 

Level (NOAEL) and Low Observed Adverse Effect Level (LOAEL) (OECD, 1998). 

The decrease in body weight indicates the possibility of adverse effects of 

the test substances towards decreased appetite (Raza et al., 2002; Teo et al., 

2002). However, in the present study, INDUS830 (except 5000 mg/kg), 

INDUS83010, INDUS83020 (except 550, 1750 and 5000 mg/kg) and 

INDUS83030 (except 1750 and 5000 mg/kg) treated mice did not show any 

significant change in food and water intake. 

Blood parameter analysis reflects the clinical risk evaluation of 

hematological alterations (Olson et al., 2000). Alterations in hematological 

count can be the result of inhibition of hematopoietic regulatory elements, 

including colony-stimulating factors, erythropoietin, and thrombopoietin in the 

bone marrow through the release of macrophages (Son et al., 2003). Alteration 

in total leukocyte count (TLC) suggest its key role in the physiological 

inflammatory response which may arise due to absorption of foreign materials. 

Iron deficiency is reported to lead to hemoglobin-dependent decreased MCHC 

values (Hayes and Cribb, 2008). In the present study, INDUS830, 

INDUS83010, and INDUS83020 showed alteration in the hematological count, 

which may be due to in relation to beneficial physiological effects against 

inflammation. However, alterations in the hematological count after INDUS830, 

INDUS83010 and INDUS83020 administration were not gender or dose-

dependent and within normal physiological range for this species (Wolford et 

al., 1986). Hence, these changes were not related to INDUS830, INDUS83010, 

and INDUS83020 treatment. 

There were significant alterations in liver and kidney function reflected 

by the results of the present study were increased in albumin, ALT, AST, 

bilirubin, BUN, GGT and creatinine after chronic oral administration of 
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INDUS830 and INDUS83010. The liver is the primary target organ of acute 

toxicity because as it's the first organ exposed to the metabolite that is 

absorbed in the small intestine. The albumin is reported to be about 50% of the 

total protein (Doweiko and Nompleggi, 1991). An elevated level of serum 

albumin after INDUS830 administration verified with the increased level of 

hepatic total protein. AST and ALT be the two cytoplasmic enzymes present in 

abundant concentration in the liver (Tennekoon et al., 1991) which represent 

liver function, whereas creatinine is a good indicator of kidney function and 

alteration in their levels reflects the hepatic and renal toxicity, respectively 

(Martinescu, 1981; Vijayalakshmi et al., 2000). Administration of INDUS830 

and INDUS83010 for 28 days caused a significant elevation in the AST and ALT 

level thus indicates hepatic adverse effects. Increase in the absolute and 

relative liver weight and atrophy of the liver after administration of INDUS830 

and INDUS83010 in the acute dose study as well as 28 days repeated dose 

toxicity study during necropsy of mice supports the results. Histological 

examination of liver from INDUS830 and INDUS83010 treated mice showed the 

presence of hemorrhages, chromatin condensation, and centrilobular necrosis.  

It has been documented that, increased production of reactive oxygen 

species caused depletion of protective antioxidant moieties (SOD and GSH) that 

resulted in elevation of lipid peroxidation (MDA), causing damage to the 

macromolecules in vital bio-membrane (Kandhare et al., 2014; Kandhare et al., 

2012a; Kandhare et al., 2012b). In the present study, the level of hepatic SOD 

and GSH were significantly decreased, whereas MDA level increased 

significantly after INDUS830 and INDUS83010 administration. However, these 

levels of antioxidant moieties (SOD and GSH) remained within the normal 

range in the kidney and lung tissue.  

Sub-acute oral administered of INDUS830, INDUS83010 and 

INDUS83020 showed good oral absorption and wide tissue distribution in the 

mice. The highest concentration of INDUS830 and INDUS83010 was found in 
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small intestine indicating less accumulation in systemic tissues and thus 

reflecting the good safety with less systemic toxicity. However, detailed 

pharmacokinetic studies will be useful to identify possible metabolites and 

their correlation with physiological effects. 

An array of studies established a good correlation between the efficacy 

and safety evaluation of various plant-based products and phytochemicals via 

toxicological insult in rat and mice (Delaney, 2007; Olson et al., 2000). A 

similar correlation was evident in the present study. A previous study carried 

out by Aswar et al. (2010) showed that furostanol glycosides showed anabolic 

potential with the effective dose of 35 mg/kg p.o. in laboratory animals (Aswar 

et al., 2010) which are far lesser than NOAEL (250 mg/kg) which showed its 

excellent safety margin. However, additional preclinical toxicity data (sub-

chronic, chronic, reproductive and carcinogenicity study) of INDUS830 can be 

helpful to confirm the safety of INDUS830 for long-term usage. Toxicity of the 

medicinal product in human subjects or patients cannot be entirely 

extrapolated from animal toxicological studies.  
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8.2. Pharmacokinetics, tissue distribution and excretion study of 

INDUS83010 and INDUS83020 in rats: 

 

To understand drug actions, its distributions and elimination in living 

organisms there is a need to develop a highly sensitive, robust, validated, 

sophisticated, and precise analytical method for qualitative and quantitative PK 

analysis of the chemical moieties from various biological fluids. Simultaneous 

determination of PKs (determination of the time course of drug concentrations 

in body fluids) and pharmacodynamic (PD) (determination of drug effects 

intensity on the organs) parameters of drug provides more accurate and 

sensitive ideas about drug concentrations, and its effects in human or 

experimental animal (Tian et al., 2012; Liang et al., 2013). In addition, for 

interpretation of in-vivo disposition as well as evaluation of the various drug 

targeted site the knowledge of pharmacodynamic (distribution and excretion) is 

necessary. Hence, laboratory rats have been preferred suitable animals model 

for evaluation of PK-PD after oral absorption as its mimics all the parameters 

that are clinically closely resemblance to human (Zhao et al., 2011).  

For an illustration of the mechanism of the chemical moiety isolated from 

natural products it is an important to evaluate its pharmacokinetics profile. As 

the use of herbal medicine as an alternative medicine has been increased day 

by day ultimately its herb-drug interactions has been evolved more and more. 

Moreover, this interaction needed to be investigated with the help of its 

pharmacokinetic-pharmacodynamic profiling (Brazier and Levine, 2003). 

Quantitative structure-PK relationships (QSPKR) analysis provides an idea 

about the molecular properties and/or functional group presentation in the PK 

of compounds which further provides information about the PK trends within 

that compound series thus the best possible pharmacological activities can be 

derived from this QSPKR information (Aggarwal and Sung, 2009; Jones et al., 

2012). As the QSPKR analysis is an important factor of multi-component PK 
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study hence, absorption and disposition of chemical moieties in a different 

compartment can be identified based on its structure. 

Qualitative and quantitative analysis of the bioactive constituents (PK 

markers) from natural products was done according to FDA guidelines (Food 

and Drug Administration, 2007) in various biosample including plasma, urine, 

and tissues by using the suitable analytical methods could be used to 

substantiate systemic exposure to the herb (Lu et al., 2008). It also played a 

significant role in the determination of herb-drug or herb-herb interactions 

during toxicity and clinical studies. Up to now, no validated HPLC method has 

been reported in the literature for the quantification of furostanol and flavonoid 

glycosides from fenugreek seed extract in biological samples. In the present 

investigation, a rapid, sensitive, selective, specific and reproducible HPLC 

method for determination of INDUS83010 and INDUS83020 in rat plasma, 

different tissues, feces and urine has been reported. In the current study, 

sample preparations were simple, and identification of INDUS83010 and 

INDUS83020 can be completed within 4 min in HPLC. The current method is 

satisfactory enough to determine the concentrations of INDUS83010 and 

INDUS83020 in plasma, tissue, feces and urine after single oral administration 

in rats. 

Results of present investigation showed that an array of solvents was 

screened for the selection of mobile phase in separation of INDUS83010 from 

biosamples however, the best fitted Rf value was worked out when formic acid 

(0.3 %) and acetonitrile was used in a mixture of 80:20 v/v it gives the optimal 

Rf value of 3.5 min which produces clean chromatograms as well as yielding 

the highest recovery for the analytes. A single oral administration of 

INDUS83010 (200 mg/kg), it showed slow intestinal absorption and then it 

eliminated from rat plasma with t1/2 of approximately 40.10 h. and Tmax 72 h. 

After following a single oral administration of INDUS83010 (200 mg/kg), it 
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showed relatively slowly distribution and eliminated in urine and feces was 

after 24 h and could be detected until 108 h post dosing. 

In the present study, to minimize baseline distortion and optimize 

extraction recovery in the separation of INDUS83020, we have used acetonitrile 

as a simple one-step protein precipitating agent. Other reagents employed for 

protein precipitation included ethyl acetate, chloroform, hexane and formic 

acid. However, recoveries using this agent were either very low or showed 

interference peaks during detection. Thus finally, water and acetonitrile in a 

mixture of 75:25 v/v was selected as the best amount and kind of protein 

precipitant where chromatograms showed a good baseline separation and 

retention of INDUS83020. Moreover, there was no interference from 

endogenous plasma and tissue compounds near the retention time of the 

INDUS83020. Thus, the developed method for determination of INDUS83020 

was economic, simple, precise, accurate and sensitive with shorter analysis 

time and higher recovery.  

The plasma concentration profiling of INDUS83020 showed that, 

although the plasma level of INDUS83020 was very low, a substantial amount 

of INDUS83020 was eliminated in the urine samples after oral administration. 

It has been documented that the high rate of the first-pass metabolism of drug, 

variable rate of gastric emptying and motility of the gastrointestinal tract may 

result in low bioavailability of the drug. The variation in degrees of drug 

response to the absorption site also influences the bioavailability (Liang et al., 

2013). For the oral route of administration, metabolism in the intestinal 

membrane and the liver is of major concern as it can reduce the systemic 

bioavailability of the drug (Kushwaha et al., 2014). Exposure of drugs to 

various pH conditions, nature of gut microflora, and the presence of various 

enzymes in gastrointestinal transit also decreased the bioavailability of drugs 

(Shi et al., 2006; Ou-yang et al., 2013). It has been reported that presence of 

sugar moieties in structure resulted in increasing hydrogen bond count, polar 
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surface area, and molecular flexibility of the molecules to unfavorable levels of 

poor membrane permeability (Liu et al., 2009). Thus, the presence of reducing 

sugar moiety associated with decreased solubility of the molecule caused a 

decrease in intestinal absorption of the drug. In the present investigation, the 

low bioavailability of INDUS83020 attributed to the presence of reducing sugar 

in its structure (Figure 2.3) which may cause interference with the intestinal 

absorption of INDUS83020. This fact was further supported by the high 

amount of INDUS83020 excreted in the urine. In addition, the poor 

permeability could also be partially explained the observations of present 

investigation where the amount of INDUS83020 was very low in tissue 

distribution study. In most cases, the tissue concentrations of INDUS83020 

were lower than the urinary excretion levels. However, the concentration of 

INDUS83020 in liver was higher than that of the plasma levels that may be due 

to the active transport of INDUS83020 in the hepatic cells via some uptake 

transporters. 

The mean residence time (MRT) is a useful tool for predicting the 

behavior of the drug in the body after oral administration (Yamaoka et al., 

1978; Cutler, 1978). MRT is a composite variable that reflects all the kinetic 

processes including absorption and disposition of a drug in the body (Yamaoka 

et al., 1978). Moreover, high MRT suggests the delayed absorption of drugs. In 

the present investigation, MRT of the INDUS83020 was found to be at 17.97 h. 

which may be due to delayed absorption of INDUS83020 from the 

gastrointestinal tract, that was further supported by the delayed urinary 

elimination of INDUS83020 over a period of 108 h. 

In tissue distribution study, following oral administration of 

INDUS83010, its concentrations were determined in an array of tissues 

including the brain, kidney, liver, lungs, small intestine, and adrenal gland 

respectively. The concentration of INDUS83010 was highest in lung and then 

in the brain which indicated that it has good curative effects on respiratory 
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system diseases and central nervous system related diseases. Distribution of 

INDUS83010 in lung and brain explained by the high blood flow or perfusion 

rate to these organs. However, the negligible presence of INDUS83010 

concentration in another tissue may result from poor membrane permeability 

of drug that is limiting intestinal absorption of SFSE-G. The presence of sugar 

moieties with high hydrogen bond count and the polar surface area in the 

INDUS83010 may produce unfavorable condition for poor membrane 

permeability of drug. 

Concentrations of INDUS83020 were determined in various tissues of rat 

such as the brain, kidney, liver, lung, small intestine, and adrenal gland. Very 

low concentrations were detected in brain, kidney, and adrenal gland. It 

suggested that INDUS83020 had difficulty in crossing the blood-brain barrier 

coincided with the fact of the poor solubility of INDUS83020 in a fat solvent. 

Furthermore, the content of INDUS83020 was found to be higher in the lung 

(0.18%), reflecting that it may have certain effects on the lung-related disorder. 

As the liver is the main organ of the first-pass metabolism, INDUS83020 may 

undergo first-pass metabolism in the liver. Thus, the highest concentration of 

INDUS83020 (1.59%) was found in liver. However, INDUS83020 may be useful 

in the investigation of curative effects on liver diseases.  
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8.3. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on 

bleomycin (BLM)-induced pulmonary fibrosis, pulmonary 

hypertension and liver fibrosis in rats: 

 

The bleomycin-rodent paradigm of lung fibrosis is an established and 

widely used surrogate model of human lung fibrosis. One of the widely 

accepted mechanisms for bleomycin-induced lung injury is its ability to 

generate ROS. Bleomycin is known to bind to DNA/Fe2+ and form a complex. 

This DNA/Fe2+/bleomycin complex undergoes redox cycling and generates ROS 

such as superoxide and hydroxy radicals resulting in initiation of fibrosis 

(Chitra et al., 2013). 

 

 Effect on lung hypertrophy and apoptosis: 

Animal models play an important role in the investigation of diseases, 

and the bleomycin-induced animal model of pulmonary fibrosis is commonly 

used to investigate the mechanisms responsible for the disease. It has been 

shown that the bleomycin model is characterized by decreased body weight and 

pulmonary inflammation at early time-points after bleomycin administration, 

which begin to resolve by 21 days (Simler et al., 2002). The loss of body weight 

after bleomycin administration indicated a decreased health compared to that 

in normal. Intratracheal instillation of bleomycin caused a significant weight 

loss and an evident lung index increase. Administration of INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 resulted in a significant (p < 

0.001) increased in body weight loss and decreased in the liver index.  

