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ABSTRACT: Diabetes mellitus induced oxidative stress could lead to the impairment of 

female reproductive antioxidant defense mechanism and low temperature exposure leads 

to oxidative stress as well. There is a positive relationship between hypothalamic 

noradrenergic neuronal activity and blood glucose concentrations under stressful 

conditions. Treatment of female reproductive disorders using herbal remedies is gaining 

popularity in human medicine. In light of this, the study was designed to investigate the 

effectiveness of TTF ethanol extract in STZ-induced diabetic female rat reproductive 

system exposed to cold stress and to evaluate their therapeutic potential for the treatment 

of cold stress induced modulations on antioxidant status of DM. Diabetic rats exposed to 

cold stress by housing in an acute cold stress apparatus at 4±2 °C for 3hrs per day for 7 

days later they were supplemented with TTF extract at a dose of 200mg/kgbw. To check 

the efficacy of TTF on oxidative stress indices in uterus, ovary and oviduct, the animals 

were sacrificed on the 19th day of TTF extract exposure and subjected to in vivo 

biochemical and hormonal assays. The findings of this study confirm the deleterious 

effect of diabetes and cold stress on the reproductive organs weight, antioxidant defense 

system and hormones of female reproductive organs viz uterus, ovary and oviduct. 

Supplementation of TTF (200mg/kgbw) extract to diabetic rats exposed to cold stress, the 

serum glucose levels decreased significantly (P<0.05) and significantly increased the 

weights of reproductive organs and serum oestrogen, FSH and LH levels when compared 

with the intoxicated control groups. Diabetes toxicity and cold stress in the female 

reproductive organs may result in disruption of oxidants and antioxidants balances, which 

provides a strong coupling of altered equilibrium processes and loss of energy capacity 

to meet an oxidation challenge. Moreover, exposure to diabetes and cold stress can 

increase the effects of oxidative stress. Exogenous supplementation of TTF extract has 

been found to counter free radical generated oxidative stress and to facilitate reduction of 

the toxic effects induced by diabetes and cold stress, there by strengthening the cellular 

antioxidant defense and 
improved reproductive functioning ability. 
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INTRODUCTION 

 

Diabetes mellitus (DM), a chronic metabolic and endocrine disorder affecting many people 

around the world and the number of diabetic subjects expected to increase by 592 million in 

year 20351. DM is characterized by chronic hyperglycaemia due to abnormal insulin secretion 

or insulin receptor or post-receptor events affecting metabolism of carbohydrate, protein, and 

fats2. Moreover, as a consequence of hyperglycaemia, abnormally high levels of free radicals 

and decline of antioxidant defence systems have also been reported3. Chronic hyperglycaemia 

evokes oxidative stress by a variety of mechanisms including increased advanced glycation 

end-products formation, polyol pathway flux, glucose autoxidation and mitochondrial 

superoxide overproduction that eventually results in diabetes complications including 

reproductive disorders. DM induced oxidative stress which known to be involved in the 

normal human physiological functions that could lead to the impairment of reproductive 

antioxidant defense mechanism. STZ induced diabetes, which causes severe insulinopenia, 

have revealed that both male and female rats with uncontrolled diabetes display a profound 

hypogonadotropic state, characterized by low basal levels of gonadotrophins and sex steroids, 

reduced luteinizing hormone (LH) pulsatility and defective gonadotrophin responses to 

gonadectomy4-8. In diabetic females, disruption of positive- feedback effects of estradiol, 

delayed or absent preovulatory LH surges and anovulation are observed4. 

Stress as an adaptive response of the body, produces a wide range of biochemical and 

behavioural manifestations to respond to a threat9-11 and is known to alter the physiological 

homeostasis of the organism and complex mechanisms contributing to the breakdown in 

adaptation processes12. It has been postulated that stress is involved in etiopathogenesis of a 

variety of diseases like depression and anxiety, immunosuppression, endocrine disorders, and 

male potency13. Minehiro Gotoh et al.14 findings support the idea that hypothalamic 

noradrenergic neurons play an important role in the sympathoadrenal hyperglycaemic response 

to stressful stimuli and elevation of plasma glucose15. Moreover, studies have been proved that 

low temperature exposure leads to oxidative stress18 and there is a significant positive 

relationship between hypothalamic noradrenergic neuronal activity and blood glucose 

concentrations under stressful conditions16,17. Hans Selye19, suggested that chronic exposure to 

stressors increases Hypothalamus-Pituitary-Adrenal (HPA) axis activity and concomitantly 

reduces Hypothalamus-Pituitary-Gonadal (HPG) axis activity, and this antagonistic 

relationship between glucocorticoids and gonadal hormones has been consistently observed. 

