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ABSTRACT

Objective: To investigate the effect of aqueous extract of

Moringa oleifera (AEMO) leaf on the oxidative stress,

antioxidant status as well as histo pathological changes in

testes of rats under insulin resistant condition. Methods:

The male Wistar rats were randomly divided into four

groups of six rats each : C (Control), C+MO (control rats

administered with AEMO), F (fructose fed rats) and F+MO

(fructose fed rats administered with AEMO), Insulin

resistance was induced by high fructose diet. AEMO was

administered orally at a dose of 200 mg/kg body weight

for 60 days. Relative organ weight was calculated.

Phytochemical screening of AEMO was done by standard

methods. Oxidative stress and the status of antioxidant

enzymes were estimated in testes and the histological

changes in testes were studied. Statistical significance of

the results was evaluated by Duncan's Multiple Range

Test. Results: Phytochemical analysis showed the

p r e s e n c e o f p h a r m a c o l o g i c a l l y i m p o r t a n t

phytochemicals. The reduced relative weight of the

testes was observed in F group. F group showed

increased lipid peroxidation, decreased levels of reduced

glutathione, reduced activities of glutathione reductase,

glutathione S transferase, superoxide dismutase,

c a t a l a s e a n d i n c r e a s e d a c t i v i t y o f

Sorbitoldehydrogenase. Histological pictures of testes of

F group showed pathological changes. However,

administration of AEMO corrected the alterations

towards normalcy Conclusion: In this study, AEMO

ameliorated oxidative stress, exhibited antioxidant

potential and played a role in the protection of testicular

structural integrity under insulin resistant condition.

Key words: Moringa oleifera, Insulin resistance, Testes,

antioxidants, oxidative stress, Histopathology

INTRODUCTION

High dosage of fructose in the diet has been shown to

induce insulin resistance, hyperinsulinaemia,

hyperglycemia, glucose intolerance and hyperlipidemia

in Wistar rats . Most of the metabolic effects of fructose

are due to its rapid utilization by the liver and its entry

into the pathway of glycolysis or gluconeogenesis at the

triose phosphate levels after bypassing the

phosphofructokinase regulatory step leading to a far

reaching consequences to carbohydrate and lipid

metabolism. Glucose, produced as a result of

gluconeogenic precursors from fructose metabolism,

stimulates insulin release, but the fructose-induced

insulin resistance prevents the insulin from effectively

metabolizing glucose. Insulin resistance is characterized

by impaired glucose tolerance, which ultimately leads to

type 2 diabetes.

During diabetes, persistent hyperglycemia causes

increased production of free radicals especially reactive

oxygen species (ROS), in all tissues from glucose auto-

oxidation and protein glycation . In addition,

hyperinsulinemia in insulin resistant condition and

enhanced free fatty acids (FFA) observed in diabetes and

insulin resistant condition are also sources of free radicals

. Over production of ROS causes oxidative stress,

which is currently suggested as the mechanism

underlying diabetic complications. Normalizing ROS

generation showed to prevent the long-term

complications of diabetes .

Recent years have witnessed a renewed interest in plants

as pharmaceuticals. Many studies have shown that the

secondary metabolites produced by plants possess

antioxidant property, which play a major role against

functional and cellular damage caused by ROS. Several

phytochemicals were reported to act against the
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deleterious effects of oxidative stress such as

anthraquinones of aloe vegetable , saponins from Pinax

ginseng , polyphenols and flavonoids from Sideritis

raeseri and the active tannoid principle isolated from

Emblica officinalis .

In the present study the efficacy of aqueous extract of

Moringa oleifera (AEMO) leaf in combating the oxidative

stress in testes of insulin resistant rats was investigated.

MoringaoleiferaLam(synPterigospermaGeartn)belongsto

the monogeneric family Moringaceae and it is one of the

best known, most widely distributed and naturalized species

. It is popularly known as drumstick or horseradish.

Moringa oleifera was well known to the ancient world, but

only recently has it been 'rediscovered' as the “Miracle tree”

with a tremendous variety of potential uses. Leaves,

immaturepods, flowersandfruitsofthisplantareedibleand

are highly nutritive. Moringa

ne, protein, Vitamin C, calcium,

potassium and essential amino acids which make them

an ideal source of dietary supplement .