Numerous studies have demonstrated that injury/activated alveolar 

epithelial cells and capillary endothelial cells in the early stage of alveolitis are 

important factors in the progression of lung fibrosis (Giri and Graver, 1991; 
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Sriram et al., 2009). We observed that bleomycin treatment caused lung injury, 

as shown by a significant increase in LDH activity. Inflammatory cells in the 

lung tissue may also contribute to the increase in LDH activity which reflects 

acute lung injury. Disease or injury to the cells would result in the abnormal 

release of LDH into the bloodstream. It has been documented that elevated 

LDH activity as a marker for interstitial fibrosis of the lung (Sriram et al., 

2009). ALP is expressed with high catalytic activity in the lungs and exists in 

pulmonary surfactant particles that are secreted from type II pneumocytes. It is 

documented that increased serum ALP activity indicates pulmonary fibrosis. 

AST and ALT are cytoplasmic enzymes found in the cells. Necrosis or 

membrane damage releases these enzymes into circulation, and so it can be 

measured in serum. Any elevation in the enzyme activities of LDH, ALP, and 

ALT, AST can be considered as an important index for the diagnosis of lung 

and liver diseases respectively (Giri and Graver, 1991; Sriram et al., 2009). 

Administration of INDUS830, INDUS83010, INDUS83020 and INDUS83030 

significantly reduced (p < 0.05) the elevated levels of LDH and albumin and 

thus reduced BLM-induced lung and liver damage.  

Apoptosis is a vital process in several pathophysiological conditions. It 

may play two different roles in PF by virtue of inducing different cell types to 

undergo apoptosis. The first may be beneficial to the body by inducing the 

apoptosis of inflammatory cells to halt inflammation and damage to the lung 

tissue; the second could be deleterious by inducing the apoptosis of epithelial 

cells and destroying the alveolar structure. Several recent reports have 

indicated that damaged or inflamed epithelial cells can cause PF (Kalayarasan 

et al., 2013; Kalayarasan et al., 2008; Zhai et al., 2009). We also found that 

Bax, as well as caspase-3 mRNA expression, were up-regulated, and Bcl-2 

mRNA expression was down-regulated after bleomycin induction. These 

alterations in apoptotic mRNA expressions were significantly restored (p < 0.01) 
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by INDUS830, INDUS83010, INDUS83020 and INDUS83030 treatment in lung 

tissue. 

 

 Effect on lung function test: 

Respiratory patterns are altered when the lungs are injured. In the latter 

stages of lung injury, fibrosis predominates. Pulmonary function tests (pfts) are 

commonly used for diagnosis of the nature and severity of lung injury. 

Physiologic markers offer the advantage of being relatively non-invasive 

compared to biochemical and pathologic biomarkers of lung injury and disease. 

Through collective evaluation of several pfts one can distinguish basic 

categories of damage underlying the pathology and occasionally distinct 

lesions. Physiologic measures of ventilation, breathing frequency, and tidal 

volume are often used as indices of acute response to toxins. So-called flow-

derived parameters that examine breath structure such as inspiratory time (Ti), 

expiratory time (Te), relaxation time (RT), end inspiratory pause (EIP) and 

enhanced pause (Penh) have also been used as indices of acute response to 

toxins (Jacono et al., 2006). The mechanical behavior of the lungs includes its 

elastic, resistive, and inertial forces. Static measures are often used to examine 

the elastic properties of the lung. In the present investigation administration of 

INDUS830, INDUS83010, INDUS83020 and INDUS83030 showed significant 

restoration (p < 0.01) of flow-derived parameters. 

 

 Effect on lung hypoxia: 

Coupled with analyzes of breathing and pulmonary mechanics one can 

examine lung gas exchange properties (Bi et al., 2013). Alveolar-capillary 

membrane integrity can be assessed by determining the rate of gas transport 

across that membrane. To assess peripheral blood oxygen content in vivo, rats 
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were monitored for the percentage of hemoglobin saturated with oxygen (pulse 

Ox). Intratracheal instillation of bleomycin led to a reduction in pulse Ox 

readings as compared with the normal as well as sham control group. Data of 

present study indicated that INDUS830, INDUS83010, and INDUS83020 

administration produce significant restoration (p < 0.01) in the percentage of 

hemoglobin saturated with oxygen. 

 

 Effect on right ventricular hypertrophy: 

Interstitial lung diseases are accompanied by pulmonary vascular 

remodeling, fostering the development of pulmonary hypertension, which 

obscures prognosis in these conditions. Bleomycin elicits pulmonary vascular 

remodeling, an increase of pulmonary arterial pressure and right ventricular 

hypertrophy in rodents (Bei et al., 2013; Schroll et al., 2010). Treatment with 

INDUS830, INDUS83020 and INDUS83030 showed a significant reduction (p < 

0.001) in the right ventricle weight and Fulton index thereby produce a 

significant reduction in right ventricular systolic pressure and right ventricular 

diastolic pressure. 

 

 Effect on lung inflammation: 

The pulmonary inflammation observed at day 14 in BLM model which is 

characterized by alteration in bronchoalveolar lavage fluid (BALF) level of total 

cell count, macrophages, lymphocytes, and neutrophils. As the inflammation 

begins to resolve, the fibrotic component becomes significant on day 21-28, as 

indicated by increases in collagen deposition (Cortijo et al., 2009). The fibrosis 

is mostly a combination of interstitial fibrosis expanding to the alveolar septa, 

as well as collagen deposition by hypertrophied fibroblasts within the alveolar 

spaces. Inflammation is a major component in the pathogenesis of interstitial 
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lung disease that is orchestrated in part by endogenous and migrating 

leukocytes. These leukocytes together with epithelial and endothelial lung cells 

produce a feedback circle where stimuli from injury responses can activate 

alveolar and interstitial macrophages. Activated leukocytes can release further 

reactive oxygen and nitrogen species and proteases that sustain the 

injury/repair processes that are considered to contribute to the fibrotic 

processes induced by bleomycin. Administration of INDUS830, INDUS83010, 

INDUS83020 and INDUS83030 showed significant restoration (p < 0.01) in the 

altered levels of BALF and blood total cell count, macrophages, lymphocytes, 

and neutrophils. 

Neutrophils can produce potent inflammatory mediators and toxic 

oxygen radicals. MPO is a peroxidase enzyme most abundantly present in 

neutrophils granulocytes and is stored in azurophilic granules. The lung and 

BALF MPO activities have been used as biochemical markers for the tissue 

content of polymorphonuclear leukocytes (Arafa et al., 2007). In this study, 

bleomycin administration resulted in increased activity of MPO. In addition, 

BALF cytology demonstrates enhanced alveolar macrophages and neutrophils 

trafficking into airspaces that account for the early activation and accentuated 

inflammatory response in bleomycin-induced rats. The larger amounts of 

reactive- oxygen metabolites that result from increased macrophages and 

neutrophils migration and activation are likely to account for the increased 

parenchymal injury seen in bleomycin-induced rats. The histological 

examination supported this finding. We observed that administration of 

INDUS830, INDUS83010, INDUS83020 and INDUS83030 did not produce any 

marked inhibition of this increase of MPO activity due to the bleomycin 

administration.  

Although some eosinophils in the BALF rarely reached 1 to 4% of the 

total migrating leukocytes, these cells were much more frequent around the 

trachea and smaller airways. This was clearly demonstrated when tissue 
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eosinophils were evaluated by measuring the tissue EPO content. Eosinophils 

which are histologically the predominant cell type are believed to be important 

effector cells, capable of mediating tissue damage and contributing to the 

development of airway resistance (Hao et al., 2000). Intratracheal instillation of 

BLM showed significant increased in EPO activity on the 14th day as compared 

to BLM control rats, but INDUS830, INDUS83010, INDUS83020, and 

INDUS83030 did not show any inhibition in elevated EPO activity. 

Mast cells are known for their central role in allergic and hypersensitivity 

states but have also been implicated in chronic inflammatory processes such 

as pulmonary diseases. Histamine and 5-HT, the vasoactive chemotactic 

mediators, released from mast cells sequestered in the lung during 

inflammatory conditions, have been reported as putative mediators in the 

chain of events leading to fibrosis (Sriram et al., 2009). Mast cell hyperplasia 

has been demonstrated in patients with fibrotic lung disorders and 

experimental animals exposed to bleomycin. These reports further 

substantiated our study, which showed increased mast cell count with a 

simultaneous increase in the levels of biogenic amines. INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 treatment failed to produce any 

significant decrease in 5-HT and histamine levels. 

Another target for ROS generated by bleomycin is the activation of NF-

kB, a transcription factor that regulates many cytokine genes, including those 

examined in this study, TNF-α, IL-1β, IL-6 and IL-8 (Chitra et al., 2013). TNF-α 

and IL-1β may in turn also activate NF-kB. Bleomycin activated the NF-κB 

activity in lungs, suggesting that pulmonary epithelial cells secrete NF-κB p65 

(Chitra et al., 2013). In the present investigation, INDUS830, INDUS83010, 

INDUS83020 and INDUS83030 treatment showed inhibition (p < 0.01) in NF-

κB activation thus reduced TNF-α and IL-1β mRNA expression. 

Numerous cytokines have been implicated in the pathogenesis of 

bleomycin-induced lung fibrosis, including transforming growth factor β (TGF-
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β), tumor necrosis factor-α (TNF-α), endothelin-1 (ET-1) and the interleukins 

(IL-1β, IL-6, and IL-8). Cytokines have been associated with airway fibrosis 

because of their ability to regulate fibroblast and matrix production 

(Serrano‐Mollar et al., 2003). Moreover, cytokines and mediators, such as IL-1, 

TNF-α, IL-8, released by the inflammatory cells, are capable of inducing goblet 

cell metaplasia, mucin production, and thus mucus hypersecretion. IL-8 is 

known to promote neutrophil chemotaxis and may be present in the 

progressive phase of bleomycin-induced lung injury and fibrosis 

(Serrano‐Mollar et al., 2003). TGF-β may be a key growth factor in the initiation 

of fibrosis. Overexpression of TGF-β by administering BLM to rats induces 

potent and progressive pulmonary fibrosis. TGF-β stimulates accumulation of 

extracellular matrix through increased transcription of collagen mRNA, thereby 

leading to the accumulation of collagen content represented by the increased 

levels of hydroxyproline concentration as a quantitative measure of collagen 

deposition (Chen et al., 2006; Chen et al., 2013). Thus, consistently elevated 

levels of TGF-β in the lung may serve as a stimulus for myofibroblast activation 

and production of extracellular matrix. Target inhibition of these pathogenic 

molecules could offer a potential anti-fibrotic effect against pulmonary fibrosis. 

In the present study, INDUS830, INDUS83010, INDUS83020 and INDUS83030 

treatment significantly suppressed (p < 0.01) the BLM-induced increased 

production of pro-inflammatory cytokine levels, such as TNF-α, IL-1β, and IL-6 

in the lung.  

 

 Effect on lung fibrosis: 

It has been reported that the “switch” between inflammation and fibrosis 

appears to occur around day 14 after bleomycin intratracheal administration. 

Thus, this study selected two-time points (14 and 28 days post-bleomycin 

administration) in bleomycin-induced fibrosis model to assess the potential 
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anti-inflammatory and anti-fibrotic effect of INDUS83020. After evaluating the 

effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on 

inflammatory markers the next step was to examine the ability of INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 to inhibit pulmonary fibrosis 

using the measurement of hydroxyproline content and histological examination 

of collagen fibers using Masson trichrome stain as well as Picro-Sirius Red 

stain. Collagen amount is reflected by the content of hydroxyproline, the main 

characteristic compound in collagen, so its elevated level reflects an increase in 

the de novo synthesis of collagen (Cortijo et al., 2009). These collagen 

depositions imply mesenchymal cell proliferation and ROS production from 

activated inflammatory cells. The present study showed substantially increased 

the intensity of collagen in bleomycin-induced animals, which reflected the 

detrimental alterations associated with fibrosis. The amplified hydroxyproline 

levels, in turn, correlates with the accumulated collagen in the alveolar space. 

Moreover, there was an increase in the relative organ weight of the lungs of the 

bleomycin-challenged rats when compared to the control rats, which may be 

due to the excessive deposition of collagen. Treatment with INDUS830 and 

INDUS83010 produced significant reduction (p < 0.01) in lung and BALF 

hydroxyproline level. The similar results were found in histopathological 

characteristics for lung fibrosis observed by Masson trichrome and Picro-Sirius 

Red stain.  

Furthermore, basement membrane components include proteins such as 

collagen IV, laminin, and entactin/nidogen, and the heparan sulfate 

proteoglycan, perlecan. Interstitial matrix components include collagens I and 

III, fibronectin, tenascin, and small leucinerich proteoglycans such as decorin 

and biglycan (Chen et al., 2013; Cortijo et al., 2009). An excess deposition of 

ECM including type I collagen in the lung is the hallmark of pulmonary fibrosis 

(Chen et al., 2006). In the present study intratracheal instillation of BLM 

caused up-regulation in collagen-I mRNA expression, however, INDUS830 
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treatment showed significant down-regulation (p < 0.05) in collagen-I mRNA 

expression. 

In the early injury or inflammation, TGF-β promotes the development of 

inflammation, and increases activity at sites of inflammation, and induces the 

proliferation of the fibroblasts, leading to severe pulmonary fibrosis (Cortijo et 

al., 2009). The fulfilling of the TGF-β function depends on the signal 

transduction and regulation of Smad proteins. Smad-2/3 are mediated by TGF-

β induced lung fibrosis key elements. Activation of the type I receptor results in 

phosphorylation of the pathway-restricted Smad-2 and Smad-3, which then 

form a heteromeric complex with Smad-4 (Gao et al., 2013; Ji et al., 2013). The 

complex translocates to the nucleus either alone or in association with a DNA-

binding subunit. Regulation of Smad-3 expression in BLM-induced PF creates 

a negative feedback loop of TGF-β signaling (Liu et al., 2014). INDUS830 

showed significant inhibition (p < 0.05) in Smad-3 mRNA signaling but, failed 

to show any inhibition in Smad-7 and VEGF mRNA signaling. 