Cold stress increased ovarian norepinephrine (NE) levels and induced ovarian function 

alterations, which led to polycystic ovarian morphology in rats20-22 and also induced the 

formation of follicular cysts and follicles with hyper- thecosis alongside increased plasma 

estradiol and testosterone levels, irregular estrous cyclicity, and reduced ovulation23. 

Plants often contain substantial amounts of antioxidants, and suggest that antioxidant action 

may be an important property of plant medicines associated with diabetes. The increasing 

interest in various medicinal plants and their bioactive compounds has led to increased 

attention to their safety and efficacy in the treatment of diabetes and also alternative treatment 

of female reproductive disorders using herbal remedies is gaining popularity in human 

medicine. Tribulus terrestris L. (TT) from Zygophyllacea family, is an annual herb that grows 

worldwide, especially in the subtropical regions, and is used in traditional medicines in India, 

China, South Africa, Bulgaria and other countries against sexual impotency, edema, 
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abdominal distention, and cardiovascular diseases. The main constituents of TT include 

saponins, diosgenins, alkaloids and amides. In modern pharmacological studies, reported that 

Tribulus terrstris fruit (TTF) ethanol extract was found to be effective in treating 

streptozotocin-induced hyperglycemia24,25. Further studies also disclosed that TT improved 

reproductive function, including increased concentration of hormones such as follicle 

stimulating hormone (FSH), luteinizing hormone (LH) and estradiol, with significant effect 

on both ovarian and uterine activities, thereby improving reproductive performance, libido 

and ovulation26,27. Even though preliminary studies disclosed that TT extract has a luteinizing 

eff ect in treated immature female rats and enhances puberty28, there is limited information 

regarding the eff ects of TT on the female reproductive system, and also lack of literature 

supporting the antioxidant potential and oxidative status on consumption of the TTF extract in 

diabetic subjects exposed to low varied temperatures. In light of this, the study was designed 

to investigate the effectiveness of TTF ethanol extract in STZ-induced diabetic female rat 

reproductive system exposed to cold stress and to evaluate their therapeutic potential for the 

treatment of cold stress induced modulations on antioxidant status of DM. 

 
MATERIALS AND METHODS 

Plant material and extraction 

Tribulus terrestris fruits were cleaned and shade dried for around 25-30 days at room 

temperature and then crushed to fine powder. The plant sample was subjected to exhaustive 

70% ethanol extraction using soxhlet apparatus and the extract was stored in an airtight 

container. 

Animals 

Experiment was conducted with strict compliance to ethical principles and guidelines 

formulated by Committee for the Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA) and performed in accordance with the Institutional Animal Ethical 

Committee (IAEC) of Bangalore University, Bangalore, India. Three-month-old female albino 

rats Wistar strain (Rattus norvegicus albinus), weighing 180–200g were procured from Sri 

Raghavendra Enterprises, Bangalore. Animals were housed in a polyethylene cages and 

acclimatized to standard laboratory conditions of 12-12hr light and dark cycle, temperature 

25±2 ºC and with standard feed pellet and free access to water ad libitum. 

Induction of experimental diabetes mellitus 

Diabetes mellitus was induced in rats by the intraperitoneal injection (volume of 1ml/kg body 

weight) of freshly prepared streptozotocin (STZ) at a dose of 45 mg/kg body weight dissolved 

in 0.1 M citrate buffer solution of pH 4.529. Three days after the STZ injection, the blood was 

withdrawn from the tail vein, and the glucose level was determined. Rats were diabetic when 

their fasting blood glucose levels were more than 200 mg/dL. 

To check the dose response on hyperglycemia, five grades of TTF ethanol extract in 1ml having 

50,100,150,200 and 250mg/kg body weight/day for 30 days were given in the pilot study to 

diabetic animals using oral gavage tube on 5th day of STZ administration respectively. To 

assess the anti-hyperglycemic effect of TTF extract, blood was collected by tail vein puncture 

from overnight fasted animals and the blood glucose levels were measured on 5th, 10th, 15th, 

and 30th days of TTF extract exposure. 
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Induction of cold stress 

To induce cold stress, rats were housed in an acute cold stress apparatus (Colton BOD 

incubator) at 4±2 °C for 3hrs per day for 7 days on a 12-h light/12-h dark cycle with a built-in 

heater and cooler that could be controlled by self-timer. 

 
Supplementation of extract 

Among the examined doses through pilot study (50-250mg/kg bw/day), the most effective dose 

of TTF extract was 200mg/kg, to check the efficacy of TTF extract on oxidative stress indices 

in uterus, ovary and oviduct, the animals were sacrificed after 19 days of TTF exposure as the 

extract has shown anti-hyperglycemic effect on the 19th day of TTF extract exposure. 