M. oleifera contains nitrile mustard oil glycosides and

thiocarbamate glycosides which are antihypertensive .

Niazinin, Niazimicin and Niazimin A+B were isolated from

Moringa leaves which were found to control blood

pressure . Our earlier studies of AEMO for trace

elements by Particle Induced X-ray Emission (PIXE)

technique revealed the presence of many physiologically

and biochemically important trace elements: Ca, Zn, K,

Mn, Na, Sr, Fe,Ni, Cu .

Moringa leaves were found to possess many medicinal

uses. The leaves possess strong antioxidants and radical

scavenging activities and enhance the process of

spermatogenesis in mice , have shown to correct

hyperglycemia, hyperlipidemia in both type 1 and type 2

diabetic rat models , inhibit the growth of pathogenic

microorganisms , reported to be useful in treating

hyperthyroidism .

As a result of scientific evidence, M. oleifera is coming to

the forefront as an important source of naturally

occurring phytochemicals.

[7]

[8] [9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[1]

[18]

[19]

leaves have been reported to

bearichsourceof β-carote

MATERIALS AND METHODS

Chemicals

Thiobarbituric acid, pyrogallol were obtained from Sigma

Chemical Co., St Louis, MO, USA. All other chemicals and

solvents were procured from Sisco Research Laboratories

(p) Ltd., Mumbai. India.

Plant material

Aqueous extract of Moringa oleifera leaf (AEMO) powder

(Product Code P/DSM/MOOL-01, Batch Number

P8060947) was purchased from Chemiloids

(manufactures and exporters of herbal extracts,

Vijayawada, Andhra Pradesh, India).

Qualitative screening for phytochemicals.

The extract was qualitatively tested for the presence of

Alkaloids, flavonoids, gallic tannins, catecholic

compounds, phenols, saponins,and triterpines by

following the procedures of Brain and Tunfer ;

Sofowora ; Trease and Evans .

Experimental Design

In the present study a total of 24 rats (12 normal rats and

12 high fructose fed rats) were randomly divided into four

groups of six rats each : C (Control), C+MO (control rats

administered with AEMO), F (fructose fed rats), F+MO

(fructose fed rats administered with AEMO). AEMO was

administered by orogastric tube at a dose of 200 mg/kg

body weight for 60 days. At the end of the experimental

period the rats were sacrificed by cervical decapitation

and testes were immediately dissected out and weighed.

Animals

Male albino Wistar rats of age 4-5 weeks with a body

weight of 150-160 g were procured and acclimatized for 7

days to animal house maintained at a temperature of 22 ±

2º C.

Reg no

470/01/a/CPCSEA . The animal room was regulated by a

12/12 h light/ dark schedule. Two animals were housed

per cage. All rats were fed on a standard pellet diet and

water before dietary manipulation.

Induction of Insulin Resistance

Insulin resistance (IR) was induced by feeding the rats the

fructose-enriched diet (66% fructose, 18% protein, 8%

fat, 4% cellulose, 3% mineral and 1% vitamin mix)

throughout the experimental period of 60 days.

Fructose enriched diet

[20]

[21] [22]

The study was approved by Animal Ethics

Committee of S.K.University, Anantapur ( . .

)
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Fructose diet was procured from National Centre for

Animal Science, National Institute of Nutrition

(Hyderabad, India).

Oxidative stress markers and Antioxidant Enzymes

A 10% tissue homogenate was prepared in 0.15 M KCl

using pestle and mortar at 4 C. The extent of lipid

peroxidation (LPO) was determined by assaying

malondialdehyde (MDA) formation according to method

of Utley et al. . Total reduced glutathione (GSH) content

was measured following the method of Ellman's .

The protein content of the homogenate was estimated

by the method of Lowry et al .

A portion of the homogenate was centrifuged at 4 C in

Eppendorf centrifuge at 12,000 rpm for 45 minutes. The

clear supernatant was used for the assay of Glutathione

reductase (GR; E.C 1.6.4.2); Pinto and Bartley ,

Glutathione-S-transferase (GST; E.C 2.5.1.18) Habig et al.