It is accepted that an aberrant host response to wound healing following 

alveolar epithelial cell injury is involved in pulmonary fibrosis. Endothelin-1 

and IL-6 are thought to play a profibrotic role in the wound healing (Chen et 

al., 2006; Chen et al., 2013; Zhao et al., 2010). Further, a growing body of 

evidence has supported a mitogenic effect of endothelin on fibroblasts and 

demonstrated that endothelin reduce collagen breakdown and induce the 

synthesis of extracellular matrix components, all contributing to fibrosis (Zhou 

et al., 2013). In the present study, bleomycin increased endothelin-1 

expression in lung extracts and INDUS830 as well as INDUS83020 showed 

significant down-regulation (p < 0.01) in endothelin-1 mRNA expression.  
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 Effect on liver fibrosis: 

FXR plays a pivotal role in the synthesis and transport of bile acids. In 

vivo and in vitro activation of FXR would down-regulated cytokines and 

collagen-1. Disruption of FXR developed severe hepatotoxicity reflecting an 

inability of appropriate excretion of endogenous toxic compounds, such as bile 

acids, bilirubin, and cholesterol (Ogura et al., 2012; Zhou et al., 2013). 

INDUS830, INDUS83010, and INDUS83030 administration showed significant 

restoration (p < 0.01) in up-regulated FXR mRNA expression. 

 

 Effect on lung oxido-nitrosative stress: 

Acute inflammation characterized by the activation of inflammatory cell 

infiltrates, combined with the overproduction of reactive oxygen species (ROS) 

following lung injuries considered to be the critical events in the pathogenesis 

of pulmonary fibrosis. The overproduction of ROS and impaired antioxidant 

capacity results in increased oxidative stress, which leads to the succession of 

pulmonary fibrosis. Endogenous antioxidant enzymes (SOD and GSH) are 

responsible for the detoxification of deleterious oxygen radicals (Arafa et al., 

2007). Previously, it was shown that bleomycin administration in rats 

decreased the antioxidative capacity and increased oxidative stress in the lung 

tissue, which provoked pulmonary fibrosis (Arafa et al., 2007). In the present 

study, the decrease in the activities of SOD and GSH in the lung tissues of 

bleomycin-injured rats might be due to the increased production of free 

radicals and subsequent increase in lipid peroxidation (MDA). INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 administration caused 

significant increased (p < 0.01) in SOD and GSH level in BALF however, 

INDUS83030 treatment did not show any significantly elevation in SOD and 

GSH level in lung and failed to produce a reduction in MDA activity in lung and 

BALF.  
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Increased NO production contributes to inflammation in the lungs. NO is 

also produced in high concentrations during infection, acute lung injury and 

adult respiratory distress syndrome suggesting its direct role in inflammatory 

lung diseases. Furthermore, NO may react with superoxide and form 

peroxynitrite causing acute lung injury (Arafa et al., 2007). Therefore, 

suppression of NO production may be beneficial for disorders caused due its 

increased production. INDUS83010 showed significant reduction (p < 0.01) in 

BALF and INDUS830 showed significant reduction (p < 0.01) in lung nitric 

oxide level. 

BLM act via the generation of reactive oxygen species which induced the 

imbalance between oxidant production and antioxidant defenses. T-AOC (total 

antioxidant capacity) is one of the oxidant stress markers that reflects the 

injury levels of oxygen radicals. Therefore, in our study, the redox status was 

investigated by measuring T-AOC in the lung tissue 28 d post-BLM. In BLM-

treated rats, T-AOC was found reduced remarkably, which could be due to the 

consumption or inhibition of the synthesis mechanism of antioxidants by 

reactive oxygen species. This reduction of T-AOC was significantly increased (p 

< 0.01) by INDUS830, INDUS83010 and INDUS83020 treatment in lung 

however it failed to do so in the liver. 

The antioxidants are regulated by the stress related transcription factor, 

nuclear factor E2-related factor 2 (Nrf2). Under basal conditions, Keap1 binds 

to Nrf2 targeting it to ubiquitin-dependent degradation, thereby expressing low 

levels of Nrf2 and its target genes. Electrophilic stimulation causes Nrf2 to 

escapes Keap1 mediated degradation and translocation into the nucleus and 

thereby initiates the activation of Nrf2-dependent genes. Strong evidence 

suggests the diminished expression of Nrf2 to be a contributing factor in the 

progression of lung fibrosis (Sriram et al., 2009). Bleomycin stimulation 

resulted in down-regulated Nrf2 mRNA expression in the lung in BLM control 

rats. Administration of INDUS830, INDUS83010 and INDUS83020 showed 
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significant restoration (p < 0.01) in the SOD and GSH level in BALF and lung 

which reflected by up-regulation in lung Nrf2 mRNA by INDUS83020. 

Nrf2 transcriptional targets include glutathione cysteine ligase (GCL), 

involved in the rate-limiting step of biosynthesis of antioxidant glutathione; 

glutathione-utilizing enzymes such as glutathione S-transferase (GST) and 

haeme oxygenase 1 (HO-1), involved in the catabolism of pro-oxidant haeme. 

HO-1 is a stress-inducible protein that catalyzes the oxidative degradation of 

heme. Thus, enhanced HO-1 production may result in the alteration of free 

radicals. It is up-regulated during oxidative stress and is suspected of having a 

role in regulating inflammation in the lungs (Chen et al., 2013; Jin et al., 

2011). INDUS830, INDUS83010, INDUS83020, and INDUS83030 showed 

significant inhibition (p < 0.01) in the up-regulation of HO-1 mRNA expression. 

 

 Effect on lung mucous formation: 

Muc5ac is considered to be a major mucin secreted by the goblet cells of 

the surface epithelium. Mucus overproduction represents a component of 

mucociliary malfunction in respiratory disorders and Muc5ac being 

prominently expressed by the airway epithelium in these disorders. Oxidative 

stress, generated in response to bleomycin, was shown to augment Muc5ac 

production in bronchial epithelial cells, a process that may involve an 

activation of the epidermal growth factor receptor (Cortijo et al., 2009). Here, in 

the present investigation, bleomycin augmented lung mRNA of Muc5ac and 

increased the mucus-forming cells of the airway epithelial layer. INDUS830 and 

INDUS83010 showed a significant reduction (p < 0.01) in bleomycin-induced 

lung Muc5ac mRNA expression.  
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 Effect on lung angiogenesis: 

VEGF is expressed by various cells such as alveolar epithelial cells, clara 

cells, macrophages, smooth muscle cells, and myofibroblasts in the normal 

adult lung. The biological activities of VEGF include cell proliferation, 

migration, differentiation, tube formation, an increase in vascular permeability, 

and maintenance of vascular integrity (Shimbori et al., 2011). VEGF has 

important roles as a pro-inflammatory, permeability-inducing, and 

angiogenesis factor in BLM-induced pulmonary fibrosis. Among the numerous 

cytokines related to angiogenesis, VEGF has been recognized as an important 

regulator of angiogenesis and a major enhancer of vascular permeability in 

several types of inflammatory lesions. Administration of INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 failed to produce any significant 

alteration in VEGF m-RNA expression thus reflecting the inability to regulate 

angiogenesis and enhance vascular permeability. 

 

 Effect on lung ultrastructural changes: 

Intratracheal administration of bleomycin to rodents is considered to 

reproduce the histologic and cellular alterations that can be visualized using a 

transmission electron microscope. The ultrastructural findings in bleomycin-

induced rats showed physical distortion of type II alveolar epithelium, 

shrunken cell nucleus, and excess collagen deposition, which reflects the effect 

of lipid peroxidation on membrane phospholipids. These findings are in 

accordance with the reports of previous investigators (Kalayarasan et al., 2013; 

Kalayarasan et al., 2008; Zhai et al., 2009; Sriram et al., 2009). This 

assumption is further supported by the presence of lamellar body residues and 

ballooning of endothelial cells within the alveolar lumen. Treatment of 

INDUS830 and INDUS83010 showed restoration of BLM-induced 

ultrastructural changes in the lung. 
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8.4. Effect of INDUS830, INDUS83020 and INDUS83030 on 

monocrotaline (MCT)-induced pulmonary hypertension in rats: 

 

A model that is frequently used for the study of functional, structural, 

and molecular changes associated with right ventricular (RV) compensated 

hypertrophy and RV failure is the treatment of rats with monocrotaline (MCT), 

a pyrrolizidine alkaloid. PAH induced by monocrotaline (MCT, a plant-derived 

toxin) is a well-established experimental model which is highly similar to both 

primary and secondary human PAH caused by vascular remodeling, the 

proliferation of pulmonary arterial smooth muscle cells, endothelial 

dysfunction, upregulation of inflammatory cytokines, and leukocyte infiltration 

(Bi et al., 2013). MCT selectively injures the vascular endothelium of the lung 

and induces pulmonary vasculitis. Muscularization and hypertrophy of media 

in pulmonary arteries lead to increased vascular resistance and increased 

pulmonary arterial pressure. MCT-induced pulmonary hypertension is 

associated with the development of compensated RV hypertrophy (Ramos et al., 

2007). 

 

 Effect on RV hypertrophy and apoptosis: 

Elevated pulmonary arterial pressure is the main cause of PAH-induced 

RV-induced hypertrophy and failure. Apoptosis of the cardiomyocytes played a 

vital role in RV remodeling and the subsequent development of heart failure 

(Ahmed et al., 2014). In the present study, subcutaneous MCT administration 

showed progressive body weight loss (cachexia) with increased respiratory rate. 

It also developed an RV hypertrophy reflected by increased fulton index. RV 

hypertrophy occurred concomitantly with the development of pulmonary 

vascular resistance after MCT treatment. In MCT-treated rats, there was an 

increase in LW/BW ratio, another marker of adverse structural changes and 
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which may be due to cells proliferation taking place in lungs (Ahmed et al., 

2014). Following the treatment with INDUS830, INDUS83020, and 

INDUS83030, there was a significant increased in body weight as well as 

significant decrease in the fulton index and LW/BW ratio. It again underlines 

the favorable effect INDUS830; INDUS83020 and INDUS83030 exert on 

structural remodeling occurring in the lungs and RV.  

Cardiac troponin-I (cTn-I), the gold-standard serum biomarker for 

cardiotoxicity in clinical examinations in laboratory animals (Pei et al., 2011). 

Our results showed that significant up-regulation in the mRNA expression of 

cTn-I occurred in the RV of monocrotaline-injected rats, and is an indication of 

necrotic damage of the myocardium. Treatment with INDUS830, INDUS83020, 

and INDUS83030 significantly attenuated (p < 0.01) MCT-induced up-regulated 

cTn-I mRNA expression in RV reflecting its cardioprotective property. 

Endogenous ANP plays a physiological role in modulating pulmonary 

arterial blood pressure (PABP), cardiac hypertrophy, and pulmonary vascular 

remodeling (Chen et al., 2001). Both plasma brain natriuretic peptide (BNP) 

and ANP levels were elevated in RV overload, correlating positively with mean 

pulmonary arterial blood pressure (PABP). The link between hypoxia and 

pressure or volume overload of the right ventricle and an increase in circulating 

level of BNP has been well recognized in previous studies (Lourenço et al., 

2006; Fontoura et al., 2014). In MCT control rats, there was significant 

increased in the expression of ANP and BNP in RV thus elevated PABP 

however, INDUS830, INDUS83020 and INDUS83030 showed a significant 

reduction (p < 0.01) in PABA without affecting the ANP and BNP mRNA 

expression in RV. 

Recent studies suggest that left ventricular myocardial hypertrophy 

following infarction is dependent at least in part on the activity of the sodium-

hydrogen exchange (NHE), an electroneutral antiporter representing the 
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primary pathway for proton extrusion in the cardiac cell in exchange for 

sodium ion influx (Chen et al., 2001). Accordingly, inhibiting the primary NHE 

isoform found in the myocardium (NHE-1) reduces both the hypertrophic as 

well as heart failure responses after infarction in rats. NHE-1 is a significant 

source of sodium entry into the cardiac cell, and that sodium ions are known 

to be important mediators of cell hypertrophy. The significant up-regulation in 

NHE-1 mRNA was found in RV of MCT control rats reflecting RV hypertrophy. 

Moreover, INDUS830, INDUS83020, and INDUS83030 treatment showed 

significant inhibition (p < 0.01) in MCT-induced up-regulated NHE-1 mRNA.  

Apoptosis is the organized cell death process that is associated with less 

inflammation compared to necrosis. Apoptotic cells are phagocytized by 

macrophages before their membrane breaks down so that their intracellular 

enzymes are not released. Apoptosis is triggered and modulated by two 

pathways. The intrinsic pathway involves the mitochondria and is activated by 

reactive oxygen species, whereas the extrinsic pathway is activated when 

ligands bind to their receptors, for instance, tumor necrosis factor-alpha (TNF-

α) to TNF receptors (Zhang et al., 2014a). Mitochondria are considered the 

central regulators of apoptosis, and play a vital role in cardiac remodeling and 

failure. It is well established that the Bcl-2/Bax ratio determines cell apoptotic 

fate. In our study, the Bcl-2/Bax ratio was reduced significantly and caspase-3 

mRNA expression increased significantly in the RV and pulmonary artery after 

MCT injection (Zuo et al., 2012; Zhai et al., 2009). Apoptosis was detected by 

TEM analysis of RV after 4 weeks after MCT injection. It was consistent with 

the dramatic downregulation of Bcl-2/Bax. This supports the hypothesis that 

apoptosis might be involved in a critical dysregulatory mechanism in the 

maladaptive cardiac response to the progression of pulmonary hypertension. 

Treatment with INDUS830, INDUS83020, and INDUS83030 significantly 

increased (p < 0.01) Bcl-2/Bax ratio and reduced caspase-3 mRNA expression 

thus exert its anti-apoptotic effect. 
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 Effect on ECG and hemodynamic: 

Electrocardiography and echocardiography are simple noninvasive 

diagnostic tests for the detection of PAH (Ahmed et al., 2014). The decrease in 

HR and QRS amplitude with increased in RR interval could be related to the 

down-regulation of β1-adrenoceptor and the desensitization of β1-adrenoceptor-

G protein adenylyl cyclase system by the effect of MCT, and the subsequent 

hypertrophied RV (Uchino et al., 2008). Derangement of ECG parameters 

showed QT, PR and ST prolongation after MCT administration. The two distinct 

ion channels are mainly responsible for QT prolongation mainly: voltage-

dependent inward Na+ current (INa) and transient outward current. Thus, 

derangement of action potential repolarization caused long QT intervals. 

Moreover, a direct cardiotoxic action of MCT and its associated coronary medial 

wall thickening may further account for depression of ventricular function. RV 

hypertrophy may also contribute to impairment of electromotive forces as 

demonstrated by a decrease in mean QRS vector magnitude. Administration of 

INDUS830, INDUS83020 and INDUS83030 may reverse the ion channel 

remodeling to improve electrocardiography alteration induced by MCT.  