 
Experimental Design 

Rats were divided into seven groups: Group I— control animal group was kept at the laboratory 

room temperature; Group II—induced diabetes; Group III—exposed to cold stress at 4±2 ºC; 

Group IV—diabetic rats exposed to cold stress at 4±2 ºC; Group V—induced diabetes plus 

supplemented with TTF; Group VI—exposed to cold stress at 4±2 ºC plus supplemented with 

TTF; Group VII —diabetic rats exposed to cold stress at 4±2 ºC plus supplemented with TTF. 

The body weight of all the animals was recorded during and before the termination of 

experiment and rats were sacrificed, the blood samples were collected and used for the 

reproductive hormone analysis. Dissected reproductive organs viz uterus, ovary and oviduct 

tissues were washed in ice-cold saline, patted dry. The tissue homogenates were made by using 

appropriate buffer and supernatant was stored at a temperature of -20 ºC and used for 

biochemical assays. 

 
In vivo Biochemical assays 

The biochemical estimations were performed spectrophotometrically using Jenway- 

6405(UV/VIS) Spectrophotometer by the following methods; 

Lipid peroxidation (LPO) product was estimated by measurement of thiobarbituric acid reactive 

substances using the method of Niehaus WG & Samuelsson B30. The pink chromogen 

produced by the reaction of thiobarbituric acid with malondialdehyde (MDA), a secondary 

product of lipid peroxidation, was estimated at 535 nm. 

Superoxide dismutase (SOD) activity was assayed by measuring the inhibition of epinephrine 

auto-oxidation as described by Misra HP & Fridovich I31. The absorbance was recorded at 

480 nm for 60s. 

Catalase (CAT) activity was measured as described by Aebi H32, and the decomposition of 

hydrogen peroxide (H2O2) was monitored by measuring the decrease in absorbance at 240 nm 

for 60s. 

Glutathione peroxidase (GSH-Px) activity was determined by the method of Lawrence RA & 

Burk RF33, by measuring the oxidation of NADPH at 340 nm. 

Glutathione-S transferase (GST) activity was estimated by the method of Habig WH et al.34, 

by following the increase in absorbance at 340 nm using 1-chloro-2,4-dinitrobenze as a 

substrate. 

Reduced Glutathione Reduced glutathione (GSH) content was determined by the method of 

Ellman GL35, on the development of yellow color while adding DTNB to compounds 

containing sulphydryl groups. GSH levels were monitored at 412 nm. 
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Protein content was estimated by the method of Lowry OH et al.36, using bovine serum albumin 

as a standard. 

Hormonal Assay 

Serum concentrations of follicle stimulating hormone (FSH) and luteinising hormone (LH) 

were measured by radioimmuno assay method estrogen and progesterone by 

chemiluminescence with reagent kit provided by Thyrocare Technologies Ltd, Mumbai, India. 

The values are expressed as mean ± standard deviation (SD) with the percent (%) change shown 

in parenthesis and the % recovery made by the antioxidant against the toxicity level or activity 

of diabetes and cold stress without addition of antioxidant calculated using the formula, 

 

[% change from positive control – (% change from the positive control + 

Antioxidant supplement) ×100] 

Recovery =      

- 

% change from positive control 

Statistical Analysis 

The results are expressed as mean ± SD of six observations (n = 6) in each group. Differences 

between treatment groups were assessed by one-way analysis of variance (ANOVA) using the 

SPSS software package for windows version 20.0. Post hoc testing was for inter-group 

comparisons using Bonferroni test at probability (P) value 0.05 level of significance. 

 
RESULTS 

The findings of this study confirm the deleterious effect of diabetes and cold stress on the body 

and organs weight, antioxidant defense system and hormones of female reproductive organs 

viz uterus, ovary and oviduct. 

Supplementation of TTF extract to diabetic rats, the serum glucose levels decreased 

significantly (P<0.05) on the 19th day of extract administration and further remained constant 

till 30th days of TTF exposure, indicating the anti-hyperglycemic properties of the fruit extract 

of TT, as the substance with anti-hyperglycemic properties would be effective in the 

management of diabetes (Table 1). Statistical analysis reveal that the serum glucose levels 

reduced at a dose of 200mg/kg body weight suggesting the ameliorative role of TTF on the 19th 

day of exposure in extending protection to diabetic animals, compared to other doses. Hence, 

the present study demonstrates that TTF extract of 200mg/kg body weight dosage was found to 

be an effective dose. 