Catalase (CAT; E.C 1.11.1.6); Beers and Sizer ,

Superoxide dismutase (SOD; E.C 1.15.1.1); Soon and Tan

and Sorbitol dehydrogenase (SDH; E.C 1.1.1.14); Asada

and Galambos .

Histological study

Immediately after separation, the testes were weighed

and fixed in 10% formalin and later were embedded in

paraffin. Sections of 3 microns thickness were cut from

tissue blocks by microtome. Using a heated tissue

separator (water bath), the sections were uniformly

separated on a glass slide and drained. Harris'

Hematoxylin and Eosin stain was used for staining the

tissue sections following the procedure from the Manual

of Histologic Staining Methods of the Armed Forces

Institute of Pathology .

Statistical Analysis

The results were expressed as means ±S.E.M. Data were

analysed for significant differences using Duncan's

Multiple Range (DMR) test (p<0.05) Duncan .

The phytochemical screening of AEMO revealed the

presence of alkaloids, flavonoids, gallic tannins, phenols,

0
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RESULTS

Relative testicular weight and

The relative weight of testes was calculated from body

weight and absolute testes weight.

saponins and catecholic compounds and steroids

indicating the presence of pharmacologically important

phytochemicals.

Table 1 shows the body weight, absolute and relative

testes weights of the experimental groups. F group

showed significantly decreased relative testes weight by

13.7% compared to C group. However administration of

AEMO resulted in 50% recovery from the altered organ

weight. The relative testes weight of C+MO did not

deviate from that of C.

The extent of LPO and the levels of GSH, GR and GST are

shown in table 2. The activities of SDH, SOD and CAT are

shown in table 3. F group showed 34.3% increase in LPO

and 31.7% decrease in GSH levels compared to C group.

The activities of antioxidant enzymes GR and GST were

decreased by 34.5 and 26.7% respectively and SOD and

CAT were decreased by 43.9 and 52.3% respectively in F

group compared to C. In contrast, the activity of SDH, the

polyol pathway enzyme, was increased by 31.8% in F

group compared to C. The C+MO group showed

significantly decreased LPO by 13.8% when compared to

C group. Administration of AEMO for 60 days totally

prevented the tissue LPO in F+MO group and the GSH

levels were restored to normal with 100% recovery.

F+MO group showed 68.2 and 100% recovery in GR and

GST activities and 100 and 91% recovery in SOD and CAT

activities respectively (Fig-1). The control group which

received the AEMO also showed a significant increase in

the activities of GR, SOD and CAT activities.

The photomicrograph of section of testes of experimental

rats are shown in Fig. 2(a—d). The control rat testis shows

normal histological picture. The seminiferous tubules (ST)

are uniformly arranged with well defined interstitial tissue

(IT). The spermatogenesis pattern appears to be normal

with fully matured sperms in the centre of ST. C+MO

group also shows normal picture of testis. However

moderate fatty changes are visible in F group which shows

enlarged ST with increased lumen size, heavy fat

deposition and mild degeneration. The spermatogenesis

pattern appears abnormal and a reduction in the number

of fully matured spermatozoa (hypospermatosis) is seen in

F group when compared to C group. However F+MO group
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showed improved histological picture. The size of the ST

was decreased and the spermatogenesis pattern appears

to be rectified partially. Though the ST showed fat

deposition the intensity seems to be less when compared

to Fgroup.

Fig 1: Percent recovery from fructose fed alterations in LPO, GSH

levels and antioxidant enzyme activities in testes of

experimental rats.

Fig 2a    Photomicrograph of section of Testis of C group:

Seminiferous tubules (ST) are uniformly arranged with

well defined  interstitial tissue (IT), orderly arranged germ cells

and plenty of sperms at the centre of ST.

Fig 2b.  Photomicrograph of section of testis of  C+MO group.

Seminiferous tubules (ST) are uniformly arranged with  well

defined  interstitial tissue (IT), orderly arranged  germ

cells and plenty of sperms at the centre of ST.

Fig 2c. Photomicrograph of section of of testis F group.

Seminiferous tubules (ST) are enlarged with increased lumen size.

