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Introduction 

1. Introduction

1.1. Ergogenics – 

Ergogenic is the science of enhancing physical performance of 

athletes. Performance is enhanced by increasing capacity bodily or 

mental labour by elimination of symptoms of fatigue. This is done by 

use of ergonomic drugs more popularly known as ergonomic aids. 

They are said to improve performance in athletes by various ways viz. 

by enhancing energy efficiency, energy production [Adenosine 

triphosphate (ATP)] and its control. The word ‘Ergogenic aids’ 

encompasses a wide variety of nutrients from amino acids to minerals 

to antioxidants. They have been classified as follows:  

Figure 1.1: Classification of ergogenic aids (Silver, 2001) 

E
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Mechanical aids eg. lightweight 
shoes, jumpsuits, wetsuits

Psychological aids eg. Hypnosis

Physiologic  aids  eg. Blood 
doping(Administering Packed RBCs)

Pharmacological aids eg. 
androgenic steroid supplements

Nutritional aids eg. creatinine 
supplementation, caffiene, herbal 

drugs
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Furthermore, nutritional ergogenic aids can be categorized as follows: 

Figure 1.2: Nutritional ergogenic aids (Silver, 2001; Bhasin et al., 

1996). 

1. 2.  Ergogenic Drugs 

Recently there has been a practice of tailoring ergogenic drugs as per 

requirement of the sport for example muscle mass increasing 

supplements in sports involving upper body strength; blood doping 

(known as ‘blood boosting’ and ‘blood packing’ - to increase their 

oxygen-carrying capacity) in case of endurance sports. The ‘victory at 

Nutritional Ergogenic 
Aids

Metabolic Fuels eg: 
carbohydrates, fats, 

lactate etc.

Cellular Components 
eg: creatinine, 
vitamins, etc.

Anabolic Sunbtances 
eg: chromimum, 

vanadium, steroids, 
etc.

Recovery enhancers 
eg: electrolytes, fluids, 

herbal products
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all costs’ attitude of the athletes has lead to rampant overuse of such 

ergogenic substances. The table below indicates the various ergogenic 

aids and their mechanism of action along with important side effects 

(Silver, 2001). 

Table 1.1: Ergogenic drugs (Silver, 2001; Bhasin et al., 1996). 

Sr.  
No 

Ergogenic 
Substance 

Mechanism of Action Major Side Effects 

1 Pharmacologic Substances 
a Anabolic 

steroids (e.g., 
metandieone, 
mesterolone, 
nandrolone) 

Induce protein 
synthesis in muscle, 
stimulate release of 
growthhormone, 
reverse effects of 
cortisol 

Testicular atrophy, 
clitoral hypertrophy, 
menstrual 
irregularities, 
gynecomastia 
(males), hirsutism, 
hepatocellular 
toxicity, 
hepatocellular 
carcinoma, 
hypertension, 
acne, alopecia, lipid 
abnormalities, 
premature epiphyseal 
closure, mood swings 

b Growth hormone Accelerates 
incorporation of 
amino acids into 
proteins, stimulates 
utilization of lipids 
from adipose tissue, 
Increases muscle 
mass, strength, lean 
body mass 

Causes enlargement 
of organs and 
increases risk of 
chronic disease 

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 3 
 



Introduction 

2 Nutritional aids 
a Creatinine Enhances 

intracellular  
production of ATP, 
Increases strength 
and power (needed for 
muscle performance 
contraction) 

Muscle cramping, 
muscle strains, 
dehydration 

b Vitamin A Acts as an antioxidant 
Decreases cellular 
damage 

Fatigue, irritability, 
increased intracranial 
pressure, 
gastrointestinal 
upset, 
hepato-cellular 
toxicity, bone and 
joint pain,
hypercalcemia, skin 
and nail
abnormalities 

3 Physiologic Aids 

a Blood Doping Increases oxygen-
carrying capacity of 
blood. 
Increases endurance 

The formation of 
blood clots, overload 
of the circulatory 
system, kidney 
damage. 

1.2.1. Endurance and Performance Enhancing Drugs 

The world of sports is highly competitive. In case of endurance related 

sports, genetic endowment and proper nutrition are two major factors 

which create a major impact on the outcomes. Proper nutrition 

generally means controlled diet regimen and planned intake of 

proteins, carbohydrates and fluids. Appropriate intake of 

carbohydrates and fluid prior and during the course of the event is 
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equally important for optimum performance. The past few decades 

have seen a significant rise in the use of Performance Enhancing 

Drugs (PEDs).  Drugs can built up stamina and improve their 

performance. However large numbers of drugs used as PEDs are 

known as doping agents and banned by world anti-doping agency 

(WADA). The drugs cannot be used by other person who may require 

boosting up of energy and removal of fatigue (Butterfield, 1996).  

The question which arises is what are these performance enhancing 

drugs? How exactly they work in improving the performance of an 

athlete and what are the ergogenic effects of PEDs? The PEDs work in 

the following ways:  

             

 

Figure 1.3: The PEDs mechanism of action (Maughan, 1999). 

Increasing Readiness and attention

Boost Strength, Power and energy

Enhance the oxygen carrying capacity of 
the blood

Improve time taken by the athlete for 
recovery, recuperation and reconstitution 

Reduce injury related pain and 
inflammation
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These PEDs aid in increasing the endurance of the athlete. Endurance 

can be measured by the time that the living subject can sustain the 

exercise work or load until complete exhaustion. It is a measure of 

muscle performance and depends on nutritive support for the muscle. 

Endurance is an indicator of progress in cardio and muscle training. 

Ability to withstand a higher amount of effort than earlier is indicative 

of increasing endurance. Metabolic implications of increased 

endurance is a slower utilization of muscle glycogen and blood 

glucose, a greater reliance on fat oxidation, and less lactate 

production during exercise of a given intensity (Maughan, 1999).  

1.2.2. Anabolic androgenic steroids (AAS) 

The late 1930s saw the discovery of the chemical structure of 

Testosterone which led to widespread use of AAS in athletes.  The use 

of AAS was banned by the International Olympic Committee (IOC) in 

the 1960s. Data indicates that only 10-15% of the total AAS’ are sold 

by prescription.  Many ways of dosing have evolved amongst athletes. 

The AAS are normally administered over a period of 6-12 weeks. The 

term pyramiding refers to a gradual increase in the dose of the AAS 

taken over a cycle. In case more than one drugs are used the practice 

is known as stacking. Many times other drugs are used to counteract 

the side-effects or enhance effects of AAS (Sagoe et al., 2015).    
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Table 1.2: Drugs which are routinely used for ergogenic activity 

by athletes in order to improve endurance (Keitz et al., 2015; Bird 

et al., 2015)  

Sr. No Ergogenic Drugs Pharmacology 

1 Anabolic androgenic 

steroids (AAS) 

E. g: 

Dehydroepiandrosterone 

(DHEA), nandrolone, 

androstenedione, 

metandieone, 

mesterolone,  

AAS act by increasing anabolic and 

inhibiting catabolic processes 

respectively by receptor mediated 

responses in targeted cells. Use of 

AAS leads to anabolic build-up of 

muscle mass, along with 

development of secondary male 

sexual characteristics. It helps in a 

more intense and sustained 

workout by anti-catabolic reversal 

of cortisol’s action.  

2 Stimulants: 

Amphetamines 

Central nervous system stimulant. 

Reduce fatigue; improve reaction 

times; increase alertness and 

aggression (Endurance sports). 

3 Caffeine  Delay of fatigue by enhancing 

muscle contractility, antagonist of 

adosine receptors, enhance 

performance on short, intense 

exercise resulting in activation of 

cyclic adenosine monophosphate 

(cAMP). Sparing of muscle glycogen 

levels between receptor activity and 

cell response (various sport 

activities, endurance sports) 
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4 Agonists (β2)  

 

Improves activities dependent on 

aerobic function. Promotes muscle 

growth. Reduction in body fat. 

Used as alternative to anabolic 

steroids (Endurance sports, sports 

with an “appearance” clenbuterol-

myalgia, dizziness, nausea, 

periorbital aspect, like weight 

lifting) 

5 Erythropoietin  

 

Increases oxygen capacity of red 

blood cells. An alternative to blood 

doping (Endurance sports). 

6 Human Growth Hormone  Increase muscle mass; spares 

muscle glycogen; more intense 

training may be possible; quicker 

recovery following training (No 

support for enhanced performance) 

 

1.3. World Anti-Doping Agency (WADA) Problem 

Doping is unfair to the both the athlete as well as the sport. So the 

primary objective of the code and the program is to preserve the ‘Spirit 

of the Sport’. It is this spirit which characterized by dedication, 

commitment, courage, solidarity, fair-play, honesty, excellence in 

performance and most importantly, joy and teamwork. A collective 

effort put in by all the participating organizations will ensure that the 

Anti-doping code is followed righteously and the ‘Spirit of the Sport’, is 

preserved (Thompson, 2015).  
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In order to tackle the doping incidences in the athletes, the World 

Anti-doping Agency (WADA) has developed an anti-doping program 

which supports the anti-doping code. This has been developed with a 

view to promote worldwide harmonized, coordinated and effective anti-

doping programs in sports conducted at the international and 

national level with reference to detection, deterrence and prevention of 

doping. The WADA anti-doping code has been written such that it 

achieves standardization of processes and still encompasses general 

issues and permits flexibility wherever necessary during 

implementation.  It is made up of  

Level 1: The Code 

It is the document on which the world anti-doping program in sports 

has been based. Its fundamental purpose is to intensify the anti-

doping activities and protect the athlete’s right to participate and play 

in a doping-free sport. This will in turn promote health, fairness and 

equality for athletes worldwide (Thompson, 2015; Agency, 2009).  

Level 2: International Standards 

The international standards have been developed with a view to 

harmonize the activities conducted by anti-doping organizations 

worldwide and create a set of uniform international standards in the 

technical and operational aspects of the anti-doping program 

(Hanstad and Loland, 2009; Agency, 2009).  

Level 3: Models of Best Practice and Guidelines 

The models are being developed based with intent to provide solutions 

in different areas of anti-doping. Training will also be provided by 
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WADA for better use of these models to the countries where the 

program will be executed (Agency, 2009).    

1.3.1 Current drugs banned by WADA  

Current drugs banned by WADA are as follows (Agency, 2009): 

A] Prohibited substances:

1. Anabolic agents

1.1. Anabolic androgenic steroids (AAS) 

1.1.1. Exogenous AAS 

1.1.2. Endogenous AAS 

1.2. Other Anabolic agents 

1.2.1. Include but not limited to Clenbuterol, selective 

androgen receptor modulators (SARMs, e.g. andarine 

and ostarine), tibolone, zeranol and zilpaterol. 

2. Peptide hormones, Growth Factors, related substances and

mimetics

2.1. Erythropoietin receptor agonists 

2.1.1. Erythropoiesis-Stimulating Agents 

2.1.2. Non-erythropoietic EPO-Receptor agonists 

2.2. Hypoxia-inducible factor (HIF) stabilizers 

2.3. Chorionic Gonadotrophin (CG) and Luteinizing 

Hormone (LH) 

2.4. Corticotrophins and releasing factors 

2.5. Growth Hormone (GH) and releasing factors 

including Growth Hormone Releasing Hormone 

(GHRH) and its analogues 

3. Beta-2 agonists
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4. Hormone and Metabolic modulators

4.1. Aromatase inhibitors

4.2. Selective estrogen receptor modulators (SERMs)

4.3. Anti-estrogenic substances

4.4. Agents modifying myostatin function(s)

4.5. Metabolic modulators

4.5.1. Activators of the AMP-activated protein kinase     

(AMPK) or 5' adenosine monophosphate-activated 

protein kinase 

4.5.2. Insulins 

4.5.3. Trimetazidine 

5. Diuretics and masking agents

5.1. Desmopressin; probenecid; plasma expanders 

5.2. Acetazolamide; amiloride; bumetanide; canrenone; 

chlortalidone; etacrynic acid; furosemide; 

indapamide; metolazone; spironolactone; thiazides 

6. Stimulants

7. Narcotics

8. Cannabinoids

9. Glucocorticoids

B] Prohibited Methods

1. Manipulation of Blood and blood components

2. Chemical and Physical Manipulation

3. Gene doping
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1.4. Herbal Drugs and their use as ergogenic aids 

Herbal drugs have been used for enhancing physical performance 

commonly over the ages. However, proper pharmacological study of 

such drugs is lacking. Ginseng, ephedra, ashwagandha, rhodiola, 

yohimbe, shilajit etc. are just a few of the herbs which are used. Of 

these extensive studies on the ergogenic activities shown by ginseng 

and ephedra have been conducted. The rest are still relatively 

unexplored. Pharmacological evaluations of ergogenic activities should 

include identity and amount of active ingredient in the dose 

administered, dose at which activity is shown, time of testing period, 

proper experiment design and controls, measurement of psychological 

and physiologic parameters, measurement of its antioxidant 

properties, and measurements of performance related to use in 

performance enhancement (Calfee and Fadale, 2006). 

Herbal drugs with steroidal moieties have been known to increase 

exercise performance by muscle mass and strength improvement, 

enhance oxygen uptake capacities, increase endurance, increase 

alertness and psychomotor skills. Many herbal drugs have shown 

performance enhancing properties when administered with other 

stimulants like caffeine. Some herbal drugs act like adaptogens i.e. 

they reduce the stress caused by rigorous training on the body by 

normalizing bodily functions. Herbal drugs are used to improve 

performance by increasing both strength and endurance. They are 

known to improve recovery, and maintain health during rigorous 

trainings (Bucci, 2000).  
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Table 1.3: A few routinely used drugs and their effects (Bucci, 

2000) 

Sr. No Herb Activity Side effects 

1. Withania somnifera Adaptogen May cause

hypertension 

2. Rhodiola crenulata Adaptogen May increase effect 

of barbiturates 

3. Ginseng Adaptogen Contraindicated in 

case if hypertension 

4. Ephedra CNS Stimulant For short term use 

only.  

5 Cordyceps sinensis Adaptogenic, 

improves 

endurance and 

strength 

Not reported 

6 Shlajit Adaptogenic and 

anti-stress 

Rare findings of 

stomach upset 

7 Smilax officinalis Anabolic steroid 

effect 

Gastric irritation 

8 Yohimbe α- androgenic 

antagonist 

Not recommended 

in case of kidney 

diseases. 

Herbal drugs used as ergogenic aids have a great potential in sports 

nutrition. Unfortunately lack of proper study hampers the progress. In 

this thesis we will attempt to study a few herbal drugs as ergogenic 

aids and report their findings.  
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2. Review of literature 

The world of sports is highly competitive. When you look at the 

intense competition, athletes will always seek to have an advantage. In 

case of endurance related sports, genetic endowment and proper 

nutrition are two major factors which create a major impact on the 

outcomes. Some athletes will resort to using ergogenic drugs. 

However, despite a long and controversial history of performance 

enhancing drugs in sports, doping is arguably the most talked-about 

issue in modern sports. It is an issue that cuts across all sports, 

regardless of technology, popularity, or tradition. It affects the sports 

that are traditionally thought of as “muscle-bound,” such as football 

and body-building, but the issue has also appeared in other sports 

where bulk seems to be less important, such as women’s gymnastics 

and olympic sledding.  

These Performance enhancing drugs or PEDs as they are more 

commonly known are commonly used by athletes today include 

anabolic-androgenic steroids, steroid precursors (rostenedione and 

dehydroepiandrosterone), growth hormone, creatine, and ephedra 

alkaloids. However large numbers of drugs used as PEDs are known 

as doping agents and banned by world anti-doping agency (WADA).  

 

2.1. Kautilya’s Arthashastra 

Many Indian ancient texts also mention such drugs. Drugs which 

enable one to enhance stamina and improve endurance are mentioned 

in an ancient text written by Kautilya or Chanakya. He was a wise 

Brahmin who is said to have brought the warring kingdoms of ancient 

India together and united them to form one nation. He has written 

Study of the endurance activity and ergogenic effect of selected Indian medicinal 
plant in laboratory animals  Page 14 
 



Review of literature  
 
down a book on how to manage the economics of a nation in his book 

‘Kautilya’s Arthashastra’. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Kautilya’s Arthashastra 

In this book Kautilya makes reference of a method by which a person 

can fast for fifteen days to one month. Kautilya says “A DOSE of the 

powder of sirísha (mimosa sirísa), udumbara (glomerous fig-tree), and 

sami (acacia suma) mixed with clarified butter, renders fasting possible 

for half a month; the scum prepared from the mixture of the root of 

kaseruka (a kind of water-creeper), utpala (costus), and sugar-cane 

mixed with bisa (water-lily), dúrva (grass), milk, and clarified butter 

enables a man to fast for a month. (Shamasastry, 1956)” 
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Taking reference from the above paragraph, it was decided to study a 

few Indian drugs which could be used as ergogenic aids without the 

side effect of addiction. Accordingly a few drugs were shortlisted viz: 

Ephedrine, ashwagandha, Moringa oleifera, caffeine and γ- oryzanol.   

2.2. Ephedrine — 

The plant species Ephedra sinica, Ephedra equisetina, and Ephedra 

intermedia, collectively known by their Chinese name ma huang, are 

indigenous to Pakistan, China, and northwestern India (White et al., 

1997) . For centuries, the dried stems of these plants have been used 

as a remedy for numerous medical conditions. In 1923, scientists 

discovered that the ma huang plant has two primary active 

ingredients: ephedrine (2-methylamino-1-phenyl-1-propanol) and  

pseudoephedrine, the same drugs commonly used in many nasal 

decongestant medications (White et al., 1997; Hoffman, 1996). 

Ephedrine and pseudoephedrine are classified as sympathomimetic 

alkaloids because they directly stimulate the sympathetic, or “fight or 

flight,” nervous system. These alkaloids are structurally similar to 

amphetamines and have direct alpha- and beta-agonistic properties 

and catecholamine-releasing actions (Weesner et al., 1982). The 

alpha- and beta-sympathetic receptors are cell membrane receptors 

sensitive to epinephrine (adrenaline) and norepinephrine 

(noradrenaline) and are found on most cells throughout the body, 

including the cells of the heart, lungs, and surrounding blood vessels. 

Ephedrine alkaloids also function as indirect adrenoreceptor agonists. 

Thus, they augment the availability and action of the natural 

neurotransmitter norepinephrine in the brain and in the heart 

(Theoharides, 1997). Unlike pseudoephedrine, ephedrine also 
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mediates its effects via circulating epinephrine and is a bronchial 

dilator that has been used in the treatment of asthma (Dulloo, 1993).  

2.2.1. Ergogenic Claims 

Because ephedrine is a sympathomimetic and a central nervous 

system stimulant, it is commonly used as an energy enhancer. Ma- 

huang containing products are marketed and used to improve aerobic 

performance and endurance, reduce fatigue, increase alertness, 

improve reaction time, and even increase strength. These products are 

also marketed to body builders (and those simply concerned with 

cosmetic appearance) with the claim that they can improve body 

composition via thermogenic and lipolytic effects. The lipolytic effects 

have also led to the claim that ma-huang can improve endurance via 

increased fat utilization and glycogen sparing during exercise. 

Because of this, it is very common to find ma huang products that 

also contain other thermogenic and lipolytic supplements, such as 

caffeine (usually found in the form of guarana) (Dulloo, 1993). 

2.3. Ashwagandha 

Both the modern medical literature and traditional Ayurveda writings 

report many potential health benefits of the Ashwagandha herb 

(Withania somnifera, also known as Indian Ginseng or Winter Cherry) 

under the rubrics of anti-stress effects, neuroprotective effects, 

immunomodulatory effects, and rejuvenating effects, via the herb’s 

interplay with the nervous system, the endocrine system, the 

cardiopulmonary system, the energy production system and the 

immune system including analgesic, antimicrobial, anti-inflammatory, 

anti-tumor, anti-stress, anti-diabetic, neuroprotective, 

immunoprotective and cardioprotective effects (Singh et al., 2010).  
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In animal studies W. somnifera alone, or in combination with other 

herbs, showed beneficial effect in exercise-induced oxidative stress 

(Misra et al., 2009) and lead to behavior changes (Gupta and Rana, 

2007; Shah et al., 2006). Such animal studies supported some of its 

use as adaptogen. However, even though W. somnifera is an 

ingredients of many supplements intended for use in sport, the 

studies supporting those claims is scarce. Singh et al. demonstrated 

beneficial effects of W. somnifera on mental and physical health of 

elderly subjects. Some of those effects could be related to withanolide 

A, which was shown to prevent the formation of beta amyloid plaques 

(Singh et al., 2008). A study aimed at investigating the effects of W. 

somnifera and Terminalia arjuna (Arjuna) individually, and in a 

combination, was performed. The study included 40 young adults in a 

randomized controlled, single blind trial. The subjects received 

capsules with either W. somnifera, T. arjuna, combination of both or 

placebo for 8 weeks. Subjects engaged in physical activities (sprint, 

vertical jumps, and balance board). Maximum velocity, average 

absolute and relative power, balance, VO2max and blood pressure 

were assessed before and after the course of drug administration. The 

study showed that W. somnifera increased velocity, power and 

VO2max, whereas T. arjuna increased VO2max and lowered resting 

systolic blood pressure. When given in combination, the improvement 

was seen in almost all of the measured parameters. Only the balance 

and diastolic blood pressure remained unchanged (Sandhu et al., 

2010).  

W. somnifera consumption may lead to nausea, vomiting and 

diarrhea. Due to the lack of safety data and the fact that the crude 

drug has been used in traditional medicine to induce abortion, its use 

during pregnancy or breastfeeding is contraindicated. The crude drug 
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may potentiate the effects of barbiturates and reduce the effects of 

diazepam and clonazepam (Ochoa Milián et al., 2009). W. somnifera 

may have mild blood-glucose-lowering effects, but generally these 

would not be expected to affect the control of diabetes with 

conventional medicines (Baxter et al., 2013). 

Table 2.1. Comparison of the commonly used Indian herbs (Bucci, 

2000; Zovko Koncic and Tomczyk, 2013) 

Sr. 

No 
Herb Reason for Use 

Potential for known 

hazard 

1 Ashwagandha 

(Withania 

somnifera)  

 

Adaptogenic 

(antistress) 

properties, 

enhance 

endurance and 

strength 

May potentiate effects of 

barbiturates. 

 

2 Asian ginseng 

(also Chinese, 

Korean)  

(Panax ginseng)  

Adaptogenic 

(antistress) 

properties, 

enhance 

endurance and 

strength 

Possible adulteration with 

stimulant drugs; 

contraindicated in 

hypertension. 

3 Chinese ephedra 

(mahuang) 

(Ephedra sinica)  

 

Central nervous 

system stimulant, 

enhance 

endurance, 

strength, and body 

fat loss 

Not recommended for 

long-term use; limit daily 

intake of total alkaloids to 

120 mg in 4 equal doses. 

Seek advice from a health 

care practitioner before 

use if you are pregnant or 
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nursing, or if you have 

high blood pressure, 

heart or thyroid disease, 

diabetes, difficulty in 

urination due to prostate 

enlargement, or if taking a 

monoamine oxidase 

inhibitor or any other 

prescription drug. Reduce 

or discontinue use if 

nervousness, tremor, 

sleeplessness, loss of 

appetite, or nausea occur. 

Not recommended for use 

by persons under 18 y of 

age. Keep out of reach of 

children. 

4 Moringa oleifera Antioxidant, 

wound healing, 

analgesic activity 

Not reported 

5 γ- oryzynal Antioxidant 

activity, effect on 

muscles 

Not reported 

 

Ephedrene and Ashwagandha have been widely studied for their 

ergogenic effects. However the Moringa tree and γ- oryzanol have not 

been studied much. Hence Moringa tree and γ-oryzanol have been 

selected to study ergogenic effect.  
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2.4. Pharmacognosy and Phytochemistry of Moringa oleifera 

Lam. 

Moringa oleifera Lam (syn. M. ptreygosperma Gaertner.) is one of the 

best known and most widely distributed naturalized species of 

Moringaceae family. It is commonly referred to as “The Miracle Tree” 

(Palada, 1996), ‘drumstick tree’ or ‘horseradish tree’. Its several 

medicinal, industrial and nutritional uses make it a significantly 

valuable plant world wide. It is distributed in many countries of the 

tropics and subtropics and cultivated all over the world due to its 

multiple utilities. It is known as different names in different region: 

Saragvo in Gujarati, Soanjna in Hindi, Sajna in Bengali, Nugge in 

Kannada, Sigru in Malyalam, Shevga in Marathi, Shobhanjana in 

Sanskrit, Munaga in Telegu and Murungai in Tamil. It is a highly 

valued plant and provide outstanding source of nutrition. The leaves, 

fruit, flowers and immature pods of this tree are used as a highly 

nutritive vegetable in many countries, particularly in India, Pakistan, 

Philippines, Hawaii and many parts of Africa (Anwar et al., 2007). 

Different parts of this plant are used for various purposes. The leaf of 

this plant increases woman’s milk production and is sometimes 

prescribed for anemia; that’s why it is also known as ‘mother’s best 

friend’ (Estrella et al., 2000; Siddhuraju and Becker, 2003). 

Moringa has several traditional and therapeutic uses. It is being used 

for more than twenty years in Ghana and other parts of the world as a 

nutritional supplement. However, it has become popular in the entire 

society. Despite the nutraceutical importance, different parts of the 

plant have different pharmacological activity. Moringa tree has an 

enormous approach in treating malnutrition, especially among infants 

and mothers. Almost all the parts of this plant: root, bark, gum, leaf, 
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fruit (pods), flowers, seed and seed oil have been used for various 

ailments in the indigenous medicine of South Asia, including the 

treatment of inflammation and infectious diseases along with 

cardiovascular, gastrointestinal, haematological and hepatorenal 

disorders (Chanda, 1962; Siddhuraju and Becker, 2003). Various 

types of compounds such as ascorbic acid, flavonoids, phenolics and 

carotenoids found in leaves acts as a good source of natural 

antioxidants (Dillard and German, 2000). The leaf is highly nutritious 

and contains significant quantities of crude protein (20-29%), 

vitamins and minerals (Olugbemi et al., 2010; Abou-Elezz et al., 2011) 

and juice of leaves are being applied in eye infections (Chanda, 1962). 

Moringa seeds are reported to show antimicrobial activity (Chanda, 

1962). The roots and seed extract have shown antimicrobial activity. 

The ethanolic extract of the leaves of Moringa was reported for its 

antimicrobial activities (Pal et al., 1995). The plant is also well known 

for its various medicinal properties such as reducing blood pressure, 

tumour healing properties, antifertility activity, antibacterial activity 

(Mukhopadhyay et al., 1950; Shukla et al., 1987; Eilert et al., 1981). 

The aqueous extract and alcoholic extract of Moringa root-wood 

reported to reduce and prevent the growth of urinary stones (Karadi et 

al., 2006). A significant number of primary and secondary metabolites 

and pharmacological activities have been reported for this plant. 

Hence this review contains necessary and useful information on 

botany, pharmacognosy, traditional use, phytochemistry, chemistry 

and pharmacology of this useful plant. 

2.4.1. Growth, cultivation and distribution 

M. oleifera plant is a perennial, evergreen tree that grows up to 20 ft 

(6.1 m) tall, with a straight trunk with corky, whitish bark. It grows 
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well in hot, semi-arid and humid regions and in well-drained sandy or 

loamy soils. The tree is grown mainly in semiarid, tropical, and 

subtropical areas. It is also widely cultivated in Africa, Cambodia, 

Nepal, Indonesia, Malaysia, Mexico, Central and South America, and 

Sri Lanka. Optimum leaf and pod production requires high average 

daily temperatures of 25-30° C (77-86° F), well-distributed annual 

rainfall of 1000-2000 mm (40-80 in), high solar radiation and well-

drained soils. Growth slows significantly under temperatures below 

20°C (68° F). Ideal elevation is less than 600 m (1, 970 f). The plant is 

relatively tolerant of drought and poor soils and responds well to 

irrigation and fertilization. It can tolerate a wide range of soil types 

and pH (4.5-9) but prefers well-drained soils in the neutral pH range. 

It grows best in dry, sandy soil, including coastal areas. It is a fast-

growing, drought-resistant tree that is native to the southern foothills 

of the Himalayas in north-western India. India is the largest producer 

of Moringa, with an annual production of 1.1 to 1.3 million tones of 

tender fruits from an area 380 km² (Odee, 1998). 

2.4.2. Taxonomy (Roloff et al., 2009) 

Kingdom Plantae – Plants 

Subkingdom Tracheobionta – Vascular plants 

Superdivision Spermatophyta – Seed plants 

Division Magnoliophyta – Flowering plants 

Class Magnoliopsida – Dicotyledons 

Subclass Dilleniidae 

Order Capparales 

Family Moringaceae – Horse-radish tree family 

Genus Moringa Adans. – Moringa 

Species Moringa oleifera Lam. - horseradishtree 
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2.4.3. Pharmacognosy and morphology  

It is a small tree (7±12 m high) with thick grey bark, fragrant white 

flowers and long green pods which give the tree its name. The tree has 

tuberous taproot and brittle stem is with corky bark.  

Stem: Moringa has a short normally straight stem. The stem is poorly 

formed. The stem has a height of 1.5-2 m before it begins branching 

but can reach up to 3.0 m (Foid et al., 2001). 

 

Branch: The extended branches grow in a disorganized manner and 

umbrella shaped.  

 

Leaves: The leaves are pale green to deep green in colour, compound, 

and 30-60 cm in length. The leaves are bipinnate or more commonly 

tripinnate, up to 45 cm long, and are alternate and spirally arranged 

on the twigs. Pinnae and pinnules are opposite. It has many small 

leaflets which are 1.2 to 2.0 cm long and 0.6 to 1.0 cm wide. The 

lateral leaflets are elliptic and the terminal ones obovate. The leaflets 

are finely hairy, green and almost hairless on the upper surface, paler 

and hairless beneath, with red-tinged mid veins, with entire (not 

toothed) margins, and are rounded or blunt-pointed at the apex and 

short-pointed at the base. The twigs are finely hairy and green, 

becoming brown.  

 

Flowers: The flowers are yellowish white or cream coloured, bisexual 

and 10- 25 cm long and 2.5 cm wide. It has pleasant fragrance and 
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produced profusely in axillary, drooping panicles 10-25 cm long 

(Meena et al., 2010). The five-reflexed sepals are linear-lanceolate. The 

five petals are slender-spatulate. They surround the five stamens and 

five staminodes and are reflexed except for the lowest.  

 

Fruit: The pods/fruits are 1 to 4 ft (30-120 cm) long and 1.8 cm (0.7 

in) wide and tapering at both ends. It is green to brown in colour. The 

pod contains about 10 to 20 seeds embedded in the fleshy pith. The 

seeds are dark brown and the kernel is surrounded by a lightly 

wooded shell with three papery wings. The fruits are pendulous, 

linear, three-sided pods with nine longitudinal ridges, usually 20 to 50 

cm long, but occasionally up to 1 m or longer, and 2.0 to 2.5 cm 

broad. When matured, the fruit becomes brown and has 10–50 seeds 

inside (Vlahov et al., 2002). 

2.4.4. Phytoconstituents 

Different parts of Moringa containing the simple sugar, rhamnose, 

vitamins, minerals and carotenoid (β- carotene). Moringa species are 

rich sources of various phyto-chemicals including rare sugar 

derivative called glucosinolates and isothiocyanates. The predominant 

glucosinolate is 4-O-(-L-rhamnopyranosyloxy)-benzylglucosinolate 

(glucomoringin) and its three mono-acetyl-rhamnose isomers of this 

glucosinolate (Fig.2.2.a) (Fahey et al., 2001). The root of this plant 

contains high concentration of 4-O-(-L-rhamnopyranosyloxy)-

benzylglucosinolate and benzylglucosinolate (Fig.2.2.a) (Foid et al., 

2001). Leaves and the flowers of Moringa also contain 4—

hydroxybenzyl-glucosinolate (Fig.2.2.a). The leaves of plant also have 

low amount of various nitriles, thiocarbamates and carbamates that 
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having strong hypotensive and spasmolytic effects (Leuck and Kunz, 

1998). Naturally occurring iso-thiocyanates, 4-[(4’-O-acetyl--i-

rhamnosyloxy) benzyl] (Fig.2.2. g), significantly inhibition on Epstein–

Barr virus that may cause tumor. Niazirin and niazirinin are the 

nitrile glycoside and three mustard oil glycoside found in the ethanolic 

extract of leaves (Bennett et al., 2003) (Fig.2.2.i). 

Presence of high concentrations of oestrogenic substances, iron, 

calcium, phosphorus, copper, vitamins A and C, -tocopherol, 

riboflavin, nicotinic acid, folic acid, pyridoxine, β- carotene, protein, 

and essential amino acids such as methionine, cystine, tryptophan 

and lysine in Moringa leaves and pods make it a virtually ideal dietary 

supplement. The plant is also a good source of , γ and δ tocopherols 

(Tsakinis et al., 1999).  

Leaves of this plant act as a natural antioxidant due to the presence of 

various compounds such as ascorbic acid, flavonoids, phenolics and 

carotenoids (Bennett et al., 2003). Leaves, roots, pods and seeds of the 

plant contain 3- caffeoylquinic acid and 5-caffeoylquinic acid (Fig. 

2.2.d and Fig.2.2.e) and flavonols have been reported in different 

tissues of M. oleifera. The plant flavonoids are flavonol glycosides and 

it present in the form of glucosides, rutinosides and malonylglucosides 

of quercetin > kaempferol > isorhamnetin. Some of them quercetin-3-

o-glucoside, quercetin-3-o-(6-malonyl glucoside) and lower amounts of 

kaempferol- 3-o glucoside and kaempferol- 3-o-(6-malonyl glucoside) 

(Bennett et al., 2003) (Fig.2.2.f). 
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Phytochemical constituents of Moringa – 

O

CH2R1

OMe
R4 R3 R2  

Compound Name  R1 R2 R3 R4 
4-(-L-Rhamnopyranosyloxy)-
benzylglucosinolate 

-CH(=NOSO3K+)-S-
Glc 

-OH -OH -OH 

4”-Acetyl-4-(-L-
Rhamnopyranosyloxy)-
benzylglucosinolate  

-CH(=NOSO3K+)-S-
Glc 

-OH -OH 
- O-
AC 

4-(-L-Rhamnopyranosyloxy)-
benzylisothiocyanate 

-NCS -OH -OH -OH 

4-(-L-Rhamnopyranosyloxy)-
benzylcyanide 

-CN -OH -OH -OH 

(a) 
S-Glucose

NOSO3
-K+

 
Benzylglucosinolate (Glucotropaeolin) 

S-Glucose

NOSO3HO  
4-hydroxybenzylglucosinolate 

(b) I  

OH

OH

O

O

HO COOH

HO
OH

 
Neochlorogenic Acid (3- caffeoylquinic acid) 

HO

HO

O

O

HO COOH

OH
OH

 
Chlorogenic Acid (5- caffeoylquinic 

acid) 
(d) (e) 

 

Compound 
Name 

R1 R2 

Kaemferole 
3-O-
Glucoside 

-H -Glc 

Quercetin 3-
O-Glucoside 

-OH -Glc 

Rutin -OH - Glc-Rham 

(f) 
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O

CH2N

OMe
HO OH OH

C S

 
4-(-L-rhamnosyloxy) benzyl 

isothiocyanate 

CH2OH
CHOH
CH2OCH2O (CH2)7 CH CH (CH2)7 CH3  

 
Glycerol-1-(9-octadecanoate) 

(g) (h) 

O

X

OMe
R3O OR2 OR1  

Compound R1 R2 R3 X 

Niazirin - 
H - H - H - CN 

Niazirinin - 
H - H - Ac - CN 

Niazimin 
A/B 

- 
H - H - Ac - CH2-NH-

CO-Oet 
Niazinin 

A/B 
- 
H - H - H - CH2-NH-

(C=S)-Ome 
Niazicin 

A/B 
- 
H - H - Ac - CH2-NH-

(C=S)-Ome 

Niazimicin - 
H - H - H - CH2-NH-

(C=S)-Oet 
Niaziminin 

A/B 
- 
H - H - Ac - CH2-NH-

(C=S)-Oet 
(i) 

H3C
CH3

CH3

CH3

RO

CH3

CH3

 

R = H β-sitosterol 

R 6’-O-oleoyl-β-D-
glucopyranosyl 

R β-D-
glucopyranosyl 

(j) 

CH2 N
C O

S
O

N
C

S

CH2

 
 

Pterygospermin 
 

(k) 
Figure 2.2: Phytochemical constituents from Moringa oleifera Lam.  
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Vanillin, β-sitosterol, β-sitostenone, 4-hydroxymellin and octacosanoic 

acid, 4- (-L-rhamnopyranosyloxy)-benzylglucosinolate have been 

isolated from the stem of Moringa. Purified gum exudate obtained 

from the stem of Moringa oleifera reported to contain L-arabinose, D-

galactose, D-glucuronic acid, L-rhamnose, Dmannose and D-xylose 

while a homogeneous, degraded-gum polysaccharide consisting of L-

galactose, glucuronic acid and L-mannose has been obtained on mild 

hydrolysis of the whole gum with acid (Dubey et al., 2013).  

Flowers of Moringa plant are full of various amino acids; sugar such 

as sucrose and D-glucose, and potassium and calcium. It also 

contains flavonoids, alkaloids, kaempherol, rhamnetin, isoquercitrin 

and kaempferitrin (Ruckmani et al., 1998). It has been reported that 

Moringa roots have the antibacterial activity and the active antibiotic 

principle, pterygospermin (Fig.2.2.k) is responsible for antibacterial 

and fungicidal effects (Ruckmani et al., 1998). The cytokinins have 

been shown to be present in the fruit. A new O-ethyl-4-(-L-

rhamnosyloxy)benzyl carbamate together with seven known bioactive 

compounds, 4(-L-rhamnosyloxy)-benzyl isothiocyanate, niazimicin, β-

sitosterol-3-O-β-D glucopyranoside, niazirin ,β-sitosterol (Fig.2.2.j) and 

glycerol-1-(9-octadecanoate) (Fig.2.2.h) have been isolated from the 

ethanol extract of the Moringa seed (Guevara et al., 1999). 

Moringa seed oil contain only mono-unsaturated fatty acids, two ω-9 

mono-unsaturated acids, (cis-9-octadecenoic and cis-11-eicosenoic 

acids) and one ω -7 mono-unsaturated acid (cis-11-octadecenoic acid). 

The composition of the sterols of seed oil mainly consists of 

campesterol, stigmasterol, β-sitosterol, Δ5-avenasterol and clerosterol 

accompanied by minute amounts of 24-methylenecholesterol, Δ7-

campestanol, stigmastanol and 28-isoavenasterol. The sterol 
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composition of Moringa seed oil differs greatly from most of the 

conventional edible oils (Hamann and Pinegar, 1981).  

2.4.5. Pharmacological Studies on Moringa oleifera  

The pharmacological studies done with Moringa oleifera are 

summarized in Table 2.2. 

Table 2.2. Pharmacological Studies on Moringa oleifera (Ganatra 

et al., 2012)   

Activity 

Studied 

Study details Results 

Antimicrobial Leaves, roots, bark 

and seeds of 

Moringa were 

studied extensively 

for antimicrobial 

activity against B. 

cereus, C. albicans, 

S. faecialis, S. 

aureus, E.coli, S. 

sonnei, A. niger. 

Pterygospermin, benzyl 

glucosinnolate, and 4-(-L-

rhamnopyranoxyloxy) benzyl 

isothiocynate were responsible 

for the activity.  

Anti- 

inflammatory 

activity 

Methanolic extract 

of root, bark, leaves;  

aqueous extract of 

roots, flowers, crude 

ethanolic extract of 

seeds were tested 

for anti-

inflammatory 

Crude ethanolic extract of seed 

showed 85% inhibition of 

inflammation dose: 3mg/kg; 

methanolic extract showed 

inflammation inhibition in a 

dose dependent manner with 

IC50 of 660 mg/kg; hot water 

infusions of flowers, leaves 
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activity 

 

showed reduction in 

inflammation at 1000 mg/kg 

dose 

Anti- cancer 

Activity 

Various extracts of 

leaves and ethanolic 

extracts of seeds of 

M. oleifera were 

tested in-vitro for 

anticancer activity  

Thiocarbamate and 

isothiocynate related 

compounds in the extracts 

were found to inhibit tumor 

promoter taleocidin, β-4-

induced Epston Barr virus, 

activation in Raji cells; The 

seed extracts have also been 

found to be effective on hepatic 

carcinogen metabolizing 

enzymes, antioxidant 

parameters and skin papilloma 

genesis in mice 

Anti- oxidant 

activity 

Aqueous, 

methanolic (70%) 

and ethanolic (80%) 

extracts were tested 

for antioxidant 

activities  

All extracts exhibit strong 

radical scavenging activity. The 

major bioactive compounds of 

phenolics were found to be 

flavonoid groups such as 

quercetin and kaempferol. 

Moringa leaves are found to be 

a potential source of natural 

antioxidants due to their 

marked antioxidant activity. 

Studies reported this activity 

was seen due to presence of 
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kaemferol. The oil from the 

dried seeds of the M oleifera 

showed higher antioxidant 

activity than 

butyiatedhydroxytoluene (BHT) 

and cc-tocopherol. All leaf 

extracts were capable of 

scavenging peroxyl and 

superoxyl radicals. 

Wound 

healing 

activity 

Aqueous extract 

was tested for 

would healing 

activity 

Studies conducted on swiss 

albino mice showed increase in 

wound closure rates, skin 

breaking strength, granuloma 

breaking strength as well as 

reduction in scar area.  

Analgesic 

Activity 

Methanolic extract 

of M. oleifera root 

bark was tested for 

analgesic activity 

 

Methanolic extract showed 

analgesic activity in acetic acid 

induced writhing model in rats 

 

2.4.6. Toxicological reports on some Moringa species 

Toxicological evaluation of medicinal plants is many a times neglected 

by traditional medicine practitioners. They believe that plants are 

harmless. However, traditional usage of such products cannot always 

be a reliable guarantee of safety. Delayed effects like mutagenicity 

should be monitored in case of traditional medicines. However it is 

difficult for these practitioners to detect or monitor delayed effects and 
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adverse effects arising from long-term use as in food supplements and 

nutraceuticals. e.g. glycyrrhiza glabra, which is used for conditions 

like bronchitis and peptic ulcers causes not only hypertension, weight 

gain and hypokalaemia but also low levels of aldosterone and anti-

diuretic hormone on excessive or prolonged usage. Many widely used 

medicinal plants have been implicated as possible causes of long-term 

disease manifestations such as liver and kidney diseases. Similarly, 

reports are available on accidents due to mistakes of botanical 

identification, plants that interfere with pharmacological therapy 

(such as those containing coumarinic derivatives, high tyramine 

content, those containing oestrogenic compounds, those that cause 

irritation and allergy, those containing photosensitive compounds). 

There is very little information on the Moringa tree. It is reported that, 

the aqueous extract of M. oleifera leaves and found it to be non-toxic 

in rats on haematological biochemical and histological parameters. It 

has found that the aqueous and ethanolic extract of leaves had no 

adverse growth related effect and biochemical parameters in rats. This 

indicates that neither steroids, triterpenoids, saponins, alkaloids nor 

carbohydrates phytoconstituents identified were toxic. The LD50 for 

aqueous extract was found to be 15.9 mg/kg and for ethanolic extract 

it was 17.8 mg/kg. However, recent studies show that methanolic 

extract of M. oleifera roots is seen to distort the histo-architecture of 

both the kidney and liver on Guinea pigs. These effects were time and 

dose dependent. Several in vivo studies indicated that the aqueous 

extract to be safe. However, one study contradicted these findings in 

study on the effect of M. oleifera aqueous seed extracts on vital organs 

and tissue enzyme activities of male albino rats. It was found that 

prolonged consumption of water treated with ≥ 2mg/ml of M. oleifera 

seeds may lead liver infarction. Similar observations were made with 
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the methanolic extract. Overall studies indicate that administration of 

these seeds extracts appears relatively nontoxic to animals at low 

doses. However, at high dosages, the alterations observed in various 

parameters tested suggested a dose sensitive toxicity when consumed 

for a prolonged period (Arora et al., 2013).  

2.4.7. Traditional uses 

Moringa oleifera is tropical trees with a multiple uses. It is traditionally 

used for the circulatory system disorder because Moringa leaves have 

potential hypotensive action (Abe and Ohtani, 2013). It is also used for 

treatment of enteric-infection due to its anti-microbial properties. The 

leaves are used as hypocholesterolemic and hypoglycemic agents. 

Additionally, the leaves have been reported for its antitumour, 

antioxidant, anti-inflammatory/diuretic properties, anti-hepatotoxic, 

anti-fertility, anti-urolithiatic and analgesic activities (Asare et al., 

2012). The medicinal value of Moringa oil has been documented by 

ancient cultures. Moringa oil has tremendous cosmetic value and is 

used in body and hair care as a moisturizer and skin conditioner 

(Paliwal et al., 2011). It has been used for different industrial and 

medicinal uses (Sastri, 1956). The seed flower and leaves of this plant 

are eaten in many countries as a vegetable. The different parts of the 

plant are consumed and used for different purposes. The seed are 

used in curry powder. The seed can be used as less expensive 

biosorbent and can remove cadmium from aqueous media (Sharma et 

al., 2006). The seeds act as a natural coagulant, flocculant, absorbent 

for the treatment of ground water. It reduces the total hardness, 

acidity, Turbidity, alkalinity, chloride. The combined dose of Moringa 

oleifera seed powder and chlorine can give best results and ground 

water can be used for drinking purpose. The seed is not giving toxic 
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effect. Water treatment by the seed is a cheaper method. Moringa 

seeds are used in the rural areas for drinking water treatment. The 

sludge settled down in bottom of the tank after treatment can be used 

as bio-fertilizer. Moringa seeds could remove up to 97% of the algae 

present (Shehata et al., 2002). The aqueous solution of seed composed 

of heterogeneous complex mixture of amino acid can bind metal ions 

and increase the sorption of metal ions (Borstlap and Schuurmans, 

1988). Oil is extracted from the seed which is called Ben-oil or Behen 

oil has been used for human consumption. They are utilized for also 

utilized in wastewater treatment and water purification purpose 

(Ndabigengesere and Narasiah, 1998). This oil has been used for 

illumination and as a lubricant for fine machinery (Chanda, 1962; 

Rajanandh et al., 2012). It is also used extensively in effleurage 

process (Chanda, 1962). The seeds are used traditionally in rural 

areas of Sudan and Malawi for the clarification of drinking water 

(Muyibi and Evison, 1995).The leaves can increase breast milk 

production when mixed with chicken or shellfish soup. 80% ethanolic 

extract of leaves was reported to increase nodulation of black-gram 

(Bose, 1980). The water extracted kernels of the plant used for the 

purification of water (Makkar and Becker, 1997). The water extract is 

used in many developing countries as a coagulant in place of 

aluminium sulphate. In southern India the villagers uses the leaves to 

prepare cow and buffalo ghee from butter fat and the fruits are also 

added in curries and sold in stores (Siddhuraju and Becker, 2003). 

Dehisced Moringa press cake can remove hydrophobic organic 

pollutants from water (Boucher et al., 2007), and extracts might 

remove other pollutants, such as heavy metals and surfactants 

(Beltrán-Heredia and Sánchez-Martín, 2008). The leaves contain seven 

times the vitamin C in oranges, four times the calcium in milk, four 
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times the β-carotene in carrots, twice the protein in milk and three 

times the potassium in bananas. In India and other parts of the world 

Moringa oleifera was used as a nutritional supplement and now it is 

beginning to gain popularity in the entire society due to its medicinal 

and food value (Asare et al., 2012). 
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2.5. Rice bran oil and its components 

Interest in rice bran oil (RBO) has been thriving from the health and 

nutritional aspects as well as its wide application as industrial oil. 

India is the second largest producer of crude rice bran oil (cRBO) in 

the world (Usha and Premi, 2011). Crude rice bran oil (cRBO) contains 

90- 96% of saponifiables including glycolipid and phospholipids and 

about 4% unsaponifiable matter including antioxidants and 

micronutrients such as tocopherols, tocotrienols, oryzanol (OZ), 

sterols and carotenoids (Chen and Chen, 2002). RBO has an excellent 

fatty acid profile with oleic acid (38.4%), linoleic acid (34.4%) and 

linolenic acid (2.2%) as the unsaturated fatty acids, and palmetic acid 

(21.5%) and stearic acid (2.9%) as the saturated fatty acids 

(Raghuram and Rukmini, 1995). The saturated, monounsaturated 

and polyunsaturated fatty acids are in the ratio of approximately 1: 

2.2: 1.5 that is close to the ideal ratio recommended by American 

Heart Association (Krishna et al., 2001). 

2.5.1. Oryzanol (OZ)    

OZ often identified as the physiologically active component of RBO, is 

a mixture of ferulate esters of sterols (campesterol, stigmasterol and β-

stigmasterol) and triterpene alcohols (cycloartenol, 24-

methylenecycloartanol, cyclobranol). Major portions of OZ include 

cycloartenyl ferulate (CAF), 24–methylene cycloartanyl ferulate (24-

mCAF) and campesteryl ferulate (Fig.2.3). OZ is 1.5 –2.9 % of RBO 

and is white or yellowish odorless, tasteless powder with a melting 

point of 137.5~138°C (Xu and Godber, 1999). 
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Figure 2.3: Chemical structures of OZ components.  

2.5.2. Extraction and purification of OZ 

Extraction and purification of OZ from RBO have been reviewed 

extensively. For extraction based processes, critical process 

parameters include solid to solvent ratio, temperature, and time 

(Narayan et al., 2006). For crystallization or precipitation based 

processes, the parameters considered are temperature of the solvent 

or mixture of solvent along with their proportion, rate of nucleation, 

and rate of crystal growth (Zullaikah et al., 2009). Organic solvent 

extraction, although is the conventional method for extraction of OZ 

from RBO, it uses highly toxic and flammable solvents and has 

problems of waste disposal and leaving toxic residues. Hence, the 

search for alternative, non-hazardous and environment-friendly 
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extraction technique has led to the emergence of supercritical fluid 

techniques for the extraction procedures.  

Xu and Godber reported that a solvent mixture with 50% hexane and 

50% isopropanol (v/v) at 60°C for 45–60 min produced the highest 

yield (1.68 mg/g of rice bran) of OZ from rice bran. However, the yield 

(5.39 mg/g of rice bran) of OZ in supercritical fluid extraction under 

50°C, 68,901 kPa, and 25 min was approximately four times higher 

than the highest yield of solvent extraction. Moreover, a high 

concentration of OZ (50–80%) was obtained by collecting the extract 

after 15–20 min of extraction under optimized conditions (Xu and 

Godber, 1999).  

Zullaikah have recently reported a two-step crystallization process for 

the isolation of OZ from crude RBO. In the first crystallization step, 

OZ was concentrated in the liquid phase along with free fatty acid 

(FFA), monoacylglycerol (MG), squalene, tocols, and phytosterols, 

whereas the solid phase contained mainly triacylglycerol (TAG) and 

steryl esters. OZ-rich product obtained from the first crystallization 

was subjected to the second crystallization where the OZ-rich product 

was stored at room temperature (20.5 ± 1.5°C) for 24 h. Hexane was 

added as an anti-solvent to the OZ-rich product and stored at 5 ± 1°C 

for another 48 h, after which white OZ crystals with a purity and 

recovery of 93-95% and 59%, respectively were obtained (Zullaikah et 

al., 2009).   

2.5.3. Biological activities of OZ 

2.5.3.1. In vitro antioxidant and free radical scavenging activity  

One test-tube study showed that at 10-4 M concentration, OZ was 

more than four times as effective at stopping tissue oxidation as 
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vitamin E (Hiramitsu and Armstrong, 1991). Xu et al. (2009) showed 

that all the three OZ components had higher antioxidant activities 

against cholesterol oxidation than any of the four vitamin E 

components (α-tocopherol, α-tocotrienol, γ–tocopherol, and γ-

tocotrienol) and that the highest antioxidant activity was evident for 

the 24-methylenecycloartanyl ferulate (Xu et al., 2009).  

2.5.3.2. In vivo anti-ulcer activity  

Itaya et al. (1976) reported that OZ at 1 to 100 mg/kg s.c. daily for five 

days, reduced the water-immersion stress ulcer index dose-

dependently and slightly prevented the rate of increase in serum 11-

hydroxy-corticosterone levels. These effects were prominent in the 

adrenalectomized as well as sham operated rats, which indicated that 

the anti-ulcer effect of OZ was due to participation of the autonomic 

nervous system, and not the hypophysis-adrenal axis (Itaya and 

Kiyonaga, 1976).  

In male wistar rats, 8-day treatment with 100 mg/kg OZ (s.c.) 

significantly reduced gastric ulcers. Reduced serum gastrin levels 

were observed in rats with acetic acid induced gastric ulcers when OZ 

was administered for 10 days (100 mg/kg; s.c.) (Itaya and Kiyonaga, 

1976). The possible mechanism pertaining to OZ’s anti-ulcer action 

could be the involvement of the monoaminergic neuron system.  

Mizuta et al. (1978) reported that OZ significantly inhibited 

tetragastrin-stimulated acid secretion, which might be mediated by 

the vagus nerve that induces gastrin release (Mizuta et al., 1978).  

Another report suggested that gastric lesions in responder mice 

induced by conditioned emotional stimuli were reduced by twice p.o. 

administrations at 6 h intervals of OZ at 200 and 500 mg/kg, 
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oxazolam at 2 mg/kg and atropine at 1-10 mg/kg. In addition, the 

incidence of gastric lesions induced by rapid eye movement (REM) 

sleep deprivation was also reduced by single administration of OZ at 

100 and 200 mg/kg and oxazolam at 5 mg/kg. Additionally, the 

facilitation of small intestinal propulsive activity in responder mice 

induced by convulsive electroshock was suppressed by OZ at 100 and 

200 mg/kg and atropine at 10 mg/kg. Similar modulatory effect on 

gastrointestinal motility was observed in the dogs as well  (Mizuta et 

al., 1978).  

2.5.3.3. In vivo anti-hyperlipidemic effects 

Sakamoto et al. (1987) showed that oral administration of OZ and 

cycloartenyl ferulate (10 mg/kg, i.v.) once a day for 12 days along with 

cholesterol feeding in Sprague Dowley (SD) rats, remarkably reduced 

serum triglyceride (TG), low density lipoprotein-cholesterol (LDLC), 

high density lipoprotein-cholesterol/total cholesterol (HDL-C/TC) 

ratio, serum non-esterified fatty acids, aspartate aminotransferase 

(AST) and serum albumin, which could be due to a direct inhibition of 

lipid metabolism (Sakamoto et al., 1987).  

Sakamoto et al. (1987) demonstrated that OZ (100, 500 or 1000 

mg/kg) when administered in combination with high cholesterol diet 

in SD rats caused about 25% reduction in total cholesterol (TC) level 

on day 6 for all dose groups. Phospholipids were reduced on day 6 for 

the maximum dose (MD) and higher dose (HD) group. Serum free 

cholesterol was around 25% lower (HD only) on day 13. Serum 

aspartate transaminase (AST) was slightly elevated but unremarkable, 

whereas alanine transaminase (ALT) increased by around 65% (HD 

group only). Histological examination of the liver showed steatosis, but 

was unremarkable for the OZ-fed animals  (Sakamoto et al., 1987).  
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In F1B golden hamsters (16/group) fed with a hypercholesterolemic 

diet, 1% OZ supplementation for 8 weeks resulted in reduced serum 

cholesterol (by 28%), sum of intermediate density lipoprotein (IDL), 

LDL-C and very low density lipoprotein cholesterol (VLDL-C) (by 34%), 

cholesterol absorption (by 25%), relative to controls (Hiramatsu et al., 

1990). Body weights, HDL-C, and TG serum levels were unremarkable 

along with unchanged liver and intestinal cholesterol synthesis. In a 

separate experiment, OZ-treated hamsters for 10 weeks reduced 

plasma TC (44%, p < 0.001), Non-HDL-C (57%, p < 0.01), and TG 

(46%, p < 0.05) concentrations relative to the control. Despite a 12% 

decrease in HDL-C (p < 0.01), the OZ-treated animals maintained a 

more optimum non-HDL-C/HDL-C profile (1.1 ± 0.4) than the control 

(2.5 ± 1.4; p < 0.01). Aortic fatty streak formation was reduced by 67% 

(p < 0.01) in the OZ-treated animals (Rong et al., 1997). 