Table 1- Effect of Tribulus terrestris fruit ethanol extract of different doses (50-250mg/kg bw/day) on 

blood glucose level (mg/dl) in STZ induced diabetic female rats during the experimental period of 30 

days. [Values are expressed as mean ± SD (n=6) from each group] 

Groups 5th day 10th day 15th day 30th day 

Control 77±3.22# 76±2.68# 77±2.25# 77.66±4.13# 

STZ 
316.33±18.11* 333.66±12.40* 351± 3.09* 370 ±5.08# 

(˗310.3) (˗338.9) (˗355.8) (˗380.5) 

STZ +TTF 50 
231±8.53* 193.33±5.95*# 149.33±3.14*# 114.33±5.75# 

(+26.9) (+42) (+57.4) (+69.1) 

STZ +TTF 100 
230.66±5.08* 172±5.04*# 128±9.46*# 93±1.78# 

(+27) (+48.4) (+63.5) (+74.8) 

STZ +TTF 150 218±7.32* 152±8.80*# 118±3.22*# 91.33±1.36# 
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 (+31) (+54.4) (+66.3) (+75.3) 

STZ +TTF 200 
219.66±17.89* 136.33±17.76*# 83±2.36# 89±1.78# 

(+30.5) (+59.1) (+76.3) (+75.9) 

STZ +TTF 250 
223±4.64* 147.66±11.80*# 94.33±2.25# 93.66±1.36# 

(+29.5) (+55.7) (+73.1) (+74.6) 

STZ= Streptozotocin; TTF= Tribulus terrestris fruit. 

P<0.05 as compared to * normal control rats; # diabetic control. Values in parenthesis indicate the % change 

& recovery; ‘+’sign indicates increase and ‘˗’indicates decrease over the controls 

 

Result showed a significant (P<0.05) decrease in body weight gain in all the diabetic groups 

and increase in cold stressed group was noted, while upon supplementation of TTF extract 

(200mg/kg body weight) a significant (P<0.05) increase on the body weight gain in diabetic 

and co-exposed rats was observed when compared with the normal control group is shown in 

Table 2. 

Table 2-Effect of Tribulus terrestris fruit ethanol extract (200mg/kg bw/day) on body weight (gm) of 

diabetic female rats exposed to cold stress (4±2 °C) during the experimental period of 30 days. [Values 

are expressed as mean ± SD (n=6) from each group] 

Group 5th day 15th day 30th day 

Control 191.42 ± 4.5 222.32 ± 5.7 232.36 ± 6.3 

STZ 185.37 ± 3.9* 152.10 ± 8.2* 177.31 ± 9.6* 

STZ + TTF 175.91 ± 5.8* 199.41 ± 6.4* 211.42 ± 5.8* 

CS 191.33 ± 3.9 208.11 ± 8.2 227.30 ± 9.6 

CS + TTF 205.29 ± 5.8 219.42 ± 4.9 229.21 ± 6.5 

STZ + CS 163.21 ± 2.8* 132.21 ± 7.4* 117.43 ± 6.9* 

STZ+CS+TTF 169.94 ± 4.6* 148.40 ± 5.4* 178.62 ± 5.5* 

STZ= Streptozotocin; CS= Cold stress; TTF= Tribulus terrestris fruit. 

P<0.05 as compared to * control female rats. 

 
Induction of diabetes and cold stress to rats during the experimental period induced significant 

(P < 0.05) decrease in weights of reproductive organs viz uterus, ovary and oviducts, whereas 

rats treated with TTF extract significantly increased the weights of reproductive organs when 

compared to STZ induced diabetes and co-exposed control groups. No significant changes 

observed in cold stressed alone when compared to normal control rats and the results are shown 

in the form of organo somatic index (Table 3). 

 
Table 3 -Effect of Tribulus terrestris fruit extract (200mg/kg/bw/day) on organo somatic index in 

diabetic female rat reproductive system of exposed to cold stress (4±2 °C). [Values are expressed as 

mean ± SD of six observations] 

Groups Uterus Ovary Oviduct 

Control 0.27±0.003 0.033±0.005 0.012±0.002 

STZ 0.11±0.003* 0.021±0.003* 0.009±0.001* 

STZ + TTF 0.15±0.013* 0.023±0.001* 0.010±0.001 

Cold stress 0.26±0.004 0.030±0.001 0.012±0.005 

Cold stress + TTF 0.25±0.005 0.026±0.005 0.012±0.005 
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STZ + Cold stress 0.085±0.009* 0.017±0.019* 0.005±0.007* 

STZ + Cold stress + 

TTF 
0.12±0.001* 0.023±0.006* 0.009±0.041* 

STZ= Streptozotocin; TTF= Tribulus terrestris fruit. P<0.05 as compared to * normal control rats. 