Systolic performance, as assessed by the contractility index of dP/dtmax 

whereas diastolic dysfunction was elicited in response to increased afterload. 

Diastole was evaluated with the time constant of isovolumetric relaxation (tau) 

and the end-diastolic pressure–diameter relation (EDPDR), the former 

evaluates active relaxation while the latter is an in vivo estimate of myocardial 

stiffness (Dai et al., 2010). The dynamic process of myocardial relaxation goes 

on from the ejection phase to the early filling period. The main hemodynamic 

manifestation of myocardial relaxation, however, is LV pressure fall and its 

analysis, through the time constant (tau), allows a description of the course of 

myocardial relaxation (Chen et al., 2001). Thus, MCT control rats showed 

significantly increased RV systolic and diastolic pressure along with right 

Ventricular dP/dtmax, dP/dtmin, and tau reflected the severity of hypertrophy. 
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The contractility index was decreased significantly after MCT administration. 

Treatment with INDUS830, INDUS83020, and INDUS83030 significantly 

restored (p < 0.01) the MCT-induced alteration in hemodynamic 

measurements. 

 

 Effect on endothelin dysfunction: 

Endothelin-1 (ET-1), a potent endothelium-derived vasoconstrictor 

peptide, was recently identified. This peptide induces proliferation of vascular 

smooth muscle cells. ET-1 has several properties suggestive of a potential 

pathophysiological role in pulmonary hypertension (Fontoura et al., 2014). 

First, ET-1 contracts isolated pulmonary vessels and increase pulmonary 

vascular resistance. Second, ET-1 has a mitogenic effect on vascular smooth 

muscle cells and fibroblasts, consistent with a role in vascular remodeling by 

releasing endothelium-derived relaxing factors [EDRF, nitric oxide (NO)], a 

prominent finding in pulmonary hypertensive stages. Endothelin-1 also 

prevented up-regulation of pro-apoptotic Bax and cleaved activated caspase-3 

(Zhai et al., 2009). ET-1 has anti-apoptotic effects on vascular cells derived 

from adult animals, including ECs, fibroblasts, and systemic SMCs. The ET-1 

stimulates the downstream events in the pathway; that is, activation of iNOS 

and ROS. An increment of ROS causes an increase in the abundance of mRNA 

of ET-1 and iNOS, attributable to the enhancement of the transcription process 

in the nucleus. Another important finding of the present study was lung, RV as 

well as pulmonary artery ET-1 mRNA expression increased in rats with PAH 

along with an increase in plasma ET-1. However, in present study 

administration of INDUS830, INDUS83020 and INDUS83030 failed to inhibit 

the elevation of plasma ET-1 levels as well as up-regulated lung, RV, and 

pulmonary artery ET-1 mRNA expression. 
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CGMP regulates the pulmonary arterial vascular tone. Nitric oxide (NO) 

and natriuretic peptides dilate the pulmonary artery through activation of 

guanylate cyclase, which synthesizes cGMP. Increased cGMP is then 

hydrolyzed by cGMP-specific phosphodiesterase (PDE), classified as PDE5, 

which is abundant in the pulmonary artery. As PDE5 plays an important role 

in the regulation of pulmonary vascular tone, inhibition of PDE5 induces 

pulmonary vasodilation and could be useful for pulmonary hypertension (Liu et 

al., 2007). NO is a potent, endogenous vasodilator and growth inhibitor. The 

production of NO is catalyzed by the enzyme, endothelial NO synthase (eNOS), 

and its action is mediated through cGMP for prevention of vascular remodeling 

in pulmonary hypertension. In contrast, inducible NO synthase (iNOS) is 

responsible for the production of large amounts of nitric oxide. Moreover, in the 

presence of oxidative stress, NO reacts with superoxide anion generating 

peroxynitrite which is a highly toxic molecule leading to more progressive 

endothelial dysfunction during the development of PAH (Bi et al., 2013). In 

MCT models, the severe inflammatory changes in lung tissue mean that the 

contribution of iNOS to NO production in the lungs has to be considered. The 

present study, MCT control rats, showed significant increased in the NO level 

as well as iNOS mRNA expression of lung and RV. We also confirmed that 

eNOS is down- regulated in rats with pulmonary hypertension. Importantly, 

INDUS830, INDUS83020 and INDUS83030 administration significantly 

corrected (p < 0.01) this attenuation of eNOs however, failed to do so with iNOs. 

Previously, INDUS830, INDUS83020, and INDUS83030 were shown to up-

regulate the expression of Nrf2-regulated antioxidants battery in systemic 

arteries, which confer antiproliferative and vasoprotective effects of INDUS830, 

INDUS83020, and INDUS83030. 

Vascular Endothelial Growth Factor (VEGF), a potent and specific 

mitogen for endothelial cells and a vascular permeability factor. It played an 

important role in normal as well as pathological angiogenesis. The endothelium 
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is known to play an important role in the regulation of vascular tone and also 

to participate in the pathological processes of vascular remodeling (Hong et al., 

2014). VEGF is primarily expressed by epithelial cells, which are in close 

proximity to endothelial cells and may play a role in the regulation of 

endothelial cell turnover, differentiation, and vascular permeability. The 

sustained increase in VEGF mRNA in the PA may have been related to the 

development of selective hypertrophy of the PA (Partovian et al., 1998). 

Administration of INDUS830, INDUS83020 and INDUS83030 caused 

significant down-regulation (p < 0.01) in VEGF mRNA expression and may help 

to maintain endothelial cell function such as the production of antiproliferative 

factors and, therefore, indirectly exert protective effects against vascular 

remodeling. 

 

 Effect on pulmonary vascular remodeling: 

Recently, it was discovered that Kv1.5 channels from pulmonary artery 

smooth muscle cells (PASMC) participate in vascular remodeling by regulating 

cell proliferation and apoptosis (Dai et al., 2010). Decreased expression and 

activity of Kv channels not only cause pulmonary vasoconstriction by inducing 

membrane depolarization and increasing cytoplasmic Ca2++ in PASMC but also 

contribute to pulmonary vascular medial hypertrophy by inhibiting apoptotic 

cell shrinkage and apoptosis (Zhai et al., 2009). However, upregulation of Kv1.5 

is correlated with an increase in the apoptosis to proliferation ratio and 

inhibition of PAH. In our MCT control rats, the RVSP was increased, and the 

Kv1.5 channel proteins down-regulated. These findings appear to be consistent 

with previous reports (Zhai et al., 2009; Dai et al., 2010). Administration of 

INDUS830, INDUS83020 and INDUS83030 showed up-regulation (p < 0.01) of 

Kv1.5 mRNA expression thus inhibited PAH. 
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The proliferating cell nuclear antigen (PCNA) is a nuclear protein and a 

DNA polymerase cofactor. The cell proliferation involves a variety of signaling 

pathways, which converge at the junction of G1/S phase. PCNA expression is 

necessary for cells to enter the cell cycle to process DNA replication and 

proliferation (Kaur et al., 2014). In the present investigation, we observed a 

marked increase in the expression of PCNA, demonstrating the proliferation of 

cells in PA of MCT challenged rats. Pulmonary vascular remodeling observed in 

MCT control rats. This increase in Pulmonary vascular hypertrophy is due to 

the proliferation of myocardial cells. INDUS830, INDUS83020, and 

INDUS83030 treatment failed to attenuate the MCT-induced increased 

expression of PCNA in PA.  

Increased percentage of the medial wall thickness and progressive 

decrease in lumen diameter of pulmonary arteries in MCT group lead to 

increased vascular resistance, increased pulmonary arterial pressure and 

subsequent RV hypertrophy (Ahmed et al., 2014). NF-κB activation is known to 

regulate proliferation of pulmonary arterial smooth muscle cell (PASMC) (Wang 

et al., 2013). Histological investigation of lung tissue from MCT control rats 

showed increased percentage of the medial wall thickness and increased 

percentage wall area of the pulmonary artery. Administration of INDUS830, 

INDUS83020 and INDUS83030 showed great improvements of the pulmonary 

remodeling which may be due to significant inhibition (p < 0.001) of NF-κB 

activation within lung and PA tissue. 

The TGF-β superfamily, comprised of TGF-β s, activins, and the bone 

morphogenetic proteins (BMPs), has critical roles in embryonic development 

and maintenance of the vascular system. Signal transduction by the TGF-β 

superfamily is initiated through the formation of a heteromeric complex upon 

ligand stimulation, composed of type I and type 2 receptors, with the 

subsequent phosphorylation of Smad secondary messengers (Ramos et al., 

2006). BMP receptor-activated Smads are Smads 1 and 4, while Smads 3 are 
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restricted to the TGF-β pathway. Phosphorylated Smad from either pathway 

forms a signaling complex with the common Smad 4 which translocates into 

the nucleus to DNA binding sites. Mutations in BMP receptors have been 

identified in patients with primary pulmonary arterial hypertension, implicating 

BMP signaling in pulmonary hypertension. Importantly, recent studies have 

demonstrated that the expression and function of the BMP/Smad signaling 

axis are perturbed in MCT-treated animals as well (Ramos et al., 2007). 

Because BMP signals antagonize PASMC proliferation induced by inflammatory 

cytokines, altered BMP/Smad signaling may play a role in the pathogenesis of 

pulmonary hypertension. Smad 1 has been considered a BMP-specific receptor-

activated Smad. However, Alk1, a type I TGF-β receptor, can also signal 

through Smad 1. Mutations in the Alk1 TGF-β type I receptor, and its 

associated protein Endoglin occur in the vascular disease hemorrhagic 

telangiectasia, which, in the lung, results in secondary PAH (Ramos et al., 

2008). Mutations in another receptor in the TGF-β family, the bone 

morphogenetic protein type 2 receptor (BMPr2), have been described in 

idiopathic PAH. INDUS830, INDUS83020, and INDUS83030 treatment 

normalized the expression of many components of the BMP/Smad signaling 

pathway in the pulmonary artery. 

There is a negative feedback loop between IL-6 and the BMP pathway, in 

which increased IL-6 induces BMP pathway activity and increased BMP 

pathway activity suppresses IL-6. Furthermore, IL-6 enhances proliferation via 

activation of signal transducer and activator of transcription 3, persistent 

activation of which has been shown to reduce BMPr2 expression, which may 

contribute to the loss of BMPr2 during PAH development (Csiszar et al., 2009). 

BMPr2 dysfunction and resulting loss of activity may, therefore, result in 

elevated IL-6 production. Administration of INDUS830, INDUS83020, and 

INDUS83030 significantly reduced (p < 0.01) the elevated IL-6 expression in 
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pulmonary artery thus interrupts the IL-6–BMPr2 negative feedback loop 

resulted in an increase in pulmonary BMPr2 mRNA. 

 

 Effect on lung function test: 

It has been demonstrated that MCT treatment increases lung 

inflammatory cells, which can release numerous mediators and elastase (Lei et 

al., 2004). Released elastase may cause the destruction of the lung. Elastase-

induced tissue damage can augment tissue repair, including increased growth 

in both connective tissue and smooth muscle. The increases in connective 

tissue and smooth muscle are closely related to the development of pulmonary 

hypertension. In addition to alterations in the pulmonary vasculature, MCT 

also causes ventilatory dysfunction, including an increase in lung resistance 

and decreases in lung compliance and carbon dioxide diffusing capacity. The 

accumulation of phagocytes in the lungs during inflammation can release 

oxygen radicals and some mediators (e.g., leukotrienes and thromboxane), thus 

causing constriction of airway smooth muscle. Therefore, the mediator-induced 

airway constriction should contribute significantly to the ventilatory 

abnormality (Lai and Zhou, 1997). Airway proliferation and remodeling can 

contribute significantly to the MCT-induced ventilatory dysfunction. Recently, a 

noninvasive whole-body plethysmography system has been developed to 

measure airway responsiveness. Enhanced pause (Penh) as an indicator of 

airway responsiveness has been proved to be highly correlated with lung 

resistance. Ventilatory dysfunction was moderate on day 14 and marked after 

day 28 of MCT administration whereas treatment with INDUS830, 

INDUS83020 and INDUS83030 significantly improved (p < 0.01) the lung 

function test on day 28. 

 Effect on lung hypoxia: 
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The most important finding of the present study is that hypoxemia [i.e., 

decreased Sat O2 (%)], an index of pulmonary function, was significantly 

aggravated in MCT-treated animals but was notably alleviated through 

INDUS830, INDUS83020, and INDUS83030 treatment. In animal models of 

pulmonary hypertension, an increased presence and activity of inflammatory 

cells (including macrophages, polymorphonuclear neutrophils, lymphocytes, 

and mast cells) are routinely observed (Ahmed et al., 2014). MCT 

administration caused significant increased in neutrophils with decreased 

hemoglobin and RBC suggested that elevated inflammatory response with 

decreased oxygen carrying capacity. An elevation in Sat O2 (%) i.e. pulse oxy by 

INDUS830, INDUS83020, and INDUS83030 treatment may be due to increased 

hemoglobin and RBC count as well as decreased neutrophils count thus 

diminished inflammatory response.  

HIFs have been identified as key mediators of adaptation to hypoxia. HIF-

1 consists of HIF-1α and HIF-1β subunits. HIF-1α confers sensitivity and 

specificity for the hypoxic induction of HIF-1 transcriptional activity and plays 

a critical role as an activator of target genes including TGF-β and VEGF (Kaur 

et al., 2014). In response to hypoxia, HIF-1α is one of the pivotal mediators in 

the lungs and is involved in the pathogenesis of PAH. In the current study, we 

found that HIF-1α activity was enhanced by MCT treatment. But INDUS830, 

INDUS83020, and INDUS83030 significantly inhibited (p < 0.001) HIF-1α 

expression in lung and RV thus prevent the progressive of PH.  

 

 Effect on Oxidative stress: 

Oxidative stress has been implicated in the pathogenesis of PAH. In PAH, 

oxidative injury precedes proliferation of pulmonary artery smooth muscle cells 

and medial hypertrophy (Ahmed et al., 2014). MCT treatment induced a state of 

oxidative stress as indicated by a significant increase in lipid peroxidation and 
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a significant decrease in GSH content in lung and RV tissues. Induction of 

oxidative stress may comprise an obligatory link between MCT treatment and 

the incidence of cytotoxicity in pulmonary vascular endothelial cells. Increased 

oxidative stress and ROS production in lung and RV tissues play a crucial role 

in the pathogenesis of MCT-induced PAH (Bi et al., 2013). Oxidants may also 

damage tissue either by direct oxidation of key molecules or by alteration of 

transcription factors, such as NF-кB, which regulates the expression of several 

genes that are involved in the production of inflammatory cytokines, including 

TNF-α to initiate the proliferative responses (Kaur et al., 2014). In our study, 

treatment with INDUS830, INDUS83020, and INDUS83030 significantly 

decreased (p < 0.001) the oxidative stress in lungs and RV tissues as evident 

from lower ROS levels.  