Heavy fat deposition is seen in ST and the spermatogenesis

pattern appears abnormal with a reduction in number of sperms.

Fig 2d . Photomicrograph of section of of testis F+MO  group.

Seminiferous tubules (ST)    show reduced lumen size and

reduced fat deposition compared to F group.

Spermatogenesis pattern appears partially rectified.

Table 1: Effect of AEMO on the relative organ weight of

testes in experimental rats.

Group C                   C+MO                     F                   F+MO→

Body weight(g)         278±2.29
a

277±2.29
a

305±2.00
b

280±1.42
a

Testes weight(g)        3.46±0.07 a
3.45±0.06

a
3.22±0.04

b
3.31±0.05

c

(Absolute)

Relative weight          1.24±0.02
a

1.25±0.02
a

1.07±0.02
b

1.18±0.02
c

Values are mean ± S.E.M., (n= 6 animals). Values with different

superscripts with in the row are significantly different at p<0.05

(Duncan's Multiple Range Test).
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Group C                C+MO                     F                       F+MO→

Parameter↓

LPO(A) 10.3±0.10
a

8.8± 0.08
b

13.8± 0.07
c

9.6± 0.10
d

GSH(B) 3.6±0.02
a

4.3±0.01
b

2.4±0.01
c

3.8±0.02
d

GR (C) 6.0±0.02
a

6.4±0.01
b

3.9±0.04
c

5.3±0.01
d

GST(D)            215.8±0.54
a

214.3±0.64
a

169.1±0.85
b

215.2±0.58
a

Table 2: Effect of  AEMO administration on LPO, GSH, GR and

GST in testes of   experimental rats.

A: n mol MDA formed/min/mg protein; B: μg/mg protein; C:

μmol NADPH oxidised/min/mg protein; D: μmol CDNB-GSH

conjugate formed/min/mg protein.

Values are mean ± S.E.M., (n= 6 animals). Values with different

superscripts with in the row are significantly different at p<0.05

(Duncan's Multiple Range Test).

Group→ C C+MO                 F                 F+MO

Parameter↓

SDH(A) 4.9±0.02
a

5.0±0.04
b

6.4±0.04
c

5.1±0.02
b

SOD(B) 22.2±0.25
a

23.9±0.21
b

12.4±0.15
c

23.6±0.22
b

CAT(C) 1.7±0.02
a

1.8±0.02
b

0.82±0.01
c

1.64±0.01
d

Table 3: Effect of AEMO administration on the activities of SDH,

SOD and CAT in  testes  of  experimental rats.

A: μmol NADH oxidised/min/mg protein, B: units/mg protein,

C: μmol of H O consumed/min/mg protein.

Values are mean ± S.E.M., (n= 6 animals). Values with different

superscripts with in the row are significantly different at p<0.05

(Duncan's Multiple Range Test).

2 2

DISCUSSION

High fructose diet has prooxidant effects . High fructose

fed rats have shown increased free radical production by

mechanisms like autoxidation of glucose, enhanced

glycation and altered polyol pathway . Metabolic stress

resulting from changes in energy metabolism also plays a

role in enhanced oxidative stress. Increased or enhanced

catabolism of fructose would result in energy depletion in

cells making them more susceptible to peroxidation .

Further the susceptibility of tissues to oxidative stress

may depend on alterations in lipid composition.

Enhanced lipid accumulation, observed in the testes of

fructose fed rats, has contributed to the increased LPO in

these animals. Several studies have also shown increased

[

[

[

33]

34]

35]

concentrations of ROS and oxidative stress in fructose fed

rats . Rabbani et al reported increased oxidative

stress in testes of type 2 diabetic model.

In the present study an increased LPO was observed in

testes of F group but administration of AEMO totally

prevented the increased tissue LPO in F+MO rats. The

lipid lowering and insulin sensitizing effects of AEMO

along with its antihyperglycemic affect could have

brought a favourable metabolic environment avoiding

the prooxidant conditions with reduced oxidative stress

in F+MO group. The C+MO group also showed decreased

LPO compared to C group which clearly indicates that

AEMO prevented the age related oxidative stress too. In

vitro and studies have revealed that the water

extract of leaf significantly inhibited TBARS

formation in CuSo induced rabbit and human LDL

oxidation

The lyophilized hydroalcoholic extract of leaf

prevented the increase in lipid peroxidation in rats with

Isoproterenol induced myocardial damage .