 

In vivo Biochemical assays 

MDA level significantly (P<0.05) increased in all the functional tissues in the STZ induced 

diabetes and cold stress control group and while TTF significantly reduced (P<0.05) the level 

of MDA when compared with the diabetic and cold stress group. The one-way ANOVA 

indicated a significant interaction between diabetes toxicity and cold stress treatment 

performed at 4±2ºC temperature and the exacerbated MDA levels were noticed at diabetes was 

greatest % than at cold stress in all the functional tissues studied (Fig. 1). 

 

Fig. 1- Effect of Tribulus terrestris fruit ethanol extract on lipid peroxidation (LPO) levels in reproductive 

system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to cold stress (4±2 °C). Values 

are mean ±SD of six observations and a,b,c,d….. letters denote significantly different from control values 

by one-way ANOVA(P<0.05). 

In this study, diabetes and cold stress co-exposure induced decrement in SOD activity was 

evident in all the functional tissues; however, ovary was severely affected than other tissues 

studied, showed the greatest decrease in activity (-89.7%). The one-way ANOVA indicated an 

interaction between diabetes-induced toxicity and cold stress resulting in a significant decrease 

in SOD levels. In general diabetes and cold stress alone also significantly decreased the SOD 

levels in all the functional tissues studied (Fig. 2). 
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Fig. 2- Effect of Tribulus terrestris fruit ethanol extract on SOD antioxidant enzyme activity level in 

reproductive system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to cold stress 

(4±2 °C). Values are mean ±SD of six observations and a,b,c,d….. letters denote significantly different from 

control values by one-way ANOVA(P<0.05). 

There was a marked decrease in CAT activity as a consequence of severe diabetes. Among the 

three organs studied in the female rats, the uterus showed the greatest decrease in the activity 

of CAT (-86.0%) and cold stress treatment at low temperature also significantly decreased CAT 

levels in uterus while the changes were mild in ovarian and oviduct tissues. The one-way 

ANOVA indicated an interaction between diabetes toxicity and cold stress treatment performed 

at low temperature resulting in a significant decrease in CAT levels in all functional tissues 

studied (Fig. 3). 

 

Fig. 3- Effect of Tribulus terrestris fruit ethanol extract on Catalase (Cat) antioxidant enzyme activity level 

in reproductive system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to cold stress 

(4±2 °C). Values are mean ±SD of six observations and a,b,c,d….. letters denote significantly different from 

control values by one-way ANOVA(P<0.05). 

Differential toxic responses were observed with regard to GSH-Px levels upon diabetic and 

cold stress induction and results indicate significant suppression in GSH-Px activity in all the 

functional tissues studied. The one-way ANOVA showed interactive effects of diabetic toxicity 

and cold stress treatment resulting in a significant decrease in GSH-Px activity levels leading 

to decrease of GSH levels. In general, co-exposure of diabetes and cold stress showed 
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adverse effect to higher extent in uterus (-69.5%), ovary (-61.9%) and oviduct (-69.8%) than 

the diabetes and cold stress alone in all the functional tissues studied (Fig. 4). 

 

Fig. 4- Effect of Tribulus terrestris fruit ethanol extract on GSH-Px (GPx) antioxidant enzyme activity 

level in reproductive system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to 

cold stress (4±2 °C). Values are mean ±SD of six observations and a,b,c,d….. letters denote significantly 

different from control values by one-way ANOVA(P<0.05). 

One-way ANOVA indicated significant decrease in GSH levels in all the functional tissues 

studied as a consequence of co-exposure of diabetes and cold stress and among the three tissue 

studied uterus and ovarian tissues were affected to a higher extent (-79.5%) and (- 91.2%) 

respectively. Cold stress significantly increased the GSH levels in the uterus (+24.1%), while 

in general, diabetes decreased the GSH levels in all the functional tissues studied (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

A 

Fig. 5- Effect of Tribulus terrestris fruit ethanol extract on GSH antioxidant enzyme activity level in 

reproductive system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to cold stress 

(4±2 °C). Values are mean ±SD of six observations and a,b,c,d….. letters denote significantly different from 

control values by one-way ANOVA(P<0.05). 

significant (P<0.05) decrease in the GST activity was noticed in all the functional tissues 

studied upon co- exposure to diabetes and cold stress (Fig. 1). In general, uterus and ovary 

tissues were affected to a greater extent (-79.3%) and (-67.2%) respectively than the oviduct 

in diabetic group while cold stress significantly increased the GST activity (+62.5%) in 

oviduct when compared to control (Fig. 6). 
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Fig. 6- Effect of Tribulus terrestris fruit ethanol extract on GST antioxidant enzyme activity level in 

reproductive system (uterus, ovary & oviduct) of STZ induced diabetic female rats exposed to cold stress 

(4±2 °C). Values are mean ±SD of six observations and a,b,c,d….. letters denote significantly different from 

control values by one-way ANOVA(P<0.05). 