Nrf2 is known as a key sensor of oxidative stress and a transcriptional 

activator of antioxidant proteins such as SODs and HO-1 (Voelkel et al., 2013). 

Therefore, Nrf2 is considered to play an important role in regulating ROS 

metabolism. Under normal conditions, Nrf2 exists bound to Keap1, which 

directs Nrf2 ubiquitination and degradation. ROS induce the liberation, 

stabilization, and translocation of Nrf2 to the nucleus. Nrf2 binds multiple ARE 

motifs in the promoter of the nuclear respiratory factor 1, which is in charge of 

regulating mitochondrial biogenesis in conjunction with the peroxisome 

proliferator-activated receptor gamma coactivator-1 alpha (PGC-1a). HO-1 can 

activate Nrf2 via carbon monoxide (CO), which enhances mitochondrial 

hydrogen peroxide (H2O2) production (Voelkel et al., 2013). H2O2 contributes to 

the retrograde activation of mitochondrial biogenesis. Furthermore, HO-1, as 

induction of this enzyme may represent an anti-stress response in MCT-treated 

animals (Goto et al., 2002). In this study, MCT significantly suppressed the 

expression of Nrf2 and down-regulated levels of the antioxidant proteins SOD1 

and HO-1, but INDUS830, INDUS83020, and INDUS83030 treatment reversed 



Discussion 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 400 

this partly, which suggested antioxidative effects of INDUS830, INDUS83020 

and INDUS83030 by stimulating the cellular antioxidant defense system. 

 

 Effect on fibrosis: 

Apoptosis and fibrosis from lung parenchymal as well as myocardial 

damage have been well recognized in the setting of MCT-induced PAH in recent 

studies (Kaur et al., 2014). An essential finding in the present study is that the 

expressions of both apoptotic and fibrotic biomarkers were substantially 

increased in lung parenchyma of MCT-treated animals. MCT is associated with 

abnormal connective tissue deposition and characterized by structural and 

functional changes in the pulmonary vasculature, including vascular smooth 

muscle cell proliferation hypertrophy and excess collagen formation. As is 

known, collagen is an activator for myofibroblasts, which are the key mediators 

of pulmonary and myocardial fibrosis (Ahmed et al., 2014). This increased 

levels of myocardial fibrosis affecting myocardial systolic and diastolic function 

resulted in elevated PAH. Moreover, reactive oxygen species (ROS) also 

contributes in the induction of cardiomyocyte hypertrophy as well as fibrosis in 

the MCT-induced model of PH.  

The elevated level of Hydroxyproline in lung and RV of MCT control 

animals is the hallmark of pulmonary and myocardial fibrosis (Ahmed et al., 

2014). Moreover, a significant up-regulation of the collagen-1 mRNA expression 

in lung and RV of MCT control animals also reflected the pulmonary and 

myocardial fibrosis. However, administration of INDUS830 significantly 

inhibited (p < 0.05) MCT-induced pulmonary and myocardial fibrosis. 

Histopathological changes in the lungs of rats injected with MCT consisted of 

interstitial lung edema and inflammatory cell infiltration. The above mentioned 

histopathological changes, together with the inflammatory syndrome, are 

hallmarks of acute lung injury. The initial inflammation and alveolar damage 
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were followed in the later phase by moderate localized lung fibrosis. 

Histopathological changes assessed by Haematoxylin-Eosin and Masson's 

trichrome staining revealed obvious fibrotic changes. Histological findings from 

the MCT control rat lung and RV correlated with the biochemical analysis, and 

its attenuation was done by INDUS830 treatment. 

 

 Effect on inflammation: 

A central inflammatory and redox-sensitive transcription factor NF-κB is 

known to trigger inflammatory responses and regulate the production of pro-

inflammatory cytokines (such as IL-1, IL-6, and TNF-α). It has been accepted 

that NF-κB might be pivotal in mediating inflammatory changes and involved 

in the progression of pulmonary hypertension in MCT-treated rats (Kaur et al., 

2014). TNF-α is a pro-inflammatory cytokine with potent modulatory effects on 

the pulmonary circulation. In animal studies, TNF-α was shown to increase 

pulmonary vascular reactivity, to reduce prostacyclin production in pulmonary 

artery smooth muscle cells, and to potentiate Platelet-activating factor-induced 

pulmonary vasoconstriction (Wang et al., 2013). Administration of MCT 

resulted in overexpression of TNF-α and IL-1β in RV as well as lung which has 

been shown to result in severe pulmonary hypertension. INDUS830, 

INDUS83020, and INDUS83030 treatment showed a significant reduction (p < 

0.01) of the lung and RV inflammatory status observed in this study with the 

reduced cytokine expression in lung and RV along with reduced inflammatory 

cells recruitment (histopathological analysis) could explain these results. 
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8.5. Effect of INDUS830 and INDUS83010 on silica (SIL)-induced 

pulmonary fibrosis and silicosis in rats: 

 

Exposure of the lung to an increased dose of silica particles is associated 

with the development of pulmonary fibrosis. Activation of macrophages is 

believed to be a key event in this process, and various growth factors for 

fibroblasts have been identified in secretions of isolated pulmonary 

macrophages. Most of these studies have used alveolar macrophages (AM) 

lavaged from fibrotic lungs, whereas, in vivo, the fibrotic process occurs within 

the interstitium that also contains a population of macrophages (Porter et al., 

2002a; Porter et al., 2004). Penetration of particles into lung tissue and their 

retention by interstitial macrophages results in direct stimulation of the 

adjacent fibroblast population. At increased dose levels, particles such as silica 

cross the epithelium to reach the interstitium where clearance appears to be 

slow. Most particles are phagocytized by macrophages, some of which may 

migrate to the alveoli or lymph nodes; other particles remain in the interstitium 

and may be trapped by the fibrotic response as granulomas form (Porter et al., 

2004). The inflammatory cells were estimated in the BALF, which plays a 

central role in the inflammatory phase. As expected, silica induced a massive 

infiltration of inflammatory cells including neutrophils and lymphocytes in the 

lungs which were reduced by INDUS830 and INDUS83010.  

Activation of macrophages and influx of neutrophils play an important 

role in increasing the permeability of the alveolar/capillary barrier which is 

indicated by an elevated relative lung weight and the increased total protein 

content. It is consistent with the results of the present study which showed 

that silica exposure caused pulmonary edema (Porter et al., 2002a). 

Administration of INDUS830 and INDUS83010 significantly reduce (p < 0.01) 

the elevated relative lung weight and total protein content.  
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LDH is an intracellular enzyme, and thus its presence in BAL fluid is 

presumed to be from cells that have undergone cytotoxic damage. However, rat 

plasma also has measurable levels of LDH and albumin, and thus leakage of 

LDH and albumin from the blood into the lung, evidenced by increased 

albumin in the lung, may also contribute to BAL fluid LDH and albumin levels 

(DiMatteo and Reasor, 1997). However, this contribution is probably small in 

relation to the contribution from cytotoxic damage to the lung phagocytic and 

epithelial cells. Silica injection showed an increase in LDH and albumin activity 

which was effectively prevented (p < 0.01) by INDUS830 and INDUS83010 

treatment via its anti-inflammatory effect.  

Several different lines of evidence suggest that nuclear factor-kB (NF-kB) 

may be an important regulator of pulmonary inflammation and fibrosis in 

silica-exposed animals. Silica is known to generate reactive oxygen species 

(ROS), and silicotic lungs are known to be in a state of oxidative stress (Porter 

et al., 2002b). Since NF-kB activation is known to occur in response to ROS, it 

was suggested that NF-kB activation may occur in vivo after silica exposure. 

Activated NF-kB functions in the regulation of cytokines implicated in the 

inflammatory and fibrogenic responses to silica. Silica-induced NF-kB 

activation is associated with the expression of the proinflammatory cytokine 

tumor necrosis factor-α (TNF- α) and interleukin-1β (IL-1β) (Porter et al., 

2002b). Administration of INDUS830 and INDUS83010 significantly down-

regulated (p < 0.001) NF-kB mRNA expression. 

In recent years, the role of the inflammatory pathway in silica-induced 

lung inflammation and tissue remodeling has been emerging. An inflammatory 

response occurred in response to neutrophils recruitment. Silica caused an 

inflammatory response which persisted for six months (Porter et al., 2002b). 

The inflammation was characterized by a marked augmentation of neutrophils. 

Neutrophils could cause the first pulmonary injury and initiate the 

development of fibrosis. Also, the constant presence of high numbers of these 
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cells in the lung could cause more severe fibrosis. Furthermore, neutrophils 

and their secretion products could participate in fibroblast stimulation. 

Macrophages are well known to produce TNF-α, and this cytokine seems to be 

important in inflammation and fibroblast proliferation (Barbarin et al., 2005). 

TNF-α plays an important role in the early inflammation of silicosis. The 

internalization of TNF-α by neutrophils stimulates them to release large 

quantities of oxygen metabolites. TNF-α can also stimulate directly fibroblast 

proliferation. It is possible that TNF-α induces fibroblast proliferation during 

the early inflammation and that the presence of this cytokine is not necessary 

to maintain this proliferation at a later time. TNF-α can stimulate macrophage 

and neutrophil migration and production of hydrogen peroxide and superoxide 

anion by these cells. These toxic metabolites of oxygen are suggested as the 

principal cause of inflammatory injury (Barbarin et al., 2005). Thus, TNF-α can 

stimulate neutrophils to produce toxic metabolites of oxygen which, in turn, 

will induce injury and fibrosis. INDUS830 and INDUS83010 treatment 

significantly down-regulated (p < 0.001) NF-kB mRNA expression which may in 

turn inhibit the up-regulated expression of TNF-α. 

Nitric oxide plays an important role in many pathological conditions. 

There are three isoforms of nitric oxide synthase; eNOS which is found in the 

endothelial cells, nNOS which is found in neurons, and iNOS which is induced 

by cytokines such as TNF-α. It has been reported that alveolar macrophages 

and neutrophils, as well as other cell types, can cause an overproduction of NO 

after silica exposure. NO can be harmful after silica inhalation due to the 

combination with superoxide to form peroxynitrite (RNS) that can cause serious 

lung damage (Sharawy et al., 2013). However, INDUS830 and INDUS83010 

failed to produce any decrease in NO level.  

 

 



Discussion 

Evaluation of fenugreek seed derived phytoconstituents in animal models of 

respiratory disorder 
  Page 405 

 Effect on fibrosis: 

Hydroxyproline, a unique biomarker of collagen fibers, showed the same 

trend as histopathological findings in the lungs of Silica-treated groups after 

masons-trichome staining (Hemmati et al., 2008). The elevated levels of lung 

and BALF hydroxyproline were significantly attenuated by INDUS830 and 

INDUS83010 treatment which was further supported by histopathological 

results which showed a marked decrease in the distribution and severity of 

fibrosis following INDUS830 and INDUS83010 administration.  

TGF-β1 is a key profibrotic cytokine that stimulates collagen 

accumulation in several ways. It induces the differentiation of fibroblasts into 

myofibroblasts, increases collagen synthesis by these cells and reduces 

collagenase activity (Rabolli et al., 2011). Accumulation of TNF-α in increased 

amount would modulate fibroblast functions and synthesis of collagen. In the 

present study, TGF-β1 and TNF-α levels were increased after silica treatment, 

while the INDUS830 and INDUS83010 significantly inhibited (p < 0.001) this 

overproduction. Because induction of TGF-β1 and TNF-α levels is possibly 

through oxidant-induced damage giving rise to high levels of inflammation, our 

results suggested that the anti-pulmonary fibrosis effect of INDUS830 and 

INDUS83010 might be ascribed to both anti-inflammatory activity and down-

regulation of TGF-β1 and TNF-α.  

TGF-β and bone morphogenetic proteins (BMPs) are the members of the 

TGF-β superfamily and are essential for the maintenance of tissue homeostasis 

and regeneration after injury. BMP-7 and TGF-β are coupled with specific cell-

surface type I and type II receptors to form complex (Yang et al., 2013b). The 

receptor complex recruit and cause phosphorylation of Smad2/3 (TGF-β) or 

Smad1/5/8 (BMP-7) proteins, which then combine with Smad4, move into the 

nucleus and regulate gene expression. Administration of INDUS830 resulted in 
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significant down-regulation (p < 0.01) of smad-3 mRNA expression via 

modulation of TGF-β1. 

 

 Effect on apoptosis: 

ROS is an apoptosis resultant and also a product of apoptosis at the 

same time. ROS produced by mitochondria can lead to its dysfunction, the 

change of mitochondrial apoptosis pathway-related proteins and even cell 

apoptosis, so the intracellular ROS content cannot be ignored in the study of 

cell apoptosis (Zhang et al., 2014b). Mitochondrial apoptosis pathway is a 

caspase-9-dependent cell death program, but caspase-9 exists as the precursor 

(procaspase-9) which is an inactive form and would transform to the active one 

when the apoptosis signal appears. The activation of caspase-3 is followed by 

it, leading to the final cell apoptosis (Zhang et al., 2013; Zhang et al., 2014b). 

Activation of caspase was dependent on the integrity of mitochondrial, short-

term exposure to silica dust could up-regulate the expression of caspase-3. The 

mRNA expression of caspase-3 in this study were down-regulated significantly 

(p < 0.05) in the INDUS830 and INDUS83010 treated the group as compared 

with the silicosis control group thus inhibiting silica-induced apoptosis.  
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8.6. Effect of INDUS830 and INDUS83030 on Alpha-naphthylthiourea 

(ANTU)-induced pulmonary edema and hypertension in rats: 

 

ALI and its more severe form, acute respiratory distress syndrome 

(ARDS), are syndromes of acute respiratory failure, secondary to increased 

permeability and noncardiogenic pulmonary edema (Cunningham and Hurley, 

1972). Alveolar edema accumulates in ALI/ARDS mainly because of the 

increase in permeability of the capillary (endothelium) alveolar (epithelium) 

barrier. Thus, it is now widely accepted that the pathophysiology of ALI/ARDS 

is driven by an aggressive inflammatory reaction that damages the alveolar-

capillary unit.  