Depleted GSH content and decreased activities of GR and

GST are explained by the enhanced activity of SDH, a

polyol pathway enzyme. Polyol pathway leads to

generation of NADH and depletion of NADPH . NADH is a

substrate for NADH oxidase to generate ROS and NADPH

is required by GR to regenerate GSH. Depleted plasma

GSH and tissue GSH was well documented in fructose

diet induced insulin resistant rats . Decreased

activity of GST in F group could also be explained by the

low content of GSH since GSH is a substrate and cofactor

of GST . Earlier studies also revealed decreased

activities of GSH dependant enzymes in fructose fed

insulin resistant rats . However, AEMO treatment

activated the compensatory mechanism against the

oxidative stress which was reflected by enhanced

activiities of GR and GST in F+MO group

SOD and CAT are widely distributed in all animal cells.

SOD a Cu/Zn containing enzyme is a major defense for

aerobic cells in combating the toxic affect of superoxide

radicals . Catalase, a haemoprotein, reduces H O

produced by dismutation reaction and prevents

generation of hydroxyl radical. F group showed

[ [

[

[

[

[

[

[

[

36] 37]

1]

38]

39]

40]

41]

42]

43]

ex-vivo

M. oleifera

M. oleifera

4

2

2 2

.

2
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decreased activities of SOD and CAT when compared to C

group. Earlier studies also indicated decreased activities

of antioxidants both GSH dependant and GSH

independent . Restoration of SOD activity in F+MO

reveals an efficient defense against superoxide radicals

known to inactivate CAT.

Studies on leaf on their antioxidant and

radical scavenging property are well documented , .

Much of the research in diabetes is concentrated on

tissues related to metabolic derangements, insulin

production and IR ie., pancreas, liver, skeletal muscle,

kidney and heart. Less attention has been paid to studies

related to the reproductive system in diabetes.

In the present study fructose fed rats show abnormal

histological alterations of testes which are consistent

with those of previous studies . Clinical and

experimental studies have shown that diabetes mellitus

has adverse effects on male sexual and reproductive

functions in humans and animals . Impairment of

spermatogenesis, reduced sperm count, sperm motility,

seminal fluid volume and low testosterone levels were

found in diabetic subjects .

The testes are sensitive to environmental exposure

induced cellular damage. Apoptosis, known as

programmed cell death, is a form of cell death that serves

to eliminate dying cells in proliferating or differentiating

cell population. Apoptosis control is critical for normal

spermatogenesis in the adult testes . The oxidative

stress is recognized as a strong mediator of apoptosis.

Diabetic condition was reported to enhance apoptosis of

germ cells and also increased LPO was reported to

impair membrane functions by decreasing membrane

fluidity and changing the activity of membrane-bound

enzymes and receptors . Thus in the current study the

increased oxidative stress with compromised antioxidant

status has led to the tissue damage in F group. However,

the administration of AEMO improved the

histological picture in F+MO group. Lilibeth reported

that the administration of hexane extract of

enhanced male reproduction in mice. Some herbs like

also showed beneficial effects and

improved testicular function in rats .Numerous

[

[ [

[

[

[

[

[

[

[

[

44]

45] 46]

47]

48], [49]

50]

51]

52]

53]

17]

54]

M. oleifera

M. oleifera

Tribulus terresteris

epidemiological studies suggest that herbs/diets rich in

phytochemicals and antioxidants execute a protective

role in health and disease . leaves act as a good

source of natural antioxidant due to the presence of

various types of antioxidant compounds such as ascorbic

acid, flavonoids, phenolics and carotenoids. Moreover ,

trace elements which play an important role in radical

scavenging and antioxidant system and the presence of

phytochemicals may have protected the F+MO rats

against the adverse effects of high fructose diet.

Thus our results clearly show that AEMO exhibited

protective role with its enhanced radical scavenging

activity and antioxidant potential which could exert a

beneficial action against pathological alterations in testes

caused by oxidative stress under IR conditions.