Dietary antioxidant supplementation proved to be effective in restoring oxidative damage 

evidenced by diminishing elevated MDA levels and enhancing the inhibited activities of SOD, 

CAT, GSH-Px, GSH and GST expressed in terms of % recovery against the MDA level and 

enzyme activities induced by diabetes and cold stress. In uterus, the minimum ameliorative 

effect of supplementation was observed with TTF extract on the level of LPO (+46.4%) and an 

enzyme activities maximum with CAT (+190.4%) and GST (+121.2%) and followed by SOD 

(+91.3%), GSH-Px (+92.9%) and GSH (+67.2%) in diabetic group. The maximum 

ameliorative effect of supplementation was observed with TTF extract on the level of LPO 

(+84.9%) and an enzyme activities moderate with CAT (+57.0%) and minimum activities with 

SOD (+31.1%), GSH-Px (+21.8%) and GSH (+28.1%) GST (+24.1%) in cold stressed group. 

The minimum ameliorative effect of supplementation was witnessed with TTF extract on the 

level of LPO (+7.0%) and an enzyme activities maximum with SOD (+54.5%) and GSH 

(+27.9%) in co-exposed group. In ovary, the minimum amelioration occurred with the 

supplementation of TTF on the LPO level (+52.0%) and an enzyme activities maximum with 

GST (+138.8%) and GSH (+128.8%) and followed by moderate enzyme activities with SOD 

(+68.7%), CAT (+57.0%) and GSH-Px (+61.9%) in diabetic group. The moderate amelioration 

occurred with the supplementation of TTF on the LPO level (+61.8%) and an enzyme activities 

maximum with GST (+129.1%), GSH-Px (+108.2%) and GSH (+106.2%) and followed by 

minimum enzyme activities with CAT (+37.2%) and SOD (+16.4%) in cold stressed group. 

The moderate amelioration occurred with the supplementation of TTF on the LPO level 

(+38.8%) and an enzyme activities maximum with GSH (+80.0%), SOD (+71.0%), GSH-Px 

(+65.7%) and CAT (+53.8%) and followed by minimum enzyme activity with GST (+18.1%) 

in co-exposed group. In the oviduct, moderate amelioration occurred with TTF on the LPO 

level (+46.2), and maximum enzyme activities on GSH (+400%) and GST level (+386.6%) 

and minimum enzyme activities on SOD (+106.8%), CAT (+50%) and least was found in GSH-

Px (+2.8%) in diabetic group. In the oviduct, the moderate amelioration occurred with TTF on 

the LPO level (+60.6), and maximum enzyme activities on SOD (+86.3%), and minimum 

enzyme activities on CAT (+42.8%), GSH-Px (+10.3%), GSH (+21.4%) and GST 
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level (+23.0%) in cold stressed group. In the oviduct, minimum amelioration occurred with 

TTF on the LPO level (+24.0) and as well as in all the enzyme activities SOD (+22.2%), 

CAT (+21.4%) GSH-Px (+17.5%) GSH (+32.5%) and GST level (+22.2%) in co-exposed 

group. 

Induction of diabetes and cold stress to rats during the experimental period significantly 

decreased serum oestrogen, FSH and LH levels when compared with the normal control group. 

Pre-treatments of diabetes-intoxicated and cold stress induced rats with TTF extract 

significantly (P<0.05) increased serum oestrogen, FSH and LH levels when compared with the 

intoxicated control groups (Table 4). 

Table 4-Effect of Tribulus terrestris fruit ethanol extract (200mg/kg bw/day) on hormone levels in STZ 

induced diabetic female rats exposed to cold stress (4±2˚C). [Values are expressed as mean ± SD (n=6) 

from each group] 

 
Groups 

FSH 

(mIU/ml) 

LH 

(µg/dl) 

Estradiol 

(pg/ml) 

Control 0.47 ± 0.01 0.19 ± 0.02 35.62 ±3.58 

STZ 
0.37±0.03* 0.11±0.01* 17.87±0.56* 

(˗21.2) (˗42.10) (˗49.8) 

STZ + TTF 
0.39±0.11* 0.15±0.02* 24.46±0.61* 

(+86.4) (+36.36) (+36.8) 

Cold stress 
0.40±0.04 0.15±0.01* 29.93±0.42* 

(˗23.4) (˗21.05) (˗15.9) 

Cold stress + TTF 
0.44±0.04 0.17±0.05 32.8±1.38 

(+27.7) (+13.33) (+9.58) 

STZ + Cold stress 0.31±0.03* 0.15±0.03* 15.26±0.08* 
 (+2.1) (˗21.05) (˗57.1) 

STZ + Cold stress + 0.35±0.05* 0.12±0.03* 21.76±0.29* 

TTF (+6.2) (˗20.00) (+3.2) 

STZ= Streptozotocin; TTF= Tribulus terrestris fruit. P<0.05 as compared to * normal control rats. Values in 

the parenthesis indicate the % change & recovery; ‘+’sign indicates increase and ‘˗’indicates decrease over 

the controls. 