2.5.3.4. In vivo anti-inflammatory effects  

In a 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced model of 

inflammation (ear oedema) in ICR mice, it was reported that relative to 

OZ, with a median infective dose (ID50) of 1.4 mg/ear (50% inhibition 

of oedema), the ID50s for cycloartenyl ferulate, 24-

methylenecycloartenyl ferulate, 24-methylcholesteryl ferulate and 

sitosterol ferulate ranged from 0.2-0.3 mg/ear (Yasukawa et al., 

1998). Akihisa showed that rats administered with OZ (1, 10 and 100 

mg/kg/day; route not stated) following adjuvant-induced arthritis 

(unknown agent used), manifested a significant reduction of paw-

edema volume from days 15-19 for the highest dose (HD), from days 

17-19 for the medium dose (MD) and on day 19 for the lowest dose 

(LD) (Akihisa et al., 2000).  
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A recent study by Islam attested the potential of OZ (50 mg/kg/day 

p.o.) on a mice model of induced colitis with dextran sulphate sodium 

(DSS). The anti-inflammatory effect was possibly mediated by the 

inhibition of the inflammatory reactions exerted by tissue 

myeloperoxidase (MPO), pro-inflammatory cytokines and 

cyclooxygenase-2 (COX-2), nuclear factor-kappa B (NF-ĸB) p65 

nuclear translocation and inhibitory protein of NF-kappa-B-alpha 

degradation (Islam et al., 2008). 

Another recent study exhibited the prevention of ethanol-induced liver 

injury by OZ in C57BL mice as reflected by markedly decreased serum 

activities of plasma aspartate transaminase (AST), alanine 

transaminase (ALT), and significant decreases in hepatic lipid 

hydroperoxide and thiobarbituric acid reactive substances (TBARS) 

levels (Chotimarkorn and Ushio, 2008). 

Another recent notable finding by Oka (2010) revealed that IgE-

targeting therapy by intra-dermal OZ injection in SD rats with anti-

DNP IgE could provide significant progress in the treatment of allergic 

inflammation. The mechanism involved might be the attenuation of 

the passive cutaneous anaphylaxis (PCA) reaction induced by DNP-

HAS and inhibition of the degranulation of DNP-IgE sensitized RBL-

2H3 mast cells stimulated with anti-DNP-HAS (Oka et al., 2010). 

2.5.3.5. Effects in diabetes 

Ohara (2009) postulated that OZ might regulate adiponectin secretion 

by the inhibition of NF-ĸB activation (Ohara et al., 2009). Cheng et al. 

reported that adding OZ to 15 % palm oil increases insulin sensitivity 

in Wistar rats with type 2 diabetes (T2DM) compared to control and 

palm oil groups (Cheng et al., 2010). Kozuka (2012) recently 
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demonstrated improved glucose intolerance and prevention of the 

onset of diabetes in mice with long-term oral administration of OZ 

(Kozuka et al., 2012).  

2.5.3.6. Central nervous system (CNS) and behavioral effects  

Given orally, the effect of OZ (1000 mg/kg) was insignificant with 

respect to the seizure onset time and time to death in a 

pentylenetetrazol (PTZ: 140 mg/kg; s.c.)-induced convulsion model in 

mice. Cycloartenyl ferulate (10, 30, 100 or 300 mg/kg; p.o.), on the 

other hand, increased the time to seizure onset in a dose-dependent 

manner, but had no effect on time to death (Hiraga et al., 1993). The 

conflict behavior experiment in mice showed a significant benefit with 

OZ (30, 100 or 300 mg/kg; single i.p.) during the safe period. 

OZ (50 mg/kg; p.o.) desynchronised electroencephalographic (EEG) 

activity 10-15 min after administration for 30-40 mins and again from 

60 mins post-dose for 120 min in rabbits. In a separate experiment, 

OZ (50 mg/kg; p.o.) in rabbits was found to prolong the duration of 

the amygdaloid after-discharge induced by electrical stimulation of the 

amygdaloid nucleus, beginning 45 min post-dose. In cats, EEG 

activity after a single i.v. administration of OZ (dose not specified) 

showed low amplitude fast waves starting at 40 mins post-dose, 

lasting from 12 to 110 minutes. Higher dose of OZ increased the 

duration of the fast wave period (Ghatak and Panchal, 2011).  

Another study revealed that OZ (100 mg/kg; s.c.) administered once 

daily for 1, 5 or 10 days increased nor-epinephrine levels in the brain 

of rats. Hence, it is likely that successive doses of OZ increase brain 

nor-epinephrine by inhibiting the degradation or release of nor-

epinephrine (Kaneta et al., 1979). 
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2.5.3.7. In vivo chromosomal effects 

Tsushimoto (1991) observed no cases of mortality in SD rats with OZ 

given orally at 40, 400 and 4000 mg/kg as a single or repeat-doses 

(once daily for 5 days), indicating that OZ did not induce chromosome 

aberration (Tsushimoto et al., 1991).  

2.5.3.8. In vivo carcinogenicity studies  

Histopathological findings by Tamagawa (1992) indicated that OZ 

(200, 600 or 2000 mg, p.o.) was not carcinogenic in B6C3F1 mice and 

Fischer (F344/DuCrj) rats after 78 weeks and 2 years respectively 

(Tamagawa et al., 1992).  

Yasukawa et al. (1072), using a two-stage model of skin 

carcinogenesis with 7, 12- Dimethylbenz[a]anthracene (DMBA) as an 

initiator, followed topical 12-Otetradecanoylphorbol-13-acetate (TPA) 

as a promoter, indicated that topical cycloartenyl ferulate reduced the 

percentage of tumor bearing mice from 93% to 20% at week 20. The 

numbers of tumors/mouse also were decreased by a similar factor 

(Yasukawa et al., 1998).  

The modifying effects of OZ on the promotion stage of carcinogenesis 

were investigated using several two stage carcinogenesis models in 

rats (Yasukawa et al., 1998). In a multi-organ carcinogenesis model, 

liver adenoma in carcinogen induced male F344 rats decreased from 

64% in animals fed with the basal diet to 38% in 1% OZ–treated 

animals (p < 0.05) after 32 weeks. However, the incidence of lung 

carcinoma increased from 8% (1 rat) to 54% (8 rats) and multiplicity 

also increased from 0.1/rat to 0.6/rat. An increase in the multiplicity 

of lung adenoma was also observed in OZ-treated rats. Esophagus, 
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colon, pancreas, kidney and thyroid lesion development was not 

influenced by the compound.  

Examination of the modifying potential of 1% OZ on mammary 

carcinogenesis in female SD rats pre-treated with a single intragastric 

dose of 7,12-dimethylbenz[α]anthracene (DMBA) (50 mg/kg) for 35 

weeks revealed no significant differences in the final incidences and 

multiplicities of mammary tumors, but the average tumor diameter 

was significantly reduced. The survivorship curve for the OZ-treated 

rats was >10% higher than controls from week 22 of the experiment 

and around 50% higher at study end.  

A recent study by Kim et al. (2012) documented that compared to the 

control diet without the rice bran ingredient, oral administration for 

two weeks of OZ in mice with induced tumors significantly reduced 

the tumor size in a dose-dependent manner by up to 44%. Induction 

of splenic natural killer (NK) cell activity, activation of macrophages, 

and inhibition of angiogenesis seemed to contribute to the inhibitory 

mechanism of tumor regression by OZ (Kim et al., 2012).  

2.5.4. Pharmacokinetics 

OZ, being a complex multi-constituent substance, data describing the 

pharmacokinetics of its individual constituents has been reported.  

Fujiwara and his team in their study in rabbits showed that the blood 

level of radio-labeled OZ was very low following an oral administration 

(40 mg/kg) and was undetectable in blood 2 h post-dose. The total 

radioactivity appearing in urine 48 h post-dose was 6.4% of the 

administered amount. The principle metabolite found in the blood was 

ferulic acid (FA). However, in urine, ferulic acid, vanillic acid, 

acetovanillone, hippuric acid and the glycine conjugate of vanillic acid 
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were detected. The underlying mechanism might involve the poor 

absorption, rapid tissue distribution and extensive metabolism of OZ, 

probably in the liver (Fujiwara et al., 1980).  

Fujiwara investigated the absorption and metabolism of 14C-labelled ‘γ 

oryzanol’ (50 mg/kg) after oral administration in male Sprague Dawley 

rats. Analyses of the urine and faeces over the next 5 days showed 

that 9.8% of the ingested radioactivity was excreted in the urine over 

the first 72 h and faecal excretion was 84.5% for the first 48 h. 94% of 

the urine and 93% of the faecal radioactivity was excreted within the 

first 24 h and radioactivity in the blood peaked at 4 h and disappeared 

by 48 h post-dose. An analysis of the urine metabolites revealed no 

OZ, but around half of the OZ dose was accounted for as the sulfated 

form of ferulic acid and significant proportions of hippuric acid, m-

hydroxyphenylpropionic acid and dihydroferulic acid were also 

detected along with small quantities of m-coumaric and m-

hydroxyhippuric acid (Fujiwara et al., 1980).  

Fujiwara observed a prominent dose-dependent relationship in ferulic 

acid level in rabbits and beagle dogs with OZ (25, 50 and 100 mg/kg, 

p.o.) after a 20-24 h fasting. The peak plasma ferulic acid levels 

occurred at 2 h in rabbits and at 1-1.5 h in dogs. The maximum 

plasma levels of ferulic acid were 100 ng/ml and 200 ng/ml in dogs 

and rabbits respectively. At 24 h post administration, plasma ferulic 

acid returned to baseline levels in rabbits and dogs (Fujiwara et al., 

1980).  

  

Study of the endurance activity and ergogenic effect of selected Indian medicinal 
plant in laboratory animals  Page 47 
 



Review of literature  
 
2.5.5. Clinical Studies of γ-oryzanol - 

Table 2.3. Clinical studies performed with γ-oryzanol (Shimomura et al., 1980; Arai et al., 1987; Ishihara et al., 1982) 

Study 

design 

 

Subject details Treatment 

details 

Endpoints Key outcomes 

 

Adverse 

drug 

reactions 

Controlled, 

crossover, 

1 day 

 

n=7 (both sexes) 

Aged 20-45 years. 

Patients with 

primary 

hypothyroidism 

Oral; 300 

mg (single 

dose) 

 

T4-I, T3 and 

TSH 

 

25% reduction in serum 

TSH at 2-4 h post-dose, 

possibly by a direct 

action on the 

hypothalamus 

None 

reported 

Controlled, 

crossover, 

1 day 

 

 

n=7 (both sexes) 

Aged 20-45 years 

Patients with 

primary 

hypothyroidism 

Oral; 300 

mg (single 

dose) and 

TRH (500 

μg; i.v.) 

TSH No significant 

differences 

 

None 

reported 

Study of the endurance activity and ergogenic effect of selected Indian medicinal plant in laboratory animals  Page 48 
 



Review of literature  
 

Controlled, 

7 days 

 

n=8 (both sexes) 

Aged 20-45 years 

Patients with 

primary 

hypothyroidism 

 

Oral; 300 

mg/day 

Serum TSH  Unclear None 

Reported 

Open 

labeled, 4 

weeks,  

n=19 (sex unclear) 

Aged 25-74 years 

 

Oral; 300 

mg/day 

 

Serum gastrin, 

frequency of 

symptoms 

Serum gastrin 

 “75% effective” in 

symptom reduction 

 

None 

Reported 

Controlled 

4 weeks,  

 

n=13 (sex not 

stated); Patients 

with chronic 

gastritis 

 

Oral; 300 

mg/day 

 

Serum gastrin, 

secretin, 

glucagon, 

catecholamines 

prolactin, 

cortisol. 

Reduced serum gastrin  

 

None 

Reported 
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Open 

labeled, 

8 weeks 

n=40 (sex not 

stated) 

experiencing 

aging syndromes 

and with 

climacteric 

disturbance 

Oral; 

300 mg/day 

Effect on 

climacteric 

disturbance 

 

90% cases improved 

Significantly reduced TC 

and TG, 

Increased HDL-C in 

hyperlipidemia 

lipid peroxides recovered 

None 

Observed 

Open 

labeled, 

8 weeks 

 

n=40 (females) 

Aged ≥40 years 

Patients with 

climacteric 

disturbances 

 

Oral; 

300 mg/day 

in 3 divided 

doses 

 

Serum lipids, 
serum lipid 
peroxide, 
frequency of 
menopausal 
symptoms, 
menopausal 
index, liver 
enzymes, 
haematology 

Reduced serum lipid 

peroxides (31%; week 

4), 

Reduction in 

symptoms (75-100%) 

Reduced menopausal 

Index (improvement) 

in 34/40 

Reduced TG (14%) 

None 

Observed 
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Open 

labeled, 

4 weeks 

 

n=24 (sex not 

stated) 7 patients 

with gallstones, 3 

with 

hyperlipidemia and 

10 normal subjects 

 

Oral; 

600 mg/day 

 

Serum AI, 

lipids 

 

Reduced serum 

apolipoprotein A-I 

Not stated 

  

TRH: Thyrotropin-releasing hormone; TSH: Thyroid-stimulating hormone; T3: triiodothyronine; T4: thyroxine 
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2.5.6. Miscellaneous uses  

OZ is used as a sunscreen agent on account of its protective role in 

ultra-violet (UV)-light induced lipid peroxidation. OZ is capable of 

stimulating hair growth and prevent skin aging by accelerating the cell 

differentiation and reducing the wrinkles in aged women, thereby 

protecting them from oxidative damage. Solubilization of OZ into 

medicinal drinks serve as revitalizing tonics and is achieved by using 

sucrose fatty acid ester and ethoxylated hydrogenated castor oil (Patel 

and Naik, 2004).  
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2.6. Animal Models – 

2.6.1. Why study exercise? 

Exercise is a multifactorial activity that affects virtually every organ 

and tissue in the body. Not only does exercise contribute many health 

benefits, but lack of exercise is implicated in many chronic health 

problems. As evidence continues to accumulate concerning the 

impressive range of health benefits that exercise confers (Baldwin, 

2000; Booth et al., 2000), biomedical researchers have increasingly 

become interested in conducting systematic studies of exercise to 

further define those benefits.  

As improved medical treatments add years to our lives, growing 

populations of citizens face health problems associated with aging. For 

instance, obesity poses many risks, including an increased likelihood 

of developing diabetes, hypertension, cardiovascular disease, and 

muscular-skeletal disorders. The 2005 Dietary Guidelines for 

Americans urged all Americans to engage in 30 to 90 minutes of 

physical activity daily (Health and Services, 2005). Although many 

problems related to aging and obesity is clearly mitigated through 

exercise, these problems also make even modest bouts of exercise 

difficult to accomplish. These facts underscore the importance of 

learning how exercise contributes to health and of understanding as 

precisely as possible the duration and intensity of exercise needed to 

yield those benefits. 
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2.6.2. Why use animals to study exercise? 

Most experimental paradigms involving the effects of exercise address 

its impacts on intact organisms, and some exercise research studies 

are most effectively conducted with human subjects. However, for 

other exercise studies, the use of human subjects is neither feasible 

nor desirable because these studies would involve studying humans 

throughout their lifetimes, which is impractical, or performing 

invasive procedures, which is unethical. Experimental protocols that 

use animal subjects are therefore developed when it would not be 

appropriate to use human subjects for studies of exercise’s impact. 

Importantly, some exercise research is done with animals because it is 

intended to further our understanding of the biology of the animals 

themselves as well as to improve the health of animals (Kregel et al., 

2006).  

2.6.3. Stress and Exercise 

Acute activation of the sympathetic nervous system and the 

hypothalamic-pituitary-adrenal (HPA) axis is a common, adaptive, and 

potentially necessary feature of exercise training. These physiological 

changes are often described as a stress response. There is a large 

body of literature indicating that acute and regulated activation of the 

stress response facilitates many aspects of the fight-or-flight response. 

Stimulation of the sympathetic nervous system and the HPA axis, for 

example, increases blood pressure and blood flow to active muscle, 

decreases blood flow to digestive organs, mobilizes energy production 

and utilization, and potentiates some aspects of the immune 

response. The difficulty for physiologists with respect to exercise 

protocols is that chronic or prolonged activation of the stress response 

can adversely affect animal well-being and confound interpretation of 
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the outcome variables of interest. For instance, chronic stimulation of 

sympathetic nervous system and HPA responses can directly increase 

vascular stiffness, suppress the immune system, decrease viral 

resistance, induce ulcers, and damage areas of the brain (Campisi et 

al., 2003). 

A fundamental issue for exercise studies involving animals is selection 

of an exercise protocol that will produce the desired physiological 

changes or adaptations without producing the confounding negative 

consequences of a nonspecific or chronic stress response. Making this 

determination can be difficult. In most cases, the investigator must 

choose an exercise protocol that balances the positive and negative 

physiological consequences (Freeman et al., 2001). 

2.6.4. Treadmill Running in Rats 

2.6.4.1. Rationale for the use of this exercise modality 

Treadmill running has the distinct advantage over other forms of 

exercise, including spontaneous wheel running and swimming, that 

the total amount of external work done by the rat can be easily 

calculated. In addition, if the metabolic rate (oxygen uptake and 

carbon dioxide production) of the animal is determined during both 

submaximal and maximal exercise workloads, efficiency can be 

calculated and the responses to acute exercise can be defined relative 

to the rat’s maximal aerobic power (VO2max). Another advantage of 

treadmill running is that the investigator can control both exercise 

intensity and duration. This enables the investigator to closely 

examine the factors contributing to exercise performance while the 

rats perform under well-defined experimental conditions. The 

treadmill exercise modality also allows for the determination of 

kinematics (e.g., easy to videotape, more consistent locomotion) more 

readily than other exercise modalities. This animal model also allows 
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investigators to examine the determinants of exercise performance 

with invasive techniques in both acute and chronic exercise settings 

(Bedford et al., 1979; Brooks et al., 1984; Brooks and White, 1978). 

Although there are many advantages of using treadmill running in 

rats, this exercise modality does possess a number of disadvantages 

compared with other forms of exercise. For example, treadmill running 

may be construed as a form of forced exercise in which the animal 

does not have a choice of participating in the activity. Because of this, 

noxious stimuli (e.g., electric shock and bursts of high-pressure air) 

may be needed to motivate the animals to exercise. As a result, this 

exercise modality does not represent the normal physical activity 

patterns of the domesticated or nondomesticated rat. Rats may also 

display a normal type of “stop and go” running activity on a treadmill. 

This type of running behavior primarily occurs in naive rats when they 

are first exposed to treadmill running. However, this type of “stop and 

go” running behavior may disappear with repeated bouts of exercise, 

as the rat becomes familiar with the activity (Kregel et al., 2006). 

Another concern is that rats participating in treadmill running studies 

may risk developing certain injuries (e.g., breaking toenails or injuring 

their paws). Many of these injuries can be avoided by trimming the 

rat’s toenails and/or applying a small amount of cyanoacrylate (i.e., 

superglue) to its cuticle. Constant surveillance of the animals is 

necessary to prevent injury. Because treadmill running is a form of 

forced exercise, it may require aversive stimuli to keep the animal 

running. An additional consideration is that commercial treadmills 

can be expensive and may not provide the flexibility in treadmill 

design (e.g., speeds and grades) needed for certain experimental 

protocols (Kregel et al., 2006). 
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2.6.4.1. Appropriate use of this modality 

2.6.4.1.1. Treadmill design - The design of the equipment is 

important because it influences the animal’s running behavior and, as 

a result, may determine the success or failure of an exercise study. 

Accordingly, recommendations are provided based on data from the 

literature regarding treadmill specifications to increase an 

experiment’s likelihood of success. Rats running on the treadmill 

must be able to maintain good traction while walking or running, to 

prevent slipping (Rubin and Mickle, 1982). The surface of the 

treadmill belt should not be porous and should be soft enough to 

minimize toenail and foot problems that may arise from daily bouts of 

exercise training. Most treadmill belts consist of smooth rubberized 

surfaces that are easy to clean and disinfect. These types of belts 

usually wear well, with minimal breakage, and rarely need to be 

replaced during the lifetime of the treadmill. Because the treadmill is 

motor driven, the investigator should make sure that the motor can 

produce a wide range of revolutions per minute (rpm) to provide a 

significant range of treadmill speeds. Rats can and will run in excess 

of 70 m/min (Musch et al., 1991), and therefore the investigator also 

needs to make sure that the treadmill’s maximum speed is sufficient 

for the planned studies. One common problem with some 

commercially built treadmills is that even though their motors have 

the rpm range needed for the study the motors may not possess 

enough horsepower to maintain the rpm needed when a significant 

load is added to the treadmill belt. This problem can arise when 

investigators want to measure a rat’s metabolic rate and add a 

Plexiglas chamber to sit and slide on the treadmill belt as the animal 

exercises (Brooks and White, 1978). Therefore, the motor must have 

enough horsepower to handle the extra weight without affecting 
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treadmill performance. The natural running behavior of naive rats 

(who have not been exposed to treadmill running) includes periods of 

stopping and sniffing (Wisløff et al., 2001). Because of this type of 

“stop and go” running behavior, the length of the treadmill belt and 

the amount of room the rat is given to run are important. Wisloff and 

colleagues developed and used a treadmill with running lanes that 

were 70 cm in length, allowing rats to avoid unnecessary contact with 

an electrical grid placed at the rear of each lane (Wisløff et al., 2001). 

By comparison, Bedford and colleagues used a treadmill belt length of 

39 cm, but the treadmill was housed in a metabolic chamber such 

that oxygen uptake (VO2) and carbon dioxide production (VCO2) could 

be measured while the animals ran at varying speeds and grades. 

Their results suggest that a treadmill belt length of 39 cm is long 

enough for most experimental purposes. Longer treadmill belt lengths 

accommodate some degree of “stop and go” running behavior, as well 

as minimizing the animal’s contact with aversive stimuli placed at the 

rear of the treadmill lane (Bedford et al., 1979). 

Treadmills used with rats should be equipped with some type of 

mechanical device that enables the investigator to set the treadmill 

belt to an upward and/or downward incline. In most studies, rats are 

required to run up grades of 0 to 20%. However, rats can run up 

inclines of 30° or grades of 35% and down inclines of 16°. The ability 

to change treadmill grade along with speed enables the investigator to 

increase or decrease exercise workloads to varying degrees. Moreover, 

these two factors affect the recruitment pattern of the hindlimb 

musculature during locomotion, which could be important to the 

investigation at hand (Wisløff et al., 2001). 

Many treadmills are equipped with electric grids at the rear of the 

treadmill lanes that provide an aversive stimulus to keep the animals 
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exercising. The electric grid should be noxious enough (i.e., high 

enough voltage) to provide a significant incentive to keep the rat 

exercising, but at the same time it should not harm the animal. If 

excessive electric shock (e.g., more than four times a minute) must be 

delivered to the animal to elicit compliance with the exercise intensity, 

the investigator should seriously consider decreasing the exercise 

workload. If this approach is unsuccessful in maintaining compliance 

at any exercise intensity, the animal should be removed from the 

study. Both metal prod and grid designs are effective in keeping the 

animal running. Metal prods or grids have a variable power source, 

and 10 to 30 volts of electricity is sufficient to motivate the animals to 

run. Electric grids used with rats running on a treadmill should 

consist of an electric source of very low amperage (0.5 amps). 

Moreover, the amount of voltage delivered to the grid should be kept to 

the minimum needed to keep the animal running. Bedford and 

colleagues used an electric grid that contained 12 separate 2.5-mm-

diameter steel electrodes spaced 1 cm apart. If the rat ventured to the 

rear of the treadmill and actually stepped off the belt and onto the 

grid, it was subjected to an electric shock (Bedford et al., 1979).  

2.6.4.1.2. Familiarization with treadmill running – 

Although rats are excellent runners in open territory, getting them to 

walk or run on a motorized treadmill can be challenging. In fact, as 

many as 10% of the rats purchased from commercial vendors refuse 

to walk or run on a treadmill, and these animals must be removed 

from exercise studies. To minimize the number of rats classified as 

“nonrunners,” investigators should introduce the rats to treadmill 

exercise gradually. Familiarization will help the animals become 

proficient runners and minimize the potential for foot injuries that can 

occur with chronic exercise training. Foot injuries should be evaluated 
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and treated under the supervision of a veterinarian. If a rat’s foot 

injuries persist for more than a few days, the animal should be 

removed from the daily training regimen to permit recovery. After 

being deemed healthy by the veterinarian, the rat may be returned to 

the exercise training requirement (Koch and Britton, 2001). 

Familiarizing rats with treadmill running can take as little as 5 days 

or as long as 2 weeks. During the familiarization period, the rat 

becomes proficient at exercising within a confined treadmill lane. Most 

investigators use repeated bouts of short-duration exercise (usually 5 

min per session or less) and varying speeds to ensure that the rats 

become excellent runners. The frequency and duration of these 

running sessions must be kept to a minimum to avoid a significant 

heat shock protein (stress) response or an aerobic training effect 

(Dudley et al., 1982).  

The use of a positive reinforcement during the period of familiarization 

can be effective in producing extremely proficient runners. Wisloff and 

colleagues rewarded each rat with 0.5 grams of chocolate at the 

conclusion of each exercise session and found that rats typically 

jumped out of their transfer cages and onto the treadmill after 2 

weeks of familiarization. When these investigators used this type of 

positive reinforcement, they found that none of the rats had to be 

excluded because of noncompliance. Moreover, they found that the 

amount of shock stimuli needed to keep the rats running was 

minimized in these well-conditioned animals. However, the use of food 

(especially high-calorie or high-fat foods) as a positive reward may not 

be warranted in some investigations that pertain to diet issues  

(Wisløff et al., 2001). 
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2.6.4.2. Factors influencing performance  

2.6.4.2.1. Measuring exercise performance - Typically, investigators 

assess exercise performance or fitness in rats running on a treadmill 

by assessing VO2max (oxygen uptake maximum) or endurance 

capacity. Assessing VO2max requires the use of a plastic chamber or 

mask to determine the animal’s metabolic rate. To evaluate endurance 

capacity, an animal is run to the point of fatigue under carefully 

controlled experimental conditions. This test is usually performed at 

designated submaximal workloads (Bedford et al., 1979; Brooks et al., 

1984; Brooks and White, 1978).  

Measurement of VO2max - VO2max for rats running on a motorized 

treadmill is normally defined as the point at which VO2 does not 

increase, even though further increases in external workload are 

imposed on the animal (Shepherd and Gollnick, 1976). Some 

investigators use progressive exercise tests to meet these criteria. 

However, others report that the rat’s peak VO2 response (VO2peak) 

produces results similar to those found when the more strictly defined 

criteria are applied. Although the more strictly defined criteria can be 

used for measuring VO2max, the rat can perform an additional 

abbreviated maximal exercise test 48 hours after the initial exercise 

test. This abbreviated maximal exercise test is used for two reasons. 

First, it ensures that a true VO2max is measured for each animal, and 

second, it minimizes the possibility that the rat reaches the point of 

fatigue before achieving its true VO2max. An abbreviated maximal 

exercise test also minimizes the possibility that other environmental 

factors could affect the rat’s ability to perform on the treadmill (e.g., 

high ambient temperatures) (Heaps et al., 2001). 

One factor that will affect VO2max is the acute instrumentation of the 

animal. Many investigators acutely instrument rats with cannulas 
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surgically inserted into the carotid artery or the jugular vein. As 

demonstrated by Flaim and colleagues, if the surgery is performed 

with a short-acting inhalant anesthetic such as halothane, the animal 

will demonstrate stable cardiac and circulatory hemodynamics along 

with normal arterial blood gases and acid base parameters during a 1- 

to 6-hour recovery period. Moreover, these rats will commonly display 

behavior that appears to be indistinguishable from that found in 

noninstrumented counterparts. The acute instrumentation by itself, 

however, will produce a significant reduction in VO2max (Hilty et al., 

1989). 

2.6.4.2.2. Measurement of endurance capacity - Most tests 

examining the endurance capacity of rats require the animal to run on 

a motorized treadmill at a submaximal work rate until it reaches the 

point of fatigue, which is generally defined as the inability to keep 

pace with the treadmill. However, the animal’s running style will 

change over time, with a gradual lowering of the hind haunches as the 

rat becomes fatigued. When the rat is unable to keep pace with the 

treadmill even after repeated application of aversive stimuli, the 

investigator should remove the animal from the treadmill. Fatigue can 

be determined by checking whether a rat placed on its back shows a 

diminished or slowed righting reflex  (Wisløff et al., 2001).  

The endurance capacity of the rat is tightly coupled to the glycogen 

concentrations found in both the liver and skeletal muscle of the 

resting animal. Furthermore, because liver and skeletal muscle 

glycogen concentrations fluctuate substantially in a diurnal fashion, 

the time of day at which endurance exercise tests are initiated is 

extremely important. Food deprivation will significantly reduce both 

liver and skeletal muscle glycogen concentrations. In fact, 24 hours of 

fasting will reduce muscle glycogen concentrations by 30–40%, 
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whereas it will nearly deplete the glycogen stores in the liver. 

Therefore, testing in the fed or fasted state will significantly influence 

the rat’s exercise performance. Chronic instrumentation will also 

affect the rat’s endurance capacity by affecting the animal’s liver and 

diaphragm glycogen stores. In this regard, Moore and colleagues 

found that surgically instrumenting rats with an aortic cannula 

decreased both liver and diaphragm glycogen concentrations. These 

investigators also found that both liver and diaphragm glycogen 

concentrations remained depressed until the food intake of each 

animal returned to presurgical levels. Therefore, the food intake of the 

rat should be measured both before and after surgery, and endurance 

exercise tests should not be performed until the food intake returns to 

presurgical levels (Moore et al., 1988). 

The last factor that can influence the exercise performance of the rat 

is the environmental temperature. When rats are required to perform 

exercise in a hot environment, their endurance capacity is clearly 

reduced compared with animals performing in either thermoneutral or 

cold environments. This reduction in exercise performance is related 

to the rat’s inability to attain a thermal balance because of significant 

thermal loads during exercise in the heat. Subsequently, rats running 

in the heat increase both body core and hypothalamic temperatures to 

the point where they cannot continue to exercise. Therefore, the 

investigator should make sure that all exercise tests are performed in 

a thermoneutral environment. Placement of an electric fan in front of 

the rat may be used to help the animal dissipate heat, as rats do not 

use sweating as a thermoregulatory mechanism (Walters et al., 2000). 

2.6.5. Effect on the physiological status of the animal – 

Running on a motorized treadmill will increase the metabolic rate of 

the rat in a quantifiable manner relative to the animal’s VO2max and 
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to the external workload being performed. Treadmill running imposes 

potent metabolic stress on the animal, requiring significant increases 

in oxygen delivery to the working skeletal muscle in both a work 

intensity and a time-dependent fashion. Chronic exercise training on 

the treadmill increases the rat’s VO2max and leads to adaptations in 

both the cardiovascular and skeletal muscle systems. Furthermore, 

these training-induced adaptations are associated with large increases 

in the endurance capacity of the animal (Davies et al., 1981). 

 

2.6.6. Swimming in Rats - 

2.6.6.1. Rationale for the use of this exercise modality – 

Swimming can be used to identify the physiological, biochemical, and 

molecular responses to acute exercise stress and the adaptations to 

chronic exercise training. Swimming requires less expensive and less 

elaborate equipment than treadmill running and spontaneous wheel 

exercise, although the investigator must carefully select the container 

in which the rats will swim, as well as the temperature and depth of 

the water. In addition, swimming can provide a more uniform type of 

physical activity when performed appropriately (e.g., it does not 

necessarily involve “stop and go” activity such as that found with 

treadmill running). Finally, compared to treadmill running and 

spontaneous wheel exercise, swimming has the advantage of not 

causing foot injuries, so it may be less physically traumatic to the 

animal (Jones et al., 2003). 

One distinct disadvantage of swimming is that some animals will not 

demonstrate continuous swimming behavior but will resort to diving 

or bobbing behavior. These responses may be construed as escape or 

survival strategies that the rat uses to avoid the stressful possibility of 

drowning. Therefore, these types of behavior can confound the 
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interpretation of results by introducing intermittent bouts of hypoxia. 

The investigator can minimize these effects by making sure that the 

water is deep enough to minimize and/ or eliminate these types of 

behavior. However, if the unacceptable diving and bobbing behaviors 

cannot be eliminated, the investigator must seriously consider 

removing these animals from further study. 

2.6.6.2. Appropriate use of this modality 

2.6.6.2.1. Water tank design - The size and the shape of the tank 

used for the swimming regimen may influence the rat’s exercise 

performance. Round tanks are a better choice than square tanks, 

because animals cannot hang in the corners and reduce their 

swimming intensity. The tank should be deep enough to eliminate 

bobbing, and the distance from the waterline to the top of the tank 

should be great enough to prevent the rats from pulling themselves up 

and out of the water. Finally, the tank should provide a sufficient 

water surface area for the animals to swim. Water surface areas in the 

~1,000– 1,500 cm2 range appear to be appropriate. Whether rats swim 

in tanks with clear or opaque sides does not appear to influence 

performance. However, if the rats swim to the point of fatigue, opaque 

sides reduce the variability within and between animals (McARDLE 

and Montoye, 1966). 

2.6.6.3. Swimming behaviors - Swimming behaviors of rats are not 

uniform. They must swim continuously for this exercise modality to be 

appropriate for applying exercise stress. Other types of swimming 

behavior—including floating, climbing, diving, and bobbing—are not 

appropriate for either acute or chronic exercise studies because these 

behaviors typically induce hypoxia. Therefore, investigators should 

ensure that rats swim continuously by using the techniques described 

below. If the rats engage in other swimming behaviors and these 
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cannot be prevented, investigators must remove these animals from 

the study to prevent factors other than exercise from confounding the 

interpretation of the results. 

2.6.6.3.1. Continuous swimming - Continuous swimming involves 

continuous movement of the rat’s forelimbs and hindlimbs while 

maintaining its snout above the waterline. Both the forepaws and 

hindpaws remain submerged while the animal exercises, but 

sometimes its head may submerge slightly for a very short period of 

time. Continuous swimming can involve mild exercise when rats swim 

without weights attached to their tails, and it can involve moderate to 

heavy exercise when weights are attached to their tails. Continuous 

swimming produces significant recruitment of both the forelimb and 

hindlimb muscles  (Jasmin and Gardiner, 1987; Grossman et al., 

1998), although the pattern of recruitment may differ from that which 

occurs with treadmill running, based on glycogen depletion and 

skeletal muscle blood flow studies. Finally, rats do not become 

hypoxic when they swim continuously. Five types of swimming 

behavior have been described in the literature, including floating, 

continuous swimming, climbing, escape behavior in the form of diving, 

and bobbing (Detke and Lucki, 1995).  

2.6.6.3.2. Floating - Rats can swim continuously in nonturbulent 

isothermal water for as long as 60 hours (Richter, 1957). However, 

whether or not the rats swim continuously is unknown because these 

animals can float. Rats will create a significant amount of turbulence 

in the water, and in the process trap air bubbles within their fur, 

thereby increasing their buoyancy. In fact, investigators have noted 

that some rats can increase their buoyancy so much that they will 

actually fall asleep as they float in the water. Therefore, one must 

control the amount of air trapped in the fur to avoid the floating type 
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of behavior. Several tactics can be used to reduce floating. Some 

investigators shave the animals before letting them begin swimming. 

In addition, adding a small amount of detergent to the animal’s fur or 

the water while agitating the water continuously seems to make it 

impossible for the rat to float. Finally, adding weight to the animal’s 

tail can counteract the increased buoyancy produced by the trapping 

of bubbles in the animal’s fur (Mcardle and Montoye, 1996). 

2.6.6.3.3. Climbing- Climbing behavior is very similar to continuous 

swimming except that the forepaws and forelimbs of the rat break the 

water’s surface in a rhythmic fashion. This behavior is part of the 

“escape behavior” of naive animals (those new to swimming) early on 

during a swimming bout, and it tends to disappear as animals become 

familiar with swimming or they are trained in this type of exercise. If 

the rat continues to climb for any length of time during an exercise 

bout, it is likely to become fatigued quickly. Putting the rats in round 

tanks with large surface areas and keeping a fair amount of space 

between the water level and the top of the tank tends to reduce 

climbing (Detke and Lucki, 1995). 

2.6.6.3.4. Diving - Naive swimmers usually dive in an effort to escape 

from the water. At first, rats try to climb out of the water tank. When 

this fails, some rats dive under the water to try to find an escape 

route. Thus diving has been categorized as part of the “escape 

behavior” that a rat will display during the early part of a swimming 

regimen. As the rats learn that no escape route is available, they tend 

to stop diving and climbing. Behavioral scientists at first described 

this adaptation as “learned helplessness”, although more recent 

studies suggest that the rat learns to reduce both diving and climbing 

activities to conserve energy  (Bruner and Vargas, 1994). 
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2.6.6.3.5. Bobbing - Rats swimming in relatively shallow tanks learn 

to sink to the bottom to rest and push off to return to the water’s 

surface to breathe. In fact, some rats begin this strategy within 20 

minutes of swimming in a 51-cm-deep water tank. This type of 

swimming behavior, known as bobbing, seems to be a type of survival 

strategy used to conserve energy. Rats that swim continuously have 

been found to perform at a rate of 3 metabolic units (METs - metabolic 

equivalent of task), whereas rats that bob perform at 2 METs. When 

they bob, rats may spend as much as 60% of their total swimming 

time submerged, and they become hypoxic. It is clear that this type of 

activity should not be considered exercise. Rats tend to bob when they 

swim in water that is 50 cm deep or shallower. To reduce bobbing, 

rats should be placed in water tanks that are at least 100 cm deep or 

weights should be added to the base of their tail and the water should 

be constantly agitated. Making the water so deep those rats cannot 

reach the bottom of the tank while holding their breath can eliminate 

bobbing behavior. Under these circumstances, rats usually swim 

continuously until fatigue sets in or the exercise session is terminated 

(Sturek et al., 1984). 

2.6.6.4. Measuring workload - As with treadmill running, the 

workload of the swimming rat can be clearly defined in terms of the 

animal’s maximal heart rate (HRmax) response or VO2max, if the 

technology is available. However, it is technically more difficult to 

measure these parameters in the aquatic environment. VO2 must be 

measured only when rats are swimming continuously to accurately 

reflect the animal’s metabolic rate (Sturek et al., 1984).  

2.6.6.5. Factors influencing performance 

2.6.6.5.1. Environmental factors - Swimming performance in the rat 

is substantially influenced by water temperature. Accordingly, when 
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the water is much warmer than the rat’s core temperature (i.e., 42°C 

or greater), the animal becomes hyperthermic, its exercise 

performance diminishes greatly, and death may ensue. In contrast, 

when the water is significantly cooler than the rat’s core temperature 

(i.e., 20°C or lower) the animal becomes hypothermic, its exercise 

performance is greatly reduced, and death may ensue. If the water 

temperature is maintained slightly lower than the animal’s core 

temperature (i.e., between 33 and 36°C), the rat can maintain its core 

temperature throughout the exercise bout. Moreover, rats swimming 

in water at this temperature range do not experience decrements in 

various cardiovascular parameters (e.g., cardiac output, heart rate, 

mean arterial pressure) that could influence exercise performance 

(Dawson et al., 1968). 

2.6.6.5.2. Exercise intensity - Exercise intensity can vary 

significantly depending on the type of swimming behavior displayed by 

the animal. Furthermore, if the rat maintains a continuous swimming 

behavior, the addition of weight to its body or tail will increase 

exercise intensity substantially. To increase the exercise intensity of 

the swimming rat, investigators may add weight to the animal’s body 

or tail (usually the tail). The amount of weight added is usually based 

on total body weight and should not be so great as to submerge the 

animal. Moreover, the amount of weight added must still allow the rat 

to swim continuously (LeBlanc et al., 1982).  

2.6.7. Effect on the physiological status of the animal – 

Swimming is different from treadmill running or spontaneous wheel 

exercise in that the form of locomotion and the muscles used produce 

significantly different muscle recruitment patterns and exercise 

intensity. Although rats use similar stride frequencies when running 

and swimming, the ankle and leg extensor muscles are more heavily 
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involved during running, whereas the ankle and leg flexor muscles are 

recruited more heavily during swimming. Even though the range of 

motion in the hip region of the rat is similar during running and 

swimming, swimming produces a greater range of motion in both the 

knee and ankle joint regions than running. As a result, muscle 

recruitment patterns may affect the effort and intensity of exercise 

performance. These differences between the biomechanics of running 

and swimming in the rat may also be found in other species.  

With treadmill running, the workload that each animal performs can 

be clearly defined within the context of the animal’s maximal heart 

rate (HRmax) response or the animal’s VO2max, if the technology is 

available. Similarly, during swimming the workload can be defined 

within the realm of the animal’s HRmax and/or VO2max, although it 

is more difficult technically to measure these parameters in the 

aquatic environment. VO2 must be measured when continuous 

swimming is displayed in order to accurately reflect the metabolic rate 

of the animal (Gruner and Altman, 1980). 
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3. Need of work 

3.1. Origin of the research problem 

Sport medicine is coming as a major branch of medical sciences. 

There are various aspects of requirements of drug/medicine by the 

sport person. Broadly they can be divided into two major categories  

i. Treatment  

ii. Prophylactic use  

Emergency medicine services are required for the treatment injuries 

such as fractures, wounds and tennis elbow etc. for which analgesics, 

local anaesthetics by spray/ointment/tablets are available. 

In the second category of prophylactic medicine, the sportsmen are 

tempted to use drugs advised by the medical practitioners or self 

medication. WADA has published a list of such agents. Anyone using 

them is severely penalized. Anabolic steroids and amphetamine are 

used to improve endurance and muscle strength. As the use of such 

agent is banned there is need of the development of the alternatives 

which do not have doping effect on the user at the same time they 

improve the strength, performance endurance capacity of the 

sportsmen. 
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In India, large number of the food materials like almond, ghee, dates 

and milk are included in the diet of the wrestlers for body building. 

Traditional Indian medicinal plants have a great potential of serving a 

useful purpose without being labeled as doping agent. 

3.2. Review of Research and Development in the Subject: 

3.2.1. Internationally status:  

 The proposed research work has interdisciplinary relevance to the 

subjects of physiology especially emerging branches as sports 

physiology and medicine. It is the need of the time to develop medicine 

from Indigenous plants which can be safely and effectively used by 

Indian athletes, wrestlers and other sports personnel for standing in 

the competition for the forthcoming events. It is generally felt that our 

players have short comings related to endurance/stamina compared 

to that of others. This is evident in marathon races, weight lifting, and 

wrestling and other activities. 

3.2. National Status:  

Currently the diet of Indian athlets consists of vegetarian food 

supplemented by non-vegetarian preparation. Looking at the 

performance of our athletes compared to that of others for e.g. China, 

there is a need of the improvements in endurance and skills. The diet 
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of our athletes is different than the fellow competitors. Improvisation 

of diet by the addition of herbal medicines is need of the time. 

Synthetic drugs cannot be used to improve the performance because 

of ban put by world anti-doping agency. 

3.3. Significance of the Study:  

Before the advent of synthetic drugs herbs were used by sportsmen to 

enhance physical performance. Recent interest in the use of herbs like 

Ginseng from various countries, ephedra, ashwagandha, rhodida, 

yohimbine, fungus, shilajit and many more has resulted in their use 

to enhance such effect. Improvement in muscular strength, maximal 

oxygen uptake work capacity, fuel homeostatic, serum lactate, heart 

rate, visual and auditory reaction times, alertness and psychomotor 

skills have been documented with Asian ginsengs. Siberian ginseng 

has shown mixed reactions. Combinations with caffeine are required 

for mahuang, ephedrine and others. Other herbs remain virtually 

unexplored. 

In this context it is necessary to develop animal models for evaluation 

of ergogenic actions of herbs for physical performance. 
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3.4. Its potential contribution to knowledge in the field of social 

relevance or national importance –  

There is paucity of research work on the plants which can have 

beneficial effects in sports personnel without attracting the stigma of 

doping. It is therefore necessary to evaluate the effect of plants in 

animals and study their efficacy and safety before recommending for 

human use. In this context, it is noted that the genetic makeup, 

dietary habits, socioeconomic conditions play a very important role in 

the physical and physicochemical make up of the player. This 

research will open a new avenue in the field of scientific research in 

the field of sports medicines. 
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4. Aim and objectives 

4.1. Aim: 

The aim of the present work was to carry out phytochemical and 

pharmacological investigation of selected plant for ergogenic effect and 

endurance activity in animals. The medicinal plant was selected by 

carrying out literature survey of plant mentioned for ergogenic effect 

and endurance activity in traditional system of Indian medicine. 

Based on the literature survey Moringa oleifera Lam.  and γ-oryzanol 

from Indian variety rice  bran were selected for the study. 

 

4.2. Objectives: 

 

4.2.1. Part A: (Endurance activity of Moringa Oleifera and γ-

oryzanol ) 

1. To procure and authenticate the whole plant Moringa Oleifera 

Lam. 

2. To prepare two extracts of leaves of Moringa oleifera Lam of 

different polarity, petroleum ether extract of leaves of Moringa 

oleifera and hydro-alcoholic extract of leaves of Moringa oleifera. 

To prepare petroleum ether extract of Indian variety rice bran 

(Indrayani rice). 

3. To carry out preliminary qualitative phytochemical analysis of 

all the three extracts. 

4. To carry out acute oral toxicity studies of all the three extracts 

as per Organization for Economic Co-operation and 

Development (OECD) guidelines no. 425 in mice. 

5. To investigate endurance activity of two extracts of Moringa 

oleifera and γ-oryzanol using treadmill running endurance 

activity in rats. 
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4.2.2. Part B: (Isolation and characterization) 

1. To perform liquid-solid separation chromatography of most 

active extract to prepare various fractions. 

2. To develop and validate High Performance Thin Layer 

Chromatography method by using ICH-guidelines for standard 

γ-oryzanol.  

3. To compare all the fractions with standard γ-oryzanol by using 

thin layer chromatography (TLC) and band which is showing 

same/matching Rf will be pooled together.. 

4. To isolate compound by preparative TLC technique from most 

active pool. 

5. To characterize the isolated compound by IR, 1H-NMR, 13C-

NMR, DEPT, COSY, HMBC, HSQC, NOESY and MS.  

6. To determine structure of isolated compound. 

7. To carry out docking studies of isolated compound on the active 

sites of various genes. 

 

4.2.3. Part C: (Endurance activity and ergogenic effect of isolated 

compound) 

1. To evaluate the endurance activity and ergogenic effect of 

isolated compound using treadmill running test and swimming 

endurance test model in rats and to unravel its mechanism of 

action. 
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5. Plan of work 
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6. Materials and Methods 

6.1. Extraction of plant material 

6.1.1. Materials  

6.1.1.1 Plant materials 

Leaves of Moringa oleifera Lam. (family- Moringaceae) were collected from 

Medicinal and Aromatic Plant Garden of Mahatma Phule Krishi 

Vidyapeeth, Rahuri of Ahmednagar district, Maharashtra, in months of 

May-July. 

Rice bran was obtained as gift sample for the purpose of academic 

research from Radheshyam Rice and Poha Mill, Pirangut of Pune District, 

Maharashtra.    

The leaves of M. oleifera were dried in shadow and coarsely powdered in 

mixer. 

Identification and authentication of plant material:- 

Conformation of identity and authentication, on the basis of organoleptic 

characters, exomorphology and pharmacognostic study of all plant 

materials was carried out by Dr. Ms. Priyanka Ingle (Scientist B), 

Government of India, Ministry of Environment, Forests and Climate 

Change, Botanical Survey of India, Western Regional Centre, Pune, India. 

The certificates for the authentication were obtained. The voucher 

specimen number was (BSI/WRC/Iden./2016/643) deposited at the 

Poona College of Pharmacy, Pune. 
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Authentication certificate of Moringa Oleifera Lam 

 
Figure 6.1. Authentication certificate of Moringa oleifera Lam. 

Study of the endurance activity and ergogenic effect of selected Indian medicinal 
plant in laboratory animals Page 79 

 



Materials and Methods 
 
Chemicals and reagents: 

Petroleum ether (60-80) (Merck, Mumbai) and ethyl alcohol of laboratory 

grade were purchased from Yash traders, Pune. 

 

Figure 6.2. Leaves of Moringa oleifera Lam. 

 

 

Figure 6.3. Dried leaves of Moringa oleifera Lam. 
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Figure 6.4. Powder of Moringa oleifera Lam. leaves 

 

Figure 6.5. Rice bran   
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6.2 METHODS  

6.2.1 Standardization of plant material: - 

Standardization of plant material was carried out as per the WHO 

guidelines, “Quality Control of Medicinal Plant Materials World Health 

Organization, Geneva (1998)” (Organization, 1998). 

6.2.1.1 Determination of foreign matter:- 

Plant material Sample size 

Leaves, flowers, seeds and fruits 250 g 

 

Weighed quantity of plant material was spread in a thin layer and the 

foreign matter was sorted into groups by visual inspection, using a 

magnifying lens (10x). The remaining sample was passed through No. 

250 sieve; dust was regarded as mineral admixture. The foreign matter 

was weighed and calculated. The content of each group was calculated in 

grams per 100g of air-dried sample. 

6.2.1.2 Determination of ash: - 

The ash remaining following ignition of medicinal plant material was 

determined by three different methods, which measure total ash, acid-

insoluble ash and water-soluble ash.  

Total ash: - 

The 2 g of the ground air-dried material was placed in a previously 

ignited and tared crucible. The material was spread in an even layer and 
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ignited it by gradually increasing the heat to 500-600°C until the colour 

of the material was white which indicated the absence of carbon. The 

crucible was cooled in air and weighed. The carbon-free ash could not be 

obtained in this manner for M. oleifera. The crucible was cooled and 

residue was moisten with 2 ml of water. The residue was dried on a 

water-bath, then on a hot-plate and ignited. The residue was allowed to 

cool in desiccators for 30 min, and then weighed without delay. The 

content of total ash as mg per g of air-dried material was calculated.  

Acid-insoluble ash: - 

To the crucible containing total ash, 25 ml of hydrochloric acid (~70g/l) 

TS, was added. The crucible was covered with a watch glass. The 

contents were boiled gently for 5 min. The watch glass was rinsed with 5 

ml of hot water and this liquid was added to the crucible. The insoluble 

matter was collected on an ashless filter paper and washed with hot 

water until the filtrate was neutral. The filter paper containing the 

insoluble matter was transferred to the original crucible, dried on a hot 

plate and ignited. The residue was allowed to cool in desiccators for 30 

min, and then weighed without delay. The content of acid-insoluble ash 

as mg per g of air-dried material was calculated. 

Water-soluble ash: - 

To the crucible containing the total ash, 25 ml of water was added and 

boiled for 5 min. The insoluble matter was collected on an ashless filter 

paper and washed with hot water and ignited in a crucible for 15 

minutes at a temperature not exceeding 450°C. The weight of this 
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residue in mg was subtracted from the weight of total ash. The content of 

water-soluble ash as mg per g of air-dried material was calculated. 

6.2.1.3 Determination of extractable matter: - 

Hot extraction: - 

The coarsely powdered air-dried material (4 g) was placed in a glass 

stoppered conical flask. The solvent (100 ml) specified for the plant 

material was added and weighed to obtain the total weight including that 

of the flask and allowed to stand for 1 h. A reflux condenser was 

attached to the flask. The contents were boiled gently for 1 h; cooled and 

then weighed. The original volume was adjusted to the original total 

weight with the solvent specified in the test procedure for plant material 

concerned. The flask was shaken and the contents were filtered rapidly 

through a dry filter. 25 ml of the filtrate was transferred to a tared flat-

bottomed dish and evaporated to dryness on a water-bath. The filtrate 

was dried at 105°C for 6 h, cooled in a desiccator for 30 min, and then 

weighed without delay. The content of extractable matter as mg per g of 

air-dried material was calculated.  

For water-soluble extractable matter, water was used as the solvent, for 

ethanol-soluble extractable matter, ethanol (90%) was used as solvent, 

and for petroleum ether extractable matter, petroleum ether (60-80) was 

used as solvent.  

Cold maceration: - 

The coarsely powdered air-dried material (4 g) was placed in a glass 

stoppered conical flask. Macerated with 100ml of the solvent specified for 
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the plant material concerned for 6 h, shaking frequently, then allowed to 

stand for 18 h. It was filtered rapidly taking care not to lose any solvent; 

25 ml of the filtrate was transferred to a tared flat-bottomed dish and 

evaporated to dryness on a water-bath. The filtrate was dried at 105°C 

for 6 h, cooled in a desiccator for 30 min and weighed without delay. The 

content of extractable matter as mg per g of air-dried material was 

calculated.  

For water-soluble extractable matter, water was used as the solvent, for 

ethanol-soluble extractable matter, ethanol (90%) was used as solvent, 

and for petroleum ether extractable matter, petroleum ether (60-80) was 

used as solvent. 

6.2.1.4 Loss on drying: - 

The air-dried material (4 g) was accurately weighed, in a previously dried 

and tared flat weighing bottle. The sample was dried in an oven at 100-

105°C until two consecutive weighing did not differ by more than 5 mg. 

The loss of weight as mg per g of air-dried material was calculated. 

6.2.2 Extraction of plant materials: 

The petroleum ether extract of rice bran to get rice bran oil and 

petroleum ether, and hydroalcoholic extract of M. oleifera, were prepared 

as follow: 

6.2.2.1 Extraction of rice bran oil (RBO): - 

Crude RBO was extracted from rice bran (1 kg) by direct solvent 

extraction method for 24 h using petroleum ether (60-80) as the solvent.  
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Extraction procedure was repeated with same rice bran powder with 

fresh petroleum ether for three times. These three fractions were mixed 

and the extract was concentrated on rotary evaporator to obtain oil. Yield 

was represented as percent yield. 

6.2.2.2 Petroleum ether extract of M. oleifera: - 

Coarsely powdered plant material (500g) was macerated in petroleum 

ether (60-80) (2000 ml) for 48 h, with occasional shaking. Macerate was 

decanted and filtered through cloth and then through filter paper to 

obtain a clear extract. This process was repeated with same volume of 

petroleum ether. Macerates were pooled, transferred to previously 

weighed petridish and evaporated to dryness at room temperature to 

obtain dried extracts. After drying, the petridish was weighed again. Yield 

was represented as percent yield. 

6.2.2.3 Hydro-alcoholic extract of M. oleifera: - 

The plant material remained after petroleum ether extraction, was dried 

in air. The dried plant material was macerated following same procedure 

as described above by using methanol 50 % and water 50% (1:1 v/v) as 

solvent, to obtain dried hydro-alcoholic extract. 

6.2.3 Storage of extracts: - 

The extracted rice bran oil was stored in freeze in tightly closed glass 

bottles. Whereas petroleum ether extract and hydro-alcoholic extract 

were stored in tightly closed glass bottles at room temperature.  
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6.2.4 Phytochemical analysis of extracts: 

6.2.4.1 Test for Carbohydrates: 

Preparation of extract solutions: - Solutions of petroleum extracts were 

prepared in petroleum ether while the hydro-alcoholic extract was 

dissolved in solution containing methanol and water in the proportion of 

1:1 v/v. The final concentration of the resulting solution was 100 mg/ml. 

Molish test:- 

To 2 ml of extract solution 2-3 drops of α-napthol solution in alcohol 

were added, shaken for few min and conc. H2SO4 (1ml) was added from 

the side of test tube. A deep violet colored ring at the junction of two 

layers indicated the presence of sugars. 

Test for reducing sugar 

Fehling’s test: - 

Fehling’s A and B, 1 ml each, was added to the test tube and boiled for 1 

min. To this 2 ml of extract solution was added and heated in boiling 

water bath for 10 min. The appearances of yellow and then brick red 

precipitate indicated presence of reducing sugar. 

Benedict’s test: - 

Equal volume (2 ml each) of Benedict’s reagent and solution of extract 

was mixed in test tube and heated in boiling water bath for 10 min. The 

changes in color to yellow, green or red indicated presence of reducing 

sugar. 
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Test for monosaccharide 

Barfoed’s test: - 

Equal volume (2 ml each) of Barfoed’s reagent and solution of extract was 

mixed in test tube, heated in boiling water bath for 2 min., cooled. The 

appearance of red precipitate showed presence of monosaccharide. 

Test for pentose sugar 

Bial’s test: - 

To the boiling Bial’s reagent, 1ml solution of extract was added. The 

appearance of green or purple color showed presence of pentose sugar. 