[55]
Moringa

REFERENCES

1. Sai Mangala Divi, Ramesh Bellamkonda, Sarala Kumari

Dasireddy Evaluation of antidiabetic and antihyperlipedemic

potential of aqueous extract of Moringa oleifera in fructose

fed insulin resistant and STZ induced diabetic Wistar rats: A

comparative study. Asian J Pharma Clin Res 2012, 5: 67-72.

2. Underwood AH, Newsholme EA. Propert ies of

phosphofructokinase from rat liver and their relation to the

control of glycolysis and gluconeogenesis. Biochem J 1965;

95: 868-75

3. Baynes JW, Thorpe SR. Role of oxidative stress in diabetic

complications: a new prospective on an old paradigm.

Diabetes 1999; 48: 1-9.

4. Itani SI, Ruderman NB, Schmieder F, Boden G. Lipid-induced

insulin resistance in human muscle is associated with changes

in diacylglycerol, proteinkinase C, and IB-alpha. Diabetes

2002; 51: 2005-11.

5. Evans JL, Goldfine ID, Maddux BA, Grodsky GM. Are oxidative

stress-activated signaling pathways mediators of insulin

resistance and beta-cell dysfunction? Diabetes 2003; 52: 1–8.

6. Nishikawa T, Edelstein D, Brownlee M. The missing link: a

single unifying mechanism for diabetic complications. Kidney

Inter 2000; 77: 26-30.

7. Malterud KE, Farbrot TL, Huse AE, Sund RB. Antioxidant and

radical scavenging effects of anthraquinones and anthrones.

Pharmacol 1993; 47:77-85.

8. Huong NTT, Matsumoto K, Kasai R, Yamasaki K, Watanabe H. In

Vitro antioxidant of Vietnamese Ginseng Saponin and its

Components. Biol Pharm Bull 1998; 21: 978-81.

9. Tiwari AK. Imbalance in antioxidant defense and human

diseases: Multiple approach of natural antioxidants therapy.

Curr Sci India 2001; 81: 1179-1187.

286



Website : www.njbms.com

National Journal of Basic Medical Sciences Volume - III, Issue-4

10. Gabrieli CN, Kefalas PG, Kokkalou EL, Gabrieli CN, Kefalas PG,

Kokkalou EL.Antioxidant activity of flavonoids from Sideritis

raeseri. J Ethnopharmacol 2005; 96: 423-28.

11. Bhattacharya A, Chatterjee A, Ghosal S, Bhattacharya SK.

Antioxidant activity of active tannoid principles of Emblica

officinalis (amla). Ind J Exp Biol 1999; 37: 676-80.

12. Nadkarni AK . Indian Materia Medica. Popular Prakashan:

Bombay, 810-816.

13. Makkar HPS, Becker K. Nutritional value and anti nutritional

components of whole and ethanol extracted Moringa oleifera

leaves. Anim Feed Sci Technol 1996; 63:211-228.

14. Faizi S, siddiqui BS, Saleem R,Saddiqui S, Aftab K.Isolation and

structure elucidation of new nitrile and mustard oil glycosides

from Moringa oleifera and their effect on blood pressure. J Nat

Prod 1994a: 57: 1256-1261

15. Gilani AH, Aftab K, Suria A, Siddiqui S, Salem R, Siddiqui B S,

Faiz S. Pharmacological studies on hypotensive and

spasmodic activities of pure compounds from Moringa

oleifera. Phytother Res 1994a; 8: 87-91.

16. Gowrishankar R, Manish K, Vinay M, Sai Mangala D,

Trace element studies on Tinospora

cordifolia, Ocimum sanctum, Moringa oleifera and

Phyllanthus niruri using PIXE. Biol Trace Elem Res 2010, 133:

357-363.

17. Lilibeth AC and Glorina LP. Effects of Moringa oleifera Lam on

the reproduction of male mice. Journal of Medicinal Plants

Research 2010; 4(120): 1115-1121.

18. Caceres A, Cabrera O, Morales O, Mollinedo P, Mendia P.

Pharmacological properties of Moringa oleifera. 1:

Preliminary screening for antimicrobial activity. J

Ethnopharmacol 1991; 33:213-216.