ANTU is a chemical agent that produces an inflammatory reaction 

leading to pulmonary edema, secondary to permeability changes in the lung 

microvasculature. The capillary endothelial cell damage in the lung is the 

primary reason for ANTU toxicity. Injury to the endothelium leads to eventual 

loss of the endothelial barrier. It leads to interstitial and alveolar edema. 

Pulmonary edema and pleural exudate formation start approximately 1 h after 

administration of ANTU, reach a maximum at 2-4 h, and then either resolve or 

cause death (Atalay et al., 2012). The mechanism of pleural effusion formation 

in the ANTU model is drainage of lung interstitial liquid, through the visceral 

pleura, into the pleural space. It occurs when the interstitial lung space is 

saturated with fluid. Thus, the amount of pleural effusion is closely relevant to 

pulmonary edema development (Lee et al., 1980). In the present investigation, 

intraperitoneal administration of ANTU caused a significant elevation in plural 

effusion after 4 hr of ANTU injection. Moreover, lung edema which is a 

characteristic feature of increased in lung weight to body weight ratio also has 

been increased in ANTU control rats. Pretreatment with INDUS830 and 

INDUS83030 significantly decreased (p < 0.001) ANTU-induced lung edema and 

lung weight to body weight ratio.  
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Pulmonary vascular resistance could have been increased due to the 

encroachment of arteries by perivascular edema fluid, as occurs in severe 

pulmonary edema (Hancı et al., 2012). Lung wet/dry weight ratios, used as 

indices of the degree of pulmonary edema, showed that lungs became 

edematous 4 h after ANTU injections, but the ratios returned to normal levels 

within 24 h. It seems unlikely that this transient pulmonary edema would 

account for pulmonary hypertension detected 1 wk after the fourth ANTU 

injection, at a time when lung wet/dry ratios had returned to control levels.  

It has become increasingly apparent that vascular endothelial cells are 

capable of modulating the function of other cells in their environment. 

Endothelial cells can metabolize circulating vasoactive substances,’ can 

modulate the contraction of underlying vascular smooth muscle,’ and can 

affect adherence and chemotaxis of blood cells, such as neutrophilic 

polymorphonuclear leukocytes (PMN). It is possible that endothelial cell injury 

may play a role in the pathogenesis and manifestations of acute lung injury 

that may be associated with increased permeability pulmonary edema (Comert 

et al., 2005). Results of present investigation showed that PMN leakage after 

ANTU administration caused activation endothelial cells leads to acute lung 

injury. However, administration of INDUS830 and INDUS83030 caused a 

significant reduction (p < 0.01) in PMNs.  

The pulmonary endothelium also represents a major target for toxicity. 

Agents that cause endothelial cell injury (such as ANTU) have been shown to 

reduce 5-HT uptake. This 5-HT uptake has been used as indicators of 

pulmonary microvasculature injury. The pulmonary capillary endothelium has 

been identified as the site of 5-HT uptake in normal isolated perfused lungs 

(Mais and Bosin, 1984). The increased lung content of 5-HT most likely reflects 

the participation of platelets in the pulmonary response to ANTU damage. 

Platelets contain most of the circulating 5-HT and their role in lung 

microvascular injury has been the subject of extensive speculation. In the 
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present study, ANTU caused a rapid release of platelets which caused damaged 

endothelial cells. The adherent platelets can then aggregate and release dense 

granule 5-HT into the microvasculature, a large fraction of which is 

accumulated in the lung. Pretreatment with INDUS830 caused a significant 

reduction (p < 0.01) in ANTU-induced 5-HT leakage. 

Furthermore to assess the cytotoxic injury and inflammatory responses 

occurring in the lungs due to ANTU injection, some different biochemical 

parameters can be measured in the bronchoalveolar lavage fluid (BALF) 

including lactate dehydrogenase (LDH) and γ-glutamyltranspeptidase (GGT). 

These BALF parameters have shown promise for assessing pulmonary damage 

resulting from ANTU-induced endothelial cell damage that is selective for the 

pulmonary vascular system (Day et al., 1990). In the present study, 

determination of CGT release into BALF is an important hallmark of acute lung 

injury in response to systematically administered pneumotoxic compounds 

such as ANTU. Administration of INDUS830 and INDUS83030 significantly 

reduced (p < 0.05) ANTU-induced elevated BALF LDH and GGT levels. 

Vasoconstriction occurs early in the course of lung injury in ANTU-

induced animal models of increased permeability pulmonary edema. It has 

been reported that acute injury induced by ANTU caused transient 

vasoconstriction and augmentation of pulmonary vasoreactivity, then repeated 

injury could lead to pulmonary hypertension (Azoulay et al., 2003). Thus, 

repeated injections of ANTU caused right ventricular hypertrophy and systolic 

hypertension, which appeared to be due to pulmonary hypertension. Possible 

mechanisms for pulmonary hypertension include increased pulmonary venous 

pressure, increased pulmonary blood flow, and increased pulmonary vascular 

resistance, either due to vasoconstriction or to structural changes in lung 

vessels (Hill et al., 1984). Increased pulmonary venous pressure seems an 

unlikely cause of pulmonary hypertension in view of the similar left ventricular-

to-body weight ratios among the experimental groups. However, treatment with 
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INDUS830 and INDUS83030 caused a significant reduction (p < 0.01) in 

pulmonary hypertension with a reduction in left ventricular hypertrophy. 

Oxidative stress appears an imbalance between oxidants and 

antioxidants has been implicated in the pathogenesis of many vascular 

disorders including atherosclerosis, diabetes, and hypertension (Azoulay et al., 

2003; Vivet et al., 1983). The mechanism by which ANTU produced lung injury 

is unknown despite that thiourea compounds may be oxidized in lung 

homogenates to form the highly reactive hydroxyl free radical (Hill et al., 1984). 

Lipid oxidation metabolites can cause depletion of mitochondrial respiratory 

chain components, and this results in a vicious cycle that ends with more 

reactive oxygen species generation. It has been suggested that lung function 

can be altered by both free radical and oxidant exposure while the antioxidant 

intake is positively related to lung function. Because of the protective role of 

superoxide dismutase, catalase and dimethylsulfoxide against ANTU, reactive 

oxygen species may be responsible for this type of lung injury. Treatment with 

INDUS830 and INDUS83030 may inhibit generation of free radicals via 

increased level of SOD and GSH as well as decreased lipid peroxidation (MDA) 

thus blocked the ANTU damage which in turn improved lung functions.  

Acute lung injury has also been linked to the presence of oxygen radicals 

released from activated phagocytic cells (Azoulay et al., 2003). NO is known to 

be a relatively stable free-radical gas, having the propensity to undergo electron 

transfer reactions or addition reactions with molecules having unpaired 

electrons (Azoulay et al., 2003). Thus, NO acts as a free-radical cytotoxic 

molecule for the lung injury induced by ANTU. ANTU-related endothelial injury 

is direct, independent from neutrophils, and related to intrinsic properties of 

ANTU that induce cell blebbing and signs of necrosis and apoptosis. In present 

investigation repeated ANTU injections caused significant down-regulation of 

eNOS mRNA expression in lung, pulmonary artery, and right ventricle. This 

decrease may be involved in the abnormal vascular reactivity. However, 
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administration of INDUS830 and INDUS83030 caused significant up-regulation 

(p < 0.01) in eNOS mRNA expression in the pulmonary artery and right 

ventricle. 

ANTU-induced injury is known to be confined to the endothelial wall in 

the alveolocapillary barrier. The endothelial injury occurred despite 

concomitant increased expression of lung VEGF that is produced mainly by 

epithelial cells (Azoulay et al., 2003). Such an increase in VEGF has been 

interpreted as limiting endothelial injury. In the present study, in ANTU treated 

rats enhance lung VEGF that limits endothelial injury because VEGF has been 

shown to be an endothelial cell survival factor capable of preventing apoptosis. 

However, administration of INDUS830 and INDUS83030 produced significant 

down-regulation (p < 0.01) of the pulmonary artery and right ventricle VEGF 

mRNA expression but, failed to do so in the lung.  

It has been speculated that vasoactive substances originating from the 

pulmonary vascular bed and airways may contribute to the pulmonary edema 

induced by ANTU. Following administration of ANTU, covalent binding to 

macromolecules is observed in the lung and liver and desulphuration of this 

toxic compound produces reactive molecules. ANTU is also partially 

metabolized by cytochrome P450 monooxygenase in both liver and lung 

microsomes to an intermediate which is also capable of covalent binding (Lee et 

al., 1980). Thus, ANTU-induced pulmonary hypertension is associated with 

hepatic and pulmonary damage reflected by histological investigation of liver 

and lung tissue from ANTU treated rats. Inflammation, necrosis, nuclear 

pyknosis, cytoplasmic vacuolization, and cytoplasmic eosinophilia were some 

characteristic features of ANTU-induced hepatic and pulmonary damage. 

Administration of INDUS830 and INDUS83030 inhibited these ANTU-induced 

hepatic and pulmonary aberrations. 
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9. Highlights of work 

9.1. Effect of INDUS830, INDUS83010, INDUS83020 and INDUS83030 on bleomycin (BLM)-induced 

pulmonary fibrosis, pulmonary hypertension and liver fibrosis in rats: 

Parameters 
MCT 

Control 

MP 

(10) 

Slid 

(25) 

INDUS 

830 

(20) 

INDUS 

830 

(40) 

INDUS 

83010 

(15) 

INDUS 

83010 

(30) 

INDUS 

83020 

(6) 

INDUS 

83020 

(12) 

INDUS 

83030 

(8) 

INDUS 

83030 

(16) 

Body weight *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ ** ↓ *** ↓ 

Lung wt : Body wt *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ * ↓ ** ↓ 

Fulton index *** ↑ * ↓ *** ↓ * ↓ ** ↓ ns ns *** ↓ *** ↓ * ↓ ** ↓ 

Liver wt : Body wt *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ ** ↓ ** ↓ * ↓ ** ↓ 

Lung Function Test *** ↓/↑ *** ↓/↑ ** ↓/↑ ** ↓/↑ *** ↓/↑ ** ↓/↑ *** ↓/↑ ns ** ↓/↑ ns * ↓/↑ 

Hemodynamic *** ↑ * ↓ *** ↓ ** ↓ ** ↓ ns ns ** ↓ *** ↓ *** ↓ *** ↓ 

Pulse Ox *** ↓ *** ↑ * ↑ ** ↑ ** ↑ ** ↑ *** ↑ ns * ↑ ns ns 

Haematology *** ↓/↑ *** ↓/↑ *** ↓/↑ ** ↓/↑ *** ↓/↑ ** ↓/↑ *** ↓/↑ ns ** ↓/↑ *** ↓/↑ *** ↓/↑ 

BALF cell count *** ↓/↑ *** ↓/↑ *** ↓/↑ * ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ * ↓/↑ ** ↓/↑ ns * ↓/↑ 

BALF antioxidant *** ↓ *** ↑ *** ↑ ** ↑ ** ↑ ** ↑ ** ↑ * ↑ * ↑ ns * ↑ 

BALF MDA *** ↑ ** ↓ *** ↓ * ↓ ** ↓ *** ↓ *** ↓ ns ns ns ns 

BALF Nitric Oxide *** ↑ * ↓ ns ns ns * ↓ ** ↓ ns ns ns ns 

BALF Hydroxyproline *** ↑ ** ↓ ** ↓ * ↓ ** ↓ ** ↓ *** ↓ ns ns ns ns 

Lung antioxidant *** ↓ ** ↑ ** ↑ * ↑ ** ↑ ** ↑ *** ↑ ns * ↑ ns ns 
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Lung T-AOC *** ↓ ** ↑ ** ↑ ** ↑ ** ↑ *** ↑ *** ↑ ns * ↑ ns ns 

Lung MDA *** ↑ ** ↓ ** ↓ * ↓ ** ↓ * ↓ *** ↓ ns ns ns ns 

Lung Nitric Oxide *** ↑ ** ↓ ns ** ↓ * ↓ ns ns ns ns ns ns 

Lung Hydroxyproline *** ↑ * ↓ * ↓ ns ** ↓ ** ↓ *** ↓ ns ns ns ns 

Lung MPO *** ↑ ** ↓ * ↓ ns ns ns * ↓ ns ns ns ns 

Lung EPO *** ↑ ns ns ns ns ns ns ns ns ns ns 

Lung Histamine *** ↑ ns ns ns ns ns ns ns ns ns ns 

Lung 5-HT *** ↑ ns ns * ↓ ** ↓ ns ns ns ns ns ns 

Serum LDH ** ↑ ** ↓ ** ↓ ** ↓ ** ↓ * ↓ ** ↓ * ↓ ** ↓ * ↓ * ↓ 

Serum GGT *** ↑ ns ns ns * ↓ ns ** ↓ ns ns ** ↓ *** ↓ 

Serum Albumin *** ↓ * ↑ * ↑ ** ↑ ** ↑ * ↑ ** ↑ * ↑ ** ↑ ns * ↑ 

Liver Function Test ** ↑ * ↓ ns * ↓ ** ↓ * ↓ ** ↓ ns ns * ↓ ** ↓ 

Liver antioxidant ** ↓ * ↑ * ↑ * ↑ ** ↑ * ↑ ** ↑ ns * ↑ ns * ↑ 

Liver T-AOC *** ↓ * ↑ * ↑ ** ↑ ** ↑ ** ↑ ** ↑ ns ns * ↑ * ↑ 

Liver MDA *** ↑ * ↓ * ↓ * ↓ ** ↓ ns ** ↓ ns ns * ↓ * ↓ 

Liver Nitric Oxide ** ↑ ns ns ns ns ns ** ↓ ns ns ns ns 

Lung TNF-α and IL-1β *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ ** ↓ ** ↓ ** ↓ ** ↓ 

Lung IL-6 and IL-8  *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ ** ↓ ** ↓ * ↓ * ↓ 

Lung Nrf-2 *** ↓ ** ↑ ** ↑ ** ↑ ** ↑ ** ↓ ns ns ** ↑ ns ns 

Lung HO-1 *** ↑ ** ↓ * ↓ ** ↓ *** ↓ *** ↓ *** ↓ * ↓ * ↓ * ↓ ** ↓ 

Lung TGF-β *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ ns ns ns ns 
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Lung Collagen-1 *** ↑ ** ↓ ** ↓ ns * ↓ ns ns ns ns ns ns 