Test for hexose sugar 

Selwinoff’s test (for fructose): - 

Salwinoff’s reagent (3 ml) and solution of extract (1 ml) was heated on 

water bath for 2 min. The change in color to red showed presence of 

hexose sugar. 

Cobalt chloride test: - 

Solution of extract (3 ml) and cobalt chloride solution (2 ml) was mixed in 

test tube, boiled for 2 min and cooled. Few drop of NaOH solution was 

added to test tube and observed for the change in color of solution. The 

greenish blue, purpulish or upper layer greenish blue and lower layer 

purpulish indicated presence of glucose, fructose or mixture of glucose 

and fructose respectively. 
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6.2.4.2 Test for proteins: 

Biuret test: - 

To 3 ml of extract solution, 1ml of 4% NaOH and 1ml of 1% CuSO4 was 

added. The change in color of solution to violet or pink indicated 

presence of proteins. 

Million’s test: - 

Solution of extract (3 ml) and Millions reagent (5 ml) was mixed in test 

tube and observed for the appearance of white precipitate changing to 

brick red and gave red color to solution on heating indicating presence of 

proteins. 

Proteins containing tyrosine and tryptophan 

Xanthoprotein test: - 

To the test tube containing solution of extract (3 ml), 1 ml of conc. H2SO4 

was added. The appearance of white precipitate which turn to yellow on 

boiling and orange on addition of ammonium hydroxide (NH4OH) (1ml) 

indicated presence of proteins containing tyrosine and tryptophan. 

Protein containing sulphur: - 

Solution of extract (5 ml), 40% NaOH (2 ml) and 2 drops of lead acetate 

solution was mixed in test tube and boiled for few min. Brownish or 

black color showed presence of protein containing sulphur. 
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6.2.4.3 Test for amino acids: 

Ninhydrine test: - 

Solution of extract (3 ml) and 3 drops of 5% lead acetate solution was 

boiled on water bath for 10 min. The change in color of solution to purple 

or blue indicated presence of amino acids. 

6.2.4.4 Test for tannins and phenols: 

The following reagent was added to the 3 ml of solution of extract. 

5% Ferric chloride (3 ml): - The blue- black color indicated presence of 

tannins or phenols. 

Lead acetate (3 ml): - The occurrence of white precipitate indicated 

presence of tannins or phenols. 

Potassium permanganet (3 ml): - The discoloration of potassium 

permanganet solution indicated presence of tannins or phenols. 

6.2.4.5 Test for glycosides: 

Cardiac glycosides 

Legal’s test:-  

To the extract, 1 ml of pyridine and 1 ml of sodium nitroprusside was 

added. The change in color to pink or red indicated presence of cardiac 

glycosides.  
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Keller-Killani test:-  

1ml of glacial acetic acid, 3 drops of 5% FeCl3 and conc. H2SO4 was 

added to the test tube containing 2 ml of solution of extract and observed 

for the appearance of reddish-brown color at the junction of two layers 

and bluish green in the upper layer indicating presence of cardiac 

glycosides. 

Anthraquinone glycosides 

Borntrager’s test: - 

2 ml of dil. H2SO4 was added to 2 ml of solution of extract, boiled for 5 

min and filtered. To the filtrate equal volume of benzene or chloroform 

was added and mixed well. Organic layer was separated and ammonia 

was added to it. Pink-red colour of the ammonia layer indicated presence 

of anthraquinone glycosides. 

6.2.4.6 Test for saponins: 

Foam test:- 

Extract (5 g) was shaken vigorously with water and observed for 

persistent foam indicating presence of saponins. 

6.2.4.7 Test for flavonoids: 

Shinoda test: - 

To dry extract (5 g), 5 ml of ethanol (95%), few drops of HCl and 0.5 g 

magnesium tunings were added. The appearance of pink color showed 

presence of flavonoids. 
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6.2.4.8 Alkaloids: 

To the dry extract (10g) dilute HCl was added and then it was shaken 

and filtered. With filtrate following tests were performed. 

Mayer’s test: - 

To 3 ml of filtrate, 1ml of Mayer’s reagent was added. The appearance of 

precipitate indicated presence of alkaloids. 

Wagner’s test: - 

To 3 ml of filtrate, 1ml of Wagner’s reagent was added. The appearance of 

reddish brown precipitate indicated presence of alkaloids. 

Hagar’s test:- 

To 3 ml of filtrate, 1ml of Hager’s reagent was added. The appearance of 

yellow precipitate indicated presence of alkaloids. 

6.2.4.9 Steroids: 

Salkowski reaction:- 

To 2 ml of extract solution, 2 ml of chloroform and 2 ml of H2SO4 was 

added and shaken well. The change of chloroform layer to red and acid 

layer to greenish yellow fluorescence indicated presence of steroids. 

Liebermann-Burchard reaction:- 

Solution of extract (2 ml) was mixed with 2 ml of chloroform. To the 

solution, 2 ml of acetic anhydride was added. 2 drops of conc. H2SO4 was 

added from the side of test tube. The change in color first red, then blue 

and finally green indicated presence of steroids. 
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6.3. Pharmacological study – 

6.3.1 Chemicals 

Caffeine was purchased from Sigma Chemicals Co., St. Louis, MO, USA. 

Standard γ-oryzanol (i.e. mixture of 24-mCAF and CAF) was purchased 

from Oryza Oil and Fat Chemicals Co. Ltd. (Lot no. S1412), Numata 

Kitagata-cho Ichinomiya City, Japan. Water for injection (WFI) 

(Serenace®, RPG Life Sciences, India) was procured from medical shop. 

Tween 80 and carboxymethylcellulose (CMC) were purchased from Merck 

Ltd. Mumbai. Double distilled water filtered through 0.45 μ filter paper 

was used in the research work. Glucose, creatinine, blood urea nitrogen, 

uric acid, cholesterol, triglyceride and high density lipoprotein,  aspartate 

transaminase, alanine transaminase, alkaline phosphatase, albumin, 

total protein estimation kits (Accurex Biomedical Pvt. Ltd., India) were 

purchased from respective vendors. Rat cAMP kit YHB0300Ra ELISA kit 

[YH Biosearch Laboratory, 1201,Pudong, Shanghai, China, Reference 

number, YHB20150128267, Lot number – 20150128] and rat free 

testosterone (fT) ELISA kit [MyBioSource, Inc., San Diego, CA, USA, 

catalog number MBS262755, Lot number – 30210461] were purchased 

from respective vendors. Epinephrine hydrochloride, super oxide 

dismutase (SOD) and malondialdehyde were purchased from Sigma 

Chemical Co., USA. Reduced glutathione (GSH), 5, 5´-dithiobis (2-nitro 

benzoic acid) (DTNB) thiobarbituric acid (TBA), anthrone, thiourea, 

trichloroacetic acid (TCA), and glucose were purchased from Himedia, 

India. Total RNA Extraction kit, One-step RT-PCR kit, Oligonucliotides 

was procured from MP Biomedicals India Pvt. Ltd., India and 3B Black 

Bio Biotech India Ltd., India. 
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Kits used – Alanine aminotransferase (ALT), albumin, alkaline 

phosphatase (ALP), aspartate aminotransferase (AST), Blood Urea 

Nitrogen (BUN), Creatinine, Glucose, uric acid, total cholesterol (TC), 

Triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), Lactate 

dehydrogenase (LDH), Creatine Kinase-MB (CK-MB) (Accurex Biomedical 

Pvt. Ltd., India). 

6.3.2. Apparatus  

Microcapillary tubes, centrifuging tubes (Tarson, India), Microtips 

(Tarson, India), test tubes, tissue paper were used. 

6.3.3. Instruments used  

 Motorized treadmill (Model VJ-1, VJ Instruments, Karanja-Lad, 

Maharashtra).  

 Glass tank (77 cm x 38 cm x 39 cm).  

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

AD Instrument Pvt. Ltd., Lexington Drive, Bella, Australia.  

 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.  
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 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). 

 Transmission electron microscope (H-7000 Hitachi). 

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

administration:  

Dosage forms of individual extracts were prepared as per the following 

procedures.  

6.3.4.1. Petroleum ether extract: -  

An emulsion of petroleum ether extract of M. oleifera was prepared by 

triturating extract with Tween 80 (2.5 %) in glass mortar with gradual 

addition of water for injection to make the volume.  
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6.3.4.2. Hydro-alcoholic extract: -  

An emulsion of alcoholic extract of M. oleifera was prepared by triturating 

extract with Tween 80 (2.5%) in glass mortar with gradual addition of 

water for injection to make volume.  

6.3.4.3. Standard γ-oryzanol solution: -  

Accurately weighed quantity of γ-oryzanol was triturated with CMC (1%) 

in glass mortar with gradual addition of water for injection to make 

volume.  

6.3.4.4. Caffeine solution: - 

Accurately weighed quantity of caffeine was dissolved in water for 

injection to make dose of 30 mg/kg. 

6.3.4.5. Vehicles: -  

Respective vehicles were prepared by the same procedure without 

addition of extracts. 

6.3.4.6. Storage conditions: - 

All the dosage forms of extracts and drug solutions were prepared freshly 

on the day of experiment and stored in airtight amber color vials to 

protect from exposure to sunlight during the experiments. 

6.3.4.7. Volume of drug administration –  

The volume of petroleum ether extract of M. oleifera, hydro-alcoholic 

extract of M. oleifera and γ–oryzanol solutions to be administered was 

calculated based upon the body weight of animals. 
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6.3.4.8. Route of administration: -  

The test substance solutions were administered orally (gavage). 

6.3.5. Experimental animals: -  

Swiss albino female mice (18-23 g) and male Wistar rats (140-180 g) were 

purchased from National Toxicology Centre, Pune, India. Animals were 

housed in an air-conditioned room at a temperature of 25 ± 1 °C and 

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

animals had free access to food pellets (Chakan Oil Mills, Pune, India). 

Water was provided ad libitum. 

6.3.6. Research protocol approval: - 

The experimental protocols were approved by the Institutional Animal 

Ethics Committee (IAEC) constituted in accordance with the rules and 

guidelines of the Committee for the Purpose of Control and Supervision 

on Experimental Animals (CPCSEA), India. 

6.3.7. Acute oral toxicity study: - 

Adult Swiss albino female mice (18-23 g) were subjected to acute oral 

toxicity studies as per guideline (AOT No. 425) suggested by Organization 

for Economic Co-operation and Development (Guideline, 2001). Different 

doses 175, 550, 1750 and 2000 mg/kg of M. oleifera pet. ether extract, 

M. oleifera hydro-alcoholic extract and γ-oryzanol were administered 

orally to female mice by oral gavage. Mice were then observed for 

incidence of mortality or any sign of toxicity up to 24 h after 

administration. 
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The dosing schedule as per OECD (AOT No. 425) was as follows:  

Only one mouse received a dose at a particular time. First animal 

received a dose of 175 mg/kg, per orally. Animal was observed for 3 

hours for any toxicity signs, survival or death. If the first animal died or 

appeared moribund, the second animal received a lower dose (55 mg/kg). 

The dose progression or reduction factor was 3.2 times of the previous 

dose. If no mortality was observed in the first animal then the second 

animal received a higher dose (550 mg/kg). Dosing of the next animal 

was continued depending on the outcome of the previously dosed animal 

for a fixed time interval (3 hour). The test was stopped when one of the 

stopping criteria was met: 

5 reversals occur in any 6 consecutive animals tested.  

3 consecutive animals died at one dose level.  

Survived animals were observed for 24 h. 

6.3.8. Screening of endurance activity 

The objective of present study was to investigate the endurance activity 

of M. oleifera pet. ether and hydro-alcoholic extracts and γ-oryzanol in 

laboratory animals. 

6.3.8.1. Method: - 

Male pathogen-free albino rats of wistar strain of weight 140 to 180 gm 

were divided into following groups containing six rats in each group. 

Group 1 Normal group: N: Rats were administered a single daily 
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dose of distilled water (10 mg/kg), p.o. for 28 days.  

Group 2 OZ (400): Rats were administered a single daily dose of γ-

oryzanol (400 mg/kg), p.o. for 28 days. 

Group 3 HAL-MO (400): Rats were administered a single daily dose 

of hydro-alcoholic extract of M. oleifera (400 mg/kg), p.o. for 

28 days. 

Group 4 PEE-MO (400): Rats were administered a single daily dose 

of petroleum ether extract of M. oleifera (400 mg/kg), p.o. 

for 28 days. 

Group 5 Caffeine: C (1): Rats were administered a single daily dose 

of caffeine (30 mg/kg), p.o. for 28 days. 

Group 6 Treadmill control: TC: Rats were given treadmill exercise 

only for 28 days. 

Group 7 TC + OZ (100): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (100 mg/kg), 

p.o. for 28 days. 

Group 8 TC + OZ (200): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (200 mg/kg), 

p.o. for 28 days. 

Group 9 TC + OZ (400): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (400 mg/kg), 

p.o. for 28 days. 

Group 10 TC + HAL-MO (100): Rats received treadmill exercise and 

administered a single daily dose of hydro-alcoholic extract 

of M. oleifera (100 mg/kg), p.o. for 28 days. 

Group 11 TC + HAL-MO (200): Rats received treadmill exercise and 
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administered a single daily dose of hydro-alcoholic extract 

of M. oleifera (200 mg/kg), p.o. for 28 days. 

Group 12 TC + HAL-MO (400): Rats received treadmill exercise and 

administered a single daily dose of hydro-alcoholic extract 

of M. oleifera (400 mg/kg), p.o. for 28 days. 

Group 13 TC + PEE-MO (100): Rats received treadmill exercise and 

administered a single daily dose of petroleum ether extract 

of M. oleifera (100 mg/kg), p.o. for 28 days. 

Group 14 TC + PEE-MO (200): Rats received treadmill exercise and 

administered a single daily dose of petroleum ether extract 

of M. oleifera (200 mg/kg), p.o. for 28 days. 

Group 15 TC + PEE-MO (400): Rats received treadmill exercise and 

administered a single daily dose of petroleum ether extract 

of M. oleifera (400 mg/kg), p.o. for 28 days. 

Group 16 TC + C (1): Rats received treadmill exercise and 

administered a single daily dose of caffeine (30 mg/kg), p.o. 

for 28 days. 

 

Each rat was initiated to a motorized treadmill (Model number VJ-1, VJ 

Instruments, Karanja-Lad, Maharashtra) at room temperature for 4 

weeks, 5 days/week. The first 2 days of treadmill exposure consisted of 

merely placing each rat on the belt of treadmill that was moving at a 

velocity of 10 m per min at 0% grade and picking the rat up and moving 

it forward if it started to slide off the back of the belt. On days 3 to 5, the 

speed of the treadmill belt was gradually increased up to 10 m per min. 

Rat who fails to run caused to slide off the moving belt and into a 15 cm 
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×15 cm electric shock grid that delivered 1.2 mA of current at 3 Hz. The 

rat was left on the grid for about 2 seconds and followed by moved 

forward onto the moving belt. This process was repeated until each rat 

learned to run to avoid the mild shock. The goal of the first week was to 

expose each rat to sufficient treadmill exposure until the animals were 

able to run 5 min at 10 m per min on a 0 % grade.  

The trained animals were endurance exercised for 30 min/day at 14 

m/min at 0% grade for 5 days per week on a treadmill as described 

previously.  

An endurance test was performed on the sixth day each week at 20 

m/min at 0% grade until exhaustion, both to improve performance and 

assess the extent of the rats’ physical fitness. The weight-matched 

sedentary controls were acclimatized to the treadmill twice in the first 

week by running for 5 min at 14 m/min and also undertook the 

endurance test once per week to establish the genuine training effect in 

the exercising animals. Exhaustion was established when the rat would 

accept the electric shock three consecutive times as opposed to running. 

Endurance day performance times were recorded in minutes. Rats were 

selected for the desire to run; however, this included > 90% of male 8 

week old Wistar rats. The electric shock plates were rarely needed during 

training days after the first week. The exercise was conducted up to 28 

days (Fenning et al., 2003).  

During study period animals had access of food and water. At the end of 

study, animals were lightly anaesthetized with anesthetic ether and 

blood was withdrawn from retro orbital plexus. The blood samples were 
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centrifuged (7000 r.p.m. for 15 min at 4 °C) and serum was used for 

testosterone measurement. 

6.3.8.2. Parameters evaluated – 

The efficacy of petroleum ether extract of M. oleifera, hydro-alcoholic 

extract of M. oleifera, and γ-oryzanol in treadmill exercise was evaluated 

by using the following parameters: 

 Body weight (on 14th and 28th Day). 

 Endurance capacity (on 14th and 28th Day). 

 Serum free testosterone (on 14th and 28th Day). 

 Levator ani muscle weight (28th Day). 

6.4. Isolation of γ-oryzanol from rice bran oil (RBO) 

6.4.1. Materials and methods  

Tinidazole was gifted by Aarati Drugs, Mumbai, India and was used as 

an internal standard. γ-oryzanol (i.e. mixture of 24-mCAF and CAF) was 

purchased from Oryza Oil and Fat Chemicals Co. Ltd. (Lot no. S1412), 

Numata Kitagata-cho Ichinomiya City, Japan. Rice bran of Indian variety 

of Indrayani rice was used for this study and was purchased from 

Radheshyam Poha mill, Pune. Analytical grade (AG) solvents and 

chemicals were purchased from Merck, Mumbai. Precoated HPTLC plates 

(Merck silica Gel 60 F254, aluminum sheet as a support, 20 x 20 cm) and 

microliter syringe (Hamilton, Switzerland) were obtained from Anchrome 

Enterprises (I) Pvt. Ltd, Mumbai. Column grade Silica (80-120 #) and TLC 

grade silica gel G was obtained from S. D fine chem., Mumbai. Borosil 

glass column (height, 60 cm; diameter, 3 cm) (J-Sil, Mumbai) was 
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purchased from Yash Enterprises, Pune. Double distilled water filtered 

through 0.45 μ filter paper was used in the research work. 

6.4.2. Part1. Method development for 24-mCAF 

6.4.2.1. Instruments used and experimental conditions 

The sample solutions were applied on pre-washed and activated 

precoated silica gel aluminum HPTLC plate 60F254 (20 cm × 10 cm) in the 

form of bands of 6 mm width with a Hamilton syringe (100 μL) using a 

Camag Linomat V (Switzerland) sample applicator. The slit dimension 

was 5mm × 0.45 mm and 10 mm/s scanning speed was employed. 

HPTLC plate was then developed, at constant temperature, with 20 mL 

mobile phase consisting of toluene: ethyl acetate: methanol (15.0:1.7:3.3, 

v/v/v). Linear ascending development was carried out in 20 cm x 10 cm 

twin trough glass chamber (Camag, Muttenz, Switzerland) saturated with 

the mobile phase. The optimized chamber saturation time for mobile 

phase was 15 min at room temperature (25 ± 2°C) at relative humidity of 

60 ± 5%. The length of chromatogram run was 8 cm. Densitometric 

scanning was performed within 10 min after chromatographic 

development using Camag TLC scanner III with winCATS software 

version 1.4.4 in the reflectance mode at 317 nm. 

6.4.2.2. Preparation of standard stock solutions. 

Standard stock solutions of tinidazole and γ-oryzanol were prepared 

separately by dissolving 10 mg each in 10 mL methanol and 10 mL 

ethanol respectively to get concentration of 1000 μg/mL. These stock 

solutions were used for further studies.  
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6.4.2.3. Selection of detection wavelength.  

Following chromatographic development bands were scanned over the 

range of 400-700 nm and the spectra were observed. It was recognized 

that tinidazole and γ-oryzanol exhibit considerable absorbance at 317 

nm and hence, wavelength 317 nm was preferred for analysis. 

 

Figure 6.6.  Overlain UV spectrum of tinidazole and 24-mCAF 

6.4.2.4. Preparation of sample solutions 

Extraction of RBO 

Bran of Indrayani (Indian variety) of rice purchased from Radhe Shyam 

Poha mill, Pune was stored in a refrigerator before use. Crude rice bran 

oil was extracted from rice bran (2 kg) by maceration method for 24 h 

using petroleum ether (60-80) as the solvent.  Same procedure was 
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repeated with same rice bran powder with fresh petroleum ether for three 

times. These three extracts were combined and concentrated on rotary 

evaporator under vacuum at 40 °C to obtain 208.40 gm (10.4%) RBO. 

From this obtained RBO 3 mL each was placed in two glass tubes. The 

RBO from first test tube was treated with 5 mL methanol. This oil was 

mixed with methanol followed by 5 minute vigorous shaking. The tube 

was set aside for five more minutes. Supernatant was removed and 

collected in another test tube. Fresh 5 mL methanol was added in the 

remaining RBO and the procedure was repeated for 3 more times to 

obtain 20 mL of methanol fraction. This collected methanol fractions 

were mixed and concentrated on rotary evaporator. This concentrated 

fraction was used for spotting samples on plate. Remaining RBO in the 

tube was extracted with absolute ethanol (5 mL). The procedure used for 

collecting ethanol fractions was identical with procedure for methanol 

fractions. Then remaining oil in the tube was dissolved in ethyl acetate (5 

mL) and it was also spotted on the plates to verify the complete 

extraction of 24-mCAF. 

The second tube containing RBO (3 mL) was treated with ethanol (5 mL). 

The mixture was mixed vigorously and set aside for 5 minute and 

supernatant was collected. The procedure was repeated 4 times and 25 

mL of supernatant containing ethanol fraction was obtained. All the 

fractions were mixed and concentrated by using rotary evaporator. These 

ethanol fractions were used for HPTLC spotting. Oil remained in the test 

tube was dissolved in 5 mL ethyl acetate and it was also spotted on the 

plates to verify the complete extraction of 24-mCAF. 
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6.4.2.5. Construction of calibration plots  

Linearity was assessed in the range of 200 to 1400 ng spot-1 for 24-

mCAF. For construction of calibration plots 24-mCAF was applied as 0.2, 

0.4, 0.6, 0.8, 1.0, 1.2 and 1.5 μL to the plates which were then 

chromatographed and scanned as described above. Peak area versus 

concentration was subjected to least square linear regression analysis 

and the intercept, slope and correlation coefficient for the calibration 

were resolute. Residual analysis was carried out to ascertain linearity. 

Limit of detection (LOD) and limit of quantitation (LOQ) were determined 

as 3.3 σ/S and 10 σ/S, respectively. Where S is the slope of the 

calibration plot and σ is the standard deviation of the response (y-

intercept). 

6.4.3. Assay validation 

The proposed HPTLC method was optimized and validated as per the 

guidelines stated by the International Conference on Harmonization 

[(ICH) Q2 (R1)] recommendations for accuracy, precision, linearity, 

robustness, and system suitability (Guideline, 2005). 

6.4.4. Precision studies 

In order to judge the efficacy of the proposed HPTLC method, precision 

was determined. The precision of the proposed HPTLC method was 

verified by intra-day and inter-day precision studies. Set of three 

different concentrations in three replicates of mixed standard solutions of 

24-mCAF (200, 600 and 1000 ng spot-1) were prepared. All the solutions 

were analyzed on the same day in order to record any intra-day 
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variations in the results. Inter-day precision study involves analysis of 

three different concentrations of the mixed standard solutions in linearity 

range on three consecutive days. 

6.4.5. Specificity 

The specificity of the proposed HPTLC method was determined by 

analyzing the standard marker of 24-mCAF and sample solution. Peaks 

for 24-mCAF was confirmed by comparing the at peak start, peak apex 

and peak end positions of the spot i.e., r (start, middle) and r (middle, 

end). Other constituents present in the RBO did not interfere with the 

peaks of 24-mCAF. 

6.4.6. Accuracy studies 

Accuracy studies were performed to study the suitability and reliability of 

the method. Accuracy studies were performed in triplicate by standard 

addition method. Accuracy was resolute during the percentage recoveries 

of known amounts of 24-mCAF added to solutions extract. The samples 

were spiked with 80, 100 and 120 % of 24-mCAF (500 ng spot-1). The 

percent ratios between the recovered and expected concentrations were 

calculated. 

6.4.7. Robustness studies 

The effect of small, deliberate variation of the analytical conditions on the 

peak areas of the marker was studied. The robustness of the proposed 

chromatographic method was carried out at a concentration of 600 ng 

spot-1 for 24-mCAF. The standard deviation of peak areas and % Relative 

Standard Deviation (% RSD) were calculated for each variable parameter. 
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6.4.8. Solution stability 

Stability of standard solution of gamma oryzanol (600 ng spot-1) at room 

temperature was studied at an interval of 6hrs to 48 hrs. The peak area 

was compared with freshly prepared standard solution. 

6.5. Part 2 Fraction studies of RBO 

6.5.1. Column Chromatography:  

6.5.1.1. Activation of silica:-  

Column grade silica (80-120 #) was kept in oven at 110 °C for 3 hours to 

remove all the moisture content present in it. Weighed quantity of 

activated silica was added to the beaker containing mobile phase 

(toluene: ethyl acetate: methanol (15.0:1.7:3.3, v/v/v) and was stirred 

with glass rod to prepare the slurry. 

Slurry of activated silica (80-120 #) was prepared and then the column 

was packed with slurry. The column was allowed to get stabilized and 

then it was eluted with mobile phase.  

6.5.1.2. Application of sample:-  

Weighed quantity (15 g) of the sample (extracted RBO) was mixed with 1-

2 g of activated silica gel and 3-4 ml of mobile phase to prepare slurry. 

The slurry of sample was added to top of the packed silica in column. A 

thin disc (column diameter) of cotton soaked in mobile phase was placed 

on top of the bed to prevent disturbing of sample layer after addition of 

mobile phase. Column was filled to the top with the mobile phase and 

allowed to stand for overnight (~15 h) to develop a chromatogram.  
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6.5.1.3. Elution:-  

Elution was carried out by the gravity at the flow rate of 1 ml/min. 

Mobile phase was added to the top of the column and fractions (20 ml 

each) were collected in amber colored bottle. The remaining sample of 

loaded material in the column, which was not eluted with mobile phase, 

was eluted with ethyl alcohol and collected as ethyl alcohol fraction. 

Fractions were concentrated by evaporating at room temperature until 

volume reduced to ¼ of the total volume. TLC of concentrated fractions 

was carried out to detect similarity between the chromatograms of 

different fractions.  

6.5.1.4. Thin layer chromatography (TLC): 

The collected fractions were studied by using TLC and on the basis of 

similarity in the Rf and appearance of color in daylight, UV (254 and 366 

nm) and after exposure to iodine vapors, the fractions were combined to 

get pooled fraction(I to VI and ethanolic fraction VII).  

6.5.1.5. High Performance Thin Layer Chromatography (HPTLC):  

Sample preparation: -  

Pooled fractions I to VI and ethanolic fraction (VII) were evaporated to 

dryness at room temperature. The solutions (1 mg/ml) of dry fraction 

were prepared in methanol. 

Application of sample: -  

Sample was applied on the pre-washed and activated HPTLC plate (10 

x10 cm) by the 100 micro-liter syringe (Hamilton) with help of sample 
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applicator (Linomat V) in the form of bands. Specifications were as 

follows (unless specified): Application position, 10 mm above the lower 

edge; start position, 10 mm; band width, 4 mm; space between bands, 4 

mm; quantity applied, 5-10 μl.  

Mobile phase:- 

The solvents toluene, ethyl acetate and methanol were distilled and then 

used for the preparation of mobile phase. The composition of mobile 

phase was toluene: ethyl acetate: methanol (15.0:1.7:3.3, v/v/v). 

Preconditioning of chamber (saturation):-  

Development of chromatogram was carried out in a saturated twin 

trough chambers. To achieve saturation, at least half of the total area of 

the inside of the wall of the chamber was lined with filter paper. A 

sufficient quantity (approximately 10 ml) of mobile phase was poured 

along the side of filter paper into the chamber to saturate the chamber 

and form a layer about 5 mm deep. Chamber was then closed and 

allowed to stand for at least 45 min at room temperature. 

Development of chromatogram: -  

The plate was marked 10 mm below the upper edge. Plate was placed as 

nearly vertical as possible into the chamber ensuring that the points of 

application were above the surface of the mobile phase. Chamber was 

closed and mobile phase was allowed to ascend the specific distance at 

the room temperature. Plate was removed; the position of mobile phase 

front was marked. Mobile phase was allowed to evaporate at room 

temperature and dried under hot air. 
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Observation and interpretation of chromatogram:- Chromatograms 

developed from each band (the track) were observed in daylight and then 

in UV viewing cabinet with dual wavelength (254/366 nm). Plates were 

scanned in HPTLC plate scanner III controlled by software (version 1.4.4). 

To get pure compound, two dimensional chromatography was done by 

using HPTLC.  

6.5.1.6. Development of chromatogram:  

One dimensional (normal): described earlier. (Note: sample was applied 

as spot instead of band). Two dimensional: after development of one 

dimensional chromatogram same plate was placed in chamber saturated 

with fresh mobile phase. Plate was placed in such a way that (90° 

anticlockwise) the spots on developed chromatogram by one dimensional 

was acted as application points. Chamber was closed and mobile phase 

was allowed to ascend. Plate was removed and mobile phase allowed to 

evaporate at room temperature and dried under hot air. 

6.5.1.7. Preparative TLC:-  

Application of sample:-  

Sample was applied by streaking across the full length of the plate by 

automatic sample applicator Linomat V (CAMAG Switzerland). 

6.5.1.8. Development of chromatogram:-  

As described earlier in 6.5.1.5 section. 
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6.5.1.8. Observation and elution of compound: -  

Chromatogram was observed in daylight, under ultra violate (UV) light at 

254 and 366 nm wavelength. Area was marked and scrapped off with 

sharp blade, about 10 % additional area was then marked to compensate 

for three-dimensional development of band in the layer. With minimum 

volume of mobile phase the components from scrapped material was 

eluted. Scrapped material and mobile phase were homogenized in vortex 

mixer to ensure complete elution, centrifuged, supernatant collected and 

allowed to evaporate. Volume of mobile phase required for elution was 

calculated. Volume of solvent required = Volume of scrapped material X 

10 X (1 – Rf) (Sethi and Charegaonkar, 1999; Eckschlager and Danzer, 

1994; Sethi, 1996). 

6.6. Characterization of compound isolated from fraction II. 

IR spectra was recorded on JASCO FT/IR 4100 spectrophotometer using 

potassium bromide (anhydrous IR grade) as standard. 1H NMR and 13C 

NMR spectra was obtained from SAIF/CIL, Panjab University, 

Chandigarh, Panjab, India on unit BRUKER AVANCE II 400 NMR at 400 

MHz using tetramethylsilane as an internal standard in CDCl3. The 

HSQC, HMBC, DEPT, NOESY, and COSY spectrum were obtained on 

BRUKER spectrometer. The mass spectrum was acquired on a WATERS, 

Q-TOF MICROMASS (LC-MS). 
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6.7. Screening of endurance activity of γ-oryzanol by using treadmill 

and swimming exercise. 

The objective of present study was to investigate the endurance activity 

of γ-oryzanol in laboratory animals. 

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

administration:  

Dosage forms of individual extracts were prepared as per the following 

procedures.  

6.7.1.1. γ-oryzanol solution: -  

Accurately weighed quantity of γ-oryzanol was triturated with CMC (1%) 

in glass mortar with gradual addition of water for injection to make 

volume.  

6.7.1.2. Caffeine solution: - 

Accurately weighed quantity of caffeine was dissolved in water for 

injection to make dose of 30 mg/kg.  

6.7.1.3. Vehicles: -  

Respective vehicles were prepared by the same procedure without 

addition of extracts. 

6.7.1.4. Storage conditions: - 

All the dosage forms of extracts and drug solutions were prepared freshly 

on the day of experiment and stored in airtight amber color vials to 

protect from exposure to sunlight during the experiments. 
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6.7.1.5. Volume of drug administration –  

The volume of γ–oryzanol and caffeine solutions to be administered was 

calculated based upon the body weight of animals. 

6.7.1.6. Route of administration: -  

The test substance solution was administered orally (gavage). 

6.8. Method: - 

6.8.1. Treadmill exercise - 

Male pathogen-free albino rats of Wistar strain of weight 140 to 180 gm 

were divided into following groups for treadmill exercise containing six 

rats in each group. 

Group 1 Normal group: N: Rats were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 56 days.  

Group 2 OZ (400): Rats were administered a single daily dose of γ-

oryzanol (400 mg/kg), p.o. for 56 days. 

Group 3 Caffeine: C (1): Rats were administered a single daily dose 

of caffeine (30 mg/kg), p.o. for 56 days. 

Group 4 Treadmill control: TC: Rats were given treadmill exercise 

only for 56 days. 

Group 5 TC + OZ (100): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (100 mg/kg), 

p.o. for 56 days. 

Group 6 TC + OZ (200): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (200 mg/kg), 
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p.o. for 56 days. 

Group 7 TC + OZ (400): Rats received treadmill exercise and 

administered a single daily dose of γ-oryzanol (400 mg/kg), 

p.o. for 56 days. 

Group 8 TC + C (1): Rats received treadmill exercise and 

administered a single daily dose of caffeine (30 mg/kg), p.o. 

for 56 days. 

 

Treadmill exercise was performed as explained in 6.3.8.1 section. 

Treadmill exercise was continued up to day 56. 

6.8.2. Swimming exercise - 

Male pathogen-free albino rats of Wistar strain of weight 140 to 180 gm 

were divided into following groups for swimming exercise containing six 

rats in each group. 

Group 1 Normal group: N: Rats were administered a single daily 

dose of distilled water (10 mg/kg), p.o. for 56 days.  

Group 2 OZ (400): Rats were administered a single daily dose of γ-

oryzanol (400 mg/kg), p.o. for 56 days. 

Group 3 Caffeine: C (1): Rats were administered a single daily dose 

of caffeine (30 mg/kg), p.o. for 56 days. 

Group 4 Swimming control: S: Rats were given swimming exercise 

only for 56 days. 

Group 5 S + OZ (100): Rats received swimming exercise and 

administered a single daily dose of γ-oryzanol (100 mg/kg), 

p.o. for 56 days. 
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Group 6 S + OZ (200): Rats received swimming exercise and 

administered a single daily dose of γ-oryzanol (200 mg/kg), 

p.o. for 56 days. 

Group 7 S + OZ (400): Rats received swimming exercise and 

administered a single daily dose of γ-oryzanol (400 mg/kg), 

p.o. for 56 days. 

Group 8 S + C (1): Rats received swimming exercise and 

administered a single daily dose of caffeine (30 mg/kg), p.o. 

for 56 days. 

Animals were trained daily between 10.00 h and 12.30 h. The animals 

were exercised in a glass tank (77 cm x 38 cm x 39 cm) filled to a depth 

of 31 cm and at 32 ± 1 °C. Rats were made to swim with a load of 3% of 

their body weight tied to their tails. Initially they were made to exercise 

for 5 min per day with a progressive increase to 30 min per day over a 

period of one week, and thereafter for 30 min per day, for a total training 

period of 56 days with five training days per week.  

Endurance capacities of swim trainees with or without treatment were 

assessed at the conclusion of training period by making them to swim to 

exhaustion. The uncoordinated movements and staying under the water 

for 10 seconds without swimming at the surface were accepted as the 

exhaustion criteria of the rats. At this point, the rats were rescued and 

swimming time was recorded as minute for each rat. 

At the completion of exercise, rats were towel-dried and returned to their 

respective cages. No deaths occurred during or after exercise in any of 

the subgroups. The weight-matched sedentary controls were acclimatized 

to the swimming twice in the first week for 5 min by swimming with a 
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load of 3% of their body weight tied to their tails and also undertook the 

endurance test once per week to establish the genuine training effect in 

the exercising animals (Kiran et al., 2004). 

6.9. Parameters evaluated – 

The efficacy of γ-oryzanol in treadmill and swimming exercise was 
evaluated by using the following parameters:  

 Body weight (on 0, 14, 28, 42 and 56th day) 

 Food intake and water intake (on 28th and 56th) 

 Endurance capacity (on 28th and 56th) 

 Serum glucose, LDH, creatinine, BUN, uric acid, AST, ALT, ALP, 

TG, cholesterol, HDL-C, LDL-C, VLDL-C, albumin, CK-MB, cAMP 

and free testosterone (on 28th and 56th) 

 Electrocardiographic measurements (on 0, 14, 28, 42 and 56th day) 

 Hemodynamic measurements (on 56th day) 

 Hematological count (on 56th day) 

 Peripheral blood oxygen content (on 56th day) 

 Lung function measurements (on 56th day) 

 Endogenous antioxidant (SOD and GSH) level in gastrocnemius 

muscle (on 56th day) 

 Lipid peroxidation (MDA), NO, MC-I, MC-II, MC-III, MC-IV and total 

protein level in gastrocnemius muscle (on 56th day) 

 RT-PCR analysis of genes like AMPK, Glut4, IRS-1, PGC-1, 

Atrogin-1, MuRF-1, Myostatin, PDE-4, eNOs, iNOs, IL-1β, TNF, 

VEGF (on 56th day) 
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 Muscle glycogen content, liver glycogen content, epidymal fat 

weight, gastrocnemius muscle weight, heart weight, left ventricle 

weight, levator ani muscle weight (on 56th day) 

 Histological examination of gastrocnemius muscle and heart left 

ventricle (on 56th day) 

 Ultra structural parameters (on 56th day)       

6.10. Detailed procedure for evaluation of behavioral, biochemical, 

molecular, histological and ultrastructural parameters:  

6.10.1. Behavioral parameters:  

6.10.1.1. Body weights, feed and water consumption - 

In endurance study, individual body weights were recorded daily prior to 

dose administration. Final body weights were recorded prior to the 

scheduled to stop study. The food and water consumption were 

determined daily beginning 1 week prior to initiation of dose 

administration (da Costa Santos et al., 2011). 

6.10.1.2. Endurance Capacity – 

Treadmill endurance test - An endurance test was performed on the 

sixth day each week at 20 m/min at 0% grade until exhaustion, both to 

improve performance and assess the extent of the rats’ physical fitness. 

The weight-matched sedentary controls were acclimatized to the 

treadmill twice in the first week by running for 5 min at 14 m/min and 

also undertook the endurance test once per week to establish the 

genuine training effect in the exercising animals. Exhaustion was 

established when the rat would accept the electric shock three 
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consecutive times as opposed to running. Endurance day performance 

times were recorded in minutes (Fenning et al., 2003). 

Swimming endurance test - Endurance capacities of swim trainees with 

or without drug were assessed at the conclusion of training period by 

making them to swim to exhaustion. The uncoordinated movements and 

staying under the water for 10 s without swimming at the surface were 

accepted as the exhaustion criteria of the rats. At this point, the rats 

were rescued and swimming time was recorded as minute for each rat 

(Kiran et al., 2004). 

6.10.1.3. 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; Helenius and Haahtela, 2000). 

6.10.1.4. 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 
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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).  

6.10.1.5. Assessment of electrocardiographic change due to exercise  

For the measurement of the electrocardiogram, the leads were placed on 

the right foreleg (negative electrode), left foreleg (positive electrode), and 

right-hand 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; Fraser et 

al., 1967; VanHoose et al., 2010).  

6.10.1.6. Hemodynamic measurement  

Left ventricular pressure was measured via a closed-chest technique as 

previously described (VanHoose et al., 2010) (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 carotid artery and 

advanced into the ascending aorta and connected to a bioamplifier. The 

left ventricular functions like LVESP (Left Ventricular End Systolic 

Pressure), LVEDP (Left Ventricular End Diastolic Pressure), LVMP (Left 

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.) (Miyachi et al., 

2009).  
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6.10.1.7. 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 left ventricle (LV) was 

dissected from the right ventricle (RV). The heart weight and left ventricle 

weight was determined (Fenning et al., 2003). The major part of 

gastrocnemius muscle was removed from the posterior surface of the 

lower hind leg of rat. 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 - 70 0C 

for Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) analysis 

of various markers (Musumeci et al., 2014).   

6.10.1.8. Hematological analysis:  

Hemoglobin, red blood cell, platelet and white blood cell by using an 

automatic analyser (KX-21N™ Automated Hematology Analyzer, Sysmex) 

(Chen et al., 2013; Cordova et al., 1990). 
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6.10.2. Biochemical parameters:  

6.10.2.1. Serum biochemistry – 

The serum was separated by centrifugation using an Eppendorf 

cryocentrifuge (model no. 5810, Eppendorf, Hamburg, Germany), 

maintained at 4 0C and run at a speed of 7000 rpm for 15 min. The levels 

of serum glucose, LDH, creatinine, uric acid, BUN, albumin (Cordova et 

al., 1990), AST, ALT, ALP (Praphatsorn and Thong-Ngam, 2011), Creatine 

Kinase-MB (CK-MB) (JiPing, 2011), TG, Cholesterol, HDL-C (Devi et al., 

2003) were measured by a spectrophotometer (UV–visible 

spectrophotometer, Jasco V-530, Tokyo, Japan)  while cAMP (Winder et 

al., 1983) and testosterone (Al-Damegh, 2014; Kraemer and Ratamess, 

2005) concentration was read out by using ELISA Reader, Erba Lisascan 

II, ERBA diagnostic manneim Gmb, Germany by using commercially 

available reagent kits according to procedure provided by manufacturer 

(Accurex Biomedical Pvt. Ltd., Mumbai, India for colourimetry while for 

cAMP YH-Biosearch Laboratory ELISA kit and for free testosterone 

MyBiosourse ELISA kit). 

Serum LDL-C and VLDL-C (Devi et al., 2003) were calculated using 

Frieldwann’s equation (Friedewald et al., 1972): LDL-C= [TC-

(HDL+TG/5)]; VLDL-C= TG/5. 

6.10.2.2. 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 
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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 0C and run at a speed of 7000 rpm for 20 min. 

The clear supernatant of homogenates was employed to estimate various 

markers. 

6.10.2.2.1. 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 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) (Ip et 

al., 2009). 

6.10.2.2.2. 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 
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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 (Lee et al., 2015). 

6.10.2.2.3. Estimation of GSH contents:  

The GSH assay was performed according to method described previously 

(Moron et al., 1979). Briefly, Equal volumes of tissue homogenate 

(supernatant) and 20% trichloroacetic acid (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. The color 

developed was read at 412 nm against reagent blank. The amount of 

reduced glutathione is expressed as μg of GSH / mg protein  (Lee et al., 

2015). 

6.10.2.2.4. 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 trichloroacetic acid (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 

thiobarbituric acid. The resulting solution was heated in a boiling water 
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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 (Lee et al., 2015). 

6.10.2.2.5. Estimation of nitric oxide 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 (Lee et al., 2015). 

6.10.2.2.6. Mitochondrial Estimations – 

Mitochondrial isolation 

Mitochondria isolated from excised tissue by the method of Rosenthal et 

al. 1987 (Rosenthal et al., 1987). Briefly, the muscle tissue was cooled to 

4°C in mannitol-sucrose plus ethyleneglycol bis(i3-

aminoethylether)N,N,N',N'-tetraacetic acid (MS + EGTA) medium 

containing 225 mM mannitol, 75 mM sucrose, 5 mM K-4-(2-

hydroxyethyl)-I-piperazinethanesulfonic acid (HEPES). (HEPES - pH 7.2), 

1 mg/ml BSA, and 1 mM EGTA.) The tissue was minced finely with 

scissors and washed twice with the MS + EGTA. The minced tissue plus 

10 ml of MS + EGTA containing 5 mg of the bacterial protease Nagase 

were then placed in a homogenizer. The tissue was manually 
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homogenized using 6 strokes with a loose-fitting glass pestle followed by 

six strokes with a tight-fitting pestle. The volume of the homogenate was 

brought to 30 ml with the MS + EGTA medium and centrifuged at 4600 

rpm for 3 min. The pellet was resuspended to 10 ml with the isolation 

medium and centrifuged at 4600 rpm for 3 min. The supernatant 

fractions from these two centrifugations were pooled and centrifuged at 

11300 rpm for 8 min. The resulting pellet, containing free mitochondria 

and synaptosomes, was resuspended to 20 ml with MS + EGTA and 

divided into two tubes. Twenty microliters of 10% digitonin in 

dimethylsulfoxide was added to each tube in order to disrupt 

synaptosomal membranes and release any mitochondria trapped within. 

The tubes were then centrifuged at 11300 rpm for 10 min. The 

supernatant along with the light layer of the pellet was aspirated and the 

dark pellet resuspended to 10 ml with MS medium minus EGTA. This 

was then centrifuged at 11300 rpm for 10 min. The pellet was 

resuspended to 0.1-0.2 ml with MS minus EGTA. Mitochondrial protein 

concentration was determined by a modified biuret reaction using bovine 

serum albumin (BSA) as standard. (BSA - bovine serum albumin; EGTA - 

ethyleneglycol bis(β-aminoethylether)N,N,N',N'-tetraacetic acid; FCCP - 

carbonyl cyanide p-trifluoromethoxyphenylhydrazone; HEPES - 4-(2-

hydroxyethyl)-l-piperazineethanesulfonic acid; MS - mannitol-sucrose 

solution). 

Complex-I (NADH dehydrogenase activity) 

Complex-I was measured spectrophotometrically by the method of King 

and Howard (1967). The method involves catalytic oxidation of NADH to 

NAD+ with subsequent reduction of cytochrome c. The reaction mixture 
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contained 0.2 M glycyl glycine buffer pH 8.5, 6 mM NADH in 2 mM glycyl 

glycine buffer, and 10.5 mM cytochrome c. The reaction was initiated by 

the addition of requisite amount of solubilized mitochondrial sample and 

followed absorbance change at 550 nm for 2 min (King and Howard, 

1967). 

 

Complex-II [succinate dehydrogenase (SDH) activity]  

SDH was measured spectrophotometrically according to King (1967). The 

method involves oxidation of succinate by an artificial electron acceptor, 

potassium ferricyanide. The reaction mixture contained 0.2 M phosphate 

buffer pH 7.8, 1% BSA, 0.6 M succinic acid, and 0.03 M potassium 

ferricyanide. The reaction was initiated by the addition of mitochondrial 

sample, and absorbance change was followed at 420 nm for 2 min (King, 

1967). 

Complex-III (MTT ability) 

The MTT assay is based on the reduction of 3-(4, 5-dimethylthiazol- 2-yl)-

2,5-diphenyl-H-tetrazolium bromide (MTT) by hydrogenase activity in 

functionally intact mitochondria. The MTT reduction rate was used to 

assess the activity of the mitochondrial respiratory chain in isolated 

mitochondria by the method of Liu et al. (1997). Briefly, 100-μL 

mitochondrial samples were incubated with 10 μL MTT for 3 h at 37 °C. 

The blue formazan crystals were solubilized with dimethylsulfoxide and 

measured by an ELISA reader at 580-nm filter (Liu et al., 1997). 
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Complex IV (cytochrome oxidase assay) 

Cytochrome oxidase activity was assayed in brain striatum mitochondria 

according to the method of Sottocasa et al. (1967).  The assay mixture 

contained 0.3 mM reduced cytochrome c in 75 mM phosphate buffer. 

The reaction was started by the addition of solubilized mitochondrial 

sample, and the absorbance change was recorded at 550 nm for 2 min 

(Sottocasa et al., 1967). 

6.10.2.2.7. Estimation of glycogen content in liver and 

gastrocnemius muscle (Carroll et al., 1956) – 

Analysis of tissue glycogen contents - Because glycogen is insoluble in 

ethanol, it can be precipitated in anhydrous ethanol. Glycogen is 

dehydrated by 98% H2SO4 in order to produce furfural derivatives, which 

then produce a blue compound after reacting with anthrone. The OD of 

the color compound can be determined by photometry. 

Reagents: - 

1) Anthrone reagent - A solution containing 0.05 % anthrone, 1 % 

thiourea, and 72 % by volume H2S04 is used. For each liter of 

reagent, 720 ml. of concentrated H2S04 was added to 280 ml of 

distilled water cautiously. In a flask 500 mg of purified anthrone, 

10 gm of highest purity thiourea, and 1 liter of the 72 % H2SO4 

were added. The mixture was warmed to 80-90ºc with occasionally 

shaking the flask to mix the contents and overheating of the 

mixture was avoided. The reagent was cooled and stored in a 
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refrigerator. This reagent can be kept for at least 2 weeks in a 

refrigerator.  

2) 5 % trichloroacetic acid (TCA).  

3) 95 % Ethanol.  

4) Glucose 

a) Stock solution - 100 mg of dry, highest purity glucose was 

dissolved in 100 ml. of saturated benzoic acid solution.  

b) Working standard - 5 ml of the stock solution placed in a 100 ml 

volumetric flask and volume was made up with saturated benzoic 

acid solution. 2 ml of this solution, containing 0.1 mg of glucose, 

was used as a standard. The ODs of glucose at different 

concentrations (50, 25, 12.5, 6.25, 3.12, and 1.6 mg/ml) were 

0.88, 0.4, 0.26, 0.10, and 0.05, respectively. 

Method: -  

200 mg tissue was homogenized in 20 ml of 5 % TCA. Homogenate was 

filtered to obtain 10 ml of filtrate. 2 ml. of the trichloroacetic acid filtrate 

was pipetted into a 15 ml. centrifuge tube. To each tube 5 ml of 95 

%ethanol was added with careful blowing to effect thorough mixing. The 

tubes were capped with clean rubber stoppers and allowed to stand 

overnight at room temperature. As precipitation process was completed, 

the tubes were centrifuged at 3000 r.p.m. for 15 minutes. The clear 

liquid was gently decanted from the packed glycogen and the tubes were 

allowed to drain in an inverted position for 10 minutes. The glycogen was 

dissolved by addition of 2 ml. of distilled water, the water being added in 

a manner that will wash down the sides of the tube. If the glycogen did 

not dissolve instantly, the tubes were sonicated until clear solution was 
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formed. A reagent blank was prepared by pipetting 2 ml of water into a 

clean centrifuge tube. A standard was prepared by pipeting 2 ml of 

standard glucose solution, containing 0.1 mg of glucose, into a similar 

tube. At this point 10 ml. of anthrone reagent was delivered into each 

tube. The stream of anthrone reagent was directed into the center of the 

tube and was sufficient to insure good mixing. As each tube received 

anthrone reagent, it was tightly capped and placed in a cold tap water 

bath. After all tubes had reached the temperature of the cold water, they 

were immersed in a boiling water bath to a depth a little above the level 

of the liquid in the tubes for 15 minutes and then removed to a cold 

water bath and cooled to room temperature. The tubes and stoppers were 

wiped dry and the contents of each tube were transferred to a cuvette 

and red at 620 nm after adjusting the spectrophotometer (UV 

Spectrophotometer, Jasco V-630, Japan.) with the reagent blank. Note: 

care was taken to avoid introduction of lint or contaminating 

carbohydrate in to the anthrone reaction. 

Calculation: -  

mg of glycogen/100 gm of tissue = DU/DS x 0.1 x volume of extract/gm 

of tissue x 100 x 0.9  

Where DU = optical density of the unknown, DS = optical density of the 

standard, 0.1= mg of glucose in 2 ml. of standard solution, 0.9 = factor 

for converting glucose value to glycogen value. 
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6.10.2.2.8. Gastrocnemius muscle weight, Epididymal fat weight and 

Levator ani muscle weight – 

At the end of the experimental period, animals were sacrificed by 

anesthesia. Gastrocnemius muscle, Epididymal fat and Levator ani 

muscle samples were removed out and washed immediately with saline 

to remove as much blood as possible, and then the muscle weight and fat 

weight was measured. 

6.10.3. Molecular parameters: 

Reverse transcriptase PCR – 

RNA extraction and RT-PCR analysis: 

The RNA extraction and reverse transcriptase-polymerase chain reaction 

(RT-PCR) analysis was performed according to standard protocol 

described by Biotools B and M Labs, Spain. Briefly, the isolated tissue 

(30-40 mg) was disrupted in liquid nitrogen using mortar pestle. To this 

Lysis Buffer (350 μl) and β-mercaptoethanol (3.5 μl) were added and 

subjected to vigorous vortexing. The lysate was loaded into a filtering 

column in collection tube and centrifuged for 1 min at 11000 g. The 

clarified lysate was mixed with 70% ethanol (350 μl) and loaded into the 

RNA binding column in collection tube followed by centrifugation for 30 

sec 11000 g. Desalting buffer DBR (350 μl) and rDNase Reaction Mixture 

(95 µl) was added and incubated at room temperature for 15min. 

Following successive washings with wash buffer, RNA was resuspended 

in RNAse-free water (60 μl) and centrifuged. The elute containing pure 

RNA was stored at -80oC until analysis.  
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cDNA Preparation: 

Single-stranded cDNA was synthesized from total cellular RNA using 

reverse transcriptase polymerase chain reaction. Briefly, total RNA (2µl) 

was treated with 100 mm magnesium sulfate solution (10 μl), the 

primers (5 μl) and PCR astringent (12 μl). The volume was made up to 50 

μl with nuclease free water. The primers were synthesized by Biotools B 

and M Labs, Spain (Table 6.1). Amplification of β-actin served as a 

control for sample loading and integrity. Polymerase chain reaction 

products were detected by electrophoresis on a 1.5% agarose gel 

containing ethidium bromide. Size of amplicons was confirmed by using 

100-bp ladder (Amnion Biosciences Pvt. Ltd., India) as a standard size 

marker. The amplicons was visualized and image was captured using gel 

documentation system (Alpha Innotech Inc. USA). Expression of the 

genes was assessed semi-quantitatively by generating densitometry data 

for band intensities in different sets of experiments and analyzing the gel 

images using software Image J program (Version 1.33, USA). 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. 

6.10.4. Histological parameters: 

After the treatment period, the animals were sacrificed and the organs 

were excised, blotted free of blood and tissue fluids and preserved in 10 

% v/v formal saline solution. The specimens were processed for 

sectioning, staining and mounting. Briefly, the tissues were washed 
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thoroughly in repeated changes of 70% alcohol and then dehydrated in 

ascending grades of alcohol (70-100%). After dehydration, the tissues 

were cleaned in xylene and embedded in paraffin wax. Sections of 5μ 

thickness were cut on a microtome and taken on glass slides coated with 

albumin. The sections were deparaffinated in xylene and downgraded 

through 100, 90, 70, 50, 30% alcohol and then finally in water. The 

haematoxylin stained sections were stained with eosin for 2 minutes and 

were then quickly passed through ascending grades of alcohol, cleaned 

in xylene and mounted on Canada balsam.  

The stained sections were examined under Olympus (Magnus MLX 

series) India Pvt Ltd. Photomicroscope and photographed (10X). The 

pathologist was blinded to the treatment. The grading system used for 

assessment of parameter was -- absence of change, + 0-30% area shows 

changes, + + 30-50 % area shows changes, + + + 50-70 % area shows 

changes, + + + + 70-100 % area shows changes]. 

6.10.5. 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  

Gene 
Sequence Size(bp) 

Forward primer Reverse primer  

AMPK 5’-TGAAGCCAGAGAACGTGTTG-3’ 5’-ATAATTTGGCGATCCACAGC-3’ 582 

Atrogin-1/MAFbx 5’-TGAAGACCGGCTACTGTGGAAGAGAC-3’ 5’- TTGGGGTGAAAGTGAGACGGAGCAG-3’ 486 

eNOs TGGCAAGACAGACTACACGA CGCAATGTGAGTCCGAAA 422 

iNOs ATCCCGAAACGCTACACTT TCTGGCGAAGAACAAATCC 314 

IRS-1 GATAGCGAGGCTGAGCAAGA CACCACGGAGTCATCCACTT 168 

PGC-1α 5’-CACCAAACCCACAGAGAACAG-3’ 5’-GGTGACTCTGGGGTCAGAG-3’ 135 

VEGF 5’-CCCTGATGAGATCGAGTACATCTT-3’ 5’-ACCGCCTCGGCTTGTCAC-3’ 165 

Glut-4 5’-GCCATCGTCATTGGCATTCT-3’ 5’-CGCTTTAGACTCTTTCGGGC-3’ 203 

IL-1β 5’-TGATGTTCCCATTAGACAGC-3’ 5’-GAGGTGCTGATGTACCAGTT-3’ 290 

MuRF1 5’-TCGACATCTACAAGCAGGAA-3’ 5’-CTGTCCTTGGAAGATGCTTT-3’ 194 

Myostatin 5’-ATCTGAGAGCCGTCAAGACTCC-3’ 5’-CAGTCAAGCCCAAAGTCTCTCC-3’ 340 

PDE4 5'-TACAGTGGTGGAAGTGGCAG-3' 5'-GAGCAGAGATGATGGCAGAA-3' 278 

TNF-α 5'-AAGCCTGTAGCCCATGTTGT-3' 5'-CAGATAGATGGGCTCATACC-3' 295 

β-actin 5'-GGCATCGTGATGGACTCCG-3' 5'GCTGGAAGGTGGACAGCGA-3' 764 
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6.10.6. Distribution of tissue for biochemical, molecular, 

histological and ultrastructural analysis: 

We have used twelve wistar rats (n=12). After collection of blood sample 

animal was sacrificed by overdose of ether anesthesia and various tissue 

(liver, gastrocnemius muscle, levator ani muscle and heart) were 

collected from each rat. Tissue from four rats (n=4) were used for 

estimation of oxido-nitrosative stress (SOD, GSH, MDA and NO: 1 gm 

from 4 animals); for estimation of MC-I, MC-II, MC-III, MC-IV and total 

protein (1 gm from another 4 animals); for estimation of muscle glycogen 

(200 gm), liver glycogen (200 gm) and 13 genes (AMPK, Glut4, IRS-1, 

PGC-1alpha, Atrogin-1, MuRf-1, eNOs, PDE-4, Myostatin, IL-1β, TNF-

alpha, VGEF, iNOs and beta -actin) (30 gm) with histopathology study 

(30 gm) and ultrastructural tissue from four rats (n=4) were utilized. 