19. Tahiliani P, Kar A. Role of Moringa oleifera leaf extract in the

regulation of thyroid hormone status in adult male and female

rats. Pharmacol Res 2000; 41: 319-323.

.

35, 1-

34; 36:359-389; 37: 30-61, 506-536; 38: 225-255, 411-441,

497-528.

21. Sofowora A (1982). Medicinal plants and traditional

medicines in Africa. POPLINE Document no: 018476. John

Wiley and sons Ltd. New York.

22. Trease GE and Evans WC (1983). Pharmacognosy 12 Ed.

Bailer Tindall, London

23. Utley HG, Bernheim F, Hochstein P. Effect of sulfhydryl

reagents on peroxidation in microsomes. Arch Biochem

Biophys 1967; 118: 29-32.

24. Ellmans. Tissue sulphydryl. Arch Biochem Biophys 1959; 82:

70-77.

20 Brain KR and Turner TD (1975). The practical evaluation of

Phyto pharmaceuticals. Wright Scientechnica. Bristol, John

Wright and Sons Ltd, Dorchester Smolenski SJ, Silinis H and

Fransworth NR. Alkaloid screening. І-VІІ. Lloydia. 1972;

th

Saravanan

M, Magudapathy P, Panigrahi B. K., Nair K. G. M,

Venkataramaniah K:

25. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein

measurement with Folin-Phenol reagent. J Biol Chem 1951;

193: 265-8.

26. Pinto RE, Bartley W. The effect of age and sex on glutathione

reductase and glutathione peroxidase activities and on

aerobic glutathione oxidation in rat liver homogenates.

Biochem J 1969; 112: 109-15.

27 Habig WH, Pabst MJ, Jakoby WB. Glutathione-S-transferases.

The first enzymatic step in mercapturic acid formation. J Biol

Chem 1974; 249: 7130-9.

28. Beers R Jr, Sizer JW. Spectrophotometric method for

measuring breakdown of H O Catalase. J Biol Chem 1952;

195: 133-140.

29. Soon YY, Tan BKH. Evaluation of the hypoglycemic and

antioxidant activities of Morinda officinalis in streptoztocin-

induced diabetic rats. Singapore Med J 2002; 43: 77.

30. Asada M, Galambos JT. Sorbitol dehydrogenase and

hepatocellular injury: an experimental and clinical study.

Gastroenterology 1963; 44: 578-87.

31. Manual of Histologic Staining Methods of the Armed Forces

Institute of Pathology (Third Edition). American Registry of

Pathology (Luna, Lee G., HT ASCP) (editor)), McGraw Hill

Publishers, New York 1960 (Progressive Stain).

32. Duncan DB. Multiple range and multiple tests, Biometrics

1955; 42:1-42.

33. Busserolles J, Gueux E, Rock E, Mazur A, Rayssiguier Y.

Substituting honey for refined carbohydrates protects rats

from hypertriglyceridemic and prooxidative effects of

fructose. J Nutr 2002; 132: 3379-82.

34. Paolisso G, Giuliano D. Oxidative stress and insulin action: is

there a relationship? Diabetologia 1996; 39: 357-63.

35 Fields M, Lewis CG, Lure M, Antholine WE. The influence of

gender on developing copper deficiency and on free radical

generation of rats fed a fructose diet. Metabolism1992; 41:

989-94.

36. Sandrine D, Eleni P, Richard M, Caroline A, Theophile D, Jean-

Paul C, Gerard C, Jacqueline A. involvement of oxidative stress

and NADPH oxidase activation in the development of

cardiovascular complications in a model of insulin resistance,

the fructose-fed rats. Atherosclerosis 2005; 179: 43-49.

37. Rabbani S I, Devi K, Khanm S. Effect of Rosiglitazone on the

nicotinamide-streptozotocin induced type-2 diabetes

mellitus mediated defects in sperm abnormalities and

oxidative defence system in male Wistar rats. Acta

pharmaceutica Sciencia 2010; 52: 121-128.

38. Pilaipark C, Panya K, Yupin S, Srichan P, Noppowan PM,

Laddawal PN,Piyani R, Supath S, Klai USP. The in vitro and ex

vivo ant iox idant propert ies , hypol ip id imic and

antiatherosclerotic activities of water extract of Moringa

oliefera Lam. Leaves. Journal of Ethnopharmacology 2008;

116:439-446.