DISCUSSION 

Increased glucose-oxidation, non-enzymatic glycation of proteins and their subsequent 

degradation cause unbalanced free-radical generation in diabetes Indeed, hyperglycaemia 

mediated advanced glycation of intracellular antioxidant defence enzymes results in hyper- 

susceptibility to the elevated oxidative stress due to lowered anti-oxidative protection. In the 

present study the elevated glucose level in all the experimental rats was significantly lowered 

upon TTF supplementation and may be through inhibition of α-glucosidase as well as by its 

antidiabetic effects and the results are in accordance with Lamba et al.24. It was also reported 

that saponin has the hypoglycemic effect and the fraction of it inhibited the activity of α- 

glucosidase in small intestines in rats and retarded the increase in postprandial blood glucose 

level in rats37,38. Our results indicated a decrease in body and reproductive organs weight of the 

diabetic and co-exposed rats in comparison to the normal control rats. The decrease in body 

and reproductive organs weight was as a result of loss of tissue proteins and muscle mass in 

diabetes39. It is known that glycosuria causes a significant loss of calories for every gram of 

glucose exerted and most likely, this loss results in severe weight loss in spite of increased 

appetite, particularly when it is coupled with muscle and adipose tissue due to excessive 

breakdown of the protein. In this study, supplementation of TTF extract at a 200mg/kg bw 

dosage level in STZ-induced diabetes intoxicated and co-exposed rats produced a significant 

protective effect against reproductive organs functional tissues toxicity 
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and this effect characterized by increased weights of body and reproductive organs viz., uterus, 

ovary and oviduct, improved follicular quality and quantity. These findings are in accordance 

with those previously reported40,27. TT extract contents such as saponins (disgenin) and sterol 

(ß-siosterol, stigma sterol) which contain phytoestrogen and the metabolites of phytoestrogen 

exert an estrogenic effect on central nervous system which induces estrous and stimulates cell 

division and growth of genital tract of female animals41. On the other hand, in contrast Martino- 

Andrade et al.42, who reported that low dose levels of TT purified extract given to castrated 

female rats for 28 days was unable to stimulate endocrine sensitive tissues such as uterus and 

vagina. 

Elevated systemic glucose level promotes overproduction of superoxide radical (O2•-) 

and H2O2 and ROS are associated as important physiological and pathological mediators in 

many reproductive disorders43-45. ROS is involved in the modulation of an entire spectrum of 

physiological reproductive functions such as oocyte maturation, ovarian steroidogenesis, 

corpus luteal function and luteolysis. Generation of free radicals, LPO and altered antioxidant 

systems are considered to play a vital role in posing toxic effects of diabetes and in addition, 

cold stress activate hypothalamic-pituitary-adrenal axis, subsequently release corticosterone 

from the adrenal cortex into the bloodstream46 that in turn accelerates the generation of free 

radicals. Diabetes pose the threat of hypothermia, because they increase body temperature 

decline that accompanies cold exposure. Increased oxidative stress has also been directly linked 

to oxidation of cellular macromolecules that may called injury to the reproductive organs or 

induce a variety of adverse cellular responses. A high rate of oxygen consumption coupled with 

low potential of reproductive organs to prevent oxidative stress may be the main triggering 

factor for their enhanced release of ROS during diabetic and cold stress exposure. In the 

presence of free radicals, diabetes and cold stress induces reproductive toxicity by biphasic 

action where, it behaves as an oxidant and the other as an inhibitor of antioxidant enzyme 

systems. In the present study, elevated LPO in the uterus, ovary and oviduct samples of STZ 

diabetic and cold stressed alone and co-exposed rats indicated an increase in oxygen free 

radicals in diabetes and cold stress primarily could be due to augmented blood glucose level, 

which upon auto-oxidation generate free radicals and secondarily, the effects of the 

diabetogenic agent, STZ and cold stress. Studies suggest that the tissue content having relatively 

high concentration of easily peroxidizable fatty acids and increased activities of enzymes like 

fatty acyl coenzyme, co-enzyme A oxidise due to hypoinsulinemia initiate the β-oxidation of 

fatty acids resulting in lipid peroxidation. In the present study, the elevated levels of LPO in 

the uterus, ovary and oviduct appear to be due to diabetes and cold stress induced generation 

of free radical oxidative stress that may cause extensive cellular damage unless it is arrested by 

certain protective agents. The present study evidenced the protective actions of TTF against 

diabetes and cold stress induced oxidative stress in functional tissues of reproductive system 

and such protection by TTF methanol extract in diabetic male mice was observed47 and similar 

results were also understood on administration of Simploxa racemosa and triphala in cold 

restraint stressed rats48,49. 