6.10.7. 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. A value of p < 0.05 was considered to 

be statistically significant. 
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7. RESULTS 

7.1. Standardization of Plant material  

7.1.1. Determination of foreign matter in plant material 

Leaves of M. oleifera obtained from Medicinal and Aromatic Plant 

Garden of Mahatma Phule Krishi Vidyapeeth, Rahuri and rice bran 

obtained as gift sample from Radheshyam Rice and Poha Mill, 

Pirangut was devoid of any foreign matter.  

7.1.2. Determination of total ash, acid insoluble ash and water-

soluble ash. 

Table 7.1. Total ash, acid insoluble ash and water-soluble ash 

Drugs  
Ash value (mg/g of drug)  

Total ash  Acid insoluble ash  Water soluble ash  

Rice Bran  81  64.5  59.5  

M. oleifera 95.5  74  60.5  

The content of total ash rice bran and M. oleifera were 81 and 95.5 

mg/g of air dried plant material respectively. Acid insoluble ash 

content in rice bran and M. oleifera were 64.5 and 74mg/g of air dried 

plant material respectively. The content of water soluble ash in rice 

bran and M. oleifera were 59.5 and 60.5 mg/g of air dried plant 

material respectively. 

7.1.3. Determination of extractable matter by hot extraction with 

water, ethanol and petroleum ether. 

Table 7.2. Extractable matter by hot extraction with water, 
ethanol and petroleum ether 

Drugs  
Extractable matter (mg/g of drug)  

Water 
soluble 

Ethanol 
soluble  

Petroleum ether 
soluble  

Rice Bran  105 60 143 
M. oleifera 467 176 47 
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In hot extraction, water soluble extractive values of rice bran and M. 

oleifera were 105 and 467 mg/g of air dried plant material 

respectively. Ethanol soluble extractive values of rice bran and M. 

oleifera were 60 and 176 mg/g of drugs whereas petroleum ether 

soluble extractive values of rice bran and M. oleifera were 143 and 47 

mg/g of air dried plant material respectively. 

7.1.3. Determination of extractable matter by cold maceration 

with water, ethanol and petroleum ether. 

Table 7.3. Extractable matter by cold maceration with water, 

ethanol and petroleum ether 

Drugs  

Extractable matter (mg/g of drug)  

Water 

soluble 

Ethanol 

soluble  

Petroleum ether 

soluble  

Rice Bran  67 156 289 

M. leifera 178 89 57 

In cold maceration, water soluble extractive values of rice bran and M. 

oleifera were 67 and 178 mg/g of air dried plant material respectively. 

Ethanol soluble extractive values of rice bran and M. oleifera were 156 

and 89 mg/g of drugs while petroleum ether soluble extractive values 

of rice bran and M. oleifera were 289 and 57 mg/g of air dried plant 

material respectively. 

7.1.4. Determination of loss on drying. 

Table 7.4. Loss on drying 

Drugs Loss on drying (mg/g) 

Rice Bran 75 

M. oleifera 88 

Rice bran and M. oleifera showed 75 and 88 mg/g of loss on drying. 
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7.1.5. Percent yield and characteristics of extracts. 

Table 7.5. Percent yield and characteristics of extracts 

Plant Extract Appearance Consistency Yield (%) 

Rice bran Pet. ether Yellowish 

brown 

Oil 10.4% 

M. oleifera Pet. ether Dark green Waxy 23.25% 

M. oleifera Hydro-

alcoholic 

Greenish 

brown 

Sticky mass 34.61% 

7.1.6. Phytochemical analysis of crude extracts 

Table 7.6. Phytochemical analysis of crude extracts 

Test 

Pet. ether 

extract of 

Rice bran 

Pet. ether 

extract of  M. 

oleifera 

Hydro-

alcoholic 

extract of  M. 

oleifera 

Carbohydrates    

Molish test - - + 

Reducing sugar    

Fehling’s test - - + 

Benedict’s test - - + 

Mono-

sachharide 
   

Barfoed’s test - - + 

Pentose sugar    

Bial’s test - - - 
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Test 

Pet. ether 

extract of 

Rice bran 

Pet. ether 

extract of  M. 

oleifera 

Hydro-

alcoholic 

extract of  M. 

oleifera 

Hexose sugar    

Selwinoff’s test - + + 

Cobalt chloride 

test 
- + + 

Proteins    

Biuret test - - - 

Millions test - - + 

Proteins 

containing 

tyrosine and 

tryptophan  

   

Xanthoprotein 

test 
- - + 

Protein 

containing 

sulphur 

- - - 

Amino acids    

Ninhydrine test - - + 

FeCl3 test - - + 

Lead Acetate - - + 

KMnO4 test - - + 

Glycosides    

Cardiac 

Glycosides 
   

Legiol’s test - - - 

Keller-Killani test - + + 
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Test 

Pet. ether 

extract of 

Rice bran 

Pet. ether 

extract of  M. 

oleifera 

Hydro-

alcoholic 

extract of  M. 

oleifera 

Anthraquinnon 

glycosides 
   

Borntrager’s test - - + 

Saponins    

Foam test - - - 

Flavonoids    

Shinoda test - - + 

Alkaloids    

Mayer’s test - - + 

Wagner’s test - - + 

Hagar’s test - - + 

Phytosterols, 

Triterpenoids 

and steroids 

   

Salkowski 

reaction 
+ - + 

Liebermann-

Burchard 

reaction 

+ + - 

 

Oil extracted from rice bran by using petroleum ether showed 

presence of phytosterols, triterpenoids and steroids. Petroleum ether 

extract of M. oleifera showed presence of glycosides, steroids and 

hexose sugar while carbohydrates, proteins, tannins, glycosides, 

flavonoids, alkaloids and steroids were present in M. oleifera hydro-

alcoholic extract. 
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7.2. Pharmacological screening of extracts 

7.2.1. Acute oral toxicity studies 

Acute oral toxicity studies as per AOT No. 425 guideline suggested by 

Organization for Economic Co-operation and Development: 

Acute oral toxicity studies revealed that petroleum ether extract of M. 

oleifera, hydro-alcoholic extract of M. oleifera and γ-oryzanol were safe 

up to a dose of 2000 mg/kg of body weight. No lethality or any toxic 

reactions were observed. 

Result of acute oral toxicity studies of petroleum ether extract of M. 

oleifera, hydro-alcoholic extract of M. oleifera and γ-oryzanol. 

Drug Dose (mg/kg, p.o.) 

 175 550 1750 2000 

Petroleum ether extract of leaves 
of  M. oleifera 

O O O O 

Hydro-alcoholic extract of M. 
oleifera 

O O O O 

γ-oryzanol O O O O 

Where: O= alive; X= dead 

Dose selected for further studies are 100, 200 and 400 mg/kg of 

petroleum ether extract of Moringa oleifera, hyro-alcoholic extract of 

Moringa oleifera and γ-oryzanol.  
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7.3. Pharmacological screening of extracts for endurance activity 

of M. oleifera and γ-oryzanol 

7.3.1. Effect of treadmill endurance training on body weight of 

rats after γ-Oryzanol, pet. ether and hydroalcoholic extract of 

Moringa oleifera (100, 200, 400 mg/kg) and caffeine 

administration. 

The body weight of TC group animals were significantly decreased (p < 

0.001) as compared to normal, OZ (400), HAL-MO (400) and PEE-MO 

(400) groups on day 14.  

Body weight of TC + OZ (400) group was significantly increased (p < 

0.05) as compared with TC group rats on day 14. Non-significant 

increase in body weight was seen in TC + OZ (100) and TC + OZ (200) 

group when compared with TC group rats on day 14.   

In TC + HAL-MO (200) and TC + HAL-MO (400) groups, body weight 

was significantly increased (p < 0.05 and p < 0.001) while TC + HAL-

MO (100) group showed non-significant increase in body weight of 

animals as compared with TC group rats.  

Body weight TC + PEE-MO (100), TC + PEE-MO (200) and TC + PEE-

MO (400) group did not show any significant change in body weight of 

animals when compared with TC group rats. 

TC + C (1) group rats showed significant increase (p < 0.01) in body 

weight of animals as compared with TC group rats.   

The body weight of TC group animals were significantly decreased (p < 

0.001) as compared to normal, OZ (400), HAL-MO (400) and PEE-MO 

(400) groups on day 28. 
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In TC + OZ (100); TC + OZ (200) and TC + OZ (400) group body weight 

was increased significantly (p < 0.05 and p < 0.001) when compared 

with TC group rats on day 28. 

Non-significant increase in body weight was seen in TC + HAL-MO 

(100) and TC + HAL-MO (200) group rats while body weight 

significantly increased (p < 0.01) in TC + HAL-MO (400) as compared 

with TC group rats on day 28.  

TC + PEE-MO (100) group showed non-significant increase in body 

weight when compared with TC group rats. Body weight in TC + PEE-

MO (200) and TC + PEE-MO (400) groups were significantly increased 

(p < 0.01 and p < 0.001) when compared with TC group rats on day 

28. 

TC + C (1) showed significant increase (p < 0.001) in body weight when 

compared with TC group rats (Figure 7.1). 

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 143 
 



Results 
 

 

Figure 7.1. Effect of treadmill endurance training on body weight of rats after γ-Oryzanol, pet. ether and hydroalcoholic 

extract of Moringa oleifera (100, 200, 400 mg/kg) and caffeine administration. 

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 OZ (400), HAL-MO (400) and PEE –MO (400) group, 
and * p < 0.05, ** p < 0.01, *** p < 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-
oryzanol, Hal-MO – hydro-alcoholic extract of leaves of Moringa oleifera, PEE-MO – petroleum ether extract of levees of Moringa 
oleifera, C(1) – Caffeine, TC – Treadmill control. Figures in bracket represents dose in mg/kg. Dose of caffeine was 30 mg/kg p.o. 
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7.3.2. Effect of treadmill endurance training on endurance 

capacity (min) of rats after γ-Oryzanol, pet. ether and 

hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) 

and caffeine administration. 

Endurance capacity of rats in TC group was significantly increased (p 

< 0.001) as compared to normal, OZ (400), HAL-MO (400) and PEE-

MO (400) groups on day 14. 

Endurance capacity was non-significantly increased in TC + OZ (100) 

and TC + OZ (200) groups as compared with TC group rats. It was 

observed that, endurance capacity in TC + OZ (400) was significantly 

increased (p < 0.01) as compared with TC group rats on day 14.  

Endurance capacity did not significantly change in TC + HAL-MO 

(100), TC + HAL-MO (200) and TC + HAL-MO (400) when compared 

with TC group rats.  

It was seen that, endurance capacity was significantly increased (p < 

0.001) in TC + PEE-MO (400) and TC + C (1) groups when compared 

with TC group. Non-significant increase in endurance capacity was 

observed in TC + PEE-MO (100) and in TC + PEE-MO (200) group rats 

as compared with TC group rats. 

Endurance capacity of rats in TC group was significantly improved (p 

< 0.001) as compared to normal, OZ (400), HAL-MO (400) and PEE-

MO (400) groups on day 28. 

Endurance capacity was non-significantly increased in TC + OZ (100) 

group as compared with TC group rats. It was observed that, 

endurance capacity in TC + OZ (200) and in TC + OZ (400) was 

significantly increased (p < 0.001) as compared with TC group rats on 

day 28. 
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Endurance capacity did not significantly change in TC + HAL-MO 

(100), TC + HAL-MO (200) and TC + HAL-MO (400) when compared 

with TC group rats.  

Endurance capacity was significantly increased (p < 0.05) in TC + 

PEE-MO (100) group as compared with TC group rats. In group TC + 

PEE-MO (200), TC + PEE-MO (400) and TC + C (1) endurance capacity 

was significantly improved (p < 0.001) as compared with TC group rats 

(Figure 7.2). 
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Figure 7.2. Effect of treadmill endurance training on endurance capacity (min) of rats after γ-Oryzanol, pet. ether and 
hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) and caffeine administration. 

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 OZ (400), HAL-MO (400) and PEE –MO (400) group, 
and * p < 0.05, ** p < 0.01, *** p < 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-
oryzanol, Hal-MO – hydro-alcoholic extract of leaves of Moringa oleifera, PEE-MO – petroleum ether extract of levees of Moringa 
oleifera, C(1) – Caffeine, TC – Treadmill control. Figures in bracket represents dose in mg/kg. Dose of caffeine was 30 mg/kg p.o. 
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7.3.3. Effect of treadmill endurance training on Serum 

Testosterone (ng/ml) of rats after γ-Oryzanol, pet. ether and 

hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) 

and caffeine administration. 

Free testosterone level in TC + PEE-MO (200) and in TC + PEE-MO 

(400) group was significantly increased (p < 0.01) as compared with 

TC group. Free testosterone did not change significantly in other 

groups when compared with TC group on day 14. 

Free testosterone level in TC + PEE-MO (200) and in TC + PEE-MO 

(400) group was significantly increased (p < 0.001) as compared with 

TC group. Free testosterone did not change significantly in other 

groups when compared with TC group on day 28. 

Thus, results indicated that the free testosterone level significantly 
increased in PEE-MO group rats receiving treadmill exercise (Figure 
7.3). 
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Figure 7.3. Effect of treadmill endurance training on Serum Testosterone (ng/ml) of rats after γ-Oryzanol, pet. ether 

and hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) and caffeine administration.  

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 OZ (400), HAL-MO (400) and PEE –MO (400) group, 
and * p < 0.05, ** p < 0.01, *** p < 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-
oryzanol, Hal-MO – hydro-alcoholic extract of leaves of Moringa oleifera, PEE-MO – petroleum ether extract of levees of Moringa 
oleifera, C(1) – Caffeine, TC – Treadmill control. Figures in bracket represents dose in mg/kg. Dose of caffeine was 30 mg/kg p.o.  

Study of the endurance activity and ergogenic effect of selected Indian medicinal plant in laboratory animals 
 Page 149 
 



Results 
 
7.3.4. Effect of treadmill endurance training on levator ani 

muscle weight (gm) of rats after γ-Oryzanol, pet. ether and 

hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) 

and caffeine administration. 

Levator ani muscle weight was 0.44 ± 0.01 gm in normal group, 0.44 ± 

0.02 gm in OZ (400) group, 0.46 ± 0.02 gm in HAL-MO (400) group, 

0.52 ± 0.01 gm in PEE-MO (400) group, 0.44 ± 0.02 gm in C (1), 0.44 

± 0.02 gm in TC group, 0.44 ± 0.02 gm in TC + OZ (100), 0.44 ± 0.01 

gm in TC + OZ (200), 0.46 ± 0.02 gm in TC + OZ (400), 0.47 ± 0.02 gm 

in TC + HAL-MO (100), 0.48 ± 0.02 gm in TC + HAL-MO (200), 0.48 ± 

0.02 gm in TC + HAL-MO (400), 0.50 ± 0.02 gm in TC + PEE-MO 

(100), 0.66 ± 0.01 gm in TC + PEE-MO (200), 0.77 ± 0.02 gm in TC + 

PEE-MO (400) and 0.46 ± 0.02 gm in TC + C (1) group. 

Levator ani muscle weight was significantly increased in TC + PEE-MO 

(100) (non-significant), TC + PEE-MO (p < 0.01) and TC + PEE-MO (p < 

0.001) group as compared with TC group. 

Levator ani muscle weight did not significantly change in other groups 

(Figure 7.4). 
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Figure 7.4. Effect of treadmill endurance training on levator ani muscle weight (gm) of rats after γ-Oryzanol, pet. ether 

and hydroalcoholic extract of Moringa oleifera (100, 200, 400 mg/kg) and caffeine administration. 

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, $ p < 0.05, $$ p < 0.01, $$$ p < 0.001 as compared with OZ (400), HAL-MO (400) and PEE –MO (400) group, and * 
p < 0.05, ** p < 0.01, *** p < 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, Hal-
MO – hydro-alcoholic extract of leaves of Moringa oleifera, PEE-MO – petroleum ether extract of levees of Moringa oleifera, C(1) – 
Caffeine, TC – Treadmill control. Figures in bracket represents dose in mg/kg. Dose of caffeine was 30 mg/kg p.o.  
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The results thus indicated that, γ-oryzanol, hydro-alcoholic extract of 

Moringa oleifera, petroleum ether extract of Moringa oleifera 

administration to rats receiving exercise significantly preserved weight 

loss caused due to exhaustive exercise.  

Endurance capacity was significantly increased in rats receiving γ-

oryzanol and petroleum ether extract of Moringa oleifera in rats 

undergone for treadmill running exercise while endurance capacity 

was non-significant change in endurance capacity was observed in 

rats receiving treadmill training with hydro-alcoholic extract of 

Moringa oleifera.  

Serum testosterone was significantly increased in rats receiving 

petroleum ether extract with treadmill training than rest of the groups 

on the other hand levator ani muscle weight was significantly 

increased in rats undergone for treadmill training and dosed with 

petroleum ether extract of Moringa oleifera. This indicated increased 

endurance capacity in rats receiving treadmill training with petroleum 

ether extract of Moringa oleifera may be due to increased secretion of 

serum free testosterone and also due to androgenic effect as levator 

ani muscle weight was increased in rats receiving petroleum ether 

extract of leaves of Moringa oleifera with exercise. 

In γ-oryzanol treated animals with exercise showed increase in 

endurance capacity and non-significant alteration in serum free 

testosterone and did not show increase in levator ani muscle weight so 

γ-oryzanol was selected for further study. 

 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 152 
 



Results 
 
7.4. Isolation of γ-oryzanol from crude rice bran oil  

7.4.1. HPTLC Method Validation  

Petroleum ether extract of rice bran contains several compounds with 

similar polarity including CAF and 24-mCAF. The polarity of the 

molecules is determined by structure of the compound. By selecting 

different mobile phases, one can change the equilibrium between the 

free and absorbed states. It is important to understand 

chromatography at this molecular level because this allows one to 

choose mobile phases that will separate just about any mixture of 

molecules. Different molecules partition differently between the free 

and absorbed state that is the equilibria between these two states is 

not the same. 

During the optimization of the proposed HPTLC method, different 

mobile phases containing single solvent and different solvents 

containing various ratios of toluene, ethyl acetate, ethanol, methanol, 

dichloromethane, acetone, n-hexane and chloroform were attempted.  

The mobile phase composed of toluene: ethyl acetate: methanol 

(15.0:1.7:3.3, v/v/v) was selected because well resolved peaks were 

observed (Figure 7.5). The optimum wavelength chosen for detection 

and quantitation was 317 nm. The retention factor for tinidazole, 24-

mCAF and CAF were found to be 0.27 ± 0.02, 0.72 ± 0.02 and 0.79 ± 

0.02 respectively. 
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Figure 7.5. Representative chromatogram obtained from a mixed 

standard solution of tinidazole and γ-oryzanol (Peak 1 = Tinidazole; 

Peak 2 = 24-mCAF, Peak 3 = CAF). 

7.4.2. Linearity, limit of detection and limit of quantitation 

The results were found to be linear in the range of 200 to 1400 ng 

sopt-1 where as the correlation coefficient (r) for the plots were 0.999 

for 24-mCAF. The peak area (y) was proportional to the concentration 

of 24-mCAF following the regression equation y = 7.630x + 1439 

(Figure 7.6). The LOD and LOQ for 24-mCAF was found to be 45.89 

and 139.05 ng spot-1 respectively (Table 7.7). Linearity was also 

confirmed by residual analysis and no tendency was observed in it. 
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Figure 7.6. Concentration Versus Residual Plot of γ-oryzanol 

Table 7.7. Linear regression data for the calibration curves (n = 7). 

Parameters 24-mCAF 

Linearity range a  200 – 1400 

r2 0.9991 

Slope 7.6305 

Intercept 1439 

LOD a 45.89 

LOQ a 139.05 

Sy.x 106.1 

Robustness Robust 

Specificity Specific 

 

n = Number of determinations; r = Coefficient of correlation and a = ng 

spot-1 
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7.4.3. Precision  

Intra-day variation, as RSD (%), was in the range of 0.19 - 0.36 for 

whereas inter-day variation, as RSD (%) was found to be in the range 

of 0.16 - 0.50 for 24-mCAF. Precision studies for 24-mCAF showed 

RSD less than 2 %, indicating a good precision (Table 7.8). 

Table 7.8. Intra and inter day precision of the HPTLC method (n=6) 

Standard drug 
Nominal 

concentration a 

concentration 

obtained a 

Precision 

obtained b 

Intra 

day 

Inter 

day 

Intra 

day 

Inter 

day 

24-mCAF 

200 199.85 197.80 0.35 0.50 

600 588.95 590.17 0.29 0.77 

1000 1015.13 1011.51 0.18 0.16 

 

n = Number of determinations; a = ng spot-1, b = relative standard 

deviation  

7.4.4. Specificity  

Assessment of peak purity of 24-mCAF was performed by comparing 

the spectra of marker compound at peak start, peak apex and peak 

end positions of the spot. The values were (start, middle) = 0.998, 

0.999 and r (middle, end) = 0.999, 0.999, respectively. Good 

correlation was also obtained between markers and sample spectra of 

24-mCAF.  
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7.4.5. Accuracy  

Results of the accuracy illustrated recoveries of 99.20 - 100.84 % for 

24-mCAF indicated reliability of the proposed densitometric method 

for the quantitation of 24-mCAF in RBO (Table 7.9). 

Table 7.9. Results of recovery studies 24-mCAF (n=3) 

Amount 

Taken 

Amount 

addeda (%) 

Amount 

founda 
SD 

% 

Recovery 

% 

RSD 

500 400(80) 897.29 30.71 99.69 0.37 

500 500(100) 1008.49 15.49 100.84 0.16 

500 600(120) 1102.96 15.10 100.26 0.15 

 

n = Number of determinations; a ng spot-1; SD = Standard deviation; 

RSD = Relative standard deviation 

7.4.6. Robustness studies  

Robustness of the proposed method assessed after deliberate 

alterations of the analytical parameters indicated that areas of peaks 

of interest and retention factor remained unaffected by small changes 

of the operational parameters (% RSD < 2). The summary of validation 

parameters of proposed method are presented in Table 7.10.  
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Table 7.10. Results of robustness studies 24-mCAF (n=3) 

Parameter 

SD of 

concentration 

found 

% RSD 

Mobile phase (Toluene) composition (± 

0.1 mL) 
38.72 0.65 

Amount of mobile phase (± 5 %) 55.75 0.94 

Time from band application to 

chromatography (+ 10 min) 
12.84 0.21 

Time from chromatography to 

scanning (+ 15 min) 
49.69 0.83 

n = Number of determinations; SD = Standard deviation; RSD = 

Relative standard deviation 

7.4.7. Analysis of RBO  

Proposed validated method was applied to standardization for RBO 

extracts viz. methanol and ethanol. The shape of the peaks was not 

altered by other substances present in the both extracts. The percent 

content of 24-mCAF in both fractions was 0.38 % and 1.02 %, 

respectively. 

7.4.8. Fractionation of RBO 

Column chromatographic separation of the petroleum extract of rice 

bran oil gave the seven fractions of 20 ml each. TLC of each fraction 

was carried out during column chromatography to get pooled fraction 

I (1-22), II (23-34), III (35-44), IV (45-60), V (61-75), VI (76-100) and 

VII (101-120). Fraction I-VI was obtained by the eluting column with 

mobile phase (toluene: ethyl acetate: methanol in proportion of 
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15.0:1.7:3.3, v/v/v), whereas fraction VII was the mass which could 

not be eluted with mobile phase, was eluted by ethanol. Organoleptic 

characteristics of pooled fraction were studied and reported in Table 

7.11. The HPTLC fingerprinting of pooled fraction was carried at 

254nm and 366 nm and reported in Figure 7.7. 

Table 7.11. Summary of fractions of petroleum ether extract of rice 

bran 

Fractions Pooled 

fractions 

 

Yield (in 

grams) 

Color Consistency 

I 1-22 5.87 Whitish yellow  Oily 

II 23-34 1.02 Milky white Solid 

III 35-44 2.56 Yellowish 

green 

semisolid 

IV 45-60 1.39 Yellowish 

green 

Waxy 

V 61-75 1.24 Yellowish 

brown 

Solid 

VI 76-100 1.10 Golden yellow Waxy (hard) 

VII  

(Alcoholic 

fractions) 

101-120 1.28 Brown Sticky mass 

 

Extract loaded on to the column was 15 g. Eluting solvent was mobile 

phase: toluene: ethyl acetate: methanol in proportion of 15.0:1.7:3.3, 

v/v/v (fraction I-VI) and at the end ethanol (fraction VII).  Flow rate: - 

1ml/min; Fractions: - 20 ml each.  
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Figure 7.7. HPTLC fingerprinting of fractions of rice bran oil extracted 

with petroleum ether 

The fraction II Rf value was matched with the standard compound so 

the fraction II was selected for further study. 

To get pure compound, two dimensional chromatography was done by 

using HPTLC.  

7.4.8.1. Development of chromatogram:  

One dimensional (normal): described earlier. (Note: sample was 

applied as spot instead of band). Two dimensional: after development 

of one dimensional chromatogram same plate was placed in chamber 

saturated with fresh mobile phase. Plate was placed in such a way 

that (90° anticlockwise) the spots on developed chromatogram by one 

dimensional was acted as application points. Chamber was closed and 

mobile phase was allowed to ascend. Plate was removed and mobile 

phase allowed to evaporate at room temperature and dried under hot 

air. 

7.4.8.2. Preparative TLC:-  

Application of sample:- Sample was applied by streaking across the 

full length of the plate by automatic sample applicator Linomat V 

(CAMAG Switzerland). 
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7.4.8.3. Development of chromatogram:-  

As described earlier in 6.5.1.5 section. 

7.4.8.4. Observation and elution of compound: - 

Chromatogram was observed in daylight, under ultra violate (UV) light 

at 254 and 366 nm wavelength. Area was marked and scrapped off 

with sharp blade, about 10 % additional area was then marked to 

compensate for three-dimensional development of band in the layer. 

With minimum volume of mobile phase the components from 

scrapped material was eluted. Scrapped material and mobile phase 

were homogenized in vortex mixer to ensure complete elution, 

centrifuged, supernatant collected and allowed to evaporate. Volume 

of mobile phase required for elution was calculated. Volume of 

solvent required = Volume of scrapped material X 10 X (1 – Rf).  

Figure 7.8 showed the separation of chemicals constitutes 

(Sethi, 1996; Eckschlager and Danzer, 1994; Sethi and 

Charegaonkar, 1999).  
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Figure 7.8. Two dimensional HPTLC fingerprinting of fraction 2 
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7.4.9. Structural Characterization: 

 Compound: 24-mCAF, solid, white powder; FTIR (KBr cm-1): OH 

(3539), Ar. CH (2967), COOR (1714), C=C (1630), CH3 (1375), C-O-C 

(1211); 1H NMR (400 MHz, CDCl3) δ ppm: d 7.59 (1H, d, J= 16.0 Hz, 

H-3’), 7.05 (1H, dd, J= 1.58 Hz, H-5’), 7.02 (1H, s, J= 1.5, 8.0 Hz, H-

9’), 6.90 (1H, d, J=8.0 Hz, H-8’), 6.28 (1H, d, J= 16.0 Hz, H-2’), 6.18 

(1H, br s, 7’-OH), 4.72 (1H, s, H-28a), 4.69 (1H, m, H-3), 4.67 (1H, s, 

H-28b), 3.90 (3H, s, -OCH3), 2.21 (1H, m, H-25), 1.03 (3H, d, J=6.0 

Hz, H-27), 1.04 (3H, d, J=6.0 Hz, H-26), 0.97 (6H, s, H-18, 30), 0.93 

(3H, s, H-31), 0.90 (6H, s, H-21, 29), 0.59 (1H, d, J=4.0 Hz, H-19b), 

0.36 (1H, d, J=4.0 Hz, H-19a); 13C-NMR (100 MHz, CDCl3) δ ppm: 

167.21, 156.81, 147.96, 146.87, 144.47, 130.84, 127.06, 127.02, 

125.29, 123.04, 116.15, 114.83, 109.38, 106.01, 80.59, 55.93, 52.26, 

48.81, 47.91, 47.20, 45.27, 39.70, 36.14, 35.49, 34.98, 33.81, 32.87, 

31.93, 31.87, 29.83, 28.17, 26.97, 26.50, 25.97, 25.86, 25.50, 21.90, 

21.05, 20.97, 20.13, 19.34, 18.29, 17.68, 15.38; ESIMS (negative) 

m/z 615.6 [M+] (Figure 7.9 and 7.10). 

(H,H) (Hz) (coupling constant) (reported spectral data by Cho and 

Liu in CDCl3) (Cho et al., 2012; Liu et al., 2013) 1H-NMR (500 MHz, 

CDCl3) d 7.61 (1H, d, J ¼ 16.0 Hz, H-30), 7.08 (1H, dd, J ¼ 1.5, 8.0 

Hz, H-90), 7.05 (1H, d, J ¼ 1.5 Hz, H-50), 6.92 (1H, d, J ¼ 8.0 Hz, H-

80), 6.31 (1H, d, J ¼ 16.0 Hz, H-20), 5.93 (1H, s, 70-OH), 4.73 (1H, s, 

H-28a), 4.72 (1H, m, H-3), 4.66 (1H, s, H-28b), 3.94 (3H, s, -OCH3), 

2.25 (1H, m, H-25), 1.05 (3H, d, J ¼ 6.0 Hz, H-27), 1.03 (3H, d, J ¼ 

6.0 Hz, H-26), 0.99 (6H, s, H-18, 30), 0.92 (3H, s, H-31), 0.91 (6H, s, 

H-21, 29), 0.61 (1H, d, J ¼ 4.0 Hz, H-19b), 0.38 (1H, d, J ¼ 4.0 Hz, 

H-19a); 13C-NMR (125 MHz, CDCl3) d 167.05, 156.85, 147.80, 146.74, 

144.30, 127.11, 123.00, 116.26, 114,67, 109.26, 105.92, 80.50, 

55.92, 52.21, 48.79, 47.83, 47.18, 45.27, 39.68, 36.09, 35.50, 34.95, 

33.77, 32.84, 31.61, 31.29, 29.76, 28.12, 26.92, 26.48, 26.96, 25.80, 
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25.46, 21.98, 21.85, 20.92, 20.12, 19.28, 18.28, 17.96, 15.32; ESIMS 

(negative) m/z 615.44 [M+]. 

 

Figure 7.9. 1H NMR of isolated 24-mCAF 

 

Figure 7.10. 13C NMR of isolated 24-mCAF 
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Figure 7.11. DEPT spectrum of isolated 24-mCAF 

 

Figure 7.12. COSY spectrum of 24-mCAF 
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Figure 7.13. HSQC Spectrum of isolated 24-mCAF 

 

Figure 7.14. HMBC spectrum of 24-mCAF 
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P1                10.90 usec
p2                21.80 usec
P28                1.00 usec
PL1               -3.00 dB
SFO1        400.1314686 MHz

======== CHANNEL f2 ========
CPDPRG2            garp
NUC2                13C
P3                 9.60 usec
p4                19.20 usec
PCPD2             70.00 usec
PL2               -2.00 dB
PL12              15.26 dB
SFO2        100.6202727 MHz

====== GRADIENT CHANNEL =====
GPNAM1         SINE.100
GPNAM2         SINE.100
GPZ1              80.00 %
GPZ2              20.10 %
P16             1000.00 usec

F1 - Acquisition parameters
ND0                   2
TD                  256
SFO1           100.6203 MHz
FIDRES        65.104164 Hz
SW              165.639 ppm
FnMODE    Echo-Antiecho

F2 - Processing parameters
SI                 1024
SF          400.1300068 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2       echo-antiecho
SF          100.6127690 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
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Current Data Parameters
NAME         Nov18-2014
EXPNO               174
PROCNO                1

F2 - Acquisition Parameters
Date_          20141118
Time              22.12
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG      hmbcgpndqf
TD                 4096
SOLVENT           CDCl3
NS                    8
DS                   16
SWH            3937.008 Hz
FIDRES         0.961184 Hz
AQ            0.5202420 sec
RG                 2050
DW              127.000 usec
DE                 6.00 usec
TE                295.0 K
CNST13        8.0000000
d0           0.00000300 sec
D1           1.36401296 sec
d6           0.06250000 sec
D16          0.00010000 sec
IN0          0.00002240 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                10.90 usec
p2                21.80 usec
PL1               -3.00 dB
SFO1        400.1314686 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                 9.60 usec
PL2               -2.00 dB
SFO2        100.6228138 MHz

====== GRADIENT CHANNEL =====
GPNAM1         SINE.100
GPNAM2         SINE.100
GPNAM3         SINE.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec

F1 - Acquisition parameters
ND0                   2
TD                  128
SFO1           100.6228 MHz
FIDRES       174.386154 Hz
SW              221.833 ppm
FnMODE               QF

F2 - Processing parameters
SI                 1024
SF          400.1300068 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.40

F1 - Processing parameters
SI                 1024
MC2                  QF
SF          100.6127690 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0

OZ-2
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Figure 7.15.  HMBC (H to C) 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.16. NOESY spectrum of 24-mCAF 
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Date_          20141118
Time              22.47
INSTRUM           spect
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PULPROG         noesyph
TD                 2048
SOLVENT           CDCl3
NS                   16
DS                    4
SWH            3937.008 Hz
FIDRES         1.922367 Hz
AQ            0.2601460 sec
RG                 11.3
DW              127.000 usec
DE                 6.00 usec
TE                294.8 K
d0           0.00011312 sec
D1           1.99057901 sec
D8           0.30000001 sec
IN0          0.00025400 sec
ST1CNT              128

======== CHANNEL f1 ========
NUC1                 1H
P1                10.90 usec
PL1               -3.00 dB
SFO1        400.1314686 MHz

F1 - Acquisition parameters
ND0                   1
TD                  256
SFO1           400.1315 MHz
FIDRES        15.378937 Hz
SW                9.839 ppm
FnMODE      States-TPPI

F2 - Processing parameters
SI                 1024
SF          400.1300068 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00

F1 - Processing parameters
SI                 1024
MC2         States-TPPI
SF          400.1300068 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
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Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 167 
 



Results 
 

 

Figure 7.17. MASS spectrum of 24-mCAF 

 

The 1H-NMR (CDCl3, 400 MHz) spectrum corresponded with that of 

24-methylenecycloartanyl ferulate. In accordance with the 1HNMR 

spectrum and the 13C-NMR (CDCl3, 100 MHz) spectrum contained 41 

carbon signals including 10 carbon signals of the ferulic acid moiety 

and 31 carbon signals of the 24-methylenecycloartanol moiety. When 

the 13C-NMR spectrum of compound compared with standard [d 

130.86 (C-25) and 125.24 (C-24)], the carbon signals [d 156.85 (C-24) 

and 105.92 (C-28)] characteristic of the double bond in the 24-

methylenecycloartanol moiety were largely shifted down-field and up-

field, respectively. The molecular ion peak of compound was also 

observed at 616.6 [M+1] spectrum, indicating that the molecular 

weight of compound was 616.6. Thus, based on the MS and NMR 

spectroscopic data, compound was determined to be 24-

methylenecycloartanyl ferulate. The results were comparable with Cho 

and Liu (Cho et al., 2012; Liu et al., 2013). 
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The characterization data of 1D, 2D spectral analysis confirmed that 

the isolated compound was 24-methylenecycloartanyl ferulate. In this 

work, high purity 24-mCAF was successfully isolated from crude RBO 

using HPTLC with a solvent system composed toluene: ethyl acetate: 

methanol (15.0:1.7:3.3, v/v/v). The advantages of the system are 

handiness, time savings and high load amount.  

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 169 
 



Results 
 
7.5. Endurance activity of γ-oryzanol  

7.5.1. Treadmill Endurance - 

7.5.1.1. Effect of Treadmill endurance training on body weight of 

rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Body weight of TC group animals were gradually decreased on day 14 

(p < 0.05); on day 28, day 42 and day 56 (p < 0.001) significantly as 

compared with normal and OZ (400) group rats.  

Body weight of TC + OZ (100) animals were non-significantly changed 

on day 14, day 28 and day 42 but significantly increased (p < 0.05) on 

day 56 when compared with TC group. 

Body weight of TC + OZ (200) animals were non-significantly increased 

on day 14 and day 28 but on day 42 and on day 56 body weight was 

significantly (p < 0.01 and p < 0.001) increased as compared with TC 

group rats.     

In case of TC + OZ (400) and TC + C (1) group rats, body weight non-

significantly increased on day 14 when compared with TC group rats. 

Body weight of TC + OZ (400) and TC + C (1) group rats were 

significantly increased on day 28 (p < 0.05) while body weight of 

animals in these groups further significantly increased (p < 0.001) on 

day 42 and day 56 as compared with TC group rats (Table 7.12).  
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Table 7.12. Effect of Treadmill endurance training on body weight of rats after γ-Oryzanol (100, 200, 400 
mg/kg) and caffeine administration. 

Treatment Normal OZ 
(400) 

Caffeine 
(30mg/kg) 

Treadmill 
control 

(TC) 

TC + 
OZ 

(100) 

TC + 
OZ 

(200) 

TC + 
OZ 

(400) 

TC + 
Caffeine 

(30mg/kg) 

0 day 158.40 
± 3.50 

158.60 
± 3.50 

163.00 ± 
3.84 

151.00 ± 
2.77 

154.80 
± 1.90 

157.40 
± 4.94 

159.40 
± 3.70 

160.00 ± 
4.61 

14 day 168.40 
± 4.94 

167.00 
± 4.84 

167.80 ± 
4.04 

152.60 ± 
3.61#,$ 

151.80 
± 3.92 

162.00 
± 1.70 

160.80 
± 4.71 

166.20 ± 
2.67 

28 day 183.40 
± 3.65 

186.60 
± 3.21 

179.20 ± 
5.48 

148.00 ± 
3.17###,$$$ 

154.40 
± 3.00 

164.80 
± 3.59 

166.00 
± 2.46* 

168.00 ± 
2.38* 

42 day 212.40 
± 3.93 

202.00 
± 5.03 

195.20 ± 
5.28 

144.60 ± 
4.38###,$$$ 

153.60 
± 3.48 

167.60 
± 

4.62** 

173.80 
± 

4.16*** 

179.80 ± 
3.03*** 

56 day 232.40 
± 3.61 

213.80 
± 3.39 

209.40 ± 
3.17 

134.40 ± 
4.55###,$$$ 

151.60 
± 5.29* 

166.20 
± 

4.18*** 

185.80 
± 

2.47*** 

183.40 ± 
4.17*** 

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 OZ (400) group, and * p < 0.05, ** p < 0.01, *** p < 

0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill 

control, TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill 

training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine(30mg/kg). 
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7.5.1.2. Effect of Treadmill endurance training on food intake 

(gm) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Rat exposed to the treadmill exercise (TC group rats) showed 

significant increase (Vs p < 0.001) in food intake as compared to 

normal and OZ 400 group rats on day 28 and day 56. 

 

It was observed that food intake was reduced significantly in animals 

receiving γ-oryzanol (200 and 400 mg/kg) and caffeine with exercise 

on day 28 in TC + OZ (200), TC + OZ (400) and TC + C (1) [p < 0.001] 

as compared with TC group rats. Food intake was non-significantly 

reduced in TC + OZ (100) group rat when compared with TC group 

rats.   

 

While on day 56, food intake was significantly decreased in TC + OZ 

(400) and TC + C (1) group rats [p < 0.01] when compared with TC 

group rats. Food intake was non-significantly decreased on day 56 in 

TC + OZ (100) and TC + OZ (200) groups rat as compared with TC 

group (Table 7.13). 
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Table 7.13. Effect of Treadmill endurance training on food intake (gm) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

Treatment Normal OZ (400) Caffeine 
(30mg/kg) 

Treadmill 
control (TC) 

TC + OZ 
(100) 

TC + OZ 
(200) 

TC + OZ 
(400) 

TC + C (1) 
(30mg/kg) 

28 day 7.92 ± 
0.43 

8.30 ± 
0.25 

8.17 ± 
0.30 

12.50 ± 
0.34###,$$$ 

11.52 ± 
0.41 

10.36 ± 
0.43*** 

9.18 ± 
0.43*** 

8.46 ± 
0.41*** 

56 day 7.78 ± 
0.39 

7.38 ± 
0.33 

7.34 ± 
0.20 

10.56  ± 
0.47###,$$$ 

10.12 ± 
0.28 

9.08 ± 
0.22 

8.92 ± 
0.29** 

8.72 ± 
0.43** 

 

 

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 OZ (400) group, and * p < 0.05, ** p < 0.01, *** p < 

0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill 

control, TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill 

training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30mg/kg).  
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7.5.1.3. Effect of Treadmill endurance training on water intake 

(ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Water intake was significantly increased in TC group rat [p < 0.01] as 

compared with the normal and OZ (400) group rats on day 28 and day 

56.  

 

Water intake was non-significantly decreased in TC + OZ (100) and TC 

+ OZ (200) group rats.  

 

Water intake was reduced significantly (p < 0.01) in case of TC + OZ 

(400) groups rats for day 28 and day 56 as compared with TC group 

rats. While water intake in TC + C (1) group rats was significantly 

decreased (p < 0.001) on day 28 and significant reduction (p < 0.01) of 

water intake was observed on day 56 when compared with TC group 

rats (Table 7.14). 
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Table 7.14. Effect of Treadmill endurance training on water intake (ml) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

Treatment Normal OZ (400) Caffeine Treadmill 
control (TC) 

TC + OZ 
(100) 

TC + OZ 
(200) 

TC + OZ 
(400) TC + C (1) 

28 day 28.86 ± 
1.12 

30.06 ± 
1.24 

30.14 ± 
2.11 

46.48 ± 
1.06##,$$ 

44.68 ± 
1.12 

43.48 ± 
2.18 

41.00 ± 
1.06** 

35.82 ± 
1.82*** 

56 day 32.06  ± 
1.74 

30.68 ± 
1.23 

31.20 ± 
1.87 

39.74 ± 
1.51##,$$ 

38.66 ± 
0.62 

37.32 ± 
1.05 

34.68 ± 
0.98** 

33.94 ± 
1.46** 

 

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 OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 
compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-
oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving 
treadmill training and Caffeine (30mg/kg). 
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7.5.1.4. Effect of treadmill endurance training on endurance 

capacity (min) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Endurance capacity of rats from TC group was significantly higher (p 

< 0.001) on day 28 and day 56 as compared with the normal and OZ 

(400) group rats.  

It was seen that endurance capacity of rats from TC + OZ (400) [p < 

0.001 for day 28 and day 56 respectively] was significantly increased 

as compared with TC group rats.  

In case of TC + C (1) group rats showed significant increase in 

endurance capacity [p < 0.001 for day 28 and day 56 respectively] as 

compared with TC group rats.  

Non-significant increase in endurance capacity of TC + OZ (100) and 

TC + OZ (200) group was seen on day 28 while significant increment 

in endurance capacity of TC + OZ (200) [p < 0.01] was observed on day 

56 when compared with TC group rats.  

The results thus indicated that the significant increase in endurance 

capacity after γ-oryzanol administration (400 mg/kg) in treadmill 

training (Figure 7.18). 
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Figure 7.18. Effect of treadmill endurance training on endurance 

capacity (min) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine (30mg/kg) administration. 

 

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 OZ (400) group, and *p < 0.05, **p 

< 0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 

+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 

+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 

+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 

TC +C(1) - rats receiving treadmill training and Caffeine (30mg/kg). 
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7.5.1.5. Effect of Treadmill endurance training on serum 

biochemistry of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration (I). 

There was significant decrease (p < 0.05) in serum glucose level due to 

strenuous exercise in treadmill control group rats as compared to 

normal and OZ (400) group rats on day 28 and day 56. 

Serum glucose level was significantly higher [p < 0.01] in TC +OZ (400) 

and TC + C (1) group on day 28 while no significant change was 

observed in serum glucose level on day 56 in these groups when 

compared with TC group rats.  

TC + OZ (100) and TC + OZ (200) showed non-significant increase in 

serum glucose level on day 28 as compared with TC group rats. But 

no significant change in serum glucose level of TC + OZ (100) and TC 

+ OZ (200) group was observed on day 56 when compared with TC 

group rats. 

Strenuous treadmill exercise significantly elevated serum LDH, BUN, 

AST, ALT and ALP level (p < 0.001) along with serum creatinine and 

uric acid level (p < 0.01) on day 28 in TC group rats as compared with 

normal and OZ (400) group rats.  

The serum concentration of LDH, AST, ALT, ALP enzymes and BUN, 

creatinine, uric acid were still significantly at higher side on day 56 

[for LDH p < 0.001; creatinine, BUN, AST, ALT and ALP as p < 0.01 

along with Uric acid as p < 0.05] in TC group rats as compared with 

normal and OZ (400) group rats. 

Serum LDH level was decreased significantly in TC + OZ (100) [p < 

0.05]; TC + OZ (200) [p < 0.01]; TC + OZ (400) and in TC + C (1) [p < 

0.001] groups when compared with TC group on day 28.  
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On day 56, serum LDH level was non-significantly decreased in TC + 

OZ (100) group while significant decreased in LDH level was seen in 

TC + OZ (200) [p < 0.05], TC + OZ (400) and TC + C (1) [p < 0.001] 

groups when compared with TC group rats. 

On day 28, serum creatinine concentration was decreased in TC + OZ 

(100) and TC + OZ (200) non-significantly on the other hand serum 

creatinine concentration was decreased significantly in TC + OZ (400) 

[p < 0.05] and in TC + C (1) [p < 0.001] as compared with TC group 

rats. 

Serum level of creatinine on day 56 was non-significantly decreased in 

TC + OZ (100) and significantly decreased in TC + OZ (200) [p < 0.01], 

TC + OZ (400) and TC + C (1) [p < 0.001] as compared with TC group 

rats.  

Non-significant decrease in BUN concentration was seen in TC + OZ 

(100) group but in TC + OZ (200) [p < 0.01], TC + OZ (400) and TC + C 

(1) [p < 0.001] group rats showed significant decrease in BUN 

concentration on day 28 when compared with TC group rats. 

On 56th day, non-significant change was seen in serum BUN 

concentration in TC + OZ (100) group rats but serum BUN level was 

decreased significantly in TC + OZ (200) [p < 0.05], TC + OZ (400) and 

TC + C (1) [p < 0.001] groups when compared with TC group rats.   

On day 28, uric acid concentration was non-significantly changed in 

TC + OZ (100) and TC + OZ (200) group rats when compared with TC 

group. But significant decrease in serum uric acid was seen in TC + 

OZ (400) [p < 0.05] and TC + C (1) [p < 0.01] group when compared 

with TC group on day 28.  

On day 56, non-significant decrease in serum uric acid level was 

observed in TC + OZ (100) and TC + OZ (200) groups but significant 
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decrease in serum uric acid level was seen in TC + OZ (400) and TC + 

C (1) [p < 0.01] groups when compared with TC group. 

Serum AST level on 28th day was decreased non-significantly in TC + 

OZ (100) and TC + OZ (200) groups while decrease in serum AST 

concentration was observed in TC + OZ (400) and TC + C (1) [p < 0.05] 

as compared with TC group rats. 

On day 56, serum AST level was decreased significantly in TC + OZ 

(400) [p < 0.01] and in TC + C (1) [p < 0.05] group when compared 

with TC group. Non-significant change in TC + OZ (100) and in TC + 

OZ (200) group when compared with TC group. 

Serum ALT concentration on day 28 was non-significantly reduced in 

TC + OZ (100) and TC + OZ (200) groups whereas serum ALT 

concentration was decreased significantly in TC + OZ (400) [p < 0.05] 

and TC + C (1) [p < 0.01] as compared with TC group. 

On day 56, serum ALT level was decreased significantly in TC + OZ 

(400) and in TC + C (1) [p < 0.05] groups as compared with TC group 

rats. Non-significantly alteration in serum ALT concentration was seen 

in TC + OZ (100) and TC + OZ (200) groups as compared with TC 

group.  

Serum ALP concentration on day 28 was decreased non-significantly 

in TC + OZ (100) and TC + OZ (200) groups rats whereas serum ALP 

level was decreased significantly in TC + OZ (400) [p < 0.01] and in TC 

+ C (1) [p < 0.001] group as compared with TC group.   

On day 56, serum ALP activity was decreased significantly in TC + OZ 

(400) [p < 0.05] and in TC + C (1) [p < 0.01] groups as compared with 

TC group rats. Non-significantly reduction in serum ALP level was 

seen in TC + OZ (100) and TC + OZ (200) groups as compared with TC 

group (Table 7.15).  
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Table 7.15. Effect of Treadmill endurance training on serum biochemistry of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration (I). 

Treatment 
Time 

in 
days 

Glucose 
(mg/dL) 

LDH 
(IU/L) 

Creatinine 
(mg/dL) 

BUN 
(mg/dL) 

Uric 
acid 

(mg/dL) 

AST 
(IU/L) 

ALT 
(IU/L) 

ALP 
(IU/L) 

Normal 
28 

96.30 ± 
2.72 

965.97 ± 
45.07 

0.30 ± 
0.02 

2.93 ± 
0.42 

3.24 ± 
0.16 

106.00 ± 
1.62 

30.43 ± 
2.06 

42.74 ± 
0.86 

56 
92.86 ± 

3.60 
1062.40 ± 

63.80 
0.32 ± 
0.02 

4.45 ± 
0.65 

3.30 ± 
0.08 

105.35 ± 
4.12 

29.24 ± 
2.64 

43.28 ± 
1.05 

OZ (400) 
28 

95.99 ± 
2.54 

1201.25 ± 
63.23 

0.33 ± 
0.01 

3.15 ± 
0.52 

3.32 ± 
0.08 

106.39 ± 
3.98 

29.20 ± 
1.78 

41.97 ± 
0.98 

56 
98.71 ± 

3.46 
1160.24 ± 

68.39 
0.35 ± 
0.02 

3.93 ± 
0.45 

3.32 ± 
0.16 

104.90 ± 
3.43 

29.02 ± 
1.08 

42.94 ± 
1.70 

Caffeine 
(C1) 

(30mg/kg) 

28 
95.21 ± 

1.82 
1085.47 ± 

59.74 
0.33 ± 
0.01 

3.06 ± 
0.55 

3.35 ± 
0.16 

107.73 ± 
3.07 

28.69 ± 
2.06 

41.36 ± 
0.95 

56 
98.98 ± 

3.41 
1133.59 ± 

70.37 
0.35 ± 
0.02 

3.76 ± 
0.87 

3.36 ± 
0.07 

106.69 ± 
4.06 

31.19 ± 
2.32 

42.65 ± 
1.55 

TC 
28 

82.02 ± 
2.36##,$$ 

1991.20 ± 
44.37###,$$$ 

0.50 ± 
0.02##,$$ 

11.60 ± 
0.57###,$$$ 

4.05 ± 
0.17##,$$ 

127.24 ± 
4.80###,$$$ 

42.52 ± 
2.24###,$$$ 

53.52 ± 
0.71###,$$$ 

56 
87.66 ± 
2.96#,$ 

1874.54 ± 
75.63###,$$$ 

0.45 ± 
0.02##,$$ 

10.09 ± 
0.62##,$$ 

3.87 ± 
0.05#,$ 

123.44 ± 
1.82##,$$ 

38.53 ± 
2.16##,$$ 

49.13 ± 
1.32##,$$ 
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Treatment Time in 
days 

Glucose 
(mg/dL) 

LDH 
(IU/L) 

Creatinine 
(mg/dL) 

BUN 
(mg/dL) 

Uric 
acid 

(mg/dL) 

AST 
(IU/L) 

ALT 
(IU/L) 

ALP 
(IU/L) 

TC + OZ 
(100) 

28 
84.10 ± 

2.79 
1709.95 
± 77.43* 

0.48 ± 
0.02 

10.09 ± 
0.57 

3.87 ± 
0.14 

121.38 
± 3.39 

40.44 ± 
3.24 

52.96 ± 
1.02 

56 
91.62 ± 

4.06 
1703.86 
± 71.11 

0.41 ± 
0.03 

8.98 ± 
0.79 

3.79 ± 
0.19 

118.85 
± 4.42 

37.49 ± 
1.56 

48.04 ± 
1.83 

TC + OZ 
(200) 

28 
88.77 ± 

5.29 
1638.20 
± 92.98** 

0.45 ± 
0.03 

9.20 ± 
0.55** 

3.84 ± 
0.16 

121.46 
± 3.74 

40.39 ± 
2.83 

49.89 ± 
1.42 

56 
94.72 ± 

4.46 
1610.46 
± 56.57* 

0.38 ± 
0.02** 

7.71 ± 
0.55* 

3.83 ± 
0.11 

118.12 
± 3.43 

34.48 ± 
2.08 

46.96 ± 
1.50 

TC + OZ 
(400) 

28 
98.83 ± 
2.88** 

1437.14 
± 84.44*** 

0.41 ± 
0.02* 

8.57 ± 
0.60*** 

3.58 ± 
0.20* 

113.25 
± 1.13* 

35.31 ± 
1.19* 

48.12 ± 
0.88** 

56 
92.13 ± 

3.58 
1366.99 
± 76.58*** 

0.35 ± 
0.02*** 

7.08 ± 
0.66*** 

3.35 ± 
0.13** 

107.34 
± 3.79** 

30.33 ± 
2.29* 

45.06 ± 
1.30* 

TC + C (1) 
(30mg/kg) 

28 
96.94 ± 
3.31** 

1245.85 
± 98.45*** 

0.38 ± 
0.01*** 

8.25 ± 
0.53*** 

3.39 ± 
0.12** 

114.86 
± 4.01* 

32.39 ± 
1.98** 

44.71 ± 
1.05*** 

56 
95.29 ± 

2.42 
1192.36 
± 67.73*** 

0.35 ± 
0.03*** 

6.65 ± 
0.49*** 

3.38 ± 
0.11** 

109.13 
± 3.81* 

31.17 ± 
2.23* 

43.39 ± 
1.53** 

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 OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control group on respective days. N- 
Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – 
rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 
receiving treadmill training and Caffeine (30mg/kg).  
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7.5.1.6. Effect of Treadmill endurance training on serum 

biochemistry of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration (II). 

Exhaustive exercise induces changes in the lipid profile of the rat in 

addition serum albumin and serum CK-MB concentration.  

Due to heavy exercise, it was seen that the serum triglyceride, 

cholesterol, LDL-C, VLDL-C concentration in TC group rats was 

significantly (p < 0.01) increased and serum HDL-C concentration was 

significantly (p < 0.01) decreased on day 28 as compared with the 

normal group and OZ (400) group rats. In case of serum albumin and 

CK-MB were increased on day 28 significantly (p < 0.001) in TC group 

when compared with normal and OZ (400) group rats. 

Day 56 also reflects same pattern as serum triglyceride, LDL-C and 

VLDL-C (p < 0.01) and cholesterol (p < 0.05) increased significantly 

when compared with TC group rats. Serum HDL-C (p < 0.05) 

concentration was significantly decreased on day 56 as compared with 

TC group rats. Serum albumin (p < 0.001) and serum CK-MB (p < 

0.01) significantly increased on day 56 as compared with TC group 

rats.  