2 2

287



Website : www.njbms.com

National Journal of Basic Medical Sciences Volume - III, Issue-4

39. Nandave M, Ojha SK, Joshi S, kumara S and Arya DVS. Moringa

oleifera leaf extract prevents Isoproterenol- Induced

myocardial Damage in Rats: Evidence for an Antioxidant,

Antiperoxidative, and Cardiopretective Intervention. Journal

of Medicinal Food 2009; 12(1):47-55.

40. Rajasekhar P, Ravichandran MK, Anuradha CV. Intraperitoneal

L-carnitine regulates lipid metabolism and reduces oxidative

stress in fructose-induced hyperlipidimic rats. Diabetologia

Croatica 2005; 34-3.

41. Domingues C, Ruiz E, Gussinye M, Carrascosa A. Oxidative

stress at onset and in early stages of type 1 diabetes in children

and adolescents. Diabetes Care 1998; 21:1736-42.

.

Nutr Metab Cardiovasc Dis

2004; 14: 351-7.

43. Mc Cord JM, Fridovich I. Superoxide dismutase an enzymatic

function for erythrocupein (haemocuprein). J Biol Chem 1969;

244: 6049-55.

44. Joyeux-Faure M, Rossini E, Ribuot C, Faur P. Fructose-fed rat

hearts are protected against ischemia-reperfusion injury.

Exp Biol Med 2006; 231: 456-62.

45. Atawodi S, Atawodi JC, et al., Evaluation of polyphenol content

and antioxidant properties of methanol extracts of the leaves ,

stem, and root barks of Moringa oleifera Lam. Journal of

medicinal Food 2010; 13 (3)710-716.

46. Pari L, Karamac M, Kosinska A, Rybarezyk A amarowicz R.

Antioxidant activity of the crude extract of drumstick tree

(Moringa oleifera) and sweet Broomweed (Scoparia dulcis)

leaves. Polish Journal of Food and Nutrition Sciences 2007;

57:203-208.

42 Thirunavukkarasu V, Anitha Nandhini AT, Anuradha CV.

Cardiac lipid and antioxidant status in high fructose fed rats

and the effect of α-lipoic acid.

47. Arikawe AP, Daramola AO, Odofin AO, Obika LFO. Alloxan

induced and insulin resistant diabetes mellitus affect semen

parameters and impair spermatogenesis in male rats. African J

Reprod Health 2006; 10 (3): 107-111.

48. Penson DF, wessels H. Erectile dysfunction in diabetic

patients. Diabetes Spectrum 2004; 17 (4); 225-230.

49 Yamanaka M, Shirai M, Shiina H, Tanaka Y, Tsujimura A,

Matsumiya K et al. Diabetes induced erectile dysfunction and

apoptosis in penile crura are recovered by insulin treatment in

rats. J Urol 2003; 170: 291–297.

50. Sexton WF, Jarow JP. Effect of diabetes mellitus upon male

reproductive function Urology 1997;47: 508-513.

51. Sinha HIkim AP, Swerdloff RS, Hormonal and genetic control of

germ cell apoptosis in the testes, Rev reprod 1999; 4: 38-47.

52 Guneli E, Tugyan K, Ozturk H, Gumustekin M, Cilaker S, Uysal

N. Effect of melatonin on testicular damage in streptozotocin

induced diabetic rats. Eur Surg Res 2008; 40: 354- 360.

53. Chen L, Xang X, Jiao H, Zhao B. Tea catechins protect against

lead-induced cytotoxicity, lipid peroxidation and membrane

fluidity in HepG2 cells. Toxicol Sci 2002; 69: 149-56.

54. Esfandiari A, Dehghani R. Histomorphometrical study of

seminiferous tubule in rats after used Tribulus terresteris.

Journal of Cell and Animal Biology 2010; 4 (2): 068-072.

55. Vinson J, Su X, Zubik L, Bose P. Phenol antioxidant quantity and

quality in foods,fruit J Agric and food Chem 2001; 49 (11):

5315-5321.

288