Lung ET-1 *** ↑ ns *** ↓ ns * ↓ ns ns ** ↓ ** ↓ ns ns 

Lung Muc5ac *** ↑ * ↓ *** ↓ *** ↓ *** ↓ * ↓ ** ↓ ns ns ns ns 

Lung NF-kB *** ↑ ** ↓ ** ↓ *** ↓ *** ↓ * ↓ * ↓ ** ↓ ** ↓ ns ns 

Lung VEGF ** ↑ ns ns ns ns ns ns ns ns ns ns 

Lung Smad-3 and -7 ** ↑ ns ns ns * ↓ ns ns ns ns ns ns 

Lung Bax and 

Caspase-3  
*** ↑ ns ns * ↓ ** ↓ *** ↓ *** ↓ ** ↓ ** ↓ * ↓ ** ↓ 

Lung Bcl-2  *** ↑ ns ns * ↓ ** ↓ ** ↓ *** ↓ ns ** ↓ ns ** ↓ 

Liver FXR  *** ↑ ns ns * ↓ ** ↓ ns ** ↓ ns ns * ↓ * ↓ 

Lung Histology (H&E) ++++ + ++ ++ + ++ + +++ +++ +++ +++ 

Lung Histology (MT) ++++ + ++ +++ +++ +++ + ++++ +++ ++++ +++ 

Lung Histology (PSR) ++++ + ++ +++ +++ +++ + ++++ +++ ++++ +++ 

Lung Histology (AB) ++++ + ++ ++++ ++ +++ ++ ++++ ++++ ++++ ++++ 

Lung Histology (LWT) ++++ + ++ +++ ++ ++ + ++++ +++ ++++ +++ 

Liver Histology (H&E) ++ + + ++ + + + + + ++ + 

PA Histology (H&E) ++++ ++ + ++ ++ ++++ +++ ++ + ++ + 

Lung TEM ++++ + ++ ++ + +++ ++ ++++ +++ ++++ +++ 

Note: 

↑ or ↓: as compared to normal group, ↑ or ↓:  as compared to BLM control group,  

* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to BLM control group  

++++: Damage more than 75%, +++: Damage more than 50%,  ++: Damage more than 25%, +: Damage less than 25% 
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9.2. Effect of INDUS830, INDUS83020 and INDUS83030 on monocrotaline (MCT)-induced pulmonary 

hypertension in rats: 

Parameters 
MCT 

Control 

BOS 

(300) 

Slid 

(25) 

INDUS 

830 

(20) 

INDUS 

830 (40) 

INDUS 

83020 

(6) 

INDUS 

83020 

(12) 

INDUS 

83030 

(8) 

INDUS 

83030 

(16) 

Body weight *** ↓ *** ↑ *** ↑ *** ↑ *** ↑ *** ↑ *** ↑ * ↑ *** ↑ 

Lung wt : Body wt *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Fulton index *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Percent mortality * ↑ ns * ↓ ns ns ns ns ns ns 

Electrocardiographic *** ↓/↑ ** ↓/↑ ** ↓/↑ * ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ * ↓/↑ ** ↓/↑ 

Hemodynamic *** ↓/↑ *** ↓/↑ *** ↓/↑ ** ↓/↑ *** ↓/↑ ** ↓/↑ *** ↓/↑ ** ↓/↑ ** ↓/↑ 

Pulse Ox *** ↓ *** ↑ *** ↑ ** ↑ ** ↑ * ↑ * ↑ ** ↑ ** ↑ 

Lung Function Test ** ↓/↑ ** ↓/↑ ** ↓/↑ * ↓/↑ * ↓/↑ ns * ↓/↑ * ↓/↑ ** ↓/↑ 

Hematology ** ↓/↑ ** ↓/↑ * ↓/↑ * ↓/↑ * ↓/↑ * ↓/↑ ** ↓/↑ * ↓/↑ ** ↓/↑ 

Right vent antioxidant *** ↓ *** ↑ *** ↑ ** ↑ *** ↑ *** ↑ *** ↑ *** ↑ *** ↑ 

Right vent MDA *** ↑ ** ↓ ** ↓ ** ↓ ** ↓ * ↓ *** ↓ ** ↓ *** ↓ 

Right vent NO *** ↑ ns ns ns * ↓ ns ns ns ns 

Right vent MPO ** ↑ ns ns ns * ↓ ns ns * ↓ ** ↓ 

Right vent Hydroxyprol *** ↑ *** ↓ ** ↓ * ↓ ** ↓ ns ** ↓ ns ns 

Lung antioxidant ** ↓ ** ↑ * ↑ * ↑ ** ↑ ns ns * ↑ ** ↑ 

Lung MDA *** ↑ ** ↓ ** ↓ * ↓ ** ↓ ns ns ** ↓ ** ↓ 
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Lung NO ** ↑ ns ns ns * ↓ ns ns ns ns 

Lung MPO ** ↑ ** ↓ ** ↓ * ↓ * ↓ ns ns * ↓ ** ↓ 

Lung Hydroxyprol ** ↑ * ↓ * ↓ ns * ↓ ns ns ns ns 

Serum LDH ** ↑ * ↓ * ↓ * ↓ * ↓ * ↓ ** ↓ * ↓ * ↓ 

Serum CK-MB *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ 

Serum ET-1 *** ↑ *** ↓ ns ns ns ns ns ns ns 

Right vent Bax and Caspase-3 *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

Right vent Bcl-2 *** ↓ ** ↑ ** ↑ * ↑ *** ↑ * ↑ ** ↑ * ↑ ** ↑ 

Right vent ANP and BNP *** ↑ *** ↓ ns ns ns ns ns ns ns 

Right vent Collagen-1 *** ↑ *** ↓ *** ↓ * ↓ ** ↓ ns ** ↓ ns ns 

Right vent cTn-I *** ↑ ** ↓ ** ↓ * ↓ * ↓ ** ↓ *** ↓ * ↓ ** ↓ 

Right vent eNOs *** ↓ ns *** ↑ * ↑ *** ↑ * ↑ ** ↑ * ↑ ** ↑ 

Right vent iNOs *** ↑ ns *** ↓ ns ns ns ns ns ns 

Right vent ET-1 *** ↑ *** ↓ ns ns ns ns ns ns ns 

Right vent HIF-1α *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ * ↓ ** ↓ 

Right vent TNF-α and IL-1β *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ ** ↓ ** ↓ 

Right vent IL-6 *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ ** ↓ ** ↓ 

Right vent HO-1 ** ↓ ns * ↑ ns ns ns ns ns ns 

Right vent NF-kB *** ↑ * ↓ ns *** ↓ ** ↓ *** ↓ *** ↓ * ↓ ** ↓ 

Right vent NHE-1 *** ↑ ns ** ↓ * ↓ * ↓ * ↓ * ↓ * ↓ ** ↓ 

Right vent Nrf2 *** ↓ *** ↑ *** ↑ ** ↑ *** ↑ ** ↑ *** ↑ ** ↑ ** ↑ 
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Pulmonary artery PCNA *** ↑ ns ** ↓ ns ns ns ns ns ns 

Pulmonary artery VEGF and 

TGF-β 
*** ↑ *** ↓ *** ↓ *** ↓ *** ↓ ** ↓ ** ↓ ** ↓ ** ↓ 

Pulmonary artery NF-kB *** ↑ ** ↓ *** ↓ ** ↓ *** ↓ ** ↓ *** ↓ ** ↓ *** ↓ 

Pulmonary artery Alk-1 *** ↑ ns ns ** ↓ ** ↓ * ↓ *** ↓ * ↓ ** ↓ 

Pulmonary artery Bax and 

Caspase-3 
*** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Pulmonary artery Bcl-2 *** ↓ *** ↑ *** ↑ ** ↑ *** ↑ *** ↓ *** ↓ * ↑ ** ↑ 

Pulmonary artery BMP-2 ** ↓ ns ns ns * ↑ * ↑ * ↑ * ↑ * ↑ 

Pulmonary artery Kv1.5 *** ↓ ns ns ** ↑ ** ↑ ** ↑ *** ↑ ns ** ↑ 

Pulmonary artery ET-1 *** ↑ *** ↓ ns ns ns ns ns ns ns 

Pulmonary artery p-Smad-3 *** ↑ ns ns ** ↓ ** ↓ *** ↓ *** ↓ * ↓ ** ↓ 

Pulmonary artery Smad-1 and 

Smad-4 
*** ↓ ns ns * ↑ ** ↑ *** ↑ *** ↑ * ↑ ** ↑ 

Lung Alk-1 *** ↑ ns ns * ↓ * ↓ ns ns ns ** ↓ 

Lung Collagen-1 ** ↑ * ↓ * ↓ ns * ↓ ns ns ns ns 

Lung BMP-2 *** ↓ ns ns * ↑ ** ↑ ns ns * ↑ * ↑ 

Lung eNOs and iNOs ** ↓ / ↑ ns * ↑ / ↓ ns ns ns ns ns ns 

Lung ET-1 ** ↑ * ↓ ns ns ns ns ns ns ns 

Lung HIF-1α *** ↑ *** ↓ *** ↓ ** ↓ *** ↓ ns * ↓ ** ↓ *** ↓ 

Lung TNF-α and IL-1β *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ ns * ↓ * ↓ ** ↓ 
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Lung IL-6 *** ↑ * ↓ ** ↓ * ↓ ** ↓ ns ** ↓ * ↓ ** ↓ 

Lung HO-1 ** ↓ ns ns ns ns ns ns ns ns 

Lung NF-kB *** ↑ ** ↓ ** ↓ * ↓ *** ↓ ns * ↓ * ↓ * ↓ 

Lung Nrf2 *** ↓ ** ↑ ** ↑ ns ** ↑ ns ns * ↑ ** ↑ 

Lung p-Smad-3 *** ↑ ns ns * ↓ * ↓ ns ns ns ** ↓ 

Lung Smad-1 and Smad-4 ** ↓ ns ns ns * ↑ ns ns ns * ↑ 

Lung TGF-β *** ↑ ** ↓ ** ↓ ns * ↓ ns ns ns ns 

Right vent Histology (H&E) ++++ + + +++ + ++ + + + 

RV Histology (MT) ++++ + ++ ++ + +++ + +++ +++ 

PA Histology (H&E) ++++ + + ++ + ++ + ++ + 

Area of PA *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ * ↓ *** ↓ 

Thickness of PA *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

% wall thickness of PA *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

% wall area of PA *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

Lung Histology (H&E) +++ + + ++ + +++ ++ +++ + 

Lung Histology (MT) +++ + ++ ++ ++ +++ +++ +++ +++ 

Right ventricle TEM ++++ + + ++ + +++ + ++ + 

Pulmonary Artery TEM ++++ + + ++ + ++ + ++ + 

Note: 

↑ or ↓: as compared to normal group, ↑ or ↓:  as compared to MCT control group,  

* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to MCT control group  

++++: Damage more than 75%, +++: Damage more than 50%, ++: Damage more than 25%, +: Damage less than 25% 
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9.3. Effect of INDUS830 and INDUS83010 on silica (SIL)-induced pulmonary fibrosis and silicosis in 

rats: 

Parameters 
SIL 

Control 
MP (10) 

INDUS830 

(20) 

INDUS830 

(40) 

INDUS83010 

(15) 

INDUS83010 

(30) 

Body weight *** ↓ *** ↑ *** ↑ *** ↑ *** ↑ *** ↑ 

Lung wet weight : Body wt *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Lung dry weight *** ↑ *** ↓ ** ↓ *** ↓ *** ↓ *** ↓ 

Ht wt : Body wt * ↑ ns ns ns ns ns 

Lung Function Test *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ 

Pulse Ox ** ↓ ** ↑ * ↑ ** ↑ * ↑ ** ↑ 

Haematology *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ 

BALF cell count *** ↓/↑ *** ↓/↑ * ↓/↑ ** ↓/↑ ** ↓/↑ *** ↓/↑ 

BALF antioxidant *** ↓ ** ↑ ** ↑ ** ↑ ** ↑ ** ↑ 

BALF MDA *** ↑ ** ↓ * ↓ *** ↓ * ↓ ** ↓ 

BALF NO *** ↑ *** ↓ ns ns ns ** ↓ 

BALF Hydroxyprol *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Lung antioxidant *** ↓ *** ↑ ** ↑ *** ↑ ** ↑ *** ↑ 

Lung MDA *** ↑ ** ↓ * ↓ ** ↓ ** ↓ *** ↓ 

Lung NO *** ↑ *** ↓ ns ns ns ns 

Lung Hydroxyprol *** ↑ *** ↓ * ↓ *** ↓ ns * ↓ 
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Serum LDH and BALF LDH *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ ** ↓ 

Serum Albumin and BALF 

Albumin 
*** ↓ *** ↑ ** ↑ *** ↑ * ↑ ** ↑ 

Free silica (mg) *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

Lung TNF-α and IL-1β *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

Lung Nrf2 *** ↓ ** ↑ ** ↑ *** ↑ * ↑ ** ↑ 

Lung NF-kB and TGF-β *** ↑ *** ↓ ** ↓ *** ↓ ** ↓ *** ↓ 

Lung Collagen-1 *** ↑ ** ↓ ** ↓ *** ↓ ns ** ↓ 

Lung Smad-3 *** ↑ ns ns ** ↓ ns ns 

Lung Smad-7 *** ↓ ns ns ns ns ns 

Lung Bax *** ↑ *** ↓ ** ↓ *** ↓ ** ↓ ** ↓ 

Lung Bcl-2 *** ↓ *** ↑ * ↑ ** ↑ * ↑ *** ↑ 

Lung Caspase-3 *** ↑ ns ns * ↓ ns ** ↓ 

Lung Histology (H&E) ++++ + ++ + ++ + 

Lung Histology (MT) ++++ ++ +++ ++ ++ + 

Lung Histology (LT) ++++ ++ +++ ++ ++ + 

Lung Histology (PSR) ++++ ++ +++ ++ ++ + 

Note: 

↑ or ↓: as compared to normal or sham group, ↑ or ↓:  as compared to SIL Control group,  

* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to SIL Control group  

++++: Damage more than 75%, +++: Damage more than 50%, ++: Damage more than 25%, +: Damage less than 25% 
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9.4. Effect of INDUS830 and INDUS83030 on Alpha-naphthylthiourea (ANTU)-induced pulmonary 

edema in rats: 

 

Parameters 
ANTU 

Control 
Slid (25) 

INDUS 

830 (20) 

INDUS 

830 (40) 