Serum level of TG, cholesterol, LDL-C, and VLDL-C non-significantly 

decreased and serum HDL-C level non-significantly increased on day 

28 and on day 56 in TC +  OZ (100) and TC + OZ (200) group rats as 

compared with TC group rats. Whereas on day 28, serum 

concentration of TG (p < 0.01), cholesterol (p < 0.05), LDL-C (p < 0.05) 

and VLDL-C (p < 0.01) decreased significantly in TC + OZ (400) group 

rats when compared with TC group rats. Serum HDL-C concentration 

(p < 0.05) increased significantly in TC + OZ (400) group rats on day 

28 when compared with TC group rats.  
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In TC + C (1) concentration of serum TG (p < 0.05), cholesterol (p < 

0.01), LDL-C (p < 0.05) and VLDL-C (p < 0.001) decreased significantly 

on day 28 when compared with TC group rats. Serum HDL-C level (p < 

0.01) significantly increased in TC + C (1) on day 28 when compared 

with TC group rats.  

In TC + OZ (400) group on day 56 showed significant decreased 

concentration of serum TG (p < 0.001), cholesterol (p < 0.01), LDL-C (p 

< 0.01) and VLDL-C (p < 0.05) whereas serum concentration of HDL-C 

(p < 0.001) was significantly increased when compared with TC group 

rats. 

In TC + C (1) group on day 56 showed significant decreased 

concentration of serum TG (p < 0.01), cholesterol (p < 0.001), LDL-C (p 

< 0.05) and VLDL-C (p < 0.01) whereas serum concentration of HDL-C 

(p < 0.001) was significantly increased when compared with TC group 

rats.     

In group TC + OZ (400) on day 28, serum concentration of albumin (p 

< 0.001) and CK-MB (p < 0.01) were decreased significantly when 

compared with TC group rats. On day 56, serum albumin (p < 0.001) 

and CK-MB (p < 0.01) were significantly reduced in TC + OZ (400) 

group rats as compared with TC group.  

Serum level of albumin and CK-MB were 3.47 ± 0.09 gm % and 

616.12 ± 13.92 IU/L on day 28 in TC + C (1) group rats. 

Concentration of albumin and CK-MB in serum decreased 

significantly (p < 0.001 and p < 0.01) in TC + C (1) group rats when 

compared with TC group rats. On day 56, serum albumin (p < 0.001) 

and CK-MB (p < 0.05) were significantly reduced in TC + C (1) group 

rats as compared with TC group.   
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Serum albumin level was significantly decreased (p < 0.05) on day 28 

and day 56 in TC + OZ (200) group rats when compared with TC 

group rats. Serum CK-MB concentration was non-significantly 

decreased in TC + OZ (200) group as compared with TC group on day 

28 and day 56.  

Serum concentration of albumin and CK-MB were non-significantly 

decreased in TC + OZ (100) group rats when compared with TC group 

rats on day 28 and day 56.  

The results thus indicated that the serum concentration of TG, 

cholesterol, LDL-C, VLDL-C, albumin and CK-MB decreased and 

serum HDL-C concentration increased significantly in animals 

receiving γ-oryzanol (400 mg/kg) and exercise (Table 7.16).  
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Results 

Table 7.16. Effect of Treadmill endurance training on serum biochemistry of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration (II). 

Treatment 
Time 

in 
days 

TG 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL-C 
(mg/dL) 

LDL-C 
(mg/dL) 

VLDL-C 
(mg/dL) 

Albumin 
(gm %) 

CK-MB 
(IU/L) 

Normal 
28 

59.32 ± 
2.63 

69.45 ± 
2.09 

58.46 ± 
2.80 

2.48 ± 
0.11 

11.86 ± 
0.53 

2.84 ± 
0.18 

564.55 ± 
31.84 

56 
56.41 ± 

2.98 
67.14 ± 

1.45 
55.99 ± 

3.67 
2.54 ± 
0.16 

11.28 ± 
0.59 

2.75 ± 
0.13 

583.97 ± 
36.43 

OZ (400) 
28 

60.71 ± 
2.99 

68.01 ± 
2.73 

58.32 ± 
2.46 

2.55 ± 
0.15 

12.14 ± 
0.59 

2.94 ± 
0.18 

573.91 ± 
16.59 

56 
55.23 ± 

1.80 
69.71 ± 

3.14 
54.29 ± 

2.68 
2.55 ± 
0.12 

11.05 ± 
0.36 

2.74 ± 
0.16 

567.18 ± 
19.40 

Caffeine 
(C1) 

(30mg/kg) 

28 
60.81 ± 

1.43 
68.19 ± 

3.09 
58.34 ± 

1.44 
2.54 ± 
0.16 

12.16 ± 
0.29 

2.89 ± 
0.11 

583.49 ± 
14.35 

56 
55.42 ± 

2.09 
64.98 ± 

2.88 
54.88 ± 

3.16 
2.44 ± 
0.16 

11.08 ± 
0.42 

2.73 ± 
0.15 

600.65 ± 
23.64 

TC 
28 

72.83 ± 
1.54##,$$

78.69 ± 
2.81##,$$

46.58 ± 
2.46##,$$ 

3.19 ± 
0.09##,$$

14.57 ± 
0.31##,$$ 

4.27 ± 
0.17###,$$$

722.87 ± 
16.54###,$$$ 

56 
66.13 ± 
2.56##,$$

77.34 ± 
1.62#,$

44.52 ± 
2.73#,$ 

3.13 ± 
0.12##,$$

13.23 ± 
0.51##,$$ 

4.25 ± 
0.10###,$$$ 

696.67 ± 
16.58##,$$ 
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Treatment Time in 
days 

TG 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL-C 
(mg/dL) 

LDL-C 
(mg/dL) 

VLDL-C 
(mg/dL) 

Albumin 
(gm %) 

CK-MB 
(IU/L) 

TC + OZ 
(100) 

28 
71.40 ± 

2.81 
76.60 ± 

3.17 
51.33 ± 

2.43 
3.09 ± 
0.10 

14.28 ± 
0.56 

4.09 ± 
0.12 

682.59 ± 
32.10 

56 
63.88 ± 

3.14 
69.69 ± 

2.21 
50.79 ± 

2.70 
2.98 ± 
0.16 

12.78 ± 
0.63 

4.07 ± 
0.16 

654.67 ± 
29.68 

TC + OZ 
(200) 

28 
66.82 ± 

2.40 
72.71 ± 

3.40 
51.12 ± 

1.97 
3.05 ± 
0.13 

13.36 ± 
0.48 

3.94 ± 
0.07* 

704.55 ± 
6.99 

56 
62.24 ± 

2.11 
70.75 ± 

1.92 
53.40 ± 

2.51 
2.84 ± 
0.14 

12.45 ± 
0.42 

3.82 ± 
0.15* 

641.85 ± 
23.62 

TC + OZ 
(400) 

28 
63.61 ± 
1.73** 

69.88 ± 
1.84* 

55.63 ± 
2.63* 

2.68 ± 
0.10* 

12.72 ± 
0.35** 

3.77 ± 
0.11*** 

621.59 ± 
28.79** 

56 
60.86  ± 
4.00*** 

68.18 ± 
1.59** 

58.35 ± 
1.78*** 

2.54 ± 
0.13** 

12.17 ± 
0.80* 

3.64 ± 
0.16*** 

622.80 ± 
29.74** 

TC + C (1) 
(30mg/kg) 

28 
60.71 ± 
2.29* 

69.80 ± 
2.92** 

57.14 ± 
1.86** 

2.69 ± 
0.16* 

12.14 ± 
0.46*** 

3.47 ± 
0.09*** 

616.12 ± 
13.92** 

56 
56.58 ± 
2.19** 

68.98  ± 
1.45*** 

58.82  ± 
2.56*** 

2.67 ± 
0.13* 

11.32 ± 
0.44** 

3.21 ± 
0.19*** 

633.64 ± 
21.68* 

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 OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 
group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training 
and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving 
treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving treadmill training and Caffeine (30mg/kg).  
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Results 
 
7.5.1.7. Effect of Treadmill endurance training on serum cAMP 

(pmol/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Serum cAMP concentration was increased (p < 0.001) significantly in 

TC group rats as compared with normal and OZ (400) group rats on 

day 28 and day 56. Serum cAMP concentration was significantly (p < 

0.01) increased in TC + OZ (200) group rats on day 28 and day 56 as 

compared with TC group rats. It was observed that serum cAMP 

concentration was increased (p < 0.001) significantly in TC + OZ (400) 

and TC + C rats on day 28 and day 56 rats when compared with TC 

group rats. TC + OZ (100) group rats showed non-significant increase 

in serum cAMP concentration on day 28 and day 56 (Figure 7.19.).  
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Results 
 

 

 

Figure 7.19. Effect of Treadmill endurance training on serum cAMP 

(pmol/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

(30mg/kg) administration. 

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 OZ (400) group, and *p < 0.05, **p 
< 0.01, ***p < 0.001 as compared with treadmill control group on respective 
days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 
+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 
+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 
TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg).  
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Results 
 
7.5.1.8. Effect of Treadmill endurance training on Serum 

Testosterone (ng/ml) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

Treadmill exercise and γ-oryzanol administration did not significantly 

alter the concentration of serum testosterone level throughout the 

study (Figure 7.20).  

 

Figure 7.20. Effect of Treadmill endurance training on Serum 

Testosterone (ng/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) 

and caffeine administration. 

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 OZ (400) group, and *p < 0.05, **p 
< 0.01, ***p < 0.001 as compared with treadmill control group on respective 
days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 
+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 
+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 
TC +C(1) - rats receiving treadmill training and Caffeine (30mg/kg). 

28th 56th
0.0

0.5

1.0

1.5

2.0

N OZ (400) C (1) TC TC + OZ (100) TC + OZ (200) TC + OZ (400) TC + C (1)

Time (in Days)

S
e
ru

m
 T

e
s
to

s
te

ro
n

e
 (

n
g

/m
l)

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 190 
 



Results 
 
7.5.1.8. Effect of Treadmill endurance training on Hemoglobin, Red 

blood cells, Platelets, White blood cells of rats after γ-Oryzanol (100, 

200, 400 mg/kg) and caffeine administration. 

Strenuous exercise resulted in significant reduction in hemoglobin, 

red blood cells (p < 0.001) and platelets (p < 0.05) counts while white 

blood cells count was significantly (p < 0.05) increase in TC group rats 

as compared with normal and OZ (400) group rats. 

Administration of γ-oryzanol to rat in the dose 100 mg/kg [TC + OZ 

(100)] elicited non significant increase in effect in hemoglobin, red 

blood cells and platelets and non significant reduction in white blood 

cells when compared with TC group rats.  

TC + OZ (200) rats showed no significant effect on hemoglobin, 

platelets and white blood cells but red blood cells count was 

significantly (p < 0.05) increased when compared with TC group rats. 

TC + OZ (400) and TC + C (1) group rats showed significant increase 

in hemoglobin (p < 0.001), red blood cell count [p <0.05 (TC + OZ (400) 

and p < 0.01 (TC + C (1)] and platelet count (p < 0.01) while no 

significant effect has seen on white blood cells count when compared 

with TC group rats (Table 7.17).  
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Table 7.17. Effect of Treadmill endurance training on Hemoglobin, Red blood cells, Platelets, White blood cells of 

rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
TC TC + OZ 

(100) 
TC + OZ 

(200) 
TC + OZ 

(400) 
TC + C (1) 
(30mg/kg) 

Hb (g/dL) 14.92 ± 
0.37 

15.08 ± 
0.50 

14.44 ± 
0.42 

10.36 ± 
0.24###,$$$ 

11.04 ± 
0.35 

11.64 ± 
0.37 

13.66 ± 
0.44*** 

14.36 ± 
0.32*** 

RBC  
(* 1012/L) 

5.24 ± 
0.37 

5.16 ± 
0.22 

5.40 ± 
0.17 

3.32 ± 
0.21###,$$$ 

3.40 ± 
0.30 

4.40 ± 
0.18* 

4.34 ± 
0.17* 

4.70 ± 
0.23** 

PLT  
(* 109/L) 

921.1 ± 
20.39 

903.8 ± 
28.23 

910.3 ± 
20.3 

798.9 ± 
27.16#,$ 

821.7 ± 
22.18 

864.7 ± 
17.64 

893.4 ± 
17.55* 

903.8 ± 
26.78* 

WBC 
(* 109/L)  

7.88 ± 
0.24 

7.84 ± 
0.19 

7.98 ± 
0.22 

8.78 ± 
0.16#,$ 

8.12 ± 
0.27 

7.94 ± 
0.27 

8.22 ± 
0.26 

7.98 ± 
0.20 

 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared 
with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC + OZ 
(100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-
oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving 
treadmill training and Caffeine (30mg/kg). Hb – Hemoglobin, RBC -Red blood cells, PLT – Platelets, WBC - White blood cells. 
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Results 
 
7.5.1.9. Effect of Treadmill endurance training on percent oxygen 

saturation and lung function test of rats after γ-Oryzanol (100, 

200, 400 mg/kg) and caffeine administration. 

Percent oxygen saturation (% O2) was decreased significantly (p < 

0.001) in the Treadmill control rats (TC group) as compared to normal 

and OZ (400) group rats. 

Administration of γ-oryzanol [400 mg/kg i. e. TC + OZ (400) group] (p 

< 0.01) and caffeine [TC + C (1) group] (p < 0.05) showed significant 

increase in % O2 as compared to TC control rats. TC + OZ (100) and 

TC + OZ (200) group rats showed non-significant increase in percent 

oxygen saturation (% O2).   

A significant (p < 0.001) increase in PIF, frequency of breathing and 

Penh were recorded in treadmill control rats as compared to normal 

and OZ (400) group rats. Whereas PEF (p < 0.001); TV and EV (p < 

0.01) were decreased significantly in treadmill control rats as 

compared to normal and OZ (400) rats.  

When compared to treadmill control rats, TC + OZ (400) group rats 

showed significantly decrease in (p < 0.01) PIF, frequency of breathing 

and Penh whereas significantly (p < 0.01) increased PEF, TV and EV (p 

< 0.05) at the end of study as compared with TC group.  

In case of standard drug treatment [T + C (1)] significantly decreased 

(p < 0.001) PIF, frequency of breathing and Penh along with 

significantly increased (p < 0.001, p < 0.05 and p < 0.01) PEF, TV and 

EV at the end of study as compared with TC group. 

TC + OZ (200) showed significant decrease in PIF and frequency of 

breathing (p < 0.05) while other parameters did not changed 

significantly when compared with TC group.  

In TC + OZ (100) group did not show any significant change in 

respiratory parameters as compared with TC group (Table 7.18). 
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Table 7.18. Effect of Treadmill endurance training on percent oxygen saturation and lung function test of rats 

after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 Caffeine 

(C1) TC TC + OZ 
(100) 

TC + OZ 
(200) 

TC + OZ 
(400) 

TC + C 
(1) 

Pulse Ox (%) 96.40 ± 
0.68 

96.60 ± 
0.75 

95.60 ± 
0.75 

91.60 ± 
0.93###,$$$ 

91.80 ± 
0.37 

93.40 ± 
0.87 

95.20 ± 
0.49** 

94.40 ± 
0.60* 

PIF (m/s)  
14.85 ± 

0.46 
14.17 ± 

0.46 
14.66 ± 

0.34 
18.29 ± 

0.36###,$$$ 
17.10 ± 

0.44 
16.79 ± 
0.44* 

16.34 ± 
0.40** 

16.13 ± 
0.45*** 

PEF (m/s)  
23.21 ± 

0.26 
23.45 ± 

0.53 
23.58 ± 

0.65 
19.97 ± 

0.44###,$$$ 

20.62 ± 
0.58 

21.91 ± 
0.58 

23.13 ± 
0.47** 

23.35 ± 
0.66*** 

TV (m)  
1.31 ± 
0.04 

1.29 ± 
0.06 

1.24 ± 
0.03 

1.03 ± 
0.04##,$$ 

1.05 ± 
0.03 

1.13 ± 
0.06 

1.22 ± 
0.05** 

1.20 ± 
0.05* 

EV (m)  
1.09 ± 
0.03 

1.08 ± 
0.06 

1.08 ± 
0.04 

0.88 ± 
0.05##,$$ 

0.94 ± 
0.05 

0.92 ± 
0.04 

1.08 ± 
0.05* 

1.09 ± 
0.05** 

f (bpm)  
256.90 ± 

3.54 
244.40 ± 

4.84 
252.70 ± 

6.35 
314.60 ± 
4.49###,$$$ 

301.50 ± 
4.48 

289.30 ± 
6.98* 

289.40 ± 
3.54** 

277.60 ± 
8.93*** 

Penh  
0.83 ± 
0.03 

0.93 ± 
0.06 

0.96 ± 
0.05 

1.52 ± 
0.04###,$$$ 

1.43 ± 
0.06 

1.32 ± 
0.07 

1.19 ± 
0.05** 

1.12 ± 
0.06*** 

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, $p < 
0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 
group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training 
and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving 
treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving treadmill training and Caffeine (30mg/kg). Pulse Ox (%)-Percent 
oxygen saturation, PIF- Peak Inspiratory Flow, PEF- Peak Expiratory Flow, TV- Tidal Volume, EV- Expired Volume, f- frequency of breathing 
and Penh- Enhanced Pause. 
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Results 
 
7.5.1.9. Effect of treadmill endurance training on 

electrocardiographic changes of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Treadmill exercise greatly influences the rat ECG. Heart rate of TC 

group rats significantly decreased (p < 0.01) when compared with 

normal and OZ (400) group rats. In TC + OZ (100), TC + OZ (200), TC 

+ OZ (400) and TC + C (1) group rats heart rate was significantly 

decreased (p < 0.001) when compared with TC group rats. 

QTc interval was significantly increased in TC (p < 0.01) group rats 

when compared with normal and OZ (400) group. Non-significant 

increase in QTc interval was seen in TC + OZ (100) and TC + OZ (200) 

groups but significant increase (p < 0.05) in QTc interval was observed 

in TC + OZ (400) and TC + C (1) groups when compared with TC group 

rats.   

QT interval was significantly increased in TC (p < 0.001) group when 

compared with the normal and OZ (400) group. Significant increase in 

QT interval was seen in TC + OZ (100), TC + OZ (200) and TC + OZ 

(400), TC + C (1) (p < 0.001) groups as compared with TC group rats. 

RR interval was significantly increased in TC (p < 0.05) group when 

compared with the normal and OZ (400) group. Significant increase in 

RR interval was seen in TC + OZ (100), TC + OZ (200), TC + OZ (400) 

and TC + C (1) [p < 0.001) groups as compared with TC group rats. 

Non-significant increase in PR interval was observed in TC group 

when compared with normal and OZ (400) group. In case of TC + OZ 

(100), TC + OZ (200), TC + OZ (400) and TC + C (1) group non-

significant increment in PR interval was observed as compared with 

TC group. 
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QRS complex was significantly increased in TC group rats (p < 0.05) 

as compared with normal and OZ (400) group. Non-significant 

increase in QRS complex was seen in TC + OZ (100) and TC + OZ 

(200) groups but significant increase (p < 0.001) in QRS complex was 

observed in TC + OZ (400) and TC + C (1) groups when compared with 

TC group rats (Table 7.19). 
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Table 7.19. Effect of treadmill endurance training on electrocardiographic changes of rats after γ-Oryzanol 

(100, 200, 400 mg/kg) and caffeine administration.  

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg)  
TC TC + OZ 

(100) 
TC + OZ 

(200) 
TC + OZ 

(400) 
TC + C (1) 
(30mg/kg) 

Heart rate 
(BPM) 

347.54 ± 
1.99 

346.62 ± 
3.26 

343.30 ± 
1.19 

342.82 ± 
1.72##,$$ 

332.28 ± 
2.67*** 

331.54 ± 
3.24*** 

329.64 ± 
2.41*** 

330.68 ± 
1.84*** 

QTc interval 
(ms) 

102.90 ± 
1.23 

103.54 ± 
1.26 

104.46 ± 
1.63 

108.04 ± 
0.95##.$$ 

110.24 ± 
1.23 

111.18 ± 
1.02 

112.58 ± 
0.67* 

113.64 ± 
1.51* 

QT interval 
(ms) 

50.54 ± 
1.07 

50.14 ± 
0.65 

49.50 ± 
1.14 

65.98  ± 
1.51###,$$$ 

72.80 ± 
1.28** 

78.42  ± 
1.17** 

81.70 ± 
1.51*** 

81.20 ± 
1.25*** 

RR interval 
(ms) 

130.16 ± 
0.89 

124.96 ± 
1.21 

127.22 ± 
2.44 

126.86 ± 
1.65# 

136.48 ± 
1.96*** 

137.66 ± 
0.48*** 

139.60 ± 
1.37*** 

138.70 ± 
2.39*** 

PR interval 
(ms) 

29.34 ± 
0.90 

31.10 ± 
0.60 

29.98 ± 
0.77 

32.14 ± 
0.88 

33.16 ± 
0.90 

34.92 ± 
0.30 

35.90 ± 
0.64 

34.50 ± 
0.52 

QRS 
Complex 

(ms) 

16.58 ± 
0.86 

18.00 ± 
0.66 

18.10 ± 
0.89 

21.78 ± 
0.82# 

23.32 ± 
0.82 

24.80 ± 
0.76 

 
27.50 ± 
0.73***

  

27.44 ± 
1.08*** 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p 
< 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine 
(30mg/kg), TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + 
OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill 
training and γ-oryzanol (400 mg/kg) and TC +C (1) - rats receiving treadmill training and Caffeine (30mg/kg).  
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7.5.1.9. Hemodynamic Parameter - 

7.5.1.9.1. Effect of Treadmill endurance training on Systolic 

Blood Pressure [SBP] (mmHg) of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Treadmill exercise significantly (p < 0.001) increased the systolic blood 

pressure in TC group rats. Administration of γ-oryzanol in the dose 

100 mg/kg did not significantly decrease the systolic blood pressure 

in TC + OZ (100) group rats. Systolic blood pressure was decreased (p 

< 0.05 and p < 0.01) significantly in TC + OZ (200) and TC + OZ (400) 

group rats while systolic blood pressure was significantly reduced in 

TC + C(1) (p < 0.001) group rats when compared with TC group rats 

(Figure 7.21).  
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Figure 7.21. Effect of Treadmill endurance training on Systolic Blood 

Pressure [SBP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 mg/kg) 

and caffeine administration. 

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, $p < 0.05, 
$$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p 
< 0.01, ***p < 0.001 as compared with treadmill control group on respective 
days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 
+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 
+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 
TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg). 
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Results 
 
7.5.1.9.2. Effect of Treadmill endurance training on Diastolic 

Blood Pressure [DBP] (mmHg) of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Diastolic blood pressure was significantly (p < 0.001) increased in 

treadmill control group rat when compared with the normal and OZ 

(400) group rats. On the other hand the diastolic blood pressure was 

significantly (p < 0.001) decreased in TC + OZ (200), TC + OZ (400) 

and TC + C group rats while TC + OZ (100) group rats did not show 

significant decrease in diastolic blood pressure when compared with 

TC group rats (Figure 7.22).  
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Figure 7.22. Effect of Treadmill endurance training on diastolic Blood 

Pressure [DBP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 mg/kg) 

and caffeine administration. 

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, $p < 0.05, 
$$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p 
< 0.01, ***p < 0.001 as compared with treadmill control group on respective 
days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 
+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 
+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 
TC +C(1) - rats receiving treadmill training and Caffeine (30mg/kg). 
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Results 
 
7.5.1.9.3. Effect of Treadmill endurance training on Mean Arterial 

Blood Pressure [MABP] (mmHg) of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Mean arterial blood pressure was significantly (p < 0.001) increased in 

treadmill control group rat when compared with the normal and OZ 

(400) group rats. Further again, the mean arterial blood pressure was 

significantly (p < 0.01) decreased in TC + OZ (200) and TC + OZ (400) 

as compared with the TC group rats. TC + C (1) group rats showed 

significant (p < 0.001) reduction in mean arterial blood pressure when 

compared with the TC group rat.  TC + OZ (100) group rats did not 

show significant decrease in mean arterial blood pressure when 

compared with TC group rats (Figure 7.23). 
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Figure 7.23. Effect of Treadmill endurance training on mean arterial 

blood Pressure [MABP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

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, $p < 0.05, 
$$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p 
< 0.01, ***p < 0.001 as compared with treadmill control group on respective 
days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 
+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 
+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 
TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.9.4. Left ventricular function – 

Effect of Treadmill endurance training on left ventricular 

function of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Strenuous exercise up to day 56 showed significant alteration in left 

ventricular function of rats. 

Strenuous exercise in TC group rats LVEDP, LVESP, Max dp/dt, Min 

dp/dt, Tau and pressure time index significantly (p < 0.001) increased 

as compared with normal and OZ (400) group rats. While contractility 

index in TC group significantly (p < 0.001) decreased when compared 

with the normal and OZ (400) group rats.  

TC + OZ (400) and T + C (1) group rats showed significant reduction in 

LVEDP (13.02 ± 1.12 Vs p < 0.001 and for T + C (1) 9.62 ± 1.06 Vs p < 

0.001),  LVESP (91.6 ± 2.86 Vs p < 0.05 and for T + C (1) 88.18 ± 2.01 

Vs p < 0.01), Max dp/dt (3129 ± 102.80 Vs p < 0.01 and for T + C (1) 

3145 ± 98.04 Vs p < 0.01 ), Min dp/dt (-1207 ± 48.01 Vs p < 0.01 and 

for T + C (1) -1155 ± 29.09 Vs p < 0.001), Tau (6.20 ± 0.30 Vs p < 

0.001 and for T + C (1) 5.76 ± 0.33 Vs p < 0.001) and pressure time 

index (18.30 ± 0.91 Vs p < 0.01 for T + C (1) 18.40 ± 0.74 Vs p < 0.01) 

when compared with TC group rats. TC + OZ (400) and T + C (1) group 

rats showed significant increase contractility index (for TC +OZ (400) 

49.94 ± 2.26 Vs p < 0.001 and for T + C (1) 53.86 ± 1.15 Vs p < 0.001) 

as compared with the TC group.    

TC + OZ (200) group rat showed significant (p < 0.01) decrease in 

LVEDP and significant (p < 0.05) increase contractility index as 

compared with the TC group. Remaining parameters of TC + OZ (200) 

group remains statistically unchanged throughout study. 

There was no significant change was observed in TC + OZ (100) rats in 

all ventricular function when compared with the TC group rats (Table 

2.20).    
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Table 7.20. Effect of Treadmill endurance training on left ventricular function of rats after γ-Oryzanol (100, 

200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
TC TC + OZ 

(100) 
TC + OZ 

(200) 
TC + OZ 

(400) 
TC + C (1) 
(30mg/kg) 

LVEDP 
(mmHg) 

6.64 ± 
1.27 

6.48 ± 
1.12 

8.42 ± 
0.84 

18.18  ± 
1.36###,$$$ 

16.34 ± 
0.55 

15.1 ± 
0.82** 

13.02 ± 
1.12*** 

9.62 ± 
1.06*** 

LVESP 
(mmHg) 

86.26 ± 
2.62 

91.2 ± 
4.30 

87.02 ± 
3.87 

107.8 ± 
3.17###,$$$ 

105.4 ± 
3.99 

96.24 ± 
3.85 

91.6 ± 
2.86* 

88.18 ± 
2.01** 

Max dp/dt 
(mmHg/s)  

3242 ± 
56.85 

3105 ± 
127.10 

3229 ± 
159.60 

2490 ± 
120.30###,$$$ 

2649 ± 
82.15 

2638 ± 
166.40 

3129 ± 
102.80** 

3145 ± 
98.04** 

Min dp/dt 
(mmHg/s)  

-1072 ± 
31.59 

-1087 ± 
25.76 

-1109 ± 
52.42 

-1439 ± 
31.85###,$$$ 

-1371 ± 
53.6 

-1282 ± 
37.39 

-1207 ± 
48.01** 

-1155 ± 
29.09*** 

Contractility 
Index (s-1)  

56.46 ± 
3.05 

59.38 ± 
2.25 

55.62 ± 
2.79 

32.72 ± 
2.45###,$$$ 

38.22 ± 
3.13 

43.80 ± 
2.58* 

49.94 ± 
2.26*** 

53.86 ± 
1.15*** 

Tau (ms) 5.04 ± 
0.32 

4.98 ± 
0.20 

5.08 ± 
0.33 

8.28 ± 
0.36###,$$$ 

7.66 ± 
0.23 

7.24 ± 
0.39 

6.20 ± 
0.30*** 

5.76 ± 
0.33*** 

Pressure 
time index 
(mmHg.s)  

15.18 ± 
0.64 

15.94 ± 
0.47 

16.30 ± 
0.52 

22.22 ± 
0.73###,$$$ 

21.04 ± 
0.53 

20.20 ± 
0.63 

18.30 ± 
0.91** 

 
18.40 ± 
0.74** 

 
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, $p < 
0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 
group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training 
and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving 
treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.10. Muscle endogenous antioxidant enzymes activity 

Effect of Treadmill endurance training on muscle endogenous 

antioxidant enzymes activity in rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

The levels of SOD and GSH were decreased significantly (p < 0.001) 

along with the concentration of MC-I, MC-II, MC-III and MC-IV 

decreased (p < 0.01) significantly in the treadmill control rats whereas 

MDA (p < 0.001), NO (p < 0.001), and TP (p < 0.01) levels were 

increased significantly in the treadmill control rats as compared to 

normal and OZ (400) group rats.  

TC + OZ (100) group rats did not show any significant change in all 

enzyme activity when compared with TC group rat. 

TC + OZ (200) group rats showed significant increase (p < 0.01) in 

concentration of SOD, GSH and MC-II (p < 0.05) as compared with TC 

group rats. Non-significant change was observed in the activity of MC-

I, MC-III, MC-IV and TP as compared with TC group. MDA activity was 

significantly (p < 0.01) decreased in this group while compared with 

TC group rats. 

TC + OZ (400) rats showed significant increase in SOD, GSH (p < 

0.001) and MC-I, MC-II, MC-III and MC-IV (p < 0.01) activity as 

compared with TC group rats. On the other hand activity of MDA, NO 

(p < 0.001) and TP (p < 0.01) were significantly decreased in TC + OZ 

(400) group as compared with TC group. 

Activity of SOD, GSH, MC-I, MC-II (p < 0.001) and MC-III and MC-IV 

(p < 0.01) significantly increased and activity of MDA, NO (p < 0.001) 

and TP (p < 0.01) significantly decreased in TC + C (1) rats as 

compared with TC group. The results signify the antioxidant effect of 

drug in exercise condition (Table 7.21).   
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Table 7.21. Effect of Treadmill endurance training on muscle endogenous antioxidant enzymes activity in rats 

after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 

Parameters 
Normal OZ 400 

Caffeine 

(C1) 

(30mg/kg) 

TC 
TC + OZ 

(100) 

TC + OZ 

(200) 

TC + OZ 

(400) 

TC + C (1) 

(30mg/kg) 

SOD (U /mg of 

protein)  

21.93 ± 

0.61 

19.73 ± 

0.57 

21.88 ± 

0.55 

8.34 ± 

0.91###,$$$ 

10.15 ± 

0.85 

13.15 ± 

0.71** 

18.45 ± 

0.58*** 

19.80 ± 

0.70***  

GSH (μg/mg of 

protein)  

1.65 ± 

0.09 

1.48 ± 

0.09 

1.65 ± 

0.06 

0.57 ± 

0.07###,$$$ 

0.83 ± 

0.07 

1.24 ± 

0.04** 

1.36 ± 

0.07*** 

1.39 ± 

0.10*** 

MDA (nM/ mg of 

protein) 

4.42 ± 

0.59 

5.04 ± 

0.66 

4.48 ± 

0.54 

18.80 ± 

0.43###,$$$ 

17.04 ± 

0.74 

12.24 ± 

0.88** 

9.58 ± 

0.46*** 

9.58 ± 

1.10*** 

NO (μg/ml)  
90.20 ± 

5.52 

85.05  ± 

5.16 

87.71 ± 

9.31 

361.00 ± 

7.73###,$$$ 

346.50 ± 

5.57 

287.90 ± 

8.72** 

214.60 ± 

8.19*** 

261.50 ± 

6.04*** 

MC-I (nmole of 

NADH 

oxidized/min/mg 

protein) 

16.69 ± 

0.40 

15.58 ± 

0.64 

15.60 ± 

0.76 

11.47 ± 

0.80##,$$ 

11.92 ± 

0.40 

13.80 ± 

0.51 

13.95 ± 

0.73** 

15.62 ± 

0.67*** 
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Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
TC TC + OZ 

(100) 
TC + OZ 

(200) 
TC + OZ 

(400) 
TC + C (1) 
(30mg/kg) 

MC-II 

(mmole/mg 

protein) 

64.74 ± 

1.07 

65.06 ± 

1.66 

64.71 ± 

2.40 

50.06 ± 

1.62##,$$ 

55.66 ± 

1.41 

61.08 ± 

1.58* 

62.82 ± 

2.43** 

63.96 ± 

1.80*** 

MC-III (OD at 540 

nm) 

0.43 ± 

0.03 

0.43 ± 

0.02 

0.44 ± 

0.01 

0.32 ± 

0.02##,$$ 

0.36 ± 

0.03 

0.37 ± 

0.02 

0.40 ± 

0.01** 

0.43 ± 

0.02** 

MC-IV (nmol 

cyto-C 

oxidized/min/mg 

protein) 

6215 ± 

248.5 

6275 ± 

215.2 

6211 ± 

219.7 

5165 ± 

228.6##,$$ 

5129 ± 

217.0 

5259 ± 

204.0 

5913 ± 

196.2* 

6263 ± 

115.5** 

Total protein 

(mg/gm) 

29.96 ± 

1.14 

31.84 ± 

2.46 

28.54 ± 

0.76 

49.26 ± 

1.88##,$$ 

47.30 ± 

1.40 

43.87 ± 

1.42 

38.57 ± 

1.99** 

39.81 ± 

2.42** 

 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 
compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 
+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-
oryzanol (200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving 
treadmill training and Caffeine (30 mg/kg). 
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7.5.1.11. Effect of Treadmill endurance training on tissue 

glycogen and organ weight 

The muscle glycogen in TC group rat was significantly (p < 0.001) 

decreased due to strenuous exercise as compared with normal and OZ 

(400) group. While muscle glycogen content significantly (p < 0.05 and 

p < 0.001) increased in TC + OZ (200) and TC + OZ (400), TC + C (1) 

groups as compared with TC group. Non-significant increase in 

muscle glycogen content was seen in TC + OZ (100) group rats when 

compared with TC group rats. 

Liver glycogen content significant depletion (p < 0.01) was observed in 

TC group rats when compared with normal and OZ (400) groups. On 

the other hand liver glycogen storage was significantly increased in TC 

+ OZ (200) (p < 0.05), TC + OZ (400) and TC + C (1) (p < 0.01) group as 

compared with TC group. TC + OZ (100) group showed non-significant 

increase in liver glycogen content as compared with TC group.     

It was seen that epididymal fat weight was significantly decreased (p < 

0.001) in TC group as compared with normal and OZ (400) group. 

Epididymal fat weight was non-significantly increased in TC + OZ 

(100), TC + OZ (200), TC + OZ (400) and TC + C (1) groups as 

compared with TC group.  

Gastrocnemius muscle weight was significantly decreased (p < 0.01) in 

TC group as compared with normal and OZ (400) groups. 

Gastrocnemius muscle weight was significantly increased (p < 0.01) in 

TC + OZ (400) and TC + C (1) group rats when compared with TC 

group. TC + OZ (100) and TC + OZ (200) group showed non-significant 

increase in gastrocnemius muscle weight when compared with TC 

group. 

Heart weight was significantly increased (p < 0.01) in TC group rats 

when compared with normal and OZ (400) groups. While heart weight 
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was significantly decreased in TC + OZ (400) [p < 0.01] and TC + C (1) 

(p < 0.05) groups when compared with TC group. Non-significant 

decrease in heart weight was observed in TC + OZ (100) and TC + OZ 

(200) groups as compared with the TC group. 

Left ventricle weight was significantly higher (p < 0.05) in TC group as 

compared with normal and OZ (400) group rats. Significant decrease 

(p < 0.05) in left ventricle weight was observed in TC + OZ (400) and 

TC + C (1) groups when compared with TC group. On the other hand 

left ventricle weight was non-significantly decreased in TC + OZ (100) 

and TC + OZ (200) groups when compared with TC group rats. 

Treadmill exercise and γ-oryzanol administration (all doses as 100, 

200 and 400 mg/kg and exercise) did not significantly alter the levator 

ani muscle weight in rats throughout the study (Table 7.22).  
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Table 7.22. Effect of Treadmill endurance training on muscle glycogen, liver glycogen, epididymal fat weight, 

gastrocnemius muscle weight, heart weight, left ventricle weight and levator ani muscle weight  in rats after γ-

Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
TC TC + OZ 

(100) 
TC + OZ 

(200) 
TC + OZ 

(400) 
TC + C (1) 
(30mg/kg) 

Muscle glycogen 
(mg/g) 

1.46 ± 
0.06 

1.46 ± 
0.07 

1.42 ± 
0.04 

0.95 ± 
0.06###,$$$ 

1.02 ± 
0.09 

1.20 ± 
0.05* 

1.37 ± 
0.05*** 

1.37 ± 
0.08*** 

Liver glycogen 
(mg/gm) 

4.24 ± 
0.14 

4.17 ± 
0.15 

4.17 ± 
0.13 

3.52 ± 
0.09##,$$ 

3.60 ± 
0.13 

3.99 ± 
0.11* 

4.02 ± 
0.15** 

4.25 ± 
0.08** 

Epididymal fat 
weight (gm) 

5.35 ± 
0.16 

5.40 ± 
0.20 

5.48 ± 
0.11 

4.11 ± 
0.17###,$$$ 

4.29 ± 
0.17 

4.46 ± 
0.10 

4.58 ± 
0.13 

4.50 ± 
0.17 

Gastrocnemius 
muscle weight 

(gm) 

2.90 ± 
0.18 

2.90 ± 
0.20 

2.94 ± 
0.16 

2.14 ± 
0.10##,$$ 

2.34 ± 
0.15 

2.58 ± 
0.12 

2.84 ± 
0.17** 

2.88 ± 
0.13** 

Heart weight 
(gm) 

1.42 ± 
0.07 

1.39 ± 
0.07 

1.38 ± 
0.07 

1.76 ± 
0.06##,$$ 

1.73 ± 
0.06 

1.54 ± 
0.05 

1.45 ± 
0.08** 

1.49 ± 
0.04* 

Left ventricle 
weight (gm) 

0.43 ± 
0.03 

0.42 ± 
0.03 

0.43 ± 
0.03 

0.53 ± 
0.02#,$ 

0.52 ± 
0.02 

0.48 ± 
0.02 

0.47 ± 
0.02* 

0.46 ± 
0.02* 

Levator ani 
muscle weight 

(gm) 

0.44 ± 
0.01 

0.44 ± 
0.02 

0.44 ± 
0.02 0.44 ± 0.02 0.44 ± 

0.02 
0.44 ± 
0.01 

0.46 ± 
0.02 

0.46 ± 
0.02 

 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 
as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – 
Caffeine, TC – Treadmill control, TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving treadmill training and γ-oryzanol 
(200 mg/kg), TC + OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg).  
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7.5.1.12. Molecular parameters:  

7.5.1.12.1. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle AMPK mRNA expressions in rats: 

Treadmill control (TC) rats showed significantly (p < 0.01) up-

regulated muscle AMPK mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant up-regulation of muscle AMPK mRNA expression was 

seen in TC + OZ (100) group rats when compared with TC group rats. 

mRNA expression of AMPK was significantly (p < 0.05)up-regulated in 

TC + OZ (200) group rats as compared with the TC group rats. 

Administration of γ-oryzanol [400 mg/kg (TC + OZ (400)] and caffeine 

[TC + C (1)] significantly (p < 0.001) up-regulated mRNA expression of 

AMPK as compared with the TC group rats.  

The results indicate that exercise up-regulate expression of AMPK 

mRNA and administration of γ-oryzanol potentiates the expression in 

TC + OZ (100), TC + OZ (200), TC + OZ (400) and caffeine 

administration also potentiates mRNA expression of AMPK (Figure 

7.24).     
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Figure 7.24. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle AMPK mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg).  
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7.5.1.12.2. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle Glut-4 and IRS-1 mRNA expressions in 

rats: 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle Glut-4 and IRS-1 mRNA expression as compared to 

normal and OZ (400) group rats. Non-significant up-regulation or 

down-regulation of muscle Glut-4 and IRS-1 mRNA expression was 

seen in TC + OZ (100), TC + OZ (200), TC + OZ (400) and TC + C (1) 

group rats when compared with TC group rats (Figure 7.25).  

 

 

 

 

A 
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Figure 7.25. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle Glut-4 (A) and IRS-1 (B) mRNA expressions in 

rats. 

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, $p < 0.05, $$p 

< 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, TC 

+ OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC 

+ OZ (200) – rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC 

+ OZ (400) – rats receiving treadmill training and γ-oryzanol (400 mg/kg) and 

TC +C(1) - rats receiving treadmill training and Caffeine (30 mg/kg).  

B 
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7.5.1.12.3. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle PGC-1 mRNA expressions in rats: 

Treadmill control (TC) rats showed significantly (p < 0.01) up-

regulated muscle PGC-1 mRNA expression as compared to normal 

and OZ (400) group rats. 

Non-significant up-regulation of muscle PGC-1 mRNA expression was 

seen in TC + OZ (100) group rats when compared with TC group rats. 

mRNA expression of PGC-1 was significantly (p < 0.01) up-regulated 

in TC + OZ (200) group rats as compared with the TC group rats. 

Administration of γ-oryzanol [400 mg/kg (TC + OZ (400)] and caffeine 

[TC + C (1)] significantly (p < 0.001) up-regulated mRNA expression of 

PGC-1 as compared with the TC group rats.  

The results indicate that exercise up-regulate expression of PGC-1 

mRNA and administration of γ-oryzanol potentiates the expression in 

TC + OZ (100), TC + OZ (200), TC + OZ (400) and caffeine 

administration also potentiates mRNA expression of PGC-1 (Figure 

7.26).  
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Figure 7.26. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 
caffeine administration on treadmill exercise induced alteration in 
Gastrocnemius muscle PGC-1 mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.4. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle Atrogin-1 and MuRF-1 mRNA 

expressions in rats: 

The Atrogin-1 and MuRF-1 mRNA was significantly (p < 0.001) up-

regulated in the gastrocnemius muscle of treadmill control rats as 

compared to normal and OZ (400) group rats. 

Non-significant down-regulation of muscle Atrogin-1 and MuRF-1 

mRNA was seen in TC + OZ (100) group as compared with TC group 

rats.  

γ-oryzanol (200 mg/kg) [TC + OZ (200)] significantly (p < 0.01) down-

regulated muscle Atrogin-1 and MuRF-1 mRNA expression as 

compared to treadmill control rats. 

γ-oryzanol (400 mg/kg) [TC + OZ (400)] and caffeine [T + C (1)] 

treatment and exercise significantly (p < 0.001) down-regulated 

muscle Atrogin-1 and MuRF-1 mRNA expression as compared to 

treadmill control rats.  

The results indicate that exercise up-regulate expression of muscle 

Atrogin-1 and MuRF-1 mRNA and administration of γ-oryzanol and 

caffeine prevents muscle wasting as atrogin-1 and MuRF-1 are down-

regulated (Figure 7.27). 
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A 

 
B 

 
Figure 7.27. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 
caffeine administration on treadmill exercise induced alteration in 
Gastrocnemius muscle Atrogin-1 (A) and MuRF-1 (B) mRNA 
expressions in rats. 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with 

OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, TC – Treadmill control, 

TC + OZ (100) – rats receiving treadmill training and γ-oryzanol (100 mg/kg), TC + OZ (200) – 

rats receiving treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats receiving 

treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving treadmill training 

and Caffeine (30 mg/kg). 
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7.5.1.12.5. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle eNOS mRNA expressions in rats: 

 

Treadmill control (TC) rats showed significantly (p < 0.001) down-

regulated muscle eNOS mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant up-regulation of muscle eNOS mRNA expression was 

seen in TC + OZ (100) group rats when compared with TC group rats. 

mRNA expression of eNOS was significantly (p < 0.01) up-regulated in 

TC + OZ (200) group rats as compared with the TC group rats. It was 

observed that administration of γ-oryzanol to TC + OZ (400) (p < 

0.001) and caffeine to TC + C (1) group rats (p < 0.01) significantly up-

regulated mRNA expression of eNOS when compared with the TC 

group rats (Figure 7.28). 
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Figure 7.28. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle eNOS mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.6. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle PDE-4 mRNA expressions in rats: 

 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle PDE-4 mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle PDE-4 mRNA expression 

was seen in TC + OZ (100) and TC + OZ (200) group rats when 

compared with TC group rats. mRNA expression of PDE-4 was 

significantly (p < 0.01) down-regulated in TC + OZ (400) group rats as 

compared with the TC group rats. Administration caffeine in TC + C 

(1) significantly (p < 0.001) down-regulated mRNA expression of PDE-4 

as compared with the TC group rats (Figure 7.29).  

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 222 
 



Results 
 

 

Figure 7.29. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle PDE-4 mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.7. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle Myostatin mRNA expressions in rats: 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle Myostatin mRNA expression as compared to normal 

and OZ (400) group rats. 

Non-significant down-regulation of muscle Myostatin mRNA 

expression was seen in TC + OZ (100) group rats when compared with 

TC group rats. mRNA expression of Myostatin was significantly (p < 

0.05) down-regulated in TC + OZ (200), TC + OZ (400) and TC + C (1) 

group rats as compared with the TC group rats (Figure 7.30).  

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 224 
 



Results 
 

 

Figure 7.30. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle Myostatin mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.8. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle IL-1β mRNA expressions in rats 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle IL-1β mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant down-regulation of muscle IL-1β mRNA expression 

was seen in TC + OZ (100) group rats when compared with TC group 

rats. mRNA expression of IL-1β was significantly (p < 0.01) down-

regulated in TC + OZ (200) as compared with TC group rats. TC + OZ 

(400) and TC + C (1) group rats showed significant (p < 0.001) down-

regulation of IL-1β as compared with the TC group rats (Figure 7.31).  
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Figure 7.31. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle IL-1β mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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Results 
 
7.5.1.12.9. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle TNF- mRNA expressions in rats 

 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle TNF- mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle TNF- mRNA expression 

was seen in TC + OZ (100) group rats when compared with TC group 

rats. mRNA expression of TNF- was significantly (p < 0.01) down-

regulated in TC + OZ (200) as compared with TC group rats. TC + OZ 

(400) and TC + C (1) group rats showed significant (p < 0.001) down-

regulation of TNF- as compared with the TC group rats (Figure 7.32).  
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Figure 7.32. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle TNF- mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.10. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle VGEF mRNA expressions in rats 

 

Treadmill control (TC) rats showed significantly (p < 0.01) up-

regulated muscle VGEF mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle VGEF mRNA expression 

was seen in TC + OZ (100) and TC + OZ (200) group rats when 

compared with TC group rats. mRNA expression of VGEF was 

significantly (p < 0.05) down-regulated in TC + OZ (400) as compared 

with TC group rats. TC + C (1) group rats showed significant (p < 0.01) 

down-regulation of VGEF as compared with the TC group rats (Figure 

7.33).  
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Figure 7.33. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle VGEF mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.1.12.11. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration 

in Gastrocnemius muscle iNOS mRNA expressions in rats 

 

Treadmill control (TC) rats showed significantly (p < 0.001) up-

regulated muscle iNOS mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle iNOS mRNA expression 

was seen in TC + OZ (100) group rats when compared with TC group 

rats. mRNA expression of iNOS was significantly (p < 0.05) down-

regulated in TC + OZ (200) as compared with TC group rats. TC + OZ 

(400) and TC + C(1) group rats showed significant (p < 0.01 and p < 

0.001 ) down-regulation of iNOS as compared with the TC group rats 

(Figure 7.34).  
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Figure 7.34. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill exercise induced alteration in 

Gastrocnemius muscle iNOS mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

TC – Treadmill control, TC + OZ (100) – rats receiving treadmill 

training and γ-oryzanol (100 mg/kg), TC + OZ (200) – rats receiving 

treadmill training and γ-oryzanol (200 mg/kg), TC + OZ (400) – rats 

receiving treadmill training and γ-oryzanol (400 mg/kg) and TC +C(1) - 

rats receiving treadmill training and Caffeine (30 mg/kg). 
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7.5.2. Swimming Endurance – 

7.5.2.1. Effect of swimming endurance training on body weight of 

rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Body weight of S group animals were gradually decreased on day 14 (p 

< 0.05), on day 28, day 42 and day 56 (p < 0.001) significantly as 

compared with normal and OZ (400) group rats.  

Body weight of S + OZ (100) animals were non-significantly changed 

on day 14, day 28 and day 42 but significantly increased (p < 0.05) on 

day 56 when compared with S group. 

Body weight of S + OZ (200) animals were non-significantly increased 

on day 14 and day 28 but on day 42 and on day 56 body weight was 

significantly (p < 0.01 and p < 0.001) increased as compared with S 

group rats.     

In case of S + OZ (400) and S + C (1) group rats, body weight non-

significantly increased on day 14 when compared with S group rats. 

Body weight of S + OZ (400) and S + C (1) group rats were significantly 

increased on day 28 (p < 0.05) while body weight of animals in these 

groups further significantly increased (p < 0.001) on day 42 and day 

56 as compared with S group rats (Table 7.23). 
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Table 7.23. Effect of swimming endurance training on body weight of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

Treatment Normal OZ 400 
Caffeine 

(C1) 
(30mg/kg) 

S S + OZ 
(100) 

S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

0 day 158.40 ± 
3.50 

158.60 ± 
3.50 

163.00 ± 
3.84 

150.20 ± 
3.63 

153.60 ± 
2.98 

156.00 ± 
4.16 

159.10 ± 
2.81 

161.60 ± 
2.75 

14 day 168.40 ± 
4.95 

167.00 ± 
4.84 

167.80 ± 
4.04 

151.50 ± 
3.68#,$ 

150.60 ± 
2.14 

163.00 ± 
3.22 

159.20 ± 
2.80 

155.60 ± 
3.38 

28 day 183.40 ± 
3.66 

186.60 ± 
3.21 

179.20 ± 
5.48 

146.30 ± 
3.86###,$$$ 

154.60 ± 
4.90 

165.00 ± 
2.78 

166.50 ± 
2.78* 

169.00 ± 
2.45* 

42 day 212.40 ± 
3.93 

202.00 ± 
5.03 

195.20 ± 
5.28 

144.70 ± 
4.68###,$$$ 

153.60 ± 
2.18 

168.00 ± 
3.27** 

174.80 ± 
4.41*** 

180.00 ± 
2.10*** 

56 day 232.40 ± 
3.61 

213.80 ± 
3.39 

209.40 ± 
3.17 

138.10 ± 
3.64###,$$$ 

152.60 ± 
2.90* 

165.00 ± 
3.16*** 

186.40 ± 
4.16*** 

186.00 ± 
2.91*** 

 

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 OZ (400) group, and *p < 0.05, **p < 
0.01, ***p < 0.001 as compared with swimming control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – 
Caffeine, S – Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ 
(200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training 
and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.2. Effect of Swimming endurance training on food intake 

(gm) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Rat exposed to the swimming exercise (S group rats) showed 

significant increase (p < 0.001) in food intake as compared to normal 

and OZ 400 group rats on day 28 and day 56. 

 

It was observed that food intake was reduced significantly in animals 

receiving γ-oryzanol (200 and 400 mg/kg) and caffeine with exercise 

on day 28 in S + OZ (200), S + OZ (400) and S + C (1) [p < 0.001] as 

compared with S group rats. Food intake was non-significantly 

reduced in S + OZ (100) group rat when compared with S group rats.   

 

While on day 56, food intake was significantly decreased in S + OZ 

(400) and S + C (1) group rats [p < 0.01] when compared with S group 

rats. Food intake was non-significantly decreased on day 56 in S + OZ 

(100) and S + OZ (200) groups rat as compared with S group (Table 

7.24).  
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Table 7.24. Effect of Swimming endurance training on food intake (gm) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

 

Treatment Normal OZ 400 
Caffeine 

(C1) 
(30mg/kg) 

S S + OZ 
(100) 

S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

28 day 7.92 ± 
0.43 

8.30 ± 
0.25 

8.17 ± 
0.30 

12.23 ± 
0.22###,$$$ 

11.64 ± 
0.11 

10.16 ± 
0.47*** 

9.50 ± 
0.27*** 

8.89 ± 
0.33*** 

56 day 7.78 ± 
0.39 

7.38 ± 
0.33 

7.34 ± 
0.20 

13.20  ± 
0.35###,$$$ 

12.06 ± 
0.45 

11.72 ± 
0.49 

10.28 ± 
0.37** 

10.16 ± 
0.58** 

 

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 OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with swimming control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – 

Caffeine, S – Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ 

(200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training 

and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming training and Caffeine (30mg/kg).  
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7.5.2.3. Effect of swimming endurance training on water intake 

(ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

Water intake was significantly increased in S group rat [p < 0.01] as 

compared with the normal and OZ (400) group rats on day 28 and day 

56.  

 

Water intake was non-significantly decreased in S + OZ (100) and S + 

OZ (200) group rats.  

 

Water intake was reduced significantly (p < 0.01) in case of S + OZ 

(400) groups rats for day 28 and day 56 as compared with S group 

rats. While water intake in S + C (1) group rats was significantly 

decreased (p < 0.001) on day 28 and significant reduction (p < 0.01) of 

water intake was observed on day 56 when compared with S group 

rats (Table 7.25). 
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Table 7. 25. Effect of swimming endurance training on water intake (ml) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

 

Treatment Normal OZ (400) Caffeine  S S + OZ 
(100) 

S + OZ 
(200) 

S + OZ 
(400) S + C (1) 

28 day 28.86 ± 
1.12 

30.06 ± 
1.24 

30.14 ± 
2.11 

47.27 ± 
2.30##,$$ 

50.36 ± 
2.33 

45.48  ± 
1.69 

40.64 ± 
0.94** 

36.11 ± 
2.13*** 

56 day 32.06  ± 
1.74 

30.68 ± 
1.23 

31.20 ± 
1.87 

40.66 ± 
1.54##,$$ 

38.23 ± 
1.90 

37.04 ± 
1.61 

35.58  ± 
1.05** 

35.88 ± 
2.10** 

 

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 OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with swimming control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – 

Caffeine, S – Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ 

(200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training 

and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming training and Caffeine (30mg/kg).  
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Results 
 
7.5.2.3. Effect of swimming endurance training on endurance 

capacity (min) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Endurance capacity of rats from S group was significantly higher (p < 

0.001) on day 28 and day 56 as compared with the normal and OZ 

(400) group rats.  

It was seen that endurance capacity of rats from S + OZ (400) [p < 

0.001 for day 28 and day 56 respectively] was significantly increased 

as compared with S group rats.  

In case of S + C (1) group rats showed significant increase in 

endurance capacity [p < 0.001 for day 28 and day 56 respectively] as 

compared with S group rats.  

Non-significant increase in endurance capacity was seen in S + OZ 

(100) group on day 28 and day 56. While S + OZ (200) group on day 

28 showed significant increment in endurance capacity [p < 0.01] was 

observed on day 56 when compared with S group rats.  

The results thus indicated that the significant increase in endurance 

capacity after γ-oryzanol administration (400 mg/kg) in treadmill 

training (Figure 7.35). 
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Figure 7.35. Effect of swimming endurance training on endurance 

capacity (min) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

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 OZ (400) 

group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

swimming control group on respective days. N- Normal, OZ – γ-

oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – rats 

receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) 

– rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 

mg/kg) and S +C(1) - rats receiving swimming training and Caffeine 

(30mg/kg).  
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7.5.2.4. Effect of swimming endurance training on serum 

biochemistry of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration (I). 

There was significant decrease (p < 0.01 and p < 0.05) in serum 

glucose level due to strenuous exercise in swimming control group 

rats as compared to normal and OZ (400) group rats on day 28 and 

day 56. 

Serum glucose level was significantly higher in S + OZ (400) and S + 

C(1) (p < 0.01] group on day 28 while no significant change was 

observed in serum glucose level on day 56 in these groups when 

compared with S group rats.  