 
The altered balance of the antioxidant enzymes with a decrease in SOD and CAT activities in 

STZ diabetic and cold stressed condition, may be due to increased production of superoxide 

and H2O2 by the auto-oxidation of the glucose and non-enzymatic glycation and this depicts 

the inactivation of the enzymes by superoxide anions. These enzymes are suggested to play 

an important role in maintaining physiological levels of oxygen and H2O2 by accelerating the 
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dismutation of oxygen radicals and by eliminating the organic peroxides and hydro peroxides 

generated from accidental exposure to STZ. 

GSH-Px plays a crucial role in H2O2 catabolism50. Distribution of cells lacking GSH-Px 

coincided with those tissues that found to be more susceptible to oxidative stress. In the present 

study, diabetes and cold stress exposure caused a remarkable decrease in the levels of GSH-Px 

activity in uterus, ovary and oviduct tissues indicating the extent of cellular damage caused by 

oxidative stress and the inability of GSH-Px to check it. These alterations caused could be due 

to their difference in cell types, composition, function and sensitivity. Noticeable increase in 

GSH-Px content in all the functional tissue samples on TTF administration to experimental 

animals may help in protecting the cellular damage against oxidative stress. 

GSH plays an important role in the detoxification and metabolism as a co-factor or as a 

substrate for enzymes and as an antioxidant agent to protecting the tissue for oxidative stress. 

In the present study decreased GSH levels in diabetic and co-exposed rats’ uterus, ovary and 

oviduct may be due to the enhanced GST activity and increased GSH levels in cold stressed 

uterus. Elevated GSH content in uterus, ovary and oviduct samples on TTF administration to 

diabetic, cold stressed and co-exposed animals may help in offering protection to cellular 

proteins against oxidation through glutathione redox cycle and further help in detoxifying ROS 

generated during diabetes and cold stress exposure. 

GST an enzyme involved in the binding, transport and detoxification, and cellular defence. 

Increased free radicals in STZ diabetic and cold stressed rats’ uterus and ovary may have 

enforced GST detoxification thereby increasing its activity to a significant level. The beneficial 

role of TTF, especially a dose of 200mg/kg body weight, helps in ameliorating the oxygen free 

radicals, may have brought the enzyme levels nearly to normal and may help to control free 

radical generation during diabetes and cold stress exposure. The anti-oxidant effect of TTF 

extract was similar to that previously demonstrated51 and the anti-oxidant activity of TTF 

extract was attributed to the presence of active derivatives of 4,5-di-p- coumaroylquinic acid, 

which were isolated from the fruits and proved to exhibit a potent anti- oxidant effect52. 

 
The mechanism(s) underlying the protective effect of TTF against reproductive toxicity induced 

by diabetes and cold stress in rats could be attributed to its potent anti-oxidant property, so 

reducing oxidative stress in the reproductive organs and improving reproductive function by 

increased release of estradiol, FSH and LH serum levels. The results are partially in agreement 

with Adaay MH & Mosa AR27, where an obvious increase was noticed in FSH and LH levels 

but a decrease in estradiol level was detected in normal control mice and Sato et al.53 reported 

that systemic and local IGF-I play a major role in estrogen effect on growth and epithelial 

proliferation of mouse uterus. Dehghan A et al.54, inferred that TT have a luteinizing eff ect 

which may relate to its gonadotropin-like activity and also, it can efficiently resume ovarian 

activity. Moreover, Gauthaman K & Adaikan PG55, reported that protodioscin a steroidal 

saponin upregulate the levels of testosterone and leuteinizing hormone in male rats. The 

present study suggests that the food substances having flavonoids and polyphenolic compounds 

might be effective antioxidants for human health and in prevention of reproductive organs 

against oxidative stress and degeneration. 
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In conclusion, diabetes toxicity and cold stress in the female reproductive organs may result 

in disruption of oxidants and antioxidants balances, which provides a strong coupling of altered 

equilibrium processes and loss of energy capacity to meet an oxidation challenge. Moreover, 

exposure to diabetes and cold stress can increase the effects of oxidative stress. Exogenous 

supplementation of TTF extract has been found to counter free radical generated oxidative 

stress and to facilitate reduction of the toxic effects induced by diabetes and cold stress, there 

by strengthening the cellular antioxidant defense and improved reproductive functioning 

ability. 
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