INDUS 

83030 (8) 

INDUS 

83030 (16) 

Body weight ns1 ns ns ns ns ns 

Lung wet wt : Body wt *** ↑ ** ↓ *** ↓ *** ↓ * ↓ *** ↓ 

Lung dry weight (g) ** ↑ * ↓ ns * ↓ * ↓ * ↓ 

Plural effusion volume *** ↑ ** ↓ * ↓ ** ↓ * ↓ ** ↓ 

Lung edema index *** ↑ ** ↓ * ↓ ** ↓ * ↓ *** ↓ 

Haematology ** ↓/↑ * ↓/↑ * ↓/↑ * ↓/↑ * ↓/↑ * ↓/↑ 

BALF cell count *** ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ *** ↓/↑ 

Lung 5-HT ** ↑ ns * ↓ * ↓ ns ns 

BALF GGT *** ↑ ** ↓ * ↓ * ↓ * ↓ ** ↓ 

BALF LDH * ↑ * ↓ ns * ↓ * ↓ * ↓ 

Lung Histology (H&E) +++ + ++ ++ ++ + 

 

Note: 

↑ or ↓: as compared to normal group, ↑ or ↓: as compared to ANTU Control group,  

* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to ANTU Control group  

++++: Damage more than 75%, +++: Damage more than 50%,  ++: Damage more than 25%, +: Damage less than 25% 
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9.5. Effect of INDUS830 and INDUS83030 on Alpha-naphthylthiourea (ANTU)-induced pulmonary 

hypertension in rats: 

Parameters 
ANTU 

Control 
Slid (25) 

INDUS 

830 (20) 

INDUS 

830 (40) 

INDUS 

83030 (8) 

INDUS 

83030 (16) 

Body weight *** ↓ *** ↑ *** ↑ *** ↑ *** ↑ *** ↑ 

Lung wet wt : Body wt *** ↑ *** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

Liver wt : Body wt ** ↑ * ↓ * ↓ * ↓ ns * ↓ 

Fulton index *** ↑ *** ↓ * ↓ ** ↓ * ↓ ** ↓ 

Electrocardiographic *** ↓/↑ *** ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ ** ↓/↑ 

Hemodynamic *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ *** ↓/↑ 

Pulse Ox *** ↓ *** ↑ * ↑ ** ↑ ns * ↑ 

Lung Function Test ** ↓/↑ ** ↓/↑ * ↓/↑ ** ↓/↑ ns * ↓/↑ 

Haematology *** ↓/↑ ** ↓/↑ ** ↓/↑ *** ↓/↑ * ↓/↑ ** ↓/↑ 

Right vent antioxidant *** ↓ *** ↑ ** ↑ *** ↑ ** ↑ *** ↑ 

Right vent MDA *** ↑ *** ↓ ** ↓ *** ↓ * ↓ ** ↓ 

Right vent MPO *** ↑ ns * ↓ * ↓ ns ** ↓ 

Lung antioxidant *** ↓ *** ↑ * ↑ *** ↑ ns * ↑ 

Lung MDA *** ↑ *** ↓ *** ↓ *** ↓ ns * ↓ 

Lung MPO *** ↑ *** ↓ ns * ↓ * ↓ ** ↓ 

Liver antioxidant ** ↓ * ↑ ns * ↑ ns * ↑ 

Liver MDA ** ↑ * ↓ ns * ↓ ns * ↓ 
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Liver MPO ** ↑ * ↓ * ↓ * ↓ ns * ↓ 

Serum AST and Serum ALT ** ↑ * ↓ ns * ↓ ns * ↓ 

Serum GGT *** ↑ ** ↓ * ↓ ** ↓ ns ** ↓ 

Serum LDH and Serum CK-MB *** ↑ *** ↓ * ↓ *** ↓ ** ↓ ** ↓ 

Right vent eNOs *** ↓ *** ↑ ** ↑ ** ↑ ns ** ↑ 

Right vent VEGF *** ↑ *** ↓ * ↓ *** ↓ * ↓ *** ↓ 

Lung eNOs *** ↓ ** ↑ ns * ↑ ns ns 

Pulmonary artery eNOs *** ↓ *** ↑ ns ** ↑ ** ↑ *** ↑ 

Pulmonary artery VEGF *** ↑ *** ↓ ns ** ↓ * ↓ ** ↓ 

Right vent Histology (H&E) ++++ + ++ + ++ + 

PA Histology (H&E) ++++ + ++ + ++ + 

Area of Pulmonary artery *** ↑ *** ↓ ** ↓ *** ↓ * ↓ ** ↓ 

Thickness of Pulmonary artery *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

% wall thickness of PA *** ↑ *** ↓ *** ↓ *** ↓ ** ↓ *** ↓ 

% wall area of PA *** ↑ *** ↓ *** ↓ *** ↓ ns ** ↓ 

Lung Histology (H&E) ++++ + ++ + +++ ++ 

Liver Histology (H&E) ++ + + + ++ + 

 

Note: 

↑ or ↓: as compared to normal group, ↑ or ↓: as compared to ANTU Control group,  

* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to ANTU Control group  

++++: Damage more than 75%, +++: Damage more than 50%, ++: Damage more than 25%, +: Damage less than 25% 
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10. Conclusion 

 

In the present investigation, following pharmacological screenings of 

fenugreek seed derived phytoconstituents were carried out in laboratory 

animals: 

 Acute oral toxicity studies 

 Repeated doses (28 days) sub-acute oral toxicity studies  

 Pharmacokinetics, tissue distribution and excretion studies 

 Efficacy and probable mechanism of action against bleomycin-induced 

pulmonary fibrosis, pulmonary hypertension and liver fibrosis 

 Efficacy and probable mechanism of action against monocrotaline-

induced pulmonary hypertension 

 Efficacy and probable mechanism of action against silica-induced 

pulmonary fibrosis and silicosis 

 Efficacy and probable mechanism of action against ANTU-induced 

pulmonary edema and pulmonary hypertension 

 

In acute oral toxicity studies, oral administration of INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 showed a median lethal dose 

(LD50) were 4350 mg/kg, 3195 mg/kg, 4837.5 mg/kg and 5000 mg/kg 

respectively.  

The no-observed adverse effect level (NOAEL) of INDUS830, 

INDUS83010, INDUS83020 and INDUS83030 were 250 mg/kg, 175 mg/kg, 75 

mg/kg and 100 mg/kg respectively for both male and female mice during the 

28-days repeated oral dose sub-acute toxicity study. 

A pharmacokinetic study showed that the major distribution tissues of 

INDUS83010 in rats were lung and brain. It efficiently crosses the blood-brain 

barrier to achieving sufficient concentration in the brain. Whereas 
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INDUS83020 showed wide distribution throughout the brain, kidney, liver, and 

lung. Moreover, their major route of elimination was excretion through urine. 

The results of the present in-vivo pharmacokinetics and disposition studies of 

INDUS83010 and INDUS83020 in rats will provide helpful information for the 

development of suitable dosage forms and clinical references on rational 

administration. 

Bleomycin as well as silica-induced pulmonary fibrosis and silicosis 

studies demonstrates that the INDUS830 and INDUS83010 exerts its anti-

fibrotic efficacy in biphasic manner where initially it causes induction of Nrf2 

via its antioxidant potential and later on eventually it showed anti-

inflammatory effect through modulation of pro-fibrogenic molecules such as 

TNF-α, IL-1β, IL-6, IL-8, and HO-1 thus inhibiting the fibrogenic molecules 

including TGF-β, Muc5ac, NF-κB and Smad-3, which in turn decreased 

apoptosis via modulation of Bax, Bcl-2, and caspase-3 to reduce pathogenesis 

of BLM-induced pulmonary fibrosis. 

Whereas monocrotaline as well as ANTU-induced pulmonary edema and 

pulmonary hypertension studies demonstrates that INDUS830 and 

INDUS83030 treatments attenuated right ventricular pressure and right 

ventricular hypertrophy with decreased oxidative stress (SOD, GSH, MDA, 

Nrf2), inflammation (NF-kB, TNF-α, IL-1β, IL-6), improved endothelial 

dysfunction (eNOs, VEGF), and reversed the pulmonary vascular remodeling 

(Kv 1.5, Bax, Bcl-2, Caspase-3, NF-kB, TGF-β, Alk-1, BMP-2, p-Smad-3, cTn-I, 

NHE-1, Smad-1 and Smad-4) associated with pulmonary hypertension.  

Due to its antioxidant, vasodilatory, anti-inflammatory, and pro-

apoptotic properties, INDUS830 can be used for the treatment of interstitial 

pulmonary fibrosis and its associated pulmonary hypertension. 
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Figure 10.1. Proposed mechanism of action of INDUS830 and INDUS83010 against BLM-induced 

pulmonary fibrosis and hypertension 

(Blue arrow indicated the targeted biomarkers modulation by INDUS830 and INDUS83010) 
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Figure 10.2. Proposed mechanism of action of INDUS830 and INDUS83030 against MCT-induced 

pulmonary hypertension 

(Blue arrow indicated the targeted biomarkers modulation by INDUS830 and INDUS83030) 
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Figure 10.3. Proposed mechanism of action of INDUS830 and INDUS83010 against SIL-induced 

pulmonary fibrosis and silicosis 

(Blue arrow indicate the targeted biomarkers modulation by INDUS830 and INDUS83010) 
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13. Appendix 

13.1. Materials: 

13.1.1. Authentication certificate of Trigonella foenum-graecum seeds⃰: 

The Trigonella foenum-graecum (Fenugreek) seeds were authenticated by Dr. A. 

M. Mujumdar, Department of Botany, Agharkar Research Institute, Pune, 

India. (Figure 13.1) 

 

Figure 13. 1. Authentication certificate of Fenugreek seed* 
                                                             
⃰ Provided By Indus Biotech Pvt. Ltd., Pune 
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13.2. Methods: 

13.2.1. Collection, extraction and isolation of furostanol and flavonoid 

glycosides based standardized fenugreek seeds extract⃰: 

The furostanol and flavonoid glycosides based standardized fenugreek 

seeds extract (SFSE-G) was prepared from the hydroalcoholic extract of 

fenugreek seeds as follows: The cultivated fenugreek seeds were collected 

during the summer of the year 2011 from Mandsaur, Madhya Pradesh, India. 

Air dried fenugreek seeds were extracted with a solvent mixture of ethanol and 

water (80: 22 v/v). Then the solvent was passed through the layer of flaked 

seeds for 10 hours at 35 °C, and the eluent was recycled. After 10 h the extract 

was filtered through a 200-mesh cloth to get a clear solution, and this was 

concentrated at 50 °C under vacuum to a semi-solid mass. The resultant semi-

solid mass was dissolved in deionized water and subjected to countercurrent 

extraction with n-butanol. The clear water layer was passed through a strong 

cation exchange column to remove all the amphoteric compounds like amino 

acids, proteins, and trigonelline.  

The resultant solution was passed through the resin bed comprising of 

Dowex Optipore L493 (highly cross-linked polymer adsorbent with a high 

surface area and unique pore size distribution) for a period of 2 h. The 

adsorption process was monitored by a thin layer chromatography (TLC) 

system comprising of toluene: ethyl acetate: methanol: water (6: 3: 6: 1 

v/v/v/v). The bioactive components started eluting at ethyl alcohol: water (70: 

30 v/v). These fractions were collected, screened, pooled and concentrated at 

50 °C to yield a final composition.  

 

 

                                                             
⃰ Provided By Indus Biotech Pvt. Ltd., Pune 
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13.2.2. Characterization of SFSE-G⃰: 

The assay of SFSE-G was carried out high-performance liquid 

chromatography (HPLC) to establish the purity of compounds in the 

composition. The eluted compounds were highly purified, characterized using 

TLC, LC-MS, 1H NMR and 13C NMR analysis, and used as a reference standard.  

The HPLC conditions as follows: Column: Kromasil C18 column (250 mm 

X 4.6 mm, 5 µm), detector: UV-2075 (wavelength: 210 nm), injection volume: 

20 µl; flow rate: 1 ml/min (gradient elution technique), mobile phase: 

acetonitrile-water starting from 75: 25 to 65: 35 over 20 min. 
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13.3. Results: 

13.3.1. Characterization of furostanol and flavonoid glycosides based 

standardized fenugreek seeds extracts (SFSE-G) 

 

Figure 13. 2. HPLC chromatogram of INDUS830 (SFSE-G)1  

It showed presence of structures of INDUS83010 i.e. trigoneoside Ib (RT = 2.32 

min), INDUS83020 i.e. vicenin 1 (RT = 3.26 min) and INDUS83030 i.e. vitexin 

(RT = 4.43 min). 

 

Sr. No. Name of 

Compounds 

Start 

time 

(min) 

Retention 

time 

(min) 

End 

time 

(min) 

Area 

(μV.min) 

Area (%) 

1.  INDUS83010 2.03 2.32 2.83 22038.4 44.42 

2.  INDUS83020 3.19 3.26 3.63 17584.0 35.44 

3.  Unknown 4.12 4.24 4.35 3542.5 7.14 

4.  INDUS83030 4.08 4.43 4.69 6441.9 12.98 

                                                             
1 Provided By Indus Biotech Pvt. Ltd., Pune 
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Figure 13. 3. HPLC chromatogram of INDUS83010 (Trigoneoside Ib)2 

 

Sr. No. Name of 

Compounds 

Start 

time 

(min) 

Retention 

time 

(min) 

End 

time 

(min) 

Area 

(μV.min) 

Area (%) 

1.  INDUS83010 1.94 2.16 2.78 23273.8 94.92 

2.  Unknown 3.04 3.13 3.28 1244.8 5.07 
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Figure 13. 4. HPLC chromatogram of INDUS83020 (vicenin 1) (A) and 

HPLC chromatogram of INDUS83030 (vitexin) (B)3 

Sr. No. Name of 

Compounds 

Start 

time 

(min) 

Retention 

time 

(min) 

End 

time 

(min) 

Area 

(μV.min) 

Area (%) 

For Figure 13.4.A 

1.  INDUS83020 2.93 3.16 3.47 126317.0 97.15 

2.  Unknown 3.49 3.61 3.80 2836.4 2.18 

3.  Unknown 4.17 4.25 4.51 869.3 0.66 

For Figure 13.4.B 

4.  Unknown 3.19 3.25 3.36 446.8 3.02 

5.  INDUS83030 4.21 4.52 5.05 14311.8 96.97 

 

                                                             
3Provided By Indus Biotech Pvt. Ltd., Pune 
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