S + OZ (100) and S + OZ (200) showed non-significant increase in 

serum glucose level on day 28 as compared with S group rats. But no 

significant change in serum glucose level of S + OZ (100) and S + OZ 

(200) group was observed on day 56 when compared with S group 

rats. 

Strenuous swimming exercise significantly elevated serum LDH, 

creatinine, BUN, uric acid, AST, ALT and ALP level (p < 0.001) on day 

28 in S group rats as compared with normal and OZ (400) group rats.  

The serum concentration of LDH, creatinine, BUN, AST, ALT, and uric 

acid, ALP were still significantly at elevated side on day 56 [for LDH, 

creatinine, BUN, AST, ALT as p < 0.001; uric acid and ALP as p < 

0.01] in S group rats as compared with normal and OZ (400) group 

rats. 

Serum LDH level was decreased in S + OZ (200) [p < 0.01]; S + OZ 

(400) and in S + C (1) [p < 0.001] groups when compared with S 

group. Serum LDH level did not significantly decrease in S + OZ (100) 

group as compared with S group rats on day 28. 
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On day 56, serum LDH concentration was non-significantly decreased 

in S + OZ (100) group while significant decreased in LDH level was 

seen in S + OZ (200) [p < 0.05], S + OZ (400) and S + C (1) [p < 0.001] 

groups when compared with S group rats. 

On day 28, serum creatinine concentration was decreased in S + OZ 

(100) non-significantly on the other hand serum concentration of 

creatinine was decreased significantly in S + OZ (200) [p < 0.05], S + 

OZ (400) and S + C (1) [p < 0.001] as compared with S group rats. 

Serum creatinine level was non-significantly decreased in S + OZ (100) 

and significantly decreased in S + OZ (200) [p < 0.05], S + OZ (400) 

and S + C (1) [p < 0.001] as compared with S group rats on day 56.   

Non-significant decrease in BUN concentration was seen in S + OZ 

(100) group but in S + OZ (200) [p < 0.01], S + OZ (400) and S + C (1) 

[p < 0.001] group rats showed significant decrease in BUN 

concentration on day 28 when compared with S group rats. 

On 56th day serum BUN level, non-significant change was seen in 

serum BUN concentration in S + OZ (100) and S + OZ (200) group rats 

but serum BUN level was decreased significantly in S + OZ (400) and 

S + C (1) [p < 0.001] groups when compared with S group rats. 

Uric acid concentration in serum on 28th day was non-significantly 

changed in S + OZ (100) group rats when compared with S group. But 

significant decrease in serum uric acid was seen in S + OZ (200) [p < 

0.05], S + OZ (400) and S + C (1) [p < 0.001] group when compared 

with S group on day 28.  

On day 56, serum uric acid level was non-significant decrease in 

serum uric acid level was observed in S + OZ (100) and S + OZ (200) 

groups but significant decrease in serum uric acid level was seen in S 
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+ OZ (400) and S + C (1) [p < 0.01] groups when compared with S 

group. 

Serum AST level on 28th day was decreased non-significantly in S + 

OZ (100) group while decrease in serum AST concentration was 

observed in S + OZ (200) [p < 0.01], S + OZ (400) and S + C (1) [p < 

0.001] as compared with S group rats. 

On day 56, AST concentration was decreased significantly in S + OZ 

(200) [p < 0.05] whereas AST concentration reduced significantly in S 

+ OZ (400) and in S + C (1) [p < 0.001] groups when compared with S 

group. Non-significant change in S + OZ (100) group was observed 

when compared with S group. 

ALT concentration in serum was non-significantly reduced in S + OZ 

(100) and S + OZ (200) groups whereas serum ALT concentration was 

decreased significantly in S + OZ (400) [p < 0.01] and S + C (1) [p < 

0.001] as compared with S group on day 28. 

On day 56, serum ALT activity was decreased significantly in S + OZ 

(400) [p < 0.01] and in S + C (1) [p < 0.001] groups as compared with S 

group rats. Non-significantly decrease in serum ALT concentration 

was seen in S + OZ (100) and S + OZ (200) groups as compared with S 

group on 56th day. 

Serum ALP concentration on day 28 was decreased non-significantly 

in S + OZ (100) group rats whereas serum ALP level was decreased 

significantly in S + OZ (200) [p < 0.05], S + OZ (400) and in S + C (1) [p 

< 0.001] group as compared with S group.   

On day 56, Serum ALP activity was decreased significantly in S + OZ 

(200) [p < 0.01], in S + OZ (400) and in S + C (1) [p < 0.001] groups as 

compared with S group rats. Non-significantly reduction in serum ALP 

level was seen in S + OZ (100) group as compared with S group (Table 

7.26). 
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Table 7.26. Effect of swimming endurance training on serum biochemistry of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration (I). 

Treatment 
Time 

in 
days 

Glucose 
(mg/dL) LDH (IU/L) Creatinine 

(mg/dL) 
BUN 

(mg/dL) 
Uric acid 
(mg/dL) 

AST 
(IU/L) 

ALT 
(IU/L) 

ALP 
(IU/L) 

Normal 
28 

96.30 ± 
2.72 

965.97 ± 
45.07 

0.30 ± 
0.02 

2.93 ± 
0.42 

3.24 ± 
0.16 

106.00 ± 
1.62 

30.43 ± 
2.06 

42.74 ± 
0.86 

56 
92.86 ± 

3.60 
1062.40 ± 

63.80 
0.32 ± 
0.02 

4.45 ± 
0.65 

3.30 ± 
0.08 

105.35 ± 
4.12 

29.24 ± 
2.64 

43.28 ± 
1.05 

OZ (400) 
28 

95.99 ± 
2.54 

1201.25 ± 
63.23 

0.33 ± 
0.01 

3.15 ± 
0.52 

3.32 ± 
0.08 

106.39 ± 
3.98 

29.20 ± 
1.78 

41.97 ± 
0.98 

56 
98.71 ± 

3.46 
1160.24 ± 

68.39 
0.35 ± 
0.02 

3.93 ± 
0.45 

3.32 ± 
0.16 

104.90 ± 
3.43 

29.02 ± 
1.08 

42.94 ± 
1.70 

Caffeine 
(C1) 

(30mg/kg) 

28 
95.21 ± 

1.82 
1085.47 ± 

59.74 
0.33 ± 
0.01 

3.06 ± 
0.55 

3.35 ± 
0.16 

107.73 ± 
3.07 

28.69 ± 
2.06 

41.36 ± 
0.95 

56 
98.98 ± 

3.41 
1133.59 ± 

70.37 
0.35 ± 
0.02 

3.76 ± 
0.87 

3.36 ± 
0.07 

106.69 ± 
4.06 

31.19 ± 
2.32 

42.65 ± 
1.55 

S 
28 

81.34 ± 
3.70##,$$ 

2214.91 ± 
49.32###,$$$ 

0.72 ± 
0.05###,$$$ 

16.53 ± 
0.85###,$$$ 

5.28 ± 
0.23###,$$$ 

144.44 ± 
2.81###,$$$ 

47.42  ± 
1.80###,$$$ 

69.61 ± 
2.56###,$$$ 

56 
86.46  ± 
3.94#,$ 

2047.92 ± 
105.18###,$$$ 

0.65 ± 
0.06###,$$$ 

14.90 ± 
0.37###,$$$ 

4.90 ± 
0.18##,$$ 

134.15 ± 
1.50###,$$$ 

45.00 ± 
1.81###,$$$ 

62.01 ± 
1.82##,$$ 
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Treatment Time in 
days 

Glucose 
(mg/dL) 

LDH 
(IU/L) 

Creatinine 
(mg/dL) 

BUN 
(mg/dL) 

Uric 
acid 

(mg/dL) 

AST 
(IU/L) 

ALT 
(IU/L) 

ALP 
(IU/L) 

S + OZ 
(100) 

28 
90.37 ± 

4.00 
1998.00 ± 

64.69 
0.69 ± 
0.03 

15.54 ± 
0.79 

5.15 ± 
0.27 

140.32 
± 2.70 

46.35 ± 
1.27 

66.71 ± 
2.48 

56 
94.27 ± 

3.43 
1941.99 ± 

82.32 
0.65 ± 
0.05 

13.96  ± 
0.96 

4.84 ± 
0.18 

125.89 
± 3.51 

42.57 ± 
2.08 

58.29  ± 
1.48 

S + OZ 
(200) 

28 
94.14 ± 

2.75 
1728.19 ± 
118.48** 

0.57 ± 
0.04* 

12.46 ± 
0.79** 

4.65 ± 
0.23* 

132.91 
± 1.62** 

43.23 ± 
2.49 

58.01 ± 
2.18* 

56 
94.19 ± 

1.97 
1756.02 ± 

38.90* 
0.58 ± 
0.05* 

12.67  ± 
0.45 

4.44 ± 
0.25 

118.45 
± 3.17* 

41.28 ± 
0.88 

54.25 ± 
2.48** 

S + OZ 
(400) 

28 
98.98 ± 
2.83** 

1518.79 ± 
54.97*** 

0.49 ± 
0.03*** 

10.97 ± 
0.94*** 

4.02 ± 
0.19*** 

119.56 
± 2.23*** 

38.45 ± 
2.44** 

49.68  ± 
2.31*** 

56 
91.53 ± 

1.36 
1522.51 ± 
60.74*** 

0.47 ± 
0.03*** 

8.99 ± 
0.87*** 

3.91 ± 
0.30** 

111.59 
± 2.59*** 

37.18  ± 
1.05** 

49.73  ± 
2.09*** 

S + C (1) 
(30mg/kg) 

28 
96.56 ± 
3.59** 

1315.71 ± 
105.60*** 

0.48 ± 
0.03*** 

8.32 ± 
0.70*** 

4.11 ± 
0.30*** 

115.05 
± 2.63*** 

36.52  ± 
1.97*** 

47.87 ± 
2.21*** 

56 
93.25 ± 

3.95 
1416.58 ± 
52.69*** 

0.41 ± 
0.04*** 

7.43 ± 
0.80*** 

3.88 ± 
0.21** 

112.92 
± 2.67*** 

34.96  ± 
1.81*** 

49.20 ± 
1.69*** 

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 OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 
compared with swimming control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S 
+ OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming training and γ-
oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving 
swimming training and Caffeine (30mg/kg).   
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7.5.2.5. Effect of swimming endurance training on serum 

biochemistry of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration (II). 

Exhaustive swimming exercise induces changes in the lipid profile of 

the rat in addition serum albumin and serum CK-MB concentration.  

Due to heavy exercise, it was seen that the serum triglyceride, 

cholesterol, LDL-C and VLDL-C concentration in S group rats was 

significantly (p < 0.001) increased and serum HDL-C concentration 

was significantly (p < 0.01) decreased on day 28 as compared with the 

normal group and OZ (400) group rats. In case of serum albumin and 

CK-MB was increased on day 28 significantly (p < 0.001) in S group 

rats when compared with normal and OZ (400) group rats. 

On day 56 it reflected same pattern as serum triglyceride, VLDL-C (p < 

0.001), cholesterol and LDL-C (p < 0.01) increased significantly in S 

group rats when compared with normal and OZ (400) group rats. 

Serum HDL-C (p < 0.01) concentration was significantly decreased on 

day 56 in S group as compared with normal and OZ (400) group rats. 

Serum albumin and serum CK-MB (p < 0.001) significantly increased 

on day 56 in S group as compared with normal and OZ (400) group 

rats. 

Serum level of TG, cholesterol, LDL-C and VLDL-C non-significantly 

decreased and serum HDL-C level non-significantly increased on day 

28 and on day 56 in S + OZ (100) group rats as compared with S 

group rats. 

Serum concentration of TG, cholesterol and VLDL-C (p < 0.01) along 

with LDL-C (p < 0.05) decreased significantly where as serum HDL-C 

increased non-significantly in S + OZ (200) group on day 28 when 

compared with S group. On day 56 in S + OZ (200) group serum level 
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of TG, LDL-C and VLDL-C decreased (p < 0.05) significantly but serum 

level of cholesterol decreased non significantly when compared with S 

group. Serum HDL-C concentration was non-significantly increased in 

S + OZ (200) group as compared with S group rats. 

On day 28, serum concentration of TG (p < 0.001), cholesterol (p < 

0.001), LDL-C (p < 0.001) and VLDL-C (p < 0.001) decreased 

significantly in S + OZ (400) group rats when compared with S group 

rats. Serum HDL-C concentration (p < 0.05) increased significantly in 

S + OZ (400) group rats on day 28 when compared with S group rats. 

In S + C (1) concentration of serum TG, Cholesterol, VLDL-C (p < 

0.001), LDL-C (p < 0.01) decreased significantly on day 28 when 

compared with S group rats. Serum HDL-C level (p < 0.01) 

significantly increased in S + C (1) on day 28 when compared with S 

group rats.  

In S + OZ (400) group on day 56 showed significant decreased 

concentration of serum TG and VLDL-C (p < 0.001); cholesterol and 

LDL-C (p < 0.01) whereas serum concentration of HDL-C (p < 0.05) 

was significantly increased when compared with S group rats. 

In S + C (1) group on day 56 showed significant decreased 

concentration of serum TG and VLDL-C (p < 0.001); cholesterol (p < 

0.05) and LDL-C (p < 0.01) whereas serum concentration of HDL-C (p 

< 0.05) was significantly increased when compared with S group rats. 

In group S + OZ (400) on day 28, serum concentration of albumin and 

CK-MB (p < 0.001) were decreased significantly when compared with S 

group rats. On day 56, serum albumin (p < 0.001) and CK-MB (p < 

0.01) were significantly reduced in S + OZ (400) group rats as 

compared with S group.  
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Serum level of albumin and CK-MB were 4.36 ± 0.21 gm % and 

684.30 ± 29.39 IU/L on day 28 in S + C (1) group rats. Concentration 

of albumin and CK-MB in serum decreased significantly (p < 0.001) in 

S + C (1) group rats when compared with S group rats. On day 56, 

serum albumin (4.80 ± 0.14 gm % Vs p < 0.001) and CK-MB (685.40 ± 

28.84 IU/L Vs p < 0.01) were significantly reduced in S + C (1) group 

rats as compared with S group.   

Serum albumin and CK-MB level was significantly decreased (p < 0.01 

and p < 0.05) on day 28 in S + OZ (200) group rats when compared 

with S group rats.  On day 56 serum albumin concentration was 

decreased significantly (p < 0.05) whereas serum CK-MB 

concentration was non-significantly decreased in S + OZ (200) group 

as compared with S group. 

Serum concentration of albumin and CK-MB were non-significantly 

decreased in S + OZ (100) group rats when compared with S group 

rats on day 28 and day 56. 

The results thus indicated that the serum concentration of TG, 

cholesterol, LDL-C, VLDL-C, albumin and CK-MB decreased and 

serum HDL-C concentration increased significantly in animals 

receiving γ-oryzanol (400 mg/kg) and swimming exercise (Table 7.27). 
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Table 7.27. Effect of swimming endurance training on serum biochemistry of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration (II). 

Treatment 
Time 

in 
days 

TG 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL-C 
(mg/dL) 

LDL-C 
(mg/dL) 

VLDL-C 
(mg/dL) 

Albumin 
(gm %) 

CK-MB 
(IU/L) 

Normal 
28 

59.32 ± 
2.63 

69.45 ± 
2.09 

58.46 ± 
2.80 

2.48 ± 
0.11 

11.86 ± 
0.53 

2.84 ± 
0.18 

564.55 ± 
31.84 

56 
56.41 ± 

2.98 
67.14 ± 

1.45 
55.99 ± 

3.67 
2.54 ± 
0.16 

11.28 ± 
0.59 

2.75 ± 
0.13 

583.97 ± 
36.43 

OZ (400) 
28 

60.71 ± 
2.99 

68.01 ± 
2.73 

58.32 ± 
2.46 

2.55 ± 
0.15 

12.14 ± 
0.59 

2.94 ± 
0.18 

573.91 ± 
16.59 

56 
55.23 ± 

1.80 
69.71 ± 

3.14 
54.29 ± 

2.68 
2.55 ± 
0.12 

11.05 ± 
0.36 

2.74 ± 
0.16 

567.18 ± 
19.40 

Caffeine 
(C1) 

(30mg/kg) 

28 
60.81 ± 

1.43 
68.19 ± 

3.09 
58.34 ± 

1.44 
2.54 ± 
0.16 

12.16 ± 
0.29 

2.89 ± 
0.11 

583.49 ± 
14.35 

56 
55.42 ± 

2.09 
64.98 ± 

2.88 
54.88 ± 

3.16 
2.44 ± 
0.16 

11.08 ± 
0.42 

2.73 ± 
0.15 

600.65 ± 
23.64 

S 
28 

95.95  ± 
2.87###,$$$ 

92.22  ± 
1.67###,$$$ 

49.01 ± 
2.08##,$$ 

4.25 ± 
0.26###,$$$ 

19.19  ± 
0.57###,$$$ 

5.89 ± 
0.15###,$$$ 

888.90 ± 
23.96###,$$$ 

56 
85.70  ± 

2.17###,$$$ 
83.37  ± 
2.01##,$$ 

47.17  ± 
1.58##,$$ 

3.53 ± 
0.24##,$$ 

17.14  ± 
0.43###,$$$ 

5.92 ± 
0.11###,$$$ 

821.63 ± 
24.82###,$$$ 
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Treatment Time in 
days 

TG 
(mg/dL) 

Cholesterol 
(mg/dL) 

HDL-C 
(mg/dL) 

LDL-C 
(mg/dL) 

VLDL-C 
(mg/dL) 

Albumin 
(gm %) 

CK-MB 
(IU/L) 

S + OZ 
(100) 

28 
91.79  ± 

1.50 
87.10  ± 

3.01 
49.49 ± 

2.05 
3.99 ± 
0.26 

18.36  ± 
0.30 

5.44 ± 
0.07 

849.82 ± 
38.36 

56 
79.57  ± 

3.47 
78.99  ± 

2.64 
48.18  ± 

2.36 
3.35 ± 
0.18 

15.91 ± 
0.69 

5.42 ± 
0.14 

770.11 ± 
27.30 

S + OZ 
(200) 

28 
83.86 ± 
2.99** 

80.55 ± 
2.78** 

54.69 ± 
1.31 

3.76 ± 
0.19* 

16.77  ± 
0.60** 

4.96 ± 
0.15** 

801.71 ± 
35.32* 

56 
74.81 ± 
2.90* 

78.25  ± 
3.00 

52.83 ± 
1.41 

3.13 ± 
0.24* 

14.96  ± 
0.58* 

5.32 ± 
0.16* 

734.68 ± 
13.66 

S + OZ 
(400) 

28 
74.29  ± 
3.03*** 

77.54  ± 
3.21*** 

55.42 ± 
1.52* 

3.11 ± 
0.27*** 

14.86 ± 
0.61*** 

4.46 ± 
0.14*** 

710.59 ± 
13.33*** 

56 
69.39  ± 
2.17*** 

74.08  ± 
3.88** 

53.84  ± 
2.47* 

2.79 ± 
0.26** 

13.88  ± 
0.43*** 

4.78 ± 
0.15*** 

702.76 ± 
34.64** 

S + C (1) 
(30mg/kg) 

28 
65.77 ± 
1.70*** 

76.69  ± 
2.38*** 

57.12  ± 
2.18** 

3.39 ± 
0.24** 

13.15  ± 
0.34*** 

4.36 ± 
0.21*** 

684.30 ± 
29.39*** 

56 
67.65  ± 
3.07*** 

76.97  ± 
1.95* 

53.16  ± 
2.46* 

2.65 ± 
0.21** 

13.53  ± 
0.61*** 

4.80 ± 
0.14*** 

685.40 ± 
28.84** 

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 OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 
compared with swimming control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S 
+ OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming training and γ-
oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving 
swimming training and Caffeine (30 mg/kg).  
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7.5.2.6. Effect of swimming endurance training on serum cAMP 

(pmol/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Serum cAMP concentration was increased (p < 0.001) significantly in 

S group rats as compared with normal and OZ (400) group rats on day 

28 and day 56. Serum cAMP concentration was significantly increased 

as per dose dependent manner in S + OZ (100) [p < 0.05]; S + OZ (200) 

[p < 0.01]; S + OZ (400) and S + C (1) (30mg/kg) [p < 0.001) group rats 

on day 28 and day 56 as compared with S group rats (Figure 7.36).  
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Figure 7.36. Effect of swimming endurance training on serum cAMP 

(pmol/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine 

administration. 

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 OZ (400) 

group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with 

swimming control group on respective days. N- Normal, OZ – γ-

oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – rats 

receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) 

– rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 

mg/kg) and S +C(1) - rats receiving swimming training and Caffeine 

(30 mg/kg). 
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7.5.2.7. Effect of swimming endurance training on Serum 

Testosterone (ng/ml) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

Swimming exercise and γ-oryzanol administration in rats did not 

significantly alter the concentration of serum testosterone level 

throughout the study (Figure 7.37). 

 

Figure 7.37. Effect of swimming endurance training on Serum 

Testosterone (ng/ml) of rats after γ-Oryzanol (100, 200, 400 mg/kg) 

and caffeine administration. 

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 OZ (400) group, and *p < 0.05, **p 

< 0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – swimming control, S + 

OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + 

OZ (200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and 

S +C(1) - rats receiving swimming training and Caffeine (30mg/kg). 
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7.5.2.8. Effect of swimming endurance training on Hemoglobin, 

Red blood cells, Platelets, White blood cells of rats after γ-

Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Strenuous exercise resulted in significant reduction in hemoglobin, 

red blood cells (p < 0.001) and platelets (p < 0.01) counts while white 

blood cells count was significantly (p < 0.05) increased in S group rats 

as compared with normal and OZ (400) group rats. 

Administration of γ-oryzanol to rat in the dose 100 mg/kg [S + OZ 

(100)] elicited non significant increase in effect in hemoglobin, red 

blood cells and platelets and non significant reduction in white blood 

cells when compared with S group rats.  

S + OZ (200) rats showed significant increase in hemoglobin, red blood 

cells count (p < 0.01) while no significant effect was seen on platelets 

and white blood cells count when compared with S group rats. 

S + OZ (400) and S + C (1) group rats showed significant increase in 

hemoglobin (p < 0.001), red blood cell count (p <0.001) and platelet 

count [p < 0.05 for S + OZ (400), p < 0.01 For S + C (1)] while no 

significant effect has seen on white blood cells count when compared 

with S group rats (Table 7.28). 
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Table 7.28. Effect of swimming endurance training on Hemoglobin, Red blood cells, Platelets, White blood cells 

of rats after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
S S + OZ 

(100) 
S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

Hb (g/dL) 14.92 ± 
0.37 

15.08 ± 
0.50 

14.44 ± 
0.42 

9.79 ± 
0.26###,$$$ 

9.96 ± 
0.68 

12.10  ± 
0.51** 

12.58  ± 
0.27*** 

12.58  ± 
0.49*** 

RBC  
(* 1012/L) 

5.24 ± 
0.37 

5.16 ± 
0.22 

5.40 ± 
0.17 

2.54 ± 
0.16###,$$$ 

3.24 ± 
0.11 

3.86 ± 
0.18** 

4.79 ± 
0.17*** 

5.17 ± 
0.18*** 

PLT  
(* 109/L) 

921.1 ± 
20.39 

903.8 ± 
28.23 

910.3 ± 
20.3 

770.2 ± 
21.77##,$$ 

818.4  ± 
16.42 

851.3  ± 
24.09 

870.8  ± 
21.99* 

903.1  ± 
14.79** 

WBC 
(* 109/L)  

7.88 ± 
0.24 

7.84 ± 
0.19 

7.98 ± 
0.22 

8.96 ± 
0.25#,$ 

8.63 ± 
0.35 

8.85 ± 
0.33 

8.94 ± 
0.10 

8.66 ± 
0.34 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p 
< 0.001 as compared with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – 
Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats 
receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-
oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming training and Caffeine (30mg/kg). Hb – Hemoglobin, RBC -
Red blood cells, PLT – Platelets, WBC - White blood cells. 
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7.5.2.9. Effect of swimming endurance training on percent 

oxygen saturation and lung function test of rats after γ-Oryzanol 

(100, 200, 400 mg/kg) and caffeine administration. 

Percent oxygen saturation (% O2) was decreased significantly (p < 

0.001) in the swimming control rats (S group) as compared to normal 

and OZ (400) group rats. 

Administration of γ-oryzanol [400 mg/kg i. e. S + OZ (400)] and 

caffeine [S + C (1) group] showed significant increase in (p < 0.001) % 

O2 as compared to S control rats. S + OZ (100) group rats showed 

non-significant increase in percent oxygen saturation (% O2) while S + 

OZ (200) showed significant increase in (p < 0.05) % O2 as compared 

to S control rats.   

A significant (p < 0.001) increase in PIF, frequency of breathing and 

Penh were recorded in swimming control rats as compared to normal 

and OZ (400) group rats. Whereas PEF, TV and EV (p < 0.001) were 

decreased significantly in swimming control rats as compared to 

normal and OZ (400) rats. When compared to swimming control rats, 

S + OZ (400) showed significant decrease (p < 0.001) in PIF, frequency 

of breathing and Penh whereas significantly (p < 0.001) increased PEF, 

TV and EV at the end of study..  

In case of standard drug treatment [S + C (1)] significantly decreased 

(p < 0.001) PIF, frequency of breathing and Penh along with 

significantly increased (p < 0.001) PEF, TV and EV at the end of study 

as compared with S group. S + OZ (200) showed significant decrease 

in PIF, frequency of breathing and Penh (p < 0.01) while significant 

increase in PEF and TV (p < 0.01) while EV non-significantly increased 

when compared with S group.  

In S + OZ (100) group did not show any significant change in 

respiratory parameters as compared with S group (Table 7.29). 
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Table 7.29. Effect of swimming endurance training on percent oxygen saturation and lung function test of rats 

after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 Caffeine 

(C1) S S + OZ 
(100) 

S + OZ 
(200) 

S + OZ 
(400) S + C (1) 

Pulse Ox (%) 96.40 ± 
0.68 

96.60 ± 
0.75 

95.60 ± 
0.75 

90.20  ± 
0.86###,$$$ 

90.40  ± 
0.75 

93.20  ± 
0.58* 

95.00  ± 
0.63*** 

95.20  ± 
0.97*** 

PIF (m/s)  14.85 ± 
0.46 

14.17 ± 
0.46 

14.66 ± 
0.34 

22.29 ± 
0.35###,$$$ 

20.42  ± 
0.72 

19.37  ± 
0.53** 

17.43  ± 
0.40*** 

17.24  ± 
0.70*** 

PEF (m/s)  23.21 ± 
0.26 

23.45 ± 
0.53 

23.58 ± 
0.65 

16.68  ± 
0.55###,$$$ 

18.38  ± 
0.58 

19.46  ± 
0.80** 

22.08  ± 
0.49*** 

21.76  ± 
0.38*** 

TV (m)  1.31 ± 
0.04 

1.29 ± 
0.06 

1.24 ± 
0.03 

0.85 ± 
0.03###,$$$ 

0.94 ± 
0.06 

1.04 ± 
0.07** 

1.20 ± 
0.05*** 

1.17 ± 
0.07*** 

EV (m)  1.09 ± 
0.03 

1.08 ± 
0.06 

1.08 ± 
0.04 

0.67 ± 
0.04###,$$$ 

0.72 ± 
0.06 

0.86 ± 
0.04 

0.99 ± 
0.08*** 

1.01 ± 
0.06*** 

f (bpm)  256.90 ± 
3.54 

244.40 ± 
4.84 

252.70 ± 
6.35 

348.60 ± 
3.81###,$$$ 

329.60 ± 
4.12 

309.40 ± 
4.64** 

293.40 ± 
3.76*** 

280.20 ± 
4.18*** 

Penh  0.83 ± 
0.03 

0.93 ± 
0.06 

0.96 ± 
0.05 

1.75 ± 
0.08###,$$$ 

1.57 ± 
0.06 

1.42 ± 
0.06** 

1.19 ± 
0.05*** 

1.13 ± 
0.04*** 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared 
with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – 
rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming training and γ-oryzanol 
(200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming 
training and Caffeine. Pulse Ox (%)-Percent oxygen saturation, PIF- Peak Inspiratory Flow, PEF- Peak Expiratory Flow, TV- Tidal 
Volume, EV- Expired Volume, f- frequency of breathing and Penh- Enhanced Pause.  
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7.5.2.10. Effect of swimming endurance training on 

electrocardiographic changes of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Strenuous swimming exercise deeply affects the rat ECG. Heart rate of 

S group rats was significantly decreased (p < 0.01) when compared 

with normal and OZ (400) group rats. 

In S + OZ (100), S + OZ (200), S + OZ (400) and S + C (1) group rats 

heart rate was significantly decreased (p < 0.001) when compared with 

S group rats. 

QTc interval was significantly increased in S (p < 0.001) group rats 

when compared with normal and OZ (400) group. Non-significant 

increase in QTc interval was seen in S + OZ (100) and S + OZ (200) 

groups but significant increase (p < 0.05) in QTc interval was observed 

in S + OZ (400) and S + C (1) groups when compared with S group 

rats.   

QT interval was significantly increased in S (p < 0.001) group when 

compared with the normal and OZ (400) group. Significant increased 

in QT interval was seen in S + OZ (100), S + OZ (200) and S + OZ 

(400), S + C (1) [p < 0.01 and p < 0.001) groups as compared with S 

group rats. 

RR interval was significantly increased in S (p < 0.05) group when 

compared with the normal and OZ (400) group. Significant increased 

in RR interval was seen in S + OZ (100), S + OZ (200), S + OZ (400) 

and S + C (1) [p < 0.001) groups as compared with S group rats. 

Non-significant increase in PR interval was observed in S group when 

compared with normal and OZ (400) group. In case of S + OZ (100), S 
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+ OZ (200), S + OZ (400) and S + C (1) group non-significant 

increment in PR interval was observed as compared with S group. 

QRS complex was significantly increased in S group rats (p < 0.05) as 

compared with normal and OZ (400) group. Non-significant increase 

in QRS complex was seen in S + OZ (100) and S + OZ (200) groups but 

significant increase (p < 0.001) in QRS complex was observed in S + 

OZ (400) and S + C (1) groups when compared with S group rats 

(Table 7.30) 
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Table 7.30. Effect of swimming endurance training on electrocardiographic changes of rats after γ-Oryzanol 

(100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
S S + OZ 

(100) 
S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

Heart rate 
(BPM) 

347.54 ± 
1.99 

346.62 ± 
3.26 

343.30 ± 
1.19 

340.38 ± 
3.89##,$$ 

332.67 ± 
3.79*** 

328.78 ± 
3.73*** 

325.95 ± 
3.80*** 

323.01 ± 
5.11*** 

QTc interval 
(ms) 

102.90 ± 
1.24 

103.54 ± 
1.26 

104.46 ± 
1.64 

112.05 ± 
2.07###,$$$ 

112.83 ± 
2.19 

114.76 ± 
1.72 

116.89 ± 
4.22* 

117.55 ± 
1.54* 

QT interval 
(ms) 

50.54 ± 
1.08 

50.14 ± 
0.65 

49.50 ± 
1.14 

66.70 ± 
3.48###,$$$ 

72.83 ± 
2.23** 

78.79 ± 
2.01** 

84.53 ± 
1.73*** 

83.01 ± 
1.56*** 

RR interval 
(ms) 

130.16 ± 
0.89 

124.96 ± 
1.22 

127.22 ± 
2.45 

125.03 ± 
2.25# 

135.95 ± 
2.13*** 

137.01 ± 
1.86*** 

139.65 ± 
1.01*** 

139.45 ± 
1.37*** 

PR interval 
(ms) 

29.34 ± 
0.91 

31.10 ± 
0.61 

29.98 ± 
0.78 

32.61 ± 
1.05 

34.10 ± 
1.15 

35.04 ± 
0.83 

35.78 ± 
1.25 

34.29 ± 
0.65 

QRS 
Complex 

(ms) 

16.58 ± 
0.86 

18.00 ± 
0.67 

18.10 ± 
0.89 

20.64 ± 
0.84# 

22.83 ± 
0.87 

22.33 ± 
0.93 

28.56 ± 
0.51*** 

27.48 ± 
0.85*** 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared 

with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – 

rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming training and γ-oryzanol 

(200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving swimming 

training and Caffeine (30 mg/kg). 

Study of the endurance activity and ergogenic effect of selected Indian medicinal plant in laboratory animals 
 Page 261 
 



Results 
 
7.5.2.11. Hemodynamic Parameter - 

7.5.2.11.1. Effect of swimming endurance training on Systolic 

Blood Pressure [SBP] (mmHg) of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

 

Swimming exercise significantly (p < 0.001) increased the systolic 

blood pressure in S group rats. Non-significantly decrease in systolic 

blood pressure was observed in S + OZ (100) and S + OZ (200) group 

rats. Systolic blood pressure was significantly (p < 0.01) decreased in 

S + OZ (400) group rats when compared with S group rats. In case of 

S + C (1) group rat showed significant (p < 0.001) decrease in systolic 

pressure when compared with S group rats (Figure 7.38).  
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Figure 7.38. Effect of swimming endurance training on Systolic Blood 

Pressure [SBP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 mg/kg) 

and caffeine administration. 

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, $p < 0.05, $$p 

< 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + 

OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + 

OZ (200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and 

TC +C(1) - rats receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.11.2. Effect of swimming endurance training on Diastolic 

Blood Pressure [DBP] (mmHg) of rats after γ-Oryzanol (100, 200, 

400 mg/kg) and caffeine administration. 

Diastolic blood pressure was significantly (p < 0.001) increased in 

swimming control group rat when compared with the normal and OZ 

(400) group rats. On the other hand the diastolic blood pressure was 

significantly (p < 0.05; p < 0.001) decreased in S + OZ (200); S + OZ 

(400) and S + C (1) group rats while S + OZ (100) group rats did not 

show significant decrease in diastolic blood pressure when compared 

with S group rats (Figure 7.39).   
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Figure 7.39. Effect of swimming endurance training on Diastolic 

Blood Pressure [DBP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

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, $p < 0.05, $$p 

< 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + 

OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + 

OZ (200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and 

TC +C(1) - rats receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.11.3. Effect of swimming endurance training on Mean 

Arterial Blood Pressure [MABP] (mmHg) of rats after γ-Oryzanol 

(100, 200, 400 mg/kg) and caffeine administration. 

Mean arterial blood pressure was significantly (p < 0.001) increased in 

swimming control group rat when compared with the normal and OZ 

(400) group rats. Then again, the mean arterial blood pressure was 

significantly (p < 0.01) decreased in S + OZ (200) and S + OZ (400) as 

compared with the S group rats. S + C (1) group rats showed 

significant (p < 0.001) reduction in mean arterial blood pressure when 

compared with the S group rat.  S + OZ (100) group rats did not show 

significant decrease in mean arterial blood pressure when compared 

with S group rats (Figure 7.40). 
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Figure 7.40. Effect of swimming endurance training on mean arterial 

blood Pressure [MABP] (mmHg) of rats after γ-Oryzanol (100, 200, 400 

mg/kg) and caffeine administration. 

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, $p < 0.05, $$p 

< 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 

0.01, ***p < 0.001 as compared with treadmill control group on respective 

days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + 

OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + 

OZ (200) – rats receiving swimming training and γ-oryzanol (200 mg/kg), S + 

OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and 

TC +C(1) - rats receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.12. Left ventricular function – 

Effect of swimming endurance training on left ventricular 

function of rats after γ-Oryzanol (100, 200, 400 mg/kg) and 

caffeine administration. 

Strenuous swimming exercise up to day 56 showed significant 

alteration in left ventricular function of rats. 

Strenuous exercise in S group rats LVEDP, LVESP, Max dp/dt, Min 

dp/dt, Tau and pressure time index significantly (p < 0.001) increased 

as compared with normal and OZ (400) group rats. While contractility 

index in S group significantly (p < 0.001) decreased when compared 

with the normal and OZ (400) group rats.  

S + OZ (400) and S + C (1) group rats showed significant reduction in 

LVEDP (p < 0.001),  LVESP (for S + OZ (400) p < 0.01 and for S + C (1) 

p < 0.001), Max dp/dt (for S + OZ (400) p < 0.001 and for S + C (1) p < 

0.001 ), Min dp/dt (for S + OZ (400) p < 0.001 and for S + C (1) p < 

0.001), Tau (for S + OZ (400) p < 0.001 and for S + C (1) p < 0.001 ) 

and pressure time index (for S + OZ (400) p < 0.001 for S + C (1) p < 

0.001) when compared with S group rats. S + OZ (400) and S + C (1) 

group rats showed significant increase contractility index p < 0.001) 

as compared with the S group.    

S + OZ (200) group rat showed significant (p < 0.05; p < 0.01.) 

decrease in LVEDP, pressure time index and Min dp/dt as compared 

with S group rats. S + OZ (200) group rats showed significant (p < 

0.05) increase contractility index as compared with the S group. 

Remaining parameters of S + OZ (200) group remains statistically 

unchanged throughout study. 

There was no significant change was observed in S + OZ (100) rats in 

all ventricular function when compared with the S group rats (Table 

7.31).  
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Table 7.31. Effect of swimming endurance training on left ventricular function of rats after γ-Oryzanol (100, 
200, 400 mg/kg) and caffeine administration. 
 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
S S + OZ 

(100) 
S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

LVEDP 
(mmHg) 

6.64 ± 
1.27 

6.48 ± 
1.12 

8.42 ± 
0.84 

23.61 ± 
0.90###,$$$ 

22.17 ± 
0.83 

19.67  ± 
0.85* 

14.96  ± 
1.23*** 

14.51  ± 
1.27*** 

LVESP 
(mmHg) 

86.26 ± 
2.62 

91.2 ± 
4.30 

87.02 ± 
3.87 

108.8  ± 
2.98###,$$$ 

106.9  ± 
2.09 

99.81  ± 
2.19 

93.49  ± 
2.50** 

90.79  ± 
2.51*** 

Max dp/dt 
(mmHg/s)  

3242 ± 
56.85 

3105 ± 
127.10 

3229 ± 
159.60 

2152 ± 
75.59###,$$$ 

2238 ± 
90.99 

2524 ± 
157.60 

2932 ± 
105.20*** 

3145 ± 
131.21*** 

Min dp/dt 
(mmHg/s)  

-1072 ± 
31.59 

-1087 ± 
25.76 

-1109 ± 
52.42 

-1575 ± 
26.82###,$$$ 

-1442  ± 
27.70 

-1386  ± 
29.28** 

-1294  ± 
34.01*** 

-1317  ± 
23.18***   

Contractility 
Index (s-1)  

56.46 ± 
3.05 

59.38 ± 
2.25 

55.62 ± 
2.79 

26.16  ± 
2.34###,$$$ 

29.03  ± 
1.76 

35.35  ± 
2.24* 

45.26  ± 
2.19*** 

52.12  ± 
1.70*** 

Tau (ms) 5.04 ± 
0.32 

4.98 ± 
0.20 

5.08 ± 
0.33 

11.38 ± 
0.46###,$$$ 

10.57  ± 
0.40 

8.89 ± 
0.53** 

7.70 ± 
0.34*** 

6.62 ± 
0.48*** 

Pressure 
time index 
(mmHg.s)  

15.18 ± 
0.64 

15.94 ± 
0.47 

16.30 ± 
0.52 

25.39  ± 
0.95###,$$$ 

24.24  ± 
1.01 

22.24  ± 
0.83* 

21.37  ± 
1.22*** 

18.59  ± 
0.98*** 

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, $p < 0.05, $$p < 0.01, 
$$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control group on respective days. N- 

Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – 

rats receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.13. Muscle endogenous antioxidant enzymes activity 

The levels of SOD, GSH, MC-I, MC-II, MC-III and MC-IV were 

decreased significantly (p < 0.001) in the swimming control rats 

whereas MDA, NO and Total protein (TP) (p < 0.001) levels were 

increased significantly in the swimming control rats as compared to 

normal and OZ (400) group rats.  

S + OZ (100) group rats did not show any significant change in all 

enzyme activity when compared with S group rat. 

S + OZ (200) group rats showed significant increase SOD, GSH (p < 

0.001); MC-II, MC-IV (p < 0.01), MC-III (p < 0.05) and significant 

decrease in MDA, NO, TP (p < 0.01) as compared with S group rats. 

Non-significant change was observed in the activity of MC-I in S + OZ 

(200) group as compared with S group.  

S + OZ (400) rats showed significant increase in SOD, GSH, MC-I, 

MC-II, MC-IV (p < 0.001)and MC-III (p < 0.01) activity as compared 

with S group rats. On the other hand activity of MDA, NO and TP (p < 

0.001) were significantly decreased in S + OZ (400) group as compared 

with S group. 

Activity of SOD, GSH, MC-I, MC-II, MC-III and MC-IV (p < 0.001) 

significantly increased and activity of MDA, NO and TP (p < 0.001) 

significantly decreased in S + C (1) rats as compared with S group. 

The results signify the antioxidant effect of drug in exercise condition 

(Table 7.32). 
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Table 7.32. Effect of swimming endurance training on muscle endogenous antioxidant enzymes activity in rats 

after γ-Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
S S + OZ 

(100) 
S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

SOD (U /mg of 
protein)  

21.93 ± 
0.61 

19.73 ± 
0.57 

21.88 ± 
0.55 

7.16 ± 
0.68###,$$$ 

8.65 ± 
0.45 

14.25 ± 
0.54*** 

17.68 ± 
0.77*** 

20.63  ± 
0.57*** 

GSH (μg/mg of 
protein)  

1.65 ± 
0.09 

1.48 ± 
0.09 

1.65 ± 
0.06 

0.35 ± 
0.04###,$$$ 

0.50 ± 
0.05 

0.96 ± 
0.03*** 

1.14 ± 
0.04*** 

1.44 ± 
0.07*** 

MDA (nM/ mg of 
protein) 

4.42 ± 
0.59 

5.04 ± 
0.66 

4.48 ± 
0.54 

22.36  ± 
1.18###,$$$ 

20.42  ± 
0.97 

17.41  ± 
0.83** 

12.31 ± 
1.20*** 

8.41 ± 
1.11*** 

NO (μg/ml)  90.20 ± 
5.52 

85.05  ± 
5.16 

87.71 ± 
9.31 

421.10 ± 
10.21###,$$$ 

410.00 ± 
14.70 

354.40 ± 
8.95** 

275.50 ± 
4.61*** 

316.50 ± 
9.99*** 

MC-I (nmole of 
NADH 

oxidized/min/mg 
protein) 

16.69 ± 
0.40 

15.58 ± 
0.64 

15.60 ± 
0.76 

8.62 ± 
0.44###,$$$ 

9.26 ± 
0.74 

10.83 ± 
0.81 

14.07 ± 
0.55*** 

15.21 ± 
0.81*** 

MC-II 
(mmole/mg 

protein) 

64.74 ± 
1.07 

65.06 ± 
1.66 

64.71 ± 
2.40 

32.07  ± 
1.49###,$$$ 

34.30  ± 
1.55 

49.83  ± 
1.87** 

53.34  ± 
1.72*** 

55.45  ± 
1.65*** 
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Groups/ 
Parameters Normal OZ 400 

Caffeine 
(C1) 

(30mg/kg) 
S S + OZ 

(100) 
S + OZ 
(200) 

S + OZ 
(400) 

S + C (1) 
(30mg/kg) 

MC-III (OD at 540 
nm) 

0.43 ± 
0.03 

0.43 ± 
0.02 

0.44 ± 
0.01 

0.21 ± 
0.02###,$$$ 

0.22 ± 
0.03 

0.30 ± 
0.03* 

0.34 ± 
0.02** 

0.36 ± 
0.03*** 

MC-IV (nmol 
cyto-C 

oxidized/min/mg 
protein) 

6215 ± 
248.5 

6275 ± 
215.2 

6211 ± 
219.7 

3636 ± 
87.6###,$$$ 

4001 ± 
253.6 

4888 ± 
183.7** 

5165 ± 
217.3*** 

5930 ± 
159.4*** 

Total protein 
(mg/gm) 

29.96 ± 
1.14 

31.84 ± 
2.46 

28.54 ± 
0.76 

68.89  ± 
1.54###,$$$ 

66.72  ± 
2.73 

57.37  ± 
1.38** 

49.30  ± 
3.25*** 

40.89  ± 
2.90*** 

 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared 

with treadmill control group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – 

rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming training and γ-oryzanol 

(200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and S +C(1) - rats receiving swimming 

training and Caffeine (30 mg/kg). 
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Results 
 
7.5.2.14. Effect of swimming endurance training on tissue 

glycogen and organ weight 

The muscle glycogen in S group rat was significantly (p < 0.001) 

decreased due to strenuous exercise as compared with normal and OZ 

(400) group. The muscle glycogen content was significantly increased 

in S + OZ (200) (p < 0.01) and S + OZ (400), S + C (1) (p < 0.001) 

groups as compared with S group. Non-significant increase in muscle 

glycogen content was seen in S + OZ (100) group rats when compared 

with S group rats. 

Liver glycogen content significant depletion (p < 0.001) was observed 

in S group rats when compared with normal and OZ (400) groups. On 

the other hand liver glycogen storage was significantly increased in S 

+ OZ (200) (p < 0.01), S + OZ (400) and S + C (1) (p < 0.001) group as 

compared with S group. S + OZ (100) group showed non-significant 

increase in liver glycogen content as compared with S group.     

It was seen that epididymal fat weight was significantly decreased (p < 

0.001) in S group as compared with normal and OZ (400) group. 

Epididymal fat weight was non-significantly changed in S + OZ (100), 

S + OZ (200), S + OZ (400) and S + C (1) groups as compared with S 

group.  

Gastrocnemius muscle weight was significantly decreased (p < 0.001) 

in S group as compared with normal and OZ (400) groups. 

Gastrocnemius muscle weight was significantly increased (p < 0.001) 

in S + OZ (400) and S + C (1) group rats when compared with S group. 

S + OZ (200) group showed significant increase (p < 0.05) 

gastrocnemius muscle weight as compared with S group. S + OZ (100) 

group showed non-significant increase in gastrocnemius muscle 

weight when compared with S group. 
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Results 
 
 

Heart weight was significantly increased (p < 0.001) in S group rats 

when compared with normal and OZ (400) groups. While heart weight 

was significantly decreased in S + OZ (400) [p < 0.01] and S + C (1) (p 

< 0.05) groups when compared with S group. Non-significant decrease 

in heart weight was observed in S + OZ (100) and S + OZ (200) groups 

as compared with the S group. 

Left ventricle weight was significantly higher (p < 0.001) in S group as 

compared with normal and OZ (400) group rats. Significant decrease 

(p < 0.01) in left ventricle weight was observed in S + OZ (400) and S + 

C (1) groups when compared with S group. On the other hand left 

ventricle weight was non-significantly decreased in S + OZ (100) and S 

+ OZ (200) groups when compared with S group rats. 

Swimming exercise and γ-oryzanol administration (all doses as 100, 

200 and 400 mg/kg and exercise) did not significantly alter the levator 

ani muscle weight in rats throughout the study (Table 7.33). 
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Table 7.33. Effect of swimming endurance training on muscle glycogen, liver glycogen, epididymal fat weight, 

gastrocnemius muscle weight, heart weight, left ventricle weight and levator ani muscle weight  in rats after γ-

Oryzanol (100, 200, 400 mg/kg) and caffeine administration. 

Groups/ 
Parameters Normal OZ 400 Caffeine 

(C1) S S + OZ 
(100) 

S + OZ 
(200) 

S + OZ 
(400) S + C (1) 

Muscle glycogen 
(mg/g) 

1.46 ± 
0.06 

1.46 ± 
0.07 

1.42 ± 
0.04 

0.77 ± 
0.05###,$$$ 

0.92 ± 
0.08 

1.21 ± 
0.07** 

1.31 ± 
0.06*** 

1.31 ± 
0.07*** 

Liver glycogen 
(mg/gm) 

4.24 ± 
0.14 

4.17 ± 
0.15 

4.17 ± 
0.13 

2.85 ± 
0.14###,$$$ 

3.15 ± 
0.12 

3.56 ± 
0.12** 

3.74 ± 
0.15*** 

3.81 ± 
0.14*** 

Epididymal fat 
weight (gm) 

5.35 ± 
0.16 

5.40 ± 
0.20 

5.48 ± 
0.11 

4.24 ± 
0.20###,$$$ 

4.23 ± 
0.16 

4.07 ± 
0.21 

4.24 ± 
0.19 

4.11 ± 
0.11 

Gastrocnemius 
muscle weight 

(gm) 

2.90 ± 
0.18 

2.90 ± 
0.20 

2.94 ± 
0.16 

1.89 ± 
0.17###,$$$ 

2.19 ± 
0.10 

2.56 ± 
0.15* 

3.01 ± 
0.07*** 

3.01 ± 
0.20*** 

Heart weight 
(gm) 

1.42 ± 
0.07 

1.39 ± 
0.07 

1.38 ± 
0.07 

1.95 ± 
0.06###,$$$ 

1.86 ± 
0.05 

1.77 ± 
0.07 

1.58 ± 
0.06** 

1.70 ± 
0.07* 

Left ventricle 
weight (gm) 

0.43 ± 
0.03 

0.42 ± 
0.03 

0.43 ± 
0.03 

0.62 ± 
0.02###,$$$ 

0.59 ± 
0.01 

0.54 ± 
0.03 

0.49 ± 
0.02** 

0.50 ± 
0.01** 

Levator ani 
muscle weight 

(gm) 

0.44 ± 
0.01 

0.44 ± 
0.02 

0.44 ± 
0.02 0.47 ± 0.02 0.44 ± 

0.03 
0.45 ± 
0.01 

0.44 ± 
0.04 

0.45 ± 
0.03 

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, $p < 0.05, $$p < 0.01, 
$$$p < 0.001 as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control group on respective days. N- 

Normal, OZ – γ-oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – rats receiving swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – 

rats receiving swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg).  
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Results 
 
7.5.2.15. Molecular Parameters – 

7.5.2.15.1. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle AMPK mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle AMPK mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant up-regulation of muscle AMPK mRNA expression was 

seen in S + OZ (100) and S + OZ (200) group rats when compared with 

S group rats.  

Administration of γ-oryzanol [400 mg/kg (S + OZ (400)] and caffeine [S 

+ C (1)] significantly (p < 0.001) up-regulated mRNA expression of 

AMPK as compared with the S group rats.  

The results indicate that exercise up-regulate expression of AMPK 

mRNA and administration of γ-oryzanol potentiates the expression in 

S + OZ (100), S + OZ (200), S + OZ (400) and caffeine administration 

also potentiates mRNA (Figure 7.41). 
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Figure 7.41. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle AMPK mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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Results 
 
7.5.2.15.2. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle Glut-4 and IRS-1 mRNA expressions in 

rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle Glut-4 and IRS-1 mRNA expression as compared to 

normal and OZ (400) group rats. Non-significant up-regulation or 

down-regulation of muscle Glut-4 and IRS-1mRNA expression was 

seen in S + OZ (100), S + OZ (200), S + OZ (400) and S + C (1) group 

rats when compared with S group rats (Figure 7.42). 

A 
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Results 
 
B 

 
Figure 7.42. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle Glut4 (A) and IRS-1 (B) mRNA expressions in 

rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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Results 
 
7.5.2.15.3. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle PGC-1 mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle PGC-1 mRNA expression as compared to normal 

and OZ (400) group rats. 

 

Non-significant up-regulation of muscle PGC-1 mRNA expression was 

seen in S + OZ (100) and S + OZ (200) group rats when compared with 

S group rats. Administration of γ-oryzanol [400 mg/kg (S + OZ (400)] 

and caffeine [S + C (1)] significantly (p < 0.001) up-regulated mRNA 

expression of PGC-1 as compared with the S group rats.  

 

The results indicate that exercise up-regulate expression of PGC-1 

mRNA and administration of γ-oryzanol potentiates the expression in 

S + OZ (100), S + OZ (200), S + OZ (400) and caffeine administration 

also potentiates mRNA expression of PGC-1 (Figure 7.43).   
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Figure 7.43. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle PGC-1 mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.15.4. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle Atrogin-1 and MuRF-1 mRNA 

expressions in rats: 

The Atrogin-1 and MuRF-1 mRNA was significantly (p < 0.001) up-

regulated in the gastrocnemius muscle of swimming control rats as 

compared to normal and OZ (400) group rats. 

Non-significant down-regulation of muscle Atrogin-1 and MuRF-1 

mRNA was seen in S + OZ (100) group as compared with S group rats.  

γ-oryzanol (200 mg/kg) [S + OZ (200)] significantly (p < 0.01) down-

regulated muscle Atrogin-1 and MuRF-1 mRNA expression as 

compared to swimming control rats. 

γ-oryzanol (400 mg/kg) [S + OZ (400)] and caffeine [S + C (1)] 

treatment and exercise significantly (p < 0.001) down-regulated 

muscle Atrogin-1 and MuRF-1 mRNA expression as compared to 

swimming control rats.  

The results indicate that exercise up-regulate expression of muscle 

Atrogin-1 and MuRF-1 mRNA and administration of γ-oryzanol and 

caffeine prevents muscle wasting as atrogin-1 and MuRF-1 are down-

regulated (Figure 7.44). 
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A 

 
B 

 
Figure 7.44. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine 
administration on swimming exercise induced alteration in Gastrocnemius 
muscle Atrogin-1 (A) and MuRF-1 (B) mRNA expressions in rats. 

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, $p < 0.05, $$p < 0.01, $$$p < 0.001 
as compared with OZ (400) group, and *p < 0.05, **p < 0.01, ***p < 0.001 as 
compared with treadmill control group on respective days. N- Normal, OZ – γ-
oryzanol, C(1) – Caffeine, S – Swimming control, S + OZ (100) – rats receiving 
swimming training and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving 
swimming training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 
swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats receiving 
swimming training and Caffeine (30 mg/kg). 
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Results 

7.5.2.15.5. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle eNOs mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) down-

regulated muscle eNOs mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant up-regulation of muscle eNOs mRNA expression was 

seen in S + OZ (100) group rats when compared with S group rats. 

mRNA expression of eNOs was significantly (p < 0.01) up-regulated in 

S + OZ (200) group rats as compared with the S group rats. It was 

seen that administration of γ-oryzanol to S + OZ (400) and caffeine 

(30mg/kg) to S + C (1) (p < 0.001) significantly up-regulated mRNA 

expression of eNOs as compared with the S group rats (Figure 7.45).  
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Figure 7.45. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle eNOs mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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Results 
 
7.5.2.15.6. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle PDE-4 mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle PDE-4 mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant down-regulation of muscle PDE-4 mRNA expression 

was seen in S + OZ (100) group rats when compared with S group 

rats. S + OZ (200) group rats showed significant down-regulation (p < 

0.01) of PDE-4 mRNA as compared with S group. mRNA expression of 

PDE-4 was significantly (p < 0.001) down-regulated in S + OZ (400) 

and S + C (1) group rats as compared with the S group rats (Figure 

7.46).  
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Figure 7.46. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle PDE-4 mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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Results 
 
7.5.2.15.7. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle Myostatin mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle Myostatin mRNA expression as compared to normal 

and OZ (400) group rats. 

Non-significant down-regulation of muscle Myostatin mRNA 

expression was seen in S + OZ (100) group rats when compared with S 

group rats. mRNA expression of Myostatin was significantly (p < 0.05) 

down-regulated in S + OZ (200), S + OZ (400) when compared with S 

group. S + C (1) group rats showed significant down-regulation (p < 

0.01) of Myostatin mRNA as compared with the S group rats (Figure 

7.47).  
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Figure 7.47. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle Myostatin mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.15.8. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle IL-1β mRNA expressions in rats: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle IL-1β mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle IL-1β mRNA expression 

was seen in S + OZ (100) group rats when compared with S group 

rats. mRNA expression of IL-1β was significantly (p < 0.01) down-

regulated in S + OZ (200) as compared with S group rats. S + OZ (400) 

and S + C (1) group rats showed significant (p < 0.001) down-

regulation of IL-1β as compared with the S group rats (Figure 7.48).  
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Figure 7.48. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle IL-1β mRNA expressions in rats. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.15.9. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle TNF- mRNA expressions in rat: 

 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle TNF- mRNA expression as compared to normal and 

OZ (400) group rats. 

 

Non-significant down-regulation of muscle TNF- mRNA expression 

was seen in S + OZ (100) group rats when compared with S group 

rats. mRNA expression of TNF- was significantly (p < 0.01) down-

regulated in S + OZ (200) as compared with S group rats. S + OZ (400) 

and S + C (1) group rats showed significant (p < 0.001) down-

regulation of TNF- as compared with the S group rats (Figure 7.49). 

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 292 
 



Results 
 

 

Figure 7.49. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle TNF- mRNA expressions in rat. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.15.10. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle VGEF mRNA expressions in rat: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle VGEF mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant down-regulation of muscle VGEF mRNA expression 

was seen in S + OZ (100) group rats when compared with S group 

rats. VGEF mRNA expression of S + OZ (200) group was significantly 

(p < 0.01) down-regulated when compared with S group. mRNA 

expression of VGEF was significantly (p < 0.001) down-regulated in S 

+ OZ (400) as compared with S group rats. S + C (1) group rats 

showed significant (p < 0.001) down-regulation of VGEF as compared 

with the S group rats (Figure 7.50). 
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Figure 7.50. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle VGEF mRNA expressions in rat. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.15.11. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration 

in Gastrocnemius muscle iNOs mRNA expressions in rat: 

Swimming control (S) rats showed significantly (p < 0.001) up-

regulated muscle iNOs mRNA expression as compared to normal and 

OZ (400) group rats. 

Non-significant down-regulation of muscle iNOs mRNA expression was 

seen in S + OZ (100) group rats when compared with S group rats. 

mRNA expression of iNOs was significantly (p < 0.01) down-regulated 

in S + OZ (200) and S + OZ (400) group as compared with S group 

rats. S + C(1) group rats showed significant (p < 0.001 ) down-

regulation of iNOs as compared with the S group rats (Figure 7.51). 
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Figure 7.51. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on swimming exercise induced alteration in 

Gastrocnemius muscle iNOs mRNA expressions in rat. 

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, $p < 

0.05, $$p < 0.01, $$$p < 0.001 as compared with OZ (400) group, and 

*p < 0.05, **p < 0.01, ***p < 0.001 as compared with treadmill control 

group on respective days. N- Normal, OZ – γ-oryzanol, C(1) – Caffeine, 

S – Swimming control, S + OZ (100) – rats receiving swimming training 

and γ-oryzanol (100 mg/kg), S + OZ (200) – rats receiving swimming 

training and γ-oryzanol (200 mg/kg), S + OZ (400) – rats receiving 

swimming training and γ-oryzanol (400 mg/kg) and TC +C(1) - rats 

receiving swimming training and Caffeine (30 mg/kg). 
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7.5.2.16. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill and swimming exercise 

induced alteration in left ventricle (LV) histology of rat: 

 

Normal, OZ (400) and C (1) group – 

In the animals of normal group, the section studied showed the 

normal architecture of heart in rats. The figure reflects the organized 

arrangement, well-defined boundaries and distinct bundles of 

myocardial fibers (score - absent) (Figure 7.52 and 7.53). 

 

Treadmill control and swimming control – 

Hematoxylin eosin stained heart tissue sections showed sporadic 

fragmentation of myocardial fibers, interstitial edema, cytoplasmic 

eosinophilia (pink colour) and leukocyte infiltration (see arrows) — 

signs of myocardial injury — in the heart myocardium of exercised 

rats compared to intact myocardium of normal, OZ (400) and C (1) 

animals. This was probably due to the degeneration of the structural 

protein in mitochondria of the cytoplasm that occurred in protein 

degradation related to exercise (Score - ++++)(Figure 7.52 and 7.53). 

 

TC + OZ (100) and S + OZ (100) - 

There was lesser loss of myocardial fibers, myocardial hypertrophy 

and cytoplasmic eosinophilia, causing pink coloration of fibers 

indicating myocardial injury. Cytoplasmic vacuoles and vascular 

congestion was also decreased. In addition to this, nuclei were not lost 

and were not pyknotic in nature (score -+++)(Figure 7.52 and 7.53). 
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TC + OZ (200), S + OZ (200) and TC + OZ (400), S + OZ (400) – 

Histological examination of γ-oryzanol (200 and 400 mg/kg) treated 

animals showed the moderate architectural damage of heart in wistar 

rats. The figure also showed cytoplasmic eosinophilia, causing pink 

coloration of fibers indicating myocardial injury and disturbed 

bundles of myocardial fibers (score - ++)(Figure 7.52 and 7.53).  

 

TC + C (1) and S + C (1) – 

Histological examination showed mild architectural damage of heart in 

rats. Despite the presence of mild cytoplasmic vaccuolization 

myocardial fibers reflects the organized arrangement, well-defined 

boundaries and distinct bundles of myocardial fibers (score - +) 

(Figure 7.52 and 7.53).  

  

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 299 
 



Results 
 
Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on swimming exercise induced 

alteration in left ventricle (LV) histology of rat. 

 

Figure 7.52. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on Swimming exercise 
induced alteration in left ventricle (LV) histology of rat (H and E staining, magnification 10X).  

Study of the endurance activity and ergogenic effect of selected Indian medicinal plant in laboratory animals 
 Page 300 
 



Results 
 
Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on treadmill exercise induced 
alteration in left ventricle (LV) histology of rat. 

 

Figure 7.53. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on treadmill exercise induced 
alteration in left ventricle (LV) histology of rat (H and E staining, magnification 10X). 
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7.5.2.17. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill and swimming exercise 

induced alteration in Gastrocnemius muscle histology of rat. 

Normal, OZ (400) and C (1) group – 

Histological examination showed normal myofibres (undamaged/pre-

necrotic), characterized by peripheral nuclei, intact sarcoplasm and 

regular shape was mainly visible. A few very small basophilic 

myofibres (myotubes) with a central nucleus was also present (score - 

absent) (Figure 7.54 and 7.55). 

Treadmill control and swimming control – 

Histological examination showed necrotic myofibres (inflammation) 

characterised by many inflammatory cells which have infiltrated 

dystrophic myofibres along with fragmented sarcoplasm of dystrophic 

myofibres with irregular shape and few myonuclei. Fat deposition was 

seen in dystrophic muscle, between myofibres in the interstitial space 

(score ++++) (Figure 7.54 and 7.55). 

TC + OZ (100) and S + OZ (100) - 

There were lesser necrotic myofibrils, less inflammatory cells and less, 

and in some points nuclei were localized centrally. Regenerating 

muscle was identified by activated myoblasts, small basophilic 

myotubes (score +++) (Figure 7.54 and 7.55).  

TC + OZ (200), S + OZ (200), TC + OZ (400), S + OZ (400) TC + C (1) 

and S + C (1) – 

Histology showed recent regeneration, shown by many small 

dystrophic myofibres (sometimes seen as smaller myotubes) with 

central nuclei: most of these are basophilic (stain slightly purple) due 

to large amounts of RNA in these actively differentiating and growing 
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cells. Regenerated myofibres, indicated by large plump mature 

dystrophic myofibres with central nuclei. Lesser fat deposition is seen 

in dystrophic muscle, between myofibres in the interstitial space 

(score ++) (Figure 7.54 and 7.55). 
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Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on swimming exercise induced 

alteration in Gastrocnemius muscle histology of rat. 

 

Figure 7.54. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on swimming exercise 

induced alteration in Gastrocnemius muscle histology of rat (H and E staining, magnification 10X). 
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Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on treadmill exercise induced 

alteration in Gastrocnemius muscle histology of rat. 

 

Figure 7.55. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and caffeine administration on treadmill exercise induced 

alteration in Gastrocnemius muscle histology of rat (H and E staining, magnification 10X). 
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7.5.2.18. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill and swimming exercise 

induced ultrastructural in Gastrocnemius muscle of rat. 

Muscle tissue samples from normal group rat (Figure 7.56A), showed 

no ultrastructural alterations of skeletal muscle cells. In the 

sarcoplasm, mitochondria with regular morphology and with dense 

mitochondrial matrix were evident. White arrow indicates the Z-line, 

green arrow denotes the M-line and ‘M’ – is the mitochondira.  

Muscle tissue samples from group γ-oryzanol treated rats (Figure 

7.56B), the glycogen particles (a glycogen) were crowded together in 

rosette form under the sarcolemma of type I fibres. The evident 

bifurcation on myofibrils, and glycogen particles scattered in inter-

myofibrillary spaces were observed on type II fibers. 

Muscle tissue samples from group caffeine treated group rat (Figure 

7.56C), distortions on Z-line order with expansions of sarcoplasmic 

areas were observed on type I fibres. On type II fibres, most of the 

mitochondria were normal. The sarcotubular units of some type II 

fibres were extended and were of different shapes due to the presence 

of glycogen granules. 

Muscle tissue samples from group exercised rat (Figure 7.56 D, E, F 

and G), the degeneration of mitochondria was more apparent on type I 

fibers. It was observed that most of the myofibrils were divided into 

myofibrils of smaller diameter, and T systems losing their order, 

assumed extended shapes, especially on the bifurcation areas of the 

myofibrils. The bifurcation and the irregularities on myofibrils depend 

on smaller myofibril formation, and irregularities on Z-lines were also 

observed on type I fibers. The other important view was the units 

resembling T tubules which were extended into myofibrils. The 

glycogen particles and the ribosomal units were crowded intensely 
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together on split points of myofibrils of type II fibers. The T systems 

were also observed on these points. The tubule-shape units which 

were formed from unit membrane were observed on the myofibrils and 

on the inter-myofibrillary spaces. There were some random fractures 

on myofibrils along with exhaustive mitochondria with shrunken 

shape. There was ample expansion and degeneration on the 

mitochondria of type I fibres, split and bifurcation on myofibrils, 

increase of the ribosomal content, and extension and expansion on 

sarcotubular units. The expansion and degeneration of mitochondria, 

the accumulation of glycogen particles and the irregularity of 

sarcoplasmic tubules were notable findings.  

Muscle tissue samples from group γ-oryzanol and exercise treated rats 

(Figure 7.56H), the glycogen particles (a glycogen) were crowded 

together in rosette form under the sarcolemma of type I fibres. In the 

sarcoplasm, mitochondria with regular morphology with different 

shapes and with dense mitochondrial matrix were clear. Mitochondria 

exist in many different shapes including small balls and long 

branching rods that share many nucleoids together—equivalent to one 

large cytoplasm with many cellular nuclei. The shapes, size and 

number are constantly changing based on dynamic polar forces. 

Muscle tissue samples from group Caffeine and exercise treated rats 

(Figure 7.56I), myofibrillar structures and sarcomeres were in a phase 

of contraction. Mitochondria are in more number with distinct shapes. 

Z-lines, M-lines appeared dense, cleared and normal. 
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Figure 7.56. Effect of γ-oryzanol (100, 200 and 400 mg/kg) and 

caffeine administration on treadmill and swimming exercise induced 

ultrastructural in Gastrocnemius muscle of rat.  

Normal (A) (X 10,000), γ-oryzanol (B) (X 15,000), Caffeine (C) (X 
15,000), Exercise (D,E,F –X 10,000 and G – X 20,000), γ-oryzanol (400 
mg/kg)+ Exercise (H) (X 25,000) and Caffeine (30 mg/kg) + exercise (I) 
(X 25,000)  
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8. Discussion 
Many of the factors which affect maximum strength capacity of skeletal 

muscle work in a synergistic manner. The most powerful factor is 

resistance training, which impressively rises maximal isometric and 

dynamic muscle contraction strength (Aagaard, 2004). Resistance 

training (also named weight or strength training) is identified by the 

performance of exercises in which muscles from a particular body part 

are condensed against a power that opposes the movement (Cardoso Jr 

et al., 2010; Eslami et al., 2009). 

It is known now that the use of nutrient intake positively influences sport 

performance (Molinero and Márquez, 2009). Products which claim to 

extend endurance, increase recovery, decrease body fat, increase muscle 

mass, reduce the risk of illness, or achieve other goals that improve 

sports performance, have filled the sports world. Many competitive and 

recreational athletes have tended to consume dietary supplements to 

intensify strength training and performance (Calfee, 2006). 

Herbal dietary supplements are introduced to physically active subjects 

for numerous reasons, involving increasing energy, bringing about weight 

loss, promoting muscle enlargement, or inducing other physiological or 

metabolic responses which lead to improve exercise performance. 

Endurance athletes face on a daily basis a challenge of balancing high 

training loads with a sufficient amount of rest and recovery. When 

challenged with any physical task, the human body responds through a 

series of integrated changes in function that involve most, if not all, of its 

physiologic systems. Movement requires activation and control of the 
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musculoskeletal system; the cardiovascular and respiratory systems 

provide the ability to sustain this movement over extended periods. When 

the body engages in exercise training several times a week or more 

frequently, each of these physiologic systems undergoes specific 

adaptations that increase the body’s efficiency and capacity known as 

endurance. The magnitude of these changes depends largely on the 

intensity and duration of the training sessions, the force or load used in 

training, and the body’s initial level of fitness. Removal of the training 

stimulus, however, will result in loss of the efficiency and capacity that 

was gained through these training-induced adaptations; this loss is a 

process called detraining (Health and Services, 1996).  

The body’s physiologic responses to episodes of aerobic and resistance 

exercise occur in the musculoskeletal, cardiovascular, respiratory, 

endocrine, and immune systems. These responses have been studied in 

controlled laboratory settings, where exercise stress can be precisely 

regulated and physiologic responses carefully observed. However, 

because the types of observations that can be made on a nonsacrificial 

being are limited it is difficult to study the full extent of the changes that 

occur in response to different levels of regular exercise. For this reason it 

is necessary to turn to an experimental animal such as the rat. Recent 

reviews which examine the biochemical (Holloszy and Booth, 1976) and 

cardiovascular (Scheuer and Tipton, 1977) changes which occur with 

training illustrate the extent to which experiments with the rat have 

played a part in elucidating the mechanisms of physical fitness 

adaptations. 
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Globalization of Ayurveda has gained momentum. Many active groups 

have been formed in many part of world including developed countries, 

to speed the concept and practice of Ayurveda. This is due to following 

reasons: (a) the holistic approach advocated by Ayurveda in therapeutic 

practice; (b) it has one of the most extensive and profound conceptual 

bases among traditional medicine systems of the world; (c) its survival 

more than 2 millennium as vibrant medical system (Kurup, 2004).  

It is believed that Ayurveda has potential to develop in global health care 

system. In a review by Dahanukar et al (2000) mentioned that more than 

13,000 plants have been investigated during 1995-2000 (Dahanukar et 

al., 2000). The following plants were identified for biological and clinical 

data: Rhodiola crenulata, R. rosea, Withania somnifera, Ephedra sinica, 

Cordyceps sinensis, Ptychopetalum olacoides, Schisandra chinesis, 

Shilajit (herbomineral), Terminalia arjuna. Such studies provided the 

scientific basis of traditional usage of Ayurvedic therapies.  

In present study, the paradigm in studying plant pharmacology involved 

selection of plant based on literature survey and ethnopharmacological 

uses of plant; these were followed by standardization, extraction, 

phytochemistry and pharmacology. Phytochemical standardization of 

plant extract was carried out by finger-printing (High Performance Thin 

Layer Chormatography). 

Selection of plant material for studying drug discovery programs may be 

performed by different approaches, such as totally random selection, or 

selective selection of ethnopharmacological reports, or by restricting the 

plants of interest groups based on chemotaxonomic, geographical, or 
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compound structural type reference. The plant selection based upon 

literature survey of floristic diversity of the area of interest and also the 

medicinal uses of the plant in the region where collection will take place 

are important factors in selection of plants. In this manner, biologically 

active metabolites may be investigated in the plant material selected 

based on local use in traditional medicine. Different organs in the plant 

are known to produce and/or accumulate different profile of secondary 

metabolite; e.g flavonoids may be present in the flowers and leaves of 

particular species,whereas tropane alkaloids occurs in the roots, 

essential oils may be restricted to glandular hairs or other glands (Silva 

et al., 1998). Plant part also plays important role while selection of plant.  

The human body according to Ayurveda is made up of somatic dosas 

(vata, pitta and kapha) and psychic component (dosas), body tissues 

(dhatus) and waste products (malas). The three psychological 

components are satogun, rajogun and tamogun. A close interdependence 

among somatic and psychological component exists. The imbalance or 

vitiation of vata, pitta or kapha are considered as major factors in 

causation of disease. Vata biofactor is responsible for function of central, 

autonomic and peripheral nervous system. Vata is responsible for 

cognitive and neocognitive function of brain and secretions of various 

neurotransmitters and hormones. Pitta is responsible for appetite, thirst, 

digestion, metabolism, normal eyesight, softness of body, mental 

calmness and intelligence. Kapha is responsible for normal body 

moisture, stability of joint, weight, endurance and courage. It is believed 

that vata constituted for nervous disorders, insomnias, dry skin, 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 312 
 
 



Discussion 
 
 
constipation while pitta constituted for stress related diseases, high 

blood pressure, coronary heart disease etc (Balagopal et al., 2008). 

The plant, which mitigates kapha and vata, is mostly useful in 

developing muscle strength, endurance and treating CNS disease. The 

selected plants viz. leaves of Moringa oleifera and rice bran have been 

mentioned to mitigate kapha and vata (Paranjape, 2001; Ebadi, 2006). 

Leaves of Moringa oleifera Lam. (Moringaceae) are recommended for the 

treatment of muscular diseases, antioxidant (Razis et al., 2014) while γ-

oryzanol has antioxidant, antidiabetic, antilipidemic properties and used 

in treating central nervous system disorders (Jariwalla, 2000). Ayurvedic 

practitioners also recommended leaves of Moringa oleifera instead of 

whole plant. The Ayurvedic preparations available in market also utilized 

the leaves of Moringa oleifera (Razis et al., 2014). Rice bran oil is used in 

cooking and γ-oryzanol is used in cosmetics and in making of soft 

capsules, tablets, hard capsules, etc. preparation (Miller and Engel, 

2006). Most of the scientific literature available was about the 

phytochemistry and pharmacology of leaves of M. oleifera and rice bran.  

Although the selected plants were mentioned for treatment of muscular 

illness, wound healing, increasing muscle strength in Ayurveda but their 

scientific evaluation using pharmacological models were not performed 

and hence the above plants were selected from the study. 

The selected plant materials leaves of M. oleifera and rice bran were air-

dried and protected from direct sunlight. It was mentioned that 

ultraviolate radiation might produce chemical reactions giving rise to 

compound artifacts. The selected plant material was authenticated to 
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conform the identity of plant. The identification of plant at an early stage 

of phytochemical investigation may later assist in compound 

identification and ‘dereplication’ efforts, and perusal of published 

literature on the species, genus or family concerned is then possible 

(Silva et al., 1998). 

Use of powders of leaves, whole plant as such dose not give the idea 

about which extract or constituent may be responsible for the activity. 

Wide ranges of extracts were found to possess various beneficial effect 

viz. hexanic, methanolic, ethanolic, hydroalcoholic, aqueous, etc (Zhang, 

2004). Therefore in the present investigation to find the active 

constituent, two extracts of plant material were prepared. The solvent for 

extraction were selected in such a way that they covered maximum 

polarity range; petroleum ether (2.8), alcohol (5.2) and water (9.0). 

Successive extraction method was followed to minimize the possibility of 

extraction of same constituents in two different extracts.  

Most of the extracts officials in pharmacopoeias (Schiff et al., 2006; 

Bhopal, 1986) were prepared by extracting plant by percolation. The 

percolates were concentrated generally by distillation under reduced 

pressure. It was reported that the use of heat should be avoided where 

possible because of potential injurious effect on active constituents 

(Remington, 1995). Research scientist at Indian Institute of Science and 

Research, Pune, India has reported that constituents of M. oleifera and 

rice bran oil were thermolabile and application of heat during any stage 

of isolation results in loss of many valuable constituents either 

denaturing or through polymerization (Paul, 1960). Preliminary 
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pharmacological work suggested that cold extracts possess more activity 

than extracts obtained with hot extraction process. Therefore in present 

investigation heating was avoided by extracting plant material by cold 

maceration and drying at room temperature (32-38 0C). All extracts were 

dried at temperature not exceeding 55 0C.  

Phytochemical evaluation of all plants under investigation revealed 

similar constituents isolated earlier by the various authors, which 

further support the authenticity of plant materials. The prepared plant 

extracts were then subjected to pharmacological screening using 

different models. 

In the present study caffeine was used as a standard drug as caffeine (30 

mg/kg) cause physiological adaptations such as decreased sensitivity 

and down-modulation of adenosine receptors. Thus, the consumption of 

caffeine acts on possible regulatory mechanisms for blood pressure and 

heart rate due to its antagonistic effect on adenosine receptors. Among 

the mechanisms involved, caffeine inhibits phosphodiasterase enzyme 

and increases the life span of cellular cAMP, activation of the 

sympathetic nervous system (via release of catecholamine from the 

adrenal medulla), stimulation of the adrenal cortex (release of 

corticosteroids) and effects on the urinary system (diuresis, natriuresis 

and activation of the renin-angiotensin-aldosterone system) (Ruiz et al., 

2014; Barcelos et al., 2014). 

The reported studies on exercise-induced cardiac adaptations have used 

many differing protocols of chronic treadmill or swim training regimes of 

exercise. Arguments remain over the training regimes, load intensity, 
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myocardial mass increases, gender/age differences and clinical 

application of findings (Fenning et al., 2003; Wisløff et al., 2001). The 

current study aimed to design a reproducible low-stress protocol of 

endurance treadmill and swimming exercise that would induce mild 

cardiac hypertrophy in normotensive adult rats. The weekly training 

regime of 5 days of fixed low intensity followed by a test day of running 

and swimming to exhaustion plus a rest day was demonstrated 

endurance exercise to stimulate an adaptive response to the fatiguing 

effects of serotonin in the brain. While training day intensity was not 

altered throughout the study, it was obvious from the test day endurance 

times that rats actively improved their fitness by applying their own 

exercise duration voluntarily on the test day. Rats were closely monitored 

for fatigue and had the freedom to complete the test day run or swim at 

any time. Interestingly, running and swimming the rats in groups of six 

in clear sight of each other may encourage higher performance as test 

day times were very similar within groups throughout the trial. By the 

end of 8 weeks of training, animals were routinely covering the 

equivalent of 120 min on the test day, comparable to that reported in 

previous treadmill and swimming studies (Dwyer and Browning, 2000; 

Jin et al., 2000) but less than estimated in wild rats (Rodnick et al., 

1989).  

γ-oryzanol, hydro-alcoholic extract of Moringa oleifera, petroleum ether 

extract of Moringa oleifera administration to rats receiving exercise 

significantly preserved weight loss caused due to exhaustive exercise.  
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Endurance capacity was significantly increased in rats receiving γ-

oryzanol and petroleum ether extract of Moringa oleifera in rats 

undergone for treadmill running exercise while endurance capacity was 

non-significant change in endurance capacity was observed in rats 

receiving treadmill training with hydro-alcoholic extract of Moringa 

oleifera.  

Serum testosterone was significantly increased in rats receiving 

petroleum ether extract with treadmill training than rest of the groups on 

the other hand levator ani muscle weight was significantly increased in 

rats undergone for treadmill training and dosed with petroleum ether 

extract of Moringa oleifera. This indicate that increased endurance 

capacity in rats receiving treadmill training with petroleum ether extract 

of Moringa oleifera may be due to increased secretion of serum free 

testosterone and also due to androgenic effect as levator ani muscle 

weight was increased in rats receiving petroleum ether extract of leaves 

of Moringa oleifera with exercise. 

As per World ant-doping agency guidelines, the chemical, substance or 

extract promoting testosterone secretion are banned due to its 

androgenic-anabolic effect. Androgenic and anabolic effects of anabolic-

androgenic steroids originate from activation of the androgenic receptors. 

The distinction between these biological effects depends on the organs 

and target tissues. Dihydrotestosterone is responsible of the androgenic 

effect. This steroid is more potent than testosterone because of increased 

affinity to the androgen receptor. It is formed from conversion of 

testosterone by the 5-reductase enzyme. Activity of this enzyme is 
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important in testicles, skin, prostate, intestines, brain, bones, and 

adipose tissues. Therefore, androgenic effects of anabolic-androgenic 

steroids predominate in these organs. Anabolic effects will concern 

organs as muscles, bones, the heart and kidneys. These organs possess 

little 5-reductase activity and thus anabolic-androgenic steroids, 

particularly testosterone, induce protein synthesis, muscle fiber 

development, erythropoiesis, and stimulation and inhibition of bone 

growth. In addition, anabolic steroids displace glucocorticoids from 

glucocorticoid receptors and inhibit muscle protein catabolism, leading 

overall to an anabolic or muscle building effect (Wheeler and Garleb, 

1991).   

In γ-oryzanol treated animals with exercise showed increase in 

endurance capacity and non-significant alteration in serum free 

testosterone and did not show increase in levator ani muscle weight so γ-

oryzanol was selected for further study. 

Body weight is determined by energy intake on one hand and energy 

expenditure on the other. Imbalance between energy intake and 

expenditure results in change in the body weight of an animal. Animal 

expend energy to perform daily work required for exercise. Metabolic 

efficiency refers to the amount of energy an animal has to exert to 

perform a given amount of work. An exercised animal with high 

metabolic efficiency will expend less energy to perform a specific task, 

such as swimming and running, than sedentary animal with low 

metabolic efficiency (Caton et al., 2012). Compared with an individual 

with low metabolic efficiency, an animal with high metabolic efficiency is 
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better able to preserve body weight during negative daily energy balance 

(expenditure exceeding intake), but likely to gain more weight during 

positive energy balance (intake exceeding expenditure). The ability of 

animal due to exercise minimize reduction in body weight during long 

periods of exercise is likely associated with its adaptation with the 

system. Exercise produces an increased caloric utilization. It is 

conceivable that regular exercise itself produces weight reduction 

through a mechanism involving the oxidation of excess stored fat (Myers 

et al., 2014).  

Body weight regulation and energy homeostasis is controlled by a myriad 

of metabolic pathway intermediates and endocrine control systems. Food 

intake is under the control of the central nervous system through many 

interconnected neuroendocrine and neurotransmitter circuits. Energy 

expenditure is regulated by the autonomic nervous system and 

numerous endocrine hormones, the most prominent of which are the 

thyroid hormone system. The training regimen produced predictable 

changes in body composition such that trained rats gained less weight 

and had smaller fat pads than did sedentary rats. It is proved that the 

utilization of stored fat by γ-oryzanol by up-regulation of LDL-C receptor 

in liver as well as in muscle (Gillespie, 2003). Insulin sensitivity plays 

vital role in case of weight gain. Decreased responsiveness to insulin in 

adipose tissue will lead to a propensity to reduce fat deposition, resulting 

in elevated fatty acid levels and triglyceride content in muscle and liver, 

and whole body insulin resistance resulting in weight gain but it has 

been proved that ferulic acid have positive effect on insulin via insulin 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 319 
 
 



Discussion 
 
 
receptor and insulin responsive substrate 1 activation. The net effect of it 

is reduction in weight gain (Cheng et al., 2010).  Rat treated with ferulic 

acid has shown significant decrease in body weight. In this condition 

Tatani (2012) reported that the effect is due to the 7’-OH group present 

on ferulic acid. Here the substitution over Ferulic acid plays an 

important role (Totani et al., 2012). Fry et al., reported that the 

administration of γ-oryzanol 500mg/day in humans significantly 

increased muscle mass and body weight. Fry used all components 

mixture of γ-oryzanol i.e. cycloartenol ferulate, 24-methylenecycloartenol 

ferulate, campesterol ferulate, β-sitosterol ferulate, cyclobranol ferulate to 

treat human subject (Fry et al., 1997). One study reported that rats 

receiving γ-oryzanol (300 mg/kg) showed increase in girth of rats 

inducing weight gain (de Souza Berlinck, 1995). In the present study, the 

weight of normal, caffeine treated animal was increased as compared to 

the animal treated with γ-oryzanol. The exercised animal also showed 

slower weight gain property as compared with sedentary rats. Rats 

receiving γ-oryzanol showed inhibition of exercise induced weight loss 

and increase in gastrocnemius muscle weight.     

Our results revealed that the serum glucose lowering effects of combined 

swimming and treadmill groups was significantly stronger (p < 0.05) than 

sedentary animals. Serum glucose level in the oryzanol treated animal 

was at the base level when compared with the normal group. Glucose 

uptake by contracting skeletal muscle occurs by facilitated diffusion, 

dependent on the presence of GLUT4 in the surface membrane and an 

inward diffusion gradient for glucose. There are three main 
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sites/processes that can be regulated: 1) glucose delivery, 2) glucose 

transport, and 3) glucose metabolism. Under resting conditions, it is 

generally believed that glucose transport is the rate-limiting step for 

muscle glucose uptake, since GLUT1 expression is relatively low and the 

vast majority of muscle GLUT4 resides within intracellular storage sites, 

excluded from the sarcolemma and T-tubules. With exercise, skeletal 

muscle hyperemia, capillary recruitment, and GLUT4 translocation to the 

sarcolemma and T-tubules effectively remove delivery and transport as 

major barriers to glucose uptake, with glucose phosphorylation becoming 

potentially limiting, especially at high exercise intensities (Katz et al., 

1986; Wasserman, 2009).  

Skeletal muscle blood flow can increase up to 20-fold from rest to 

intense, dynamic exercise (Andersen and Saltin, 1985). Since glucose 

uptake is the product of blood flow and the arteriovenous glucose 

difference, this increase in blood flow is quantitatively the larger 

contributor to the exercise-induced increase in muscle glucose uptake 

since the arteriovenous glucose difference only increases two- to fourfold 

during exercise (Rose and Richter, 2005). In addition to the large 

increase in bulk flow to contracting skeletal muscle during exercise, 

there is also recruitment of capillaries which increases the available 

surface area for glucose delivery and exchange. Ultrasound imaging 

techniques have been used to characterize exercise-induced increases in 

microvascular blood volume, an index of muscle capillary recruitment, in 

rats and humans (Dawson et al., 2002; Guma et al., 1995; Lauritzen et 

al., 2008; Vincent et al., 2006). Although the extraction of glucose across 
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a working muscle in vivo under most conditions is relatively low (2–8%), 

an increase in tissue glucose uptake has the potential to decrease 

interstitial glucose concentrations; however, the increase in glucose 

delivery and rapid transfer of glucose from the capillaries to the 

interstitium through the endothelial pores ensures that interstitial 

glucose levels are well maintained during exercise of increasing intensity 

(MacLean et al., 1999). 

Studies in the perfused rat hindlimb have demonstrated the importance 

of increases in perfusion for the contraction-induced increases in muscle 

glucose uptake (Hespel et al., 1995; Schultz et al., 1977). The increase in 

glucose and insulin delivery, secondary to increased perfusion, 

contributes to enhanced muscle glucose uptake. Indeed, it has been 

estimated that this accounts for ∼30% of the total exercise-induced 

increase in limb glucose uptake in dogs (Zinker et al., 1993a). Although 

plasma insulin levels decline during exercise, the increase in skeletal 

muscle blood flow may increase, or at least maintain, insulin delivery to 

contracting skeletal muscle. Muscle contractions and insulin activate 

muscle glucose transport by different molecular mechanisms (Goodyear 

et al., 1995; Goodyear et al., 1991; Lee et al., 1995; Lund et al., 1997), 

and contractions, flow, and insulin have synergistic effects on glucose 

uptake in perfused, contracting rat muscle (Hespel et al., 1995) and 

exercising humans (DeFronzo et al., 1981; Zisman et al., 2000). In the 

former at least, the interaction between insulin and contractions appears 

to be critically dependent on adenosine receptors (Vergauwen et al., 

1994). 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 322 
 
 



Discussion 
 
 
The arterial glucose level is the other important determinant of muscle 

glucose uptake during exercise. Because glucose uptake across an 

exercising limb follows saturation kinetics with a Km found to be around 

5 mM in dog muscle (Zinker et al., 1993b) and 10 mM during knee-

extension exercise in humans (Hayashi et al., 1997), changes in plasma 

glucose concentration within the physiological range translate almost 

directly into proportional changes in leg glucose uptake. With prolonged 

exercise, as the liver becomes depleted of glycogen and gluconeogenesis 

is unable to fully compensate, liver glucose output is reduced and 

hypoglycemia can limit muscle glucose uptake (Felig et al., 1982). In 

contrast, increasing arterial glucose availability, by ingestion of 

carbohydrate-containing beverages, results in increased muscle glucose 

uptake and oxidation during prolonged exercise. The increase in glucose 

diffusion gradient, as well as a potential glucose-induced GLUT4 

translocation, drives this increase in muscle glucose uptake; however, 

since metabolic clearance rate (MCR = glucose Rd/ [glucose]) is also 

higher during exercise following carbohydrate ingestion, relatively higher 

plasma insulin (McConell et al., 1994) and lower plasma nonesterified 

fatty acids could also contribute to the higher muscle glucose uptake.  

Although it has been known for many years that muscle glucose 

transport was carrier mediated, it is only relatively recently that the 

specific transport protein responsible for insulin- and contraction-

stimulated glucose transport in skeletal muscle was identified (James et 

al., 1989). GLUT4 producing gene facilitative glucose transport proteins 

encoded in the genome and are expressed most abundantly in adipose 
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tissue and cardiac and skeletal muscle. It comprises 12 transmembrane 

domains, and characteristic sequences in both its COOH- and NH2-

terminal domains are important determinants of its intracellular 

localization and trafficking (Huang and Czech, 2007). The increase in 

muscle glucose transport during exercise is primarily due to 

translocation of GLUT4 from intracellular sites to the sarcolemma and T-

tubules, although it is possible that changes in intrinsic activity may also 

occur. The fundamental importance of GLUT4 for muscle glucose uptake 

during electrical stimulation has been provided in GLUT4 knockout mice 

in which muscle contractions has negligible effect on glucose uptake 

(Zisman et al., 2000). Furthermore, during in vivo exercise, muscle 

glucose uptake is markedly reduced along with exercise tolerance in mice 

with muscle-specific GLUT4 deletion (Richter et al., 1998), although 

there does seem to be reserve capacity in GLUT4, since partial (∼50%) 

knockdown of GLUT4 did not affect skeletal muscle glucose uptake 

during exercise in mice (Fueger et al., 2007). In rodent skeletal muscle, 

there is a direct relationship between muscle GLUT4 content and glucose 

transport during intense electrical stimulation of selected limb skeletal 

muscles (Henriksen et al., 1990). Somewhat paradoxically, an inverse 

relationship was observed between skeletal muscle GLUT4 expression 

and tracer-determined glucose disposal during submaximal exercise in 

humans (Kristiansen et al., 2000). Since higher GLUT4 levels are 

generally associated with a higher muscle oxidative capacity, this may 

reflect the possibility that those subjects with the lower rates of glucose 

disposal (and higher GLUT4 levels) were relatively fitter than the other 
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subjects. It is known that endurance training reduces muscle glucose 

uptake during exercise (Richter et al., 1998), an adaptation that is 

associated with reduced sarcolemmal glucose transport and GLUT4 

translocation (Richter et al., 1998), at least during exercise at the same 

absolute power output. When exercise is performed at the same relative 

intensity, differences between untrained and trained subjects/limbs are 

smaller or nonexistent (Kristiansen  et al., 2000). In fact, during dynamic 

knee extension exercise at peak power output, glucose uptake was higher 

in the trained, compared with the untrained, limb as were GLUT4 

expression and oxidative capacity (Kristiansen  et al., 2000). Thus it 

appears that the skeletal muscle GLUT4 level after all does correlate with 

the capacity for glucose uptake during very intense exercise, a finding 

consistent with the relationship between muscle GLUT4 content and 

glucose transport during intense electrical stimulation of rat skeletal 

muscles (Henriksen et al., 1990) and the relationship between GLUT4 

expression and insulin action in skeletal muscle. In this regard, 

increased skeletal muscle GLUT4 expression would also facilitate post-

exercise glucose uptake and glycogen storage (Richter et al., 1998). 

Once glucose has been transported across the sarcolemma, it is 

phosphorylated to glucose-6-phosphate in a reaction catalyzed by 

hexokinase II. This is the first step in the metabolism of glucose via 

either the glycolytic and oxidative pathways responsible for energy 

generation during exercise or conversion to glycogen in the postexercise 

period.  
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Glucose phosphorylation is another site of regulation and a potential 

barrier to glucose uptake and utilization. During maximal dynamic 

exercise, increases in intramuscular glucose concentration suggest 

hexokinase inhibition and a limitation to glucose phosphorylation and 

utilization, in association with elevated intramuscular glucose-6-

phosphate concentration, secondary to increased rates of muscle 

glycogenolysis. Similarly, during the early stages of exercise, glucose 6-

phosphate -mediated inhibition of hexokinase appears to limit glucose 

uptake and utilization. As exercise continues, there is an increase in 

glucose uptake and a decrease in intramuscular glucose concentration 

as the hexokinase inhibition is relieved by a lower glucose-6-phosphate 

concentration (Katz et al., 1986). Such a mechanism contributes to the 

explanation for the temporal relationship between the decrease in muscle 

glycogen and the progressive increase in glucose uptake during moderate 

intensity exercise (Hargreaves et al., 1992). That said, the progressive 

increase in sarcolemmal GLUT4 is also likely to contribute to this 

increase in glucose uptake during exercise (Greiwe et al., 2000). 

Increasing pre-exercise muscle glycogen levels, resulting in greater 

glycogenolysis during subsequent contractions, is associated with 

reduced rat muscle glucose uptake (Bonen et al., 1992), most likely via 

effects on glucose utilization mediated by increased glucose 6-phosphate 

concentration.  

However, since GLUT4 translocation during contractions is also affected 

by muscle glycogen availability (Hargreaves et al., 1992), the changes in 

muscle glucose uptake may also be mediated by reduced sarcolemmal 
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glucose transport. It has been more difficult to demonstrate a direct 

relationship between muscle glycogen and glucose uptake in human 

skeletal muscle, since alterations in substrate and hormone levels, 

secondary to the exercise and dietary regimens used to manipulate 

muscle glycogen availability, may confound the results obtained (Bonen 

et al., 1992). However, when substrate and hormone levels are constant, 

decreased muscle glycogen prior to exercise is associated with increased 

glucose uptake during exercise (Greiwe et al. 2000). Epinephrine infusion 

has been shown to reduce muscle glucose uptake during exercise (Bonen 

et al., 1992). A widely held view is that this is due to inhibition of glucose 

phosphorylation by elevated glucose-6-phosphate concentration 

secondary to greater flux through glycogenolysis (Hargreaves et al., 

1992). However, epinephrine infusion during exercise that commenced 

with relatively lower muscle glycogen levels resulted in a similar 

reduction in glucose uptake and no change in muscle glucose-6-

phosphate concentration, suggesting that the effects of epinephrine on 

muscle glucose uptake may also be partly mediated via effects on 

sarcolemmal glucose transport (Hargreaves et al., 1992). It is also 

possible that epinephrine has a negative effect on the intrinsic activity of 

GLUT4 (Bonen et al., 1992). Using radioisotopically labeled glucose 

analogs and transgenic approaches (GLUT4 and/or HKII overexpression 

or deletion), Wasserman and colleagues have suggested that glucose 

phosphorylation is the rate-limiting step for skeletal muscle glucose 

uptake during exercise (Halseth et al., 1998). GLUT4 over expression, in 

the absence of hexokinase II over expression, had little effect on muscle 
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glucose uptake during exercise. Equally, the full effect of hexokinase-II 

over expression on glucose uptake was dependent on an increase in 

GLUT4 expression.  

These studies in mice actually indicate that the ability to phosphorylate 

the transported glucose is in fact under most circumstances the rate-

limiting step in glucose utilization during exercise. However, the extent to 

which mouse data can be extrapolated to humans is ambiguous because 

glycogen concentrations in mouse muscle are ∼10-fold lower than in 

human muscle and glucose uptake is likely more important for energy 

provision in mouse than in humans in which muscle glycogen is far more 

abundant. Furthermore, as mentioned before, mice that do not express 

GLUT4 have decreased running ability, indicating the importance for 

glucose as energy source in mice (Kennedy et al., 1999). Overall, the role 

of glucose phosphorylation in regulation of glucose uptake in humans is 

ambiguous, and glucose phosphorylation is probably only limiting at the 

onset of exercise or during intense exercise when rapid glycogenolysis 

causes glucose-6-phosphate to accumulate and inhibit hexokinase II 

(Hargreaves et al., 1992).  

Thus, to summarize, glucose uptake in muscle during exercise relies on 

coordinated increases in glucose delivery, transport, and metabolism, 

and the step that is actually limiting depends on the actual exercise 

conditions. Of note, the robust increases in both GLUT4 and hexokinase 

II expression following endurance training are associated with an 

increase in both insulin-stimulated glucose disposal and glucose uptake 

during maximal exercise (Kennedy et al., 1999). 
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Liu and his colleagues (2000) proved that mRNA for GLUT4 was 

expressed more in diabetic rats treated with ferulic acid as compared 

with the diabetic control rat (Liu et al., 2000). Ferulic treated rat showed 

increase in liver as well as muscle gastrocnemius muscle glycogen than 

diabetic control rats. Moreover a study previously reported that γ-

oryzanol reduced the risk of high-fat diet-induced hyperglycemia via 

regulation of insulin secretion as well as the activities of hepatic glucose-

regulating enzymes such as glucose-6-phosphatase and 

phosphoenolpyruvate carboxykinase. Jung (2015) showed that γ-

oryzanol treatment stimulates GLUT4 translocation into the plasma 

membrane and glucose uptake concentration-dependently, suggesting 

this might be the mechanism by which γ-oryzanol regulates 

hyperglycemia. Glucose transport is dependent on a variety of signaling 

events. In adipocytes and muscle glucose transport requires insulin 

receptor-mediated tyrosine phosphorylation of IRS-1 and IRS-2 and 

subsequent activation of Phosphatidylinositol-4,5-bisphosphate 3-

kinase. White rice reportedly increased the Insulin Receptor (IR) and 

Insulin receptor substrate 1 (IRS-1) proteins. Although γ-oryzanol itself 

did not affect the phosphorylation of these proteins, it is possible that it 

regulated them.  Ferulic acid and γ-oryzanol has a positive effect on 

glycogen synthase. These results indicate that ferulic acid may stabilize 

the concentration of blood glucose during exercise and avoid exercise-

induced oxidative stress (Jung et al., 2015).   

Glycogen synthase kinase-3 (GSK-3) has been implicated in various 

aspects of glucose transport regulation. GSK-3 inhibits mammalian 
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target of rapamycin complex-1 (mTORC1) signaling via phosphorylation 

of the tuberous sclerosis complex subunit-2 (TSC2) tumor suppressor. 

Therefore, mTORC1 signaling is an important positive regulator of GLUT 

expression and glucose uptake. This means that ferulic acid and γ-

oryzanol regulates insulin secretion and hepatic glucose-regulating 

enzyme activities. 5' AMP-activated protein kinase or AMPK or 5' 

adenosine monophosphate-activated protein kinase is an enzyme that 

plays a role in cellular energy homeostasis. It is expressed in a number of 

tissues, including the liver, brain, and skeletal muscle. The net effect of 

AMPK (5' adenosine monophosphate-activated protein kinase) activation 

is stimulation of hepatic fatty acid oxidation and ketogenesis, inhibition 

of cholesterol synthesis, lipogenesis, and triglyceride synthesis, inhibition 

of adipocyte lipolysis and lipogenesis, stimulation of skeletal muscle fatty 

acid oxidation and muscle glucose uptake, and modulation of insulin 

secretion by pancreatic beta-cells. Ferulic acid has positive effect on 

AMPK activation. Our results go with this hypothesis. cAMP 

concentration was generated within the cells. PCR studies are also 

revealed that the AMPK gene was significantly expressed in γ-oryzanol 

and exercised treated animals. Many biochemical adaptations of skeletal 

muscle that take place during a single bout of exercise or an extended 

duration of training, such as increased mitochondrial biogenesis and 

capacity, increased muscle glycogen (Zong et al., 2002), and an increase 

in enzymes which specialize in glucose uptake in cells such as GLUT4 

and hexokinase-II are thought to be mediated in part by AMPK when it is 

activated. Additionally, recent discoveries can conceivably suggest a 
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direct AMPK role in increasing blood supply to exercised/trained muscle 

cells by stimulating and stabilizing both vasculogenesis and angiogenesis 

(Ouchi et al., 2005). Taken together, these adaptations most likely 

transpire as a result of both temporary and maintained increases in 

AMPK activity brought about by increases in the cAMP and ATP during 

single bouts of exercise and long-term training. 

During a single acute exercise bout, AMPK allows the contracting muscle 

cells to adapt to the energy challenges by increasing expression of 

hexokinase II (Zong et al., 2002), translocation of GLUT4 to the plasma 

membrane, for glucose uptake, and by stimulating glycolysis (Marsin et 

al., 2001). If bouts of exercise continue through a long-term training 

regimen, AMPK and other signals will facilitate contracting muscle 

adaptations by escorting muscle cell activity to a metabolic transition 

resulting in an oxidative dependent approach to energy metabolism. 

AMPK accomplishes this transition to the oxidative mode of metabolism 

by upregulating and activating oxidative enzymes such as activation of 

lipid metabolism within the cells along with activation of GLUT4, 

hexokinase II, Peroxisome proliferator-activated receptor- [serves as 

cellular receptor for fibrates, a class of drugs used in the treatment of 

dyslipidemia. Fibrates effectively lower serum triglycerides and raises 

serum HDL-cholesterol levels.], PGC-1 [PGC-1α is a transcriptional 

coactivator that regulates the genes involved in energy metabolism. PGC-

1α is a regulator of mitochondrial biogenesis and function (Wu et al., 

1999). This protein interacts with the nuclear receptor PPAR-γ, which 

permits the interaction of this protein with multiple transcription factors. 
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This protein can interact with, and regulate the activities of, cAMP 

response element-binding protein (CREB) and nuclear respiratory factors 

(NRFs). It provides a direct link between external physiological stimuli 

and the regulation of mitochondrial biogenesis, and is a major factor that 

regulates muscle fiber type determination. Endurance exercise has been 

shown to activate the PGC-1α gene in human skeletal muscle (Pilegaard 

et al., 2003). This protein may be also involved in controlling blood 

pressure, regulating cellular cholesterol homoeostasis, and the 

development of obesity.], UCP3 [Mitochondrial uncoupling proteins (UCP) 

are members of the larger family of mitochondrial anion carrier proteins 

(MACP). UCPs separate oxidative phosphorylation from ATP synthesis 

with energy dissipated as heat, also referred to as the mitochondrial 

proton leak. UCPs facilitate the transfer of anions from the inner to the 

outer mitochondrial membrane and the return transfer of protons from 

the outer to the inner mitochondrial membrane. They also reduce the 

mitochondrial membrane potential in mammalian cells.], and cytochrome 

C.  

It is possible that there exists a direct link between the observed 

decrease in AMPK activity in endurance trained skeletal muscle and the 

apparent decrease in the AMPK response to exercise with endurance 

training. 

ATP transports chemical energy within cells for metabolism. It is one of 

the end products of photophosphorylation, cellular respiration, and 

fermentation and used by enzymes and structural proteins in many 

cellular processes, including biosynthetic reactions, motility, and cell 
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division. One molecule of ATP contains three phosphate groups, and it is 

produced by a wide variety of enzymes, including ATP synthase, from 

adenosine diphosphate (ADP) or adenosine monophosphate (AMP) and 

various phosphate group donors. Substrate-level phosphorylation, 

oxidative phosphorylation in cellular respiration, and 

photophosphorylation in photosynthesis are three major mechanisms of 

ATP biosynthesis. 

Metabolic processes that use ATP as an energy source convert it back 

into its precursors. ATP is therefore continuously recycled in organisms. 

ATP is used as a substrate in signal transduction pathways by kinases 

that phosphorylate proteins and lipids. It is also used by adenylate 

cyclase, which uses ATP to produce the second messenger molecule 

cyclic AMP. The ratio between ATP and AMP is used as a way for a cell to 

sense how much energy is available and control the metabolic pathways 

that produce and consume ATP.  

Stewart (2004) reported another process by which serum ATP 

concentration within blood and muscle get increased during exercise via 

RBC-O2 Sensor mechanism. RBC-O2 Sensor mechanism is purported to 

function as RBCs contain millimolar amounts of adenosine 5’-

triphosphate (ATP), and they release this ATP in response to a reduction 

in the oxygen content of hemoglobin (Hb), the O2- transport protein of 

RBCs. In other words, when the offloading of oxygen (O2) from RBCs 

increases to meet increasing O2 demands, as occurs in active skeletal 

muscle, the release of ATP from RBCs also increases. This ATP can 

diffuse in the plasma/serum and bind to purinergic P2y – receptors (P2y 
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receptors are a family of purinergic G protein-coupled receptors, 

stimulated by nucleotides such as ATP, ADP, UTP, UDP and UDP-

glucose) on the endothelium, causing it to release vasodilators such as 

nitric oxide, which then evoke an increase in vascular conductance and 

thus an increase in blood flow. The amount of ATP released is in 

proportion to the degree of saturation of Hb; thus the greater the oxygen 

demand in the muscle, the greater the desaturation of RBCs, the greater 

the release of ATP, and the greater the degree of vasodilation elicited. In 

other words, as RBCs traverse areas of high O2 demand, they release ATP 

that mediates a local and conduced vasodilation and consequent 

increase in blood flow (Stewart, 2004). 

In this way, the demand for O2 in the muscle is effectively communicated 

to the blood vessels that supply it, such that O2 supply increases to 

match the new, greater O2 demand. A signal transduction pathway for 

the release of ATP from RBCs has been proposed, and while the pathway 

has not yet been completely characterized, several components have 

been identified. For instance, this pathway contains the heterotrimeric G 

protein Gi (Padilla et al., 2007) which activates adenylyl cyclase (AC), a 

transmembrane protein that catalyzes the conversion of ATP to cyclic 

AMP (cAMP), a common intracellular second messenger (Sprague et al., 

2001); accumulation of intraerythrocyte cAMP leads to an increase in 

ATP efflux downstream (Sprague et al., 2006). Importantly, a reduced 

expression of Gi has been observed in both animal models of for exercise 

and diabetes (Matsuda et al., 2000; Gawler et al., 1987) and in the RBCs 

of humans with type two diabetes (Sprague et al., 2001). Specifically, it 
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has been shown that the expression of the Gi2 subtype is reduced in 

humans with type two diabetes, and that this reduction is associated 

with an impaired release of ATP in response to either direct activation of 

Gi with a drug, or in response to exposure to low oxygen tension (Hanson 

et al., 2008). These findings suggest that the decreased release of ATP 

from RBCs in response to Hb desaturation is a mechanism underlying 

the observed impairment in exercising methods used to increase in 

endurance. 

Anecdotal evidence suggests that caffeine and γ-oryzanol improves 

exercise tolerance in rats, and additional in vitro research has linked this 

improvement to an attenuation of the impairment in the RBC-O2 sensor 

mechanism of vasoregulation (Ellsworth et al., 2007; Ostaszewski et al., 

2012). Caffeine, a methylxanthine, inhibits some forms of cyclic 

nucleotide phosphodiesterases (CNPs), enzymes that hydrolyze cAMP. 

Since the signal transduction pathway for the release of ATP from RBCs 

requires increases in intracellular cAMP (formed via Gi activation of AC) 

(Sprague et al., 2001), inhibiting its breakdown should theoretically 

result in an elevation in ATP release. Ellsworth and colleagues (2007) 

tested this hypothesis in an in vitro investigation in which they exposed 

rabbit RBCs to a level of caffeine which would be expected in an 

individual who has consumed about 1-2 cups of coffee (Ellsworth et al., 

2007). They found that this amount of caffeine increased the release of 

ATP from RBCs by ~70%, and that intracellular cAMP levels also 

significantly increased by 22%, supporting the proposed mechanism of 

caffeine’s enhancement of ATP release. 
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The cAMP generated by adenylyl cyclases is tightly regulated by 

phosphodiesterases (PDE), which catabolize cAMP into 5’ AMP. There are 

11 known PDE families; some are specific for cAMP (PDEs 4, 7, 8), others 

for cGMP (PDEs 5, 6, 9), whereas the remainder (PDEs 1–3, 10, 11) 

catabolize both cAMP and cGMP. Each of the PDE families includes 

multiple isoforms with distinct enzymatic characteristics, modes of 

regulation, expression patterns, and distribution throughout the cell 

(Houslay, 1998). cAMP as an indicator of ATP concentration within blood. 

Our findings showed that the γ-oryzanol administration increased the 

synthesis as well as the life span of cAMP in blood by inhibiting PDE-4 in 

exercise and γ-oryzanol receiving animals as compared with exercise 

control animals.  

The peroxisome proliferator-activated receptor-γ (PPARγ) coactivator-1α 

(PGC-1α) is a major regulator of exercise-induced phenotypic adaptation 

and substrate utilization. In skeletal muscle, an orchestrated signaling 

network, including Ca2+-dependent pathways, reactive oxygen species 

(ROS), nitric oxide (NO), AMP-dependent protein kinase (AMPK), and p38 

MAPK, is involved in the control of contractile protein expression, 

mitochondrial biogenesis, and other adaptations. It is well known that 

increased contractile activity, such as endurance exercise training, 

promotes phenotypic adaptations in skeletal muscle toward a more 

oxidative phenotype. Specifically, endurance exercise training leads to 

fiber type transformation, mitochondrial biogenesis, angiogenesis, and 

other adaptive changes in skeletal muscles along with improved insulin 

sensitivity and metabolic flexibility in both rodents and humans. The 
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orchestrated regulation of these processes is of extreme elegance, it is 

reported that PGC-1α is a key player for several of these adaptations. 

Animal and cellular genetic models with altered expression of the PGC-1α 

gene have provided much of the evidence for the role of PGC-1α in fiber 

type specificity, mitochondrial biogenesis (Handschin et al., 2007), 

angiogenesis (Arany et al., 2008), GLUT4 expression (Handschin et al., 

2003; Michael et al., 2001), and improved exercise performance. In this 

study it was found that the PGC-1 was expressed more in animals 

received γ-oryzanol and exercise. Our ultra structural analysis reveals 

that the mitochondrial count has been increased in γ-oryzanol and 

caffeine treated animals with exercise.  

Exercise induces a significant increase in serum lactate dehydrogenase 

(LDH)  in human and animals (Mena et al., 1996). The degree of increase 

depends on the intensity and duration of the effort (Priest et al., 1982). 

After prolonged endurance exercise, such as a running and swimming, 

the activities of LDH doubled, and remained increased for 2 weeks 

(Kobayashi et al., 2005). An eccentric bout of exercise induces much 

greater increase in serum enzyme activity than a concentric bout and the 

LDH increase between the third and fifth day after exercise and 

sometimes even after the seventh day after effort. The increase involves 

total LDH, while the isoenzymatic fractions remain unaltered after 

exercise, with no change in the LDH1/LDH2 ratio. However, although the 

increment is particularly from non-cardiac fractions, the increase in 

LDH2 in these instances does not exclude cardiac release of enzyme 

during exercise, and may be sustained by coexisting liver or muscle 
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damage . In an animal study, LDH activity was decreased with training at 

high altitude. But when animals were trained in standard laboratory 

condition the results are exactly opposite and LDH concentration was at 

higher side. Muscle LDH activity is related to muscle fiber composition 

(Bigard et al., 1991). The breakdown of enzyme occurs mainly in the 

liver, especially the Kupffer cells contain receptors directly involved in the 

clearance of the LDH4 isoenzyme (Smit et al., 1988). LDH increases 

significantly after non-traumatic acute rhabdomyolysis, with the LDH5 

isoenzyme being increased up to 10 days after the event (Sanchez et al., 

1998). Finally, a variation of the LDH isoenzyme pattern may be useful 

for differential diagnosis between progressive myopathy and non-

progressive neuro-muscular disease. In fact, with progression of 

myopathy there is gradual disappearance of LDH-M and an increase in 

LDH-H, with an M/H ratio that is lower in severe muscle damage. In 

addition, a shift in LDH4 and LDH5 vs. LDH1 and LDH2 was found in 

the serum of carriers of the dystrophy gene (Gorecka, 1974). Therefore, 

although LDH isozymes are rarely measured, their study may help to 

assess adaptation to training.  

In this present study the serum LDH activity or concentration was 

significantly increased in treadmill and swimming animals and it was at 

higher side up to the end of experimental protocol. But the animals 

receiving γ-oryzanol and caffeine along with treadmill and swimming 

showed marked decrease in serum LDH level when compared with 

animals receiving only treadmill and swimming training. Reduction in 
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LDH activity therefore suggests decreased metabolic activity and cardio-

protection and muscular-protection in γ-oryzanol treated rats. 

Blood Urea Nitrogen (BUN) and creatinine are metabolite of proteins and 

amino acids, showed a curvilinear response to loss of velocity that was 

linked to neuromuscular fatigue during resistance training (Sanchez-

Medina and González-Badillo, 2011). Uric acid is a product of purine 

metabolism. Higher levels of uric acid in subjects with cardiovascular 

diseases might be a compensatory response designed to counteract 

excessive oxidative stress. Studies done in vitro and in vivo have shown 

that uric acid stimulates the synthesis of IL-6 and TNF-α that are known 

to enhance oxidative stress. Strenuous exercise markedly diminishes the 

excretion of uric acid without affecting the output of creatinine. Mild 

exercise has no appreciable influence on uric acid (Mazzali et al., 2001; 

Ji, 1999).  

A possible explanation for the retention of uric acid during exercise is the 

overproduction of lactic acid, since even ingestion of this compound 

brings about a decrease in the output of uric acid (Quick, 1935). An 

increase of blood urea and creatinine level post exercise can be managed 

by the use of creatine monohydrate, possibly via aerobic phosphorylation 

and flux through the creatine kinase system (Rico-Sanz and Mendez, 

2000). The increase of BUN and creatinine levels is related to both 

peripheral and central fatigue during exercise (Davis and Bailey, 1997). 

In this study, serum Bun, creatinine and uric acid levels were 

significantly lower in groups treated with exercise and gamma oryzanol 

when compared with the exercise control. This result suggests that γ-
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oryzanol supplementation may reduce exercise-induced byproduct 

accumulation with acute exercise challenge. 

Serum creatine kinase (CK) determinations are normally initial measures 

of enzyme activity in blood at the time of sampling, and timeline profiles 

are mostly set and influenced by the requirements of diagnosis of 

Myocardial Infraction and stroke rather than any exercise influence. The 

mechanism(s) by which CK is cleared from the blood has not been fully 

elucidated, and it is likely that observed serum CK levels reflect complex 

interactions associated with energy status and scale of muscle 

disturbance. Thus, measured serum CK will reflect relative amounts of 

CK released degree of enzyme activity of released CK, and the rate of 

clearance of CK from the serum. Increased CK after eccentric exercise are 

associated with muscle injury, with a pronounced increase between 2 

and 7 days after exercise. After prolonged exercise, total serum CK 

activity is markedly increased for 24 h after exercise if the animals rest. 

However, if the animal continues to train, it can remain increased for 

much longer (Stäubli et al., 1985). The release of CK following eccentric 

exercise peaks 96 h after exercise, and an additional bout of exercise 

produces only small increases, probably from accelerated enzyme 

clearance (Hyatt and Clarkson, 1998). More intense activity, such as 

twice daily swimming training, leads to significant increases in CK during 

the fourth day of training. CK activities decrease between days 4 and 10, 

probably an adaptation to training. Exercise performed 48 h after an 

initial bout does not change the time course of CK leakage (Smith et al., 

1994). Normally, only creatine kinase-MM is present in the serum, but 
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prolonged and strenuous exercise increases the serum activity of all 

three CK-isoenzymes in the absence of myocardial damage (Noakes et al., 

1983). creatine kinase serum activities reach their highest values only 5 

min after a treadmill test, demonstrating that exercise duration rather 

than fitness level seems to be related to serum creatine kinase, aspartate 

aminotransferase (AST), and alanine aminotransferase (ALT), alkaline 

phosphatase (ALP) activities (Koutedakis et al., 1993). The decrease in 

serum enzymes depends on the period of rest after exercise, as short-

term physical inactivity may reduce both the lymphatic transport of 

creatine kinase and its release from the muscle fibers (Havas et al., 

1997). Manual lymph drainage after treadmill exercise is associated with 

faster decreases in serum activities of muscle enzymes (Schillinger et al., 

2006). Another factor that may reduce muscle damage and serum 

activities of creatine kinase following prolonged exercise is 

supplementation with branched-chain amino acids and antioxidants, 

often used in sports (Coombes and McNaughton, 2000). Monitoring of 

creatine kinase and characterization of its isoenzymes is widely used in 

the diagnosis of cardiac and muscle damage. Serum creatine kinase 

levels alone may not provide a fully accurate reflection of structural 

damage to muscle cells (Magal et al., 2010). Some studies have reported 

that serum creatine kinase levels were affected by hydration status prior 

to eccentric exercise and varied within type of exercise involved, whilst 

muscle biopsies revealed similar ultrastructure damage to Z-band 

muscle fibers.  
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Aspartate transferase (AST) is an aminotransferase that catalysis the 

reaction: aspartate + -ketoglutarate → oxaloacetate + glutamate. This 

reaction occurs between the mitochondria and cytosol, and provides 

energy to the cells. Although a number of hepatotoxic biomarkers can 

provide information relative to liver disease (Ozer et al., 2008), serum 

ALT, AST and ALP values and the AST/ALT ratio have shown good 

diagnostic accuracy in animals with exhaustive exercise either treadmill 

or swimming or volunteer wheel running. AST, ALT and ALP activities 

increased significantly immediately after muscular exertion as well, 

remaining increases for 24 h (Lippi et al., 2008). The rise is also related 

to the duration of exercise, and it can be conspicuous even without 

clinical symptoms. The activity of this enzyme is only slightly correlated 

to body mass index, whereas ALT shows a higher degree of correlation 

with this variable. Even moderate-intensity exercise of prolonged 

duration can induce asymptomatic exertional rhabdomyolysis (Skenderi 

et al., 2006). In chronic muscle injury in rats AST, ALT and ALP were 

increased (Nathwani et al., 2005), while AST activity is rarely increased 

in subjects with no disease and normal CK activity, suggesting the 

presence of a AST macroenzyme (Cabrera-Abreu et al., 2008). In rats, the 

implications of increased serum AST should be considered with the 

activity of CK and g-glutamyl transferase (GGT). Elevated ALP after 

exercise indicates liver activity for gluconeogenesis, lipid peroxidation 

and possibly increased bone turnover increases by the intensity of 

exercise (Bürger Mendonça et al., 2009). It is reported  that the ferulic 

acid inhibits elevation of these enzymes in vitro (Ferrer et al., 2005). 
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Ferrer concluded that effect is due to the inhibition of free radical and 

prevention of damage of the cell. 

Ferulic acid and γ-oryzanol are strong antioxidant and there by inhibits 

the reactive oxygen species (ROS) formation and prevents muscular 

damage during strenuous exercise in animals (Ferrer et al., 2005). 

The exhaustive swimming and running time for the γ-oryzanol 

administered rats increased significantly as per dose dependent manner 

over the treadmill and swimming control group, implying that γ-oryzanol 

might be responsible for the stimulatory effect on endurance exercise 

capacity. Continuous exercise usually causes fatigue, which can be 

inhibited by the administration of nutritional regimens, suppressing 

fatigue relevance factors (Ikeuchi et al., 2005). No decrease in running 

and swimming capacity by treatment with γ-oryzanol after consecutive 

exercise indicates that the prolonged time to fatigue was due mainly to 

the effect of γ-oryzanol. Thus, γ-oryzanol was identified to possess 

performance enhancing effects. Although regular exercise improves well-

being, it can be associated with oxidative stress. Thus, exercise can act 

as a powerful source of Reactive Oxygen Species (ROS), depending on 

duration and intensity. During exhaustive exercise, fat is typically used 

as the primary energy source, thus sparing glycogen stores, which in 

turn retards fatigue (Jung et al., 2004). However, substantial production 

of ROS occurs via - oxidation during the utilization of fat (Godin and 

Wohaieb, 1988). In addition, a dramatic increase in oxygen consumption 

in the body takes place as a result of strenuous exercise. In the presence 

of oxygen free radical and H2O2 are generated in intermediate 
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metabolism. These can lead to an imbalance between ROS and the 

antioxidant defense system in the body, resulting in the development of 

fatigue (Aguiló et al., 2005). High levels of oxidative damage due to 

exhaustive exercise decreased the endurance capacity and increased the 

fatigue, as evidenced by a significant elevation in the muscular 

Malondialdehyde (MDA), Nitric oxide (NO) and total protein (TP) level and 

significant decreases in Glutathione (GSH), Superoxide dismutase (SOD), 

Mitochondrial complex-I (MC-I - NADH:ubiquinone oxidoreductase), 

Mitochondrial complex-II (MC-II - succinate dehydrogenase), 

Mitochondrial complex-III (MC-III - cytochrome bc1 complex), 

Mitochondrial complex-IV (MC-IV - cytochrome c oxidase) concentration 

suggesting a role of oxidative stress in exercise performance. Elevation in 

lipid peroxidation and reduction in intracellular antioxidant activities 

caused by fatigue have been reported in the animal model, which is in 

agreement with the results obtained in the present study (Singh et al., 

2002).  Exercise-induced oxidative stress is characterized by increased 

concentrations of muscular MDA, a major reactive aldehyde resulting 

from the peroxidation of polyunsaturated fatty acids in the cell 

membrane (Kweon et al., 2001). It is important to stabilize lipid 

peroxidation, since lipid peroxyl radicals initiate the lipid peroxidation 

chain reaction. In the present study, a significant decrease in the 

muscular MDA concentration confirms that an oral administration of γ-

oryzanol can effectively protect against the muscular lipid peroxidation 

induced by exercise stress. 
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The antioxidant defense system in the body plays an important role in 

protection against oxidative stress. Inactivation of muscular antioxidants 

during exhaustive exercise is caused by exposure to lipid peroxides or 

ROS. The principal antioxidants against oxidative stress are GSH, SOD, 

MC-I, MC-II, MC-III, MC-IV. GSH is an important non-enzymatic 

antioxidant that is involved in various enzymatic processes that reduce 

peroxides and free radicals (Kadiiska et al., 2000). In the present study, 

the level of muscular GSH remained the same after pretreatment with γ-

oryzanol in exhaustively exercised rats. This indicates that detoxification 

of ROS, which are responsible for exercise induced protein oxidation, 

leads to the prevention of fatigue. Exercise-induced oxidative stress 

results from exhaustion of endogenous antioxidant defense mechanisms 

by excess ROS (Peake et al., 2004). These can inactivate enzymatic 

antioxidants. As expected, antioxidant enzymes, including SOD and 

GSH, were partially inactivated by intense exercise, which might have 

been largely due to increased production of ROS. Continuous exercise 

causes oxidative stress and fatigue, which can be inhibited by the 

administration of nutritional antioxidants (Singh et al., 2002; Bloomer et 

al., 2004). The present study revealed that pretreatment with ferulic acid 

exhibited a significant protective effect against inactivation of enzymatic 

antioxidants in mice, and thereby improved exercise capacity and 

diminished fatigue. 

The role of ROS is recognized by increased levels of non-enzymatically 

induced lipid peroxidation, which in turn influence various enzymatic 

activities in the body. Thus, it can be linked to enzymatically induced 
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oxidation (Basu, 2003). γ-oryzanol administration decreased lipid 

peroxidation and improved antioxidant status, due mainly to the 

antioxidant-sparing action of ferulic acid. Previous studies have shown 

that phenolic compounds act as antioxidants with increased exercise 

capacity (You et al., 2006). Ferulic acid is a phenolic compound and an 

effective scavenger of free radicals. It is also known to decrease lipid 

peroxidation by inhibiting cytochrome P450, a free radical generator (Teel 

and Huynh, 1998). It is reported that the DPPH radical scavenging ability 

of ferulic acid was high in comparison to that of the synthetic 

antioxidants (You et al., 2009). Also, ferulic acid evidenced a comparable 

degree of O2•- scavenging activity to natural antioxidants. Based on these 

results, ferulic acid was implicated as a potentially useful radical 

scavenger for a host of radicals. These findings suggest that 

overwhelming ROS due to exhaustive exercise can be scavenged by 

antioxidant supplementation, which subsequently stabilizes the 

intracellular antioxidant defense systems. Thus, it might provide the 

necessary protection against muscle damage and delay exercise-induced 

muscle fatigue, and thereby enhance exercise performance. This 

proposed mechanism is supported by a report that vitamin E, an effective 

free radical scavenger, stabilized membranes and minimized muscle 

damage during exercise in an animal model, which in turn increased 

exercise endurance capacity (Tiidus and Houston, 1995). Exhaustive 

exercise enhances lipid peroxidation and ROS production, thereby 

increasing the risk of inducing irreversible damage due to oxidative 

stress. However, these adverse effects can be avoided by antioxidant 
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supplementation. Our observations showed that intracellular antioxidant 

defense systems, including GSH, SOD, MC-I, MC-II, MC-III and MC-IV, 

were stabilized by γ-oryzanol in the presence of oxidative stressors and 

that concomitantly, ferulic acid reduced lipid peroxidation. This suggests 

that improved exhaustive exercise capacity and alleviated fatigue due to 

ferulic acid in the exhaustive exercise model might be due in part to the 

protective effects against the oxidative stress induced by exercise, 

probably via the protection of exercised induced muscle damage.  

Oxidation of LDL from hydroperoxide products may have substantial 

importance on dyslipidemic profile. Zadeh et al. (1996), showed that LDL 

cholesterol is the major carrier of lipid hydroperoxide in plasma 

(Nourooz-Zadeh et al., 1996). Since serum total cholesterol, triglyceride, 

LDL-cholesterol and very low density cholesterol concentrations were 

increased in exercised animals, we can assume that increased 

lipoperoxidation was associated to LDL-cholesterol. The HDL-cholesterol 

is extensively degraded due oxidative processes (Bradamante et al., 

1992). The reduced SOD and GSH, Complex-I (NADH dehydrogenase 

activity), Complex-II (succinate dehydrogenase (SDH) activity), Complex-

III (MTT ability), Cytochrome oxidase activity and increased MDA and NO 

in the form of free radical in the serum were the result of exhausted 

training resulted in the exhausted mitochondria followed by cell death. 

The net resultant effect of exhausted or strenuous exercise was rise in 

significant risk indicators for cardiovascular alterations, which are 

considered to be parameters of oxidative stress (Abuja and Albertini, 

2001), are increased serum cholesterol, triacylglycerol, LDL-cholesterol, 
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VLDL-cholesterol (Nourooz-Zadeh et al., 1996) and decreased HDL-

cholesterol (Raveh et al., 2001). Various theories have suggested that 

cardiovascular damage was the result of an oxidative stress process 

(Raveh et al., 2001; Nourooz-Zadeh et al., 1996). To date, there is 

insufficient evidence on antioxidants regarding the relationship between 

the antioxidant defense system and exercise performance. To the best of 

our knowledge, the present study is the first to investigate the effects of 

the antioxidant activity of γ-oryzanol on exercise endurance capacity and 

anti-fatigue. The results indicate that ferulic acid can be a useful 

performance-enhancing agent for ameliorating oxidative damage by 

scavenging radicals and decreasing lipid peroxidation. On the other hand 

γ-oryzanol treated animals undergone for treadmill running and 

swimming exercise showed beneficial effects on serum lipids. The 

beneficial effects of treatment and training were demonstrated in relation 

to LDL-cholesterol and HDL-cholesterol. The γ-oryzanol treated animals 

showed decreased cholesterol, triglyceride, LDL-cholesterol and VLDL-

cholesterol and increased HDL-cholesterol. This lowering effect also 

reduces the effect of reactive oxygen species (ROS) causing cell 

protection. A substantial number of previous studies have attributed 

decreases in serum and liver cholesterol to intake of rice bran and its 

unsaponifiable fraction, particularly oryzanol. Several theories exist 

regarding modes of action of cholesterol-lowering agents, including: (1) 

Interrupting a step in the biochemical synthesis of de novo cholesterol. 

Statins, the most effective cholesterol lowering group of pharmaceuticals 

currently on the market, work in this manner by inhibiting the HMG-CoA 
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reductase enzyme. (2) Attenuating absorption of dietary cholesterol. Due 

to their cholesterol-like structure, some phytosterols, especially 

saturated compounds such as sitosterol, γ-oryzanol are thought to work 

this way via competitive absorption (Shils and Shike, 2006). (3) Inhibiting 

enterohepatic circulation of bile acids by limiting reabsorption in the 

ileum. Bile acid excreted in the feces necessitates liver production of new 

bile which requires cholesterol as a substrate (Grundy, 1986). In turn, 

LDL receptors are up-regulated as a result of diminished hepatic 

cholesterol stores. Cholesterol-lowering drugs known as bile acid 

sequestrants utilize this mode of action.  If it is true that a cholesterol-

enriched diet is required to see the hypolipidemic effects of oryzanol, then 

one would conclude that oryzanol works to lower cholesterol levels by 

inhibiting absorption of dietary cholesterol rather than by controlling the 

synthesis of de novo cholesterol. This theory is in agreement with Nagao 

et al. (2001) whose research team reported that neither rice bran oil nor 

its unsaponifiable fraction alone significantly altered messenger RNA for 

HMG-CoA reductase, LDL receptor, or cholesterol 7a-hydroxylase (Nagao 

et al., 2001). They concluded that unsaponifiables from rice bran oil 

inhibited intestinal absorption of dietary cholesterol. The same 

conclusion was reached by Rong et al. (1997) who studied the effects of 

γ-oryzanol on cholesterol levels in hamsters (Rong et al., 1997). Kahlon et 

al. (1996) inferred that the unsaponifiable content of rice bran oil exerted 

its hypolipidemic action by increasing both fecal fat and neutral sterol 

excretion (Kahlon et al., 1996). Sharma and Rukmini (1991) previously 

hypothesized that increased bile acid excretion in rats consuming rice 
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bran oil was due to unsaponifiables creating an unsuitable environment 

for micelle formation or inhibiting reabsorption of bile acids (Rukmini 

and Raghuram, 1991). It is possible that intact oryzanol is responsible 

for inhibition of dietary cholesterol absorption and/or increased excretion 

of bile acids. However, due to the likelihood that esterases in the gut are 

capable of cleaving the ester bond, it is possible that the cholesterol-

lowering effect of γ-oryzanol can be attributed in part to its metabolites. 

Ferulic acid alone has been shown to lower serum LDL in rats fed a high-

cholesterol diet (Seetharamaiah and Chandrasekhara, 1993). Synergistic 

cholesterol-lowering effect of cycloartenol and 24-methylenecycloartanol 

in combination with soysterol fed to rats has been reported (Matvienko et 

al., 2002). 

In males, testosterone is synthesized primarily in Leydig cells. The 

number of Leydig cells in turn is regulated by luteinizing hormone (LH) 

and follicle-stimulating hormone (FSH). In addition, the amount of 

testosterone produced by existing Leydig cells is under the control of LH, 

which regulates the expression of 17-β hydroxysteroid dehydrogenase. 

The amount of testosterone synthesized is regulated by the 

hypothalamic–pituitary–testicular axis. When testosterone levels are low, 

gonadotropin-releasing hormone (GnRH) is released by the 

hypothalamus, which in turn stimulates the pituitary gland to release 

FSH and LH. These latter two hormones stimulate the testis to 

synthesize testosterone. Finally, increasing levels of testosterone through 

a negative feedback loop act on the hypothalamus and pituitary to inhibit 

the release of GnRH and FSH/LH, respectively.  
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It is possible that the γ-oryzanol, due to its sterol structure, has the same 

negative feedback effect on the pituitary as testosterone. This would 

explain the decrease in LH release previously mentioned when 5 mg of γ-

oryzanol were injected intravenously in male rats (Yamauchi et al., 1980). 

Administration of as little as 6 mg exogenous androgen has been shown 

to completely suppress LH secretion by the pituitary (Wheeler and 

Garleb, 1991). The increased release of dopamine and norepinephrine 

may also influence the release of LH. These catecholamines are believed 

to be mediators involved in the release of luteinizing hormone–releasing 

hormone (LHRH) by the hypothalamus (Wheeler and Garleb, 1991). 

Thus, abnormally high levels of dopamine and norepinephrine in the 

brain may suppress LHRH release. It is unclear why the γ-oryzanol had a 

suppressive effect on growth hormone (GH) synthesis and release, 

especially since dopamine is thought to be associated with the release of 

GH. Whether effects of γ-oryzanol on the rat are due to the sterol portion 

of the compound or the ferulic acid was not determined. However, it 

appears that the sterol portion would have the greatest potential effect. 

Administration of 100 mg of ferulic acid to Holstein heifers did not 

influence serum concentrations of LH or thyroid hormones, and only 

slightly but not significantly elevated GH (Gorewit, 1983). When given to 

rats, ferulic acid produced antiandrogenic activity on the prostate but 

not the testis (Saito et al., 1979). In different vertebrate species some 

striated muscles are more developed in the male then in the female. 

Example levator ani muscle (LA) is among the best known hormone-

dependent muscle. The levator ani muscle of the male rat is highly 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 351 
 
 



Discussion 
 
 
sensitive, androgen-dependent target muscle. The specific effects of 

testosterone are apparently due to its direct interaction with a specific 

hormone receptor in the muscle. The stimulating effect of testosterone on 

protein synthesis has been known for a long time. Testosterone induces 

the muscularization and thus induces increase in levator ani weight. In 

this present investigation as free serum testosterone level not altered 

significantly and relatively same as compared with the normal groups so 

the levator ani muscle weight was not changed in all groups. 

The cardiovascular system performs an important role in maintaining the 

body’s homeostasis. Functioning of autonomic nervous system (ANS) is 

very sensitive to the stress encountered by the body due to exercise 

and/or mental pressures (Buchheit, 2014; Kulmala and Hynynen, 2011). 

Parasympathetic activity reduces under stress and returns to normal 

after a period of recovery. A change in the ANS functions reflects the 

recovery state of the body. 

Heart rate variability (HRV) is the indicator of ANS functions, especially 

to the parasympathetic nervous system (PNS) (Martinmäki et al., 2006), 

and may serve as a valuable tool in monitoring ANS recovery and 

adaptation to endurance training. We did not measure autonomic 

function directly but ECG indicators of autonomic dysfunction were 

observed in the rats at baseline with HRV alterations, tachycardia and 

QT interval prolongation. Autonomic innervations control HRV along with 

cardiac function through a balance of sympathetic and parasympathetic 

functions. 
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Reductions in basal HR resulting from treadmill and swimming exercise 

have been extensively studied. The reason for such adaptation is not 

completely known. Some hypotheses have been proposed, including the 

increase in vagal tonus along with a reduction in cardiac sympathetic 

tonus (Smit et al., 1988). Nevertheless, contradicting these hypotheses, 

studies have proved that physical training induced changes found in the 

sinus node automaticity in addition to impulse conduction would be 

attributed to adaptations in the heart's intrinsic physiology instead of 

autonomic influences (De Angelis et al., 2004). However, we observed 

that significant decrease in basal heart rate observed in trained animals 

receiving γ-oryzanol may be the result of metabolism of gamma-oryzanol 

to ferulic acid in body which may result in changes in heart rate.  Pan et 

al. (2014) reported that γ-oryzanol splits into ferulic acid and triterpene 

unit. Pan used this separated ferulic acid as an indicator for detecting γ-

oryzanol content in the blood.  Senaphan et al. (2015) showed that, 

ferulic acid significantly reduced the systolic blood pressure and heart 

rate in high carbohydrate high fat diet fed rats. Peripheral resistance also 

decreased in high carbohydrate high fat fed rat. While ferulic acid when 

administered to control rats fed a normal diet did not elicit any 

hypotensive, blood pressure lowering effect and heart rate reduction 

effect. Ferulic acid exhibited a dose responsive bradycardia effect  on 

pentobarbital anesthetized Wistar rats (Wu et al., 1998; Senaphan et al., 

2015). Other effects reported by Wu were inhibition of tachycardia and 

lack of activity on arterial pressure induced by phenylephrine. These 

results showed that the ferulic acid was a β-adrenoceptor competitive 
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antagonist, because it could competitively antagonize isoproterenol. 

Ferulic acid showed relaxant properties with isolated atria and trachea 

from reserpine treated guinea pig and at high concentration the 

compound had partial β-agonist activity (Wu et al., 1998). Also the eNOs 

gene expression was observed in the exercise and γ-oryzanol treated 

animals on the other hand iNOs expression was significantly decreased 

in same animals. This was due to the effect of ferulic acid inducing 

vasorelaxation. Ferulic acid produced a pronounced protective anti-

stressor effect. It reduces both the stomach mucous membrane damage 

and the myocardium injury caused by painful immobilizing stress. The 

observed effect was due to the ability of ferulic acid to inhibit the process 

of lipid peroxidation and to increase the antioxidant activity in 

myocardium (Hwang et al., 2009; Perfilova et al., 2004).  

Hill and Timmis (2002) found the normal responses during exercise to be 

prolongation of PR, QRS and QT and QTc intervals. The obvious response 

to the decrease in HR is prolongation of the PR interval, QRS duration 

and QT interval. These changes occur in normal animals and are related 

to a normal HR response In our study our results is in line with earlier 

reported results (Hill and Timmis, 2002). 

Left ventricular end diastolic pressure (LVEDP) is regarded as an indie 

for myocardial oxygen consumption, cardiac output, central venous 

pressure, coronary arterial flux and vascular resistance of coronary 

artery. The major factors which determine myocardial oxygen 

consumption includes left ventricular wall tension, heart rate and 

myocardial contractility. Ventricular wall stress is affected by preload 
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and afterload. Preload is determined by diastolic pressure that distends 

the ventricle. Increasing end diastolic volume augments the ventricular 

wall tension (by the law of Laplace, tension is proportional to pressure 

time radius). Afterload is the impedance against which the ventricle must 

eject. In the absence of aortic valvular disease, afterload is related to 

peripheral resistance. Decreasing peripheral arteriolar resistance reduces 

afterload and thus myocardial work and oxygen consumption.  

Strenuous exercise resulted in significant increase in SBP, DBP and 

MABP. Increase in SBP resulted in increase in the ventricular wall stress. 

Increase in the DBP indicated that preload is increased. As a 

consequence of increase in the LVEDP and ventricular pressure time 

index (PTI) the afterload is also appears to have increased. Afterload is 

related to peripheral resistance. Strenuous exercise resulted thus 

increased the contraction of heart during systole and also increases the 

myocardial oxygen consumption. Administration of γ-oryzanol (200 and 

400 mg/kg) with exercise revealed decrease in cardiac systolic function 

and consequently reduced myocardial oxygen consumption and 

increased contractility index. Left ventricular dp/dt max and dp/dt min 

represent the minimum and maximum rate of pressure change in the 

ventricle respectively. Peak dp/dt has been used as an index of 

ventricular performance. However, it is known to be load dependent and 

inferior to hemodynamic parameters defined by the pressure volume 

relationship. An increase in contractility is manifested as an increase in 

ventricular dP/dt max during isovolumic contraction. However, dP/dt 

max is also influenced by preload, afterload, heart rate and myocardial 
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hypertrophy. Hence the relationship between ventricular end diastolic 

volume and dP/dt max is a more accurate index of contractility than 

dP/dt max alone. Similarly, an increase in diastolic function or an 

increase in relaxation causes increased dP/dt min during isovolumic 

relaxation. Hence, dP/dt min has been used as a valuable tool in the 

analysis of isovolumic relaxation. γ-oryzanol in the body get splits into 

ferulic acid and triterpene units. However, oxidative stress due to 

exhaustive exercise in association with a chronic inflammatory state or 

fatigue plays a major role in the modulation of vasomotor tone and 

vascular remodeling (Cai and Harrison, 2000). Ferulic acid has been 

shown to be a potent antioxidant in vitro and in vivo by up-regulating the 

strongly cytoprotective enzyme, heme oxygenase-1(HO-1), heat shock 

protein 70 (HSP70) and Protein kinase B (Akt), as well as suppressing 

oxidant and inflammation generation by down-regulation of 

cyclooxygenase-2 (COX-2) (Prakash et al., 2011; Mancuso and 

Santangelo, 2014). Moreover, ferulic acid was shown to inhibit 

angiotensin converting enzyme (ACE) activity (Mancuso and Santangelo, 

2014). This ferulic acid could account for the vascular protective effects. 

It should be noted that ferulic acid did not lower blood pressure in 

normal rats, suggesting that its blood pressure lowering effect is 

observed only under pathological or fatigue conditions. 

The γ-oryzanol treatment and exercise had positive effect on the 

hemopoietic system of the test rats. The raised hemoglobin concentration 

is probably due to increased red cell mass, as is confirmed by the 

observed level of the red cell count. The ability of the drug to inhibit 
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hypertension induced anemia in the test animals may be attributable to 

the presence of ferulic acid, which is may be due to anti-anemic effect of 

ferulic acid (Mancuso and Santangelo, 2014) . 

Vigorous physical exercise can be followed by transient clinical signs and 

symptoms similar to an asthma attack and are due to post-exercise 

bronchoconstriction (i.e., a narrowing of the airways). Clinical symptoms 

include coughing, wheezing, shortness of breath, excessive mucus 

production, chest tightness, chest pain, or an ‘itching or scratching 

sensation’ in the chest. Though it is more common in people with 

asthma, it also occurs in people without asthma.  Airway obstruction 

following exercise was first observed among individuals with underlying 

asthma from which the term exercise-induced asthma (EIA) was derived. 

Asthma is a chronic inflammatory disorder of the airways in which many 

cells and cellular elements play a role, and it is associated with bronchial 

(or airway) hyperresponsiveness. Similar post-exercise asthma-like 

symptoms have been observed in persons without the presence of co-

existing asthma, particularly in athletes. In this population the 

phenomenon has been referred to as exercise-induced 

bronchoconstriction (EIB).  

The underlying mechanisms of EIB and EIA are multifactorial and 

complex. Whether the two phenomena have the same pathogenesis is 

still unknown and continues to be explored. In the early 1970s, Chan-

Yeung et al. recognized that the severity of the airway constriction was 

associated with the level of ventilation. In normal nasal breathing, 

inspired air is heated to body temperature and is completely saturated 
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with water in the first few generations of the airways. There is a marked 

increase in minute ventilation during and following strenuous exercise 

and, as a result, the nose is unable to condition the increased volume of 

air. The added burden on the lower airways, down to the tenth 

generation and beyond, to warm and humidify the large volume of air 

triggers osmotic and thermal changes (Chan-Yeung, 1977). Loss of water 

in the periciliary fluid layer of the airway produces a hyperosmotic 

environment that may stimulate degranulation of pulmonary mucosa 

mast cells with subsequent release of several inflammatory mediators 

such as histamine, leukotrienes, prostaglandin, platelet activating 

factors, and neuropeptides from sensory nerves (Anderson and Daviskas, 

1997). Theorists propose that the released mediators stimulate bronchial 

smooth muscle spasm and rapid rewarming leads to increased bronchial 

circulation and engorged capillary beds (or airway edema) that may 

intensify the obstruction (Deal Jr et al., 1978). EIB/EIA gained 

considerable attention following the 1972 Olympic Games when a gold 

medalist swimmer, Rick Demont, had his medal rescinded because he 

took oral ephedrine prior to the race to control his EIB/EIA. Since then, 

several studies conducted among athletes have reported the prevalence 

of EIB/EIA to range from 11 to 50 percent. Helenius and Haahtela 

estimated that the prevalence in summer sport athletes was between 3.7 

to 22.8 percent, whereas among winter sport athletes the estimate 

ranged from 2.8 to 54.8 percent. High level endurance training in sports 

such as cross-country skiing, swimming, and long distance running may 

increase bronchial hyper-responsiveness (BHR) and cause inflammation 
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in the airways because these athletes are repeatedly exposed to cold air, 

inhaled irritants, and allergens (Helenius et al., 1998; Helenius and 

Haahtela, 2000). 

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 exercise. So-called flow-derived 

parameters that examine breath structure such as Peak expiratory flow, 

tidal volume, expired air volume, peak inspiratory flow, frequency and 

enhanced pulse have also been used as indices of acute response to 

exercise or drug (Jacono et al., 2006). The mechanical behavior of the 

lungs includes its elastic, resistive, and inertial forces. 

In the present study, it was observed that percentage oxygen saturation 

(% O2) was decreased significantly in treadmill control and swimming 

control rats. Administration of γ-oryzanol (100, 200, 400 mg/kg) and 

exercise elicited positive role as percentage of oxygen saturation in the 

blood get increased significantly in dose dependent manner. This effect 

was achieved in exercised animal receiving γ-oryzanol may be due to 

metabolite of it i.e. ferulic acid. Ferulic acid is partial agonist at β 

receptors in trachea and positive effect over hemopoietic system (Huang 

et al., 2009; Perfilova et al., 2004). On the other hand, treatment of γ-
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oryzanol to the exercised animal significantly produced positive effect on 

lung function test. Peak expiratory flow, tidal volume Expired air volume 

was significantly increased in the animals receiving exercise and γ-

oryzanol. While peak inspiratory flow, frequency and enhanced pulse was 

decreased in the animals receiving exercise and γ-oryzanol. This may be 

due to the positive effect of γ-oryzanol or its metabolite ferulic acid.   

Tumor necrosis factor-α (TNF-α), Interlukin 1β and  are polypeptide 

cytokine that has been associated with muscle wasting and weakness in 

inflammatory disease (Reid and Li, 2001).  It has been reported that TNF-

α stimulates muscle catabolism by activating the ubiquitin/proteasome 

pathway (Llovera et al., 1997; García-Martínez et al., 1993), which is the 

major pathway for selective protein degradation implicated in muscle 

atrophy, resulting from conditions such as unloading, denervation, and 

immobilization (Reid, 2005). In the ubiquitin/proteasome pathway, the 

targeted protein is labeled by E3 ligases: in skeletal muscle, two E3 

proteins: atrogin-1 and MuRF1 (Muscle RING-finger protein-1) are up-

regulated and appear to be essential for accelerated muscle protein loss 

in a variety of experimental models of catabolism including hindlimb 

unloading. In the study by Li et al., reported that TNF-α acts via p38 

MAPK to stimulate expression of the ubiquitin ligase atrogin-1 and 

MuRF1 in the skeletal muscle (Li et al., 2005). The treatment with the γ-

oryzanol significantly inhibit the expression of these genes in treatment 

and exercise receiving groups as compared to exercise control group 

indicating the protection of muscles. 
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Myostatin is a myokine, a protein produced and released by myocytes 

that acts on muscle cells' autocrine function to inhibit myogenesis: 

muscle cell growth and differentiation. Strenuous exercise causes muscle 

wasting and it is reported that myostatin get over expressed causing cell 

death. Ferulic acid is having inhibitory effect over myostatin (Milenkovic 

et al., 2012).  The treatment with the γ-oryzanol significantly inhibit the 

expression of myostatin expression in treatment and exercise receiving 

groups as compared to exercise control groups indicating the protection 

of muscles. 

Skeletal muscle responds to intense exercise by altering both its 

structural and biochemical properties (MacDougall et al., 1977). It has 

been observed that exercise training leads to increased capillary density 

and capillary-to-fiber ratio (Brodal et al., 1977). The increase in the 

vascularity of exercised skeletal muscle is thought to be an adaptive 

response that allows for greater blood flow, O2 transport, and metabolic 

clearance to support higher workloads. In line with these observations, 

the mRNA levels of angiogenic growth factors such as vascular 

endothelial growth factor (VEGF) and transforming growth factor-β1 are 

significantly higher in skeletal muscle homogenates after intense exercise 

(Breen et al., 1996; Gustafsson et al., 1999) and might contribute to the 

angiogenic response of skeletal muscle tissue to exercise.  

VEGF is a potent endothelial cell mitogen that is known to play a key role 

in both vasculogenesis and angiogenesis (Carmeliet et al., 1996). 

Targeted disruption of either VEGF or VEGF receptor loci leads to a 

lethal phenotype associated with a lack of endothelial cells or an inability 
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of the endothelium to form vascular structures during development 

(Carmeliet et al., 1996; Fong et al., 1995). Adenovirus-mediated gene 

transfer of VEGF or administration of the recombinant protein stimulates 

neovascularization in vivo (Leung et al., 1989; Mühlhauser et al., 1995). 

In addition, neutralizing antibodies and soluble receptors that neutralize 

the action of VEGF inhibit tumor growth (Kendall and Thomas, 1993). 

Various stimuli including decreased oxygen tension and increased nitric 

oxide and prostaglandin production, all of which are encountered during 

exercise, have been implicated in the increased VEGF mRNA expression. 

In vitro studies (Chua et al., 1998) have demonstrated increased VEGF 

secretion from endothelial and epithelial cells on oxidative stress; 

however, the mechanism underlying this response remains largely 

unknown. 

The lipid kinase phosphatidylinositol 3-kinase (PI3K), as well as its 

downstream target Akt, has been implicated in a number of cellular 

responses linked to angiogenesis, including endothelial cell migration 

and survival (Vanhaesebroeck and Alessi, 2000). Overexpression of 

constitutively active PI3K or Akt promotes angiogenesis in vivo and 

increases VEGF expression in avian endothelial cells (Jiang et al., 2000). 

Recently, Ushio-Fukai et al. showed that hydrogen peroxide (H2O2) 

activates the PI3K/Akt pathway in vascular smooth muscle cells (Ushio-

Fukai et al., 1999). 

γ-oryzanol significantly inhibit the VGEF in drug and exercise treated 

groups while VGEF was higher in only exercise receiving animals. This 
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effect is elucidated was due to the antioxidant nature of γ-oryzanol (Lin et 

al., 2010; Kim et al., 2012).  

Szcześniak research published in 2015 highlighted that, that a single 

exercise session will lead to fatigue and cellular damage, which in turn 

results in a short-term adaptive response (Szcześniak et al., 2015). When 

exercise is performed regularly, and the training stimulus is increased 

gradually, the adaptation that occurs during the recovery period of a 

single exercise session leads to an overall improvement in performance. 

When training is too vigorous and/or rest periods between training 

sessions are too short, performance is reduced because of an imbalance 

between training stress and recovery. If the next training session is 

applied without sufficient time for recovery, decreases in the performance 

occur in the form of earlier onset of fatigue within each session. This 

fatigue is mainly due to the over production of reactive oxygen species. In 

this condition γ-oryzanol and ferulic acid plays an important role by 

scavenging the radicals generated due to anaerobic oxidation within the 

cell. This also reduces the mitochondrial stress and mitochondrial 

damage or exhaustion is prevented. Exercise induces the mitochondrial 

generation and new and number of mitochondria gets generated in the 

cell but if the strenuous exercises or heavy loaded exercise is applied 

then these generated mitochondria start working rapidly causing excess 

generation of reactive oxygen species. Ultimately all cell damage markers 

like CK, LDH, AST, ALT, ALP, total protein, albumin increased in serum 

along with all antioxidant defense mechanism get started to prevent cell 

damage. Now if still excess exercise is applied then these generated 
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mitochondria get exhausted more leading to cell death. The antioxidant 

and nutritional supplement preventing reactive oxygen species damage 

reduces the cell damage and cell death in case of strenuous exercise.   

It is thus apparent that, the test compound γ-oryzanol improved the 

endurance of rats after stressful physical exercise. The petroleum ether 

extract of Moringa oleifera was found to be unsuitable as it increased 

testosterone levels. In body, γ-oryzanol splits into ferulic acid and 

triterpene unit. Pan et al. (2000) used the separated ferulic acid as an 

indicator for detecting γ-oryzanol content in the blood. Ferulic acid plays 

a vital role in providing the rigidity to the cell wall and formation of other 

important organic compounds like coniferyl alcohol, vanillin, sinapic, 

diferulic acid and curcumin. Ferulic acid exhibits wide variety of 

biological activities such as antioxidant, antiinflammatory, antimicrobial, 

antiallergic, hepatoprotective, anticarcinogenic, antithrombotic, antiviral 

and vasodilatory actions, metal chelation, modulation of enzyme activity, 

activation of transcriptional factors, gene expression and signal 

transduction (Pan et al., 2014). Ferulic acid is not listed in WADA list.  

It was observed that, number of mitochondria increased in muscle cells 

in caffeine treated animals. Increase in mitochondrial density leads to 

formation of free radical within cells. This damages the vital components 

of cells and mitochondrial wall too leading to cell death. Ferulic acid and 

γ-oryzanol have strong antioxidant effect. In the study mitochondrial 

count in γ-oryzanol treated animals receiving exercise was noted but the 

number of mitochondria were less in number as compared with animals 

receiving caffeine and exercise. Over consumption of caffeine causes iron 
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deficiency (Clark, 2008). Also ferulic acid and γ-oryzanol has strong 

cholesterol lowering effect. This is an advantage of γ-oryzanol over 

caffeine. Besides this γ-oryzanol (mixture of 24-mCAF and CAF) has 

triterpenes in nature and serum testosterone remained within normal 

range throughout study. 

It was observed that in crude rice bran oil contains 1.02 % of γ-oryzanol. 

Rice bran oil is promoted now a days as cooking oil. The results in 

animal study showed improvement in hemodynamic, biochemical and 

molecular parameters.  

According to report published by National Sample Survey Office, Ministry 

of Statistics and Programme Implementation, Government of India 

published in June 2014 stated that, monthly per capita edible oil 

consumption was estimated as 674 gm in rural India and 853 gm in 

urban India. Among the different kinds of edible oil, mustard oil had the 

largest share – about 45% – in the rural sector and refined oil (which 

includes sunflower oil and soyabean oil) had the largest share – 47% – in 

the urban (Marten et al., 2014). As per Times of India survey report 

conducted in April 2014, an average oil intake of 29 grams per person 

per day is enough to meet the nutritional requirements of Indians, which 

translates into an annual vegetable oil requirement of 10.585 kg per 

person. The per capita consumption has already reached 14.2 kg, which 

means the average consumption has risen to 38.9 gm, much beyond the 

nutritional need of edible oil. Edible oil consumption is closely linked to 

economic development. Rising oil consumption has both health and 

economic implications. For an adult, not more than 30 per cent of the 
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total calorie intake should be from fats. Excessive intake of fats, 

especially saturated fats, is known to increase the risk of cardiovascular 

diseases. Health experts attribute the sharp rise in heart diseases in 

India to unhealthy diets, among other factors. Excessive oil intake in 

various forms is to be blamed for this. The increasing oil demand is an 

economic challenge, too. During 2010–14, the country imported about 

9.2 million tonnes of vegetable oils costing around Rs 38,000 crore. The 

import bill is bound to go up with rising consumption. The total vegetable 

oil needs of the projected Indian population of 1,685 million by 2050 

works out to 17.84 metric tons to meet the nutrition requirement. 'The 

needs of vegetable oils to meet the nutritional fat requirement even by 

2050 can easily be met if we increase the production of supplementary 

sources of vegetable oils, besides increasing productivity. But it may be 

difficult to match the unbridled increase in vegetable oil consumption 

with supply if the current trend of consumption persists. Rice bran oil 

has beneficial effect over heart diseases due to γ-oryzanol content. Rice is 

cultivated throughout India and requires low production cost. Rice bran 

oil is gaining importance due to its beneficial effect on human health. 

Using rice bran oil also reduce burden on pulses used for oil extraction 

as rice bran is waste material. 

Oryza Oil and Fat Chemicals Co. Ltd. Japan in 2010 carried out a study 

using mouse and rat in which oral and intraperitoneal administration of 

γ-oryzanol 10,000 mg/kg showed no abnormality generally and upon 

autopsy. Similarly, no abnormalities observed on subcutaneous 

administration of γ-oryzanol 500 mg/kg. It has been reported that no 
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abnormal finding observed in rats after 6 months continuous oral 

administration of γ-oryzanol (30-1000 mg/kg) (Thammapat et al., 2016). 

In this study we used pure compound rather than complete rice bran oil 

and upon heating rice bran oil the nature of γ-oryzanol is yet to be 

revealed.  

It is thus apparent that, rice bran oil may be considered as substitute for 

cooking oil because of γ-oryzanol contents which is beneficial for 

improving ergogenic effect and to increase the endurance capacity. The 

rice bran oil appears to be safe and useful for athletes as the contents 

steroids, triterpenes, and vitamin E which are strong antioxidants and 

are not identified as doping agents.  
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9. Highlights of work 

 

Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
Body weight *** ↓  * ↑  *** ↑  *** ↑  *** ↑  

Food intake *** ↑ ns ns ** ↓  ** ↓ 

Water intake ** ↑  ns ns ** ↓  ** ↓ 

Endurance capacity *** ↑ ns ** ↑ *** ↑ *** ↑ 

Serum glucose * ↓ ns ns ns ns 

Serum LDH *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum creatinine *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum BUN *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum uric acid ** ↑ ns ns ** ↓ ** ↓ 

Serum AST *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum ALT *** ↑ ns ns ** ↓ *** ↓ 

Serum ALP ** ↑ ns ** ↓ *** ↓ *** ↓ 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
Serum TG *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum cholesterol *** ↑ ns ns ** ↓ * ↓

Serum HDL-C ** ↓ ns * ↑ *** ↑ *** ↑ 

Serum LDL-C ** ↑ ns * ↓ ** ↓ ** ↓ 

Serum VLDL-C *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum albumin *** ↑ ns * ↓ *** ↓ *** ↓ 

Serum CK-MB *** ↑ ns ns ** ↓ ** ↓ 

Serum cAMP *** ↑ * ↑ ** ↑ *** ↑ *** ↑ 

Serum free testosterone ns ns ns ns ns 

Hb *** ↓ ns ** ↑ *** ↑ *** ↑ 

RBC *** ↓ ns ** ↑ *** ↑ *** ↑ 

PLT *** ↓ ns ns * ↑ ** ↑ 

WBC ** ↑ ns ns ns ns 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
Pulse Ox (%) *** ↓ ns * ↑ *** ↑ *** ↑ 

PIF *** ↑ ns ** ↓ *** ↓ *** ↓ 

PEF *** ↓ ns ** ↑ *** ↑ *** ↑ 

TV *** ↓ ns ** ↑ *** ↑ *** ↑ 

EV *** ↓ ns ns *** ↑ *** ↑ 

f *** ↑ ns ** ↓ *** ↓ *** ↓ 

Penh *** ↑ ns ** ↓ *** ↓ *** ↓ 

Heart rate ** ↓ *** ↓ *** ↓ *** ↓ *** ↓ 

QTc interval *** ↑ ns ns * ↑ * ↑

QT interval *** ↑ ** ↑ ** ↑ *** ↑ *** ↑ 

RR interval * ↑ *** ↑ *** ↑ *** ↑ *** ↑ 

PR interval ns ns ns ns ns 

QRS Complex * ↑ ns ns *** ↑ *** ↑ 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
SBP *** ↑ ns ns ** ↓ *** ↓ 

DBP *** ↑ ns * ↓ *** ↓ *** ↓ 

MABP *** ↑ ns ** ↓ ** ↓ *** ↓ 

LVEDP  *** ↑ ns * ↓ *** ↓ *** ↓ 

LVESP  *** ↑ ns ns ** ↓ *** ↓ 

Max dp/dt  *** ↑ ns ns *** ↓ *** ↓ 

Min dp/dt  *** ↑ ns ** ↓ *** ↓ *** ↓ 

Contractility Index  *** ↓ ns * ↑ *** ↑ *** ↑ 

Tau  *** ↑ ns ** ↓ *** ↓ *** ↓ 

Pressure time index  *** ↑ ns * ↓ *** ↓ *** ↓ 

SOD   *** ↓ ns *** ↑ *** ↑ *** ↑ 

GSH  *** ↓ ns *** ↑ *** ↑ *** ↑ 

MDA  *** ↑ ns ** ↓ *** ↓ *** ↓ 

NO  *** ↑ ns ** ↓ *** ↓ *** ↓ 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
MC-I  *** ↓ ns ns *** ↑ *** ↑ 

MC-II  *** ↓ ns ** ↑ *** ↑ *** ↑ 

MC-III *** ↓ ns * ↑ ** ↑ *** ↑ 

MC-IV *** ↓ ns ** ↑ *** ↑ *** ↑ 

TP *** ↑ ns ** ↓ *** ↓ *** ↓ 

Muscle glycogen  *** ↓ ns ** ↑ *** ↑ *** ↑ 

Liver glycogen  *** ↓ ns ** ↑ *** ↑`````` *** ↑ 

Epididymal fat weight  *** ↓ ns ns Ns ns 

Gastrocnemius muscle weight *** ↓ ns * ↑ *** ↑ *** ↑ 

Heart weight *** ↑ ns ns ** ↓ * ↓ 

Left ventricle weight  *** ↑ ns ns ** ↓ ** ↓ 

Levator ani muscle weight  ns ns ns Ns ns 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
AMPK *** ↑ ns ns *** ↑ *** ↑ 

Glut-4 *** ↑ ns ns ns ns 

IRS-1 *** ↑ ns ns ns ns 

PGC-1 *** ↑ ns ns *** ↑ *** ↑ 

Atrogin-1 *** ↑ ns ** ↓ *** ↓ *** ↓ 

MuRF-1 *** ↑ ns ** ↓ *** ↓ *** ↓ 

eNOs *** ↓ ns ** ↑ *** ↑ *** ↑ 

PDE-4 *** ↑ ns ** ↓ *** ↓ *** ↓ 

Myostatin *** ↑ ns * ↓ * ↓ ** ↓ 

IL-1β *** ↑ ns ** ↓ *** ↓ *** ↓ 

TNF- *** ↑ ns ** ↓ *** ↓ *** ↓ 

VGEF *** ↑ ns ** ↓ *** ↓ *** ↓ 

iNOs *** ↑ ns ** ↓ ** ↓ *** ↓ 
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Parameters Exercise 
Control 

Exercise + OZ 
(100) 

Exercise + OZ 
(200) 

Exercise + OZ 
(400) 

Exercise + 
Caffeine 

(30mg/kg) 
Histology of Left ventricle 
(Swimming exercise) (H and 
E) 

++++ +++ ++ ++ + 

Histology of Left ventricle 
(Treadmill exercise) (H and E) 

++++ +++ ++ ++ + 

Histology of Gastrocnemius 
muscle (Swimming exercise) 
(H and E) 

++++ +++ ++ ++ ++ 

Histology of Gastrocnemius 
muscle (Treadmill exercise) 
(H and E) 

++++ +++ ++ ++ ++ 

Note:  
↑ or ↓: as compared to normal, OZ (400) group, ↑ or ↓: as compared to exercise control group,  
* or *: P < 0.05, ** or **: P < 0.01, *** or ***: P < 0.001, ns: non-significant as compared to exercise control group,  
++++: Damage more than 75%, +++: Damage more than 50%, ++: Damage more than 25%, +: Damage less than 25%. 
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10. Summary and conclusion

 In the present investigation the leaves of Moringa oleifera Lam.

Fam. Moringaceae and γ-oryzanol from rice bran were selected

for evaluation of ergogenic effect and endurance activity.

 From the leaves of M. oleifera petroleum ether extract and

hydro-alcoholic extract were prepared. While petroleum ether

extract of rice bran was prepared.

 Oil extracted from rice bran by using petroleum ether showed

presence of phytosterols, triterpenoids and steroids. Petroleum

ether extract of M. oleifera showed presence of glycosides,

steroids and hexose sugar while carbohydrates, proteins,

tannins, glycosides, flavonoids, alkaloids and steroids were

present in M. oleifera hydro-alcoholic extract.

 Acute oral toxicity studies performed according to OECD

guideline-425 revealed that all the three extracts were safe at

the dose of 2000 mg/kg.

 The treadmill and swimming model was selected for study which

gives maximum skeletal muscle adaptation. Endurance activity

of the two extracts and γ-oryzanol was investigated using

treadmill test model in Wistar rats.

 In treadmill endurance test, petroleum ether extract of rice bran

M. oleifera and γ-oryzanol showed increase in endurance time at

the end of 28th day. Hydro-alcoholic extract of M. oleifera did not

show increase in endurance time. Serum level of free

testosterone was increased in M. oleifera petroleum ether

extract, while the free testosterone level of γ-oryzanol treated

rats were in normal range. Standard drug caffeine showed

significant increase in endurance time and normal free

testosterone level. Levator ani muscle weight was significantly
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increased in animals receiving all doses of pet. ether extract of 

M. oleifera with treadmill exercise. 

 Results of endurance activity suggest that, among all the three 

extracts γ-oryzanol showed highest endurance time and low 

testosterone level. So γ-oryzanol has been taken for further 

study. 

 A validated HPTLC method was developed for quantification of 

γ-oryzanol in rice bran oil. The method was developed as per the 

ICH-guidelines. 

 The γ-oryzanol was isolated from rice bran oil extract by using 

column chromatography and preparative HPTLC.  

 The structure of the isolated compound was elucidated by using 

IR, 1H, 13C, NMR, COSY, NOESY, HMBC, HSQC and Mass 

spectroscopy. 

 Detailed study of γ-oryzanol was carried out for endurance 

study and ergogenic effect. 

 All doses of γ-oryzanol (100, 200 and 400 mg/kg) plus exercise 

receiving animals showed significant reduction in serum 

creatinine, BUN, cholesterol, triglyceride, LDL-C, VLDL-C, LDH, 

CK-MB, AST, ALT, ALP, Albumin. On the other hand Serum 

HDL-C and cAMP concentration was significantly increased in 

animals with γ-oryzanol (100, 200 and 400 mg/kg) and exercise 

receiving animal as compared with the exercised control animal.  

 Serum free testosterone concentration was not significantly 

altered in all groups throughout the study. 

 γ-oryzanol plus exercise and caffeine plus exercise group rats 

showed significant increase in hemoglobin, red blood cell count  

and platelet count while no significant effect has seen on white 
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blood cells count when compared with exercise control group 

rats. 

 Administration of γ-oryzanol plus exercise and caffeine plus 

exercise showed significant increase in % O2 as compared to 

exercise control rats. 

 When compared to exercise control rats, exercise plus γ-

oryzanol and caffeine and exercise group rats showed 

significantly decrease in Peak inspiratory flow, frequency of 

breathing and enhanced pause whereas significantly increased 

in Peak expiratory flow, tidal volume and expired volume at the 

end of study. 

 In γ-oryzanol plus exercise and caffeine plus exercise group rats 

heart rate was significantly decreased whereas significant 

increases in QTc, QT, RR interval and QRS complex when 

compared with exercise control group rats. No change in PR 

interval was seen in γ-oryzanol plus exercise group rats. 

 Decreased in SBP, DBP and MABP, Min dp/dt, Max dp/dt, Tau, 

Pressure time index and increased in contractility index in γ-

oryzanol plus exercise and caffeine plus exercise group rats 

indicated cardioprotective activity. 

 Exercise plus γ-oryzanol rats showed significant increase in 

SOD, GSH, MC-I, MC-II, MC-III and MC-IV activity as compared 

with TC group rats. On the other hand activity of MDA, NO and 

TP were significantly decreased in exercise plus γ-oryzanol 

group as compared with exercise control group. 

 Muscle glycogen content and Liver glycogen content significantly 

increased in animals receiving exercise plus γ-oryzanol and 

exercise plus caffeine groups as compared with exercise control 

group. 

Study of the endurance activity and ergogenic effect of selected 
Indian medicinal plant in laboratory animals  Page 377 
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 Heart weight and left ventricle weight was significantly 

decreased in animals receiving exercise plus γ-oryzanol and 

caffeine groups when compared with exercise group. Epididymal 

fat weight was non-significantly changed in animals undergone 

for exercise plus γ-oryzanol and caffeine groups as compared 

with exercise control group.   

 Gastrocnemius muscle weight was significantly increased in 

animals undergone for exercise plus γ-oryzanol and caffeine 

groups when compared with exercise control group. 

 Exercise and γ-oryzanol administration (all doses as 100, 200 

and 400 mg/kg and exercise) did not significantly alter the 

levator ani muscle weight in rats throughout the study. 

 Significant upregulation of muscle AMPK, PGC-1 and eNOs 

was seen in γ-oryzanol plus exercise and caffeine plus exercise 

group rats while no significant effect of muscle Glut-4 and IRS-1 

was observed. 

 Significant downregulation of muscle Atrogin-1, MuRF-1, PDE-

4, Myostatin, IL-1β, TNF, VGRF and iNOs were seen in γ-

oryzanol plus exercise and caffeine plus exercise group rats.   

 It is thus concluded that, γ-oryzanol possesses a significant 

endurance activity and ergogenic effect. The mechanism of 

action appears to be due to decrease in free radical generation, 

increase in ATP turnover and stimulation of glycolytic pathways 

in muscle by upregulation of muscle AMPK, PGC-1 and eNOs 

and downregulation of muscle Atrogin-1, MuRF-1, PDE-4, 

Myostatin, IL-1β, TNF, VGRF and iNOs. 
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