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INTRODUCTION

Type-2 diabetes (T2D), the most common type, is a 

chronic disease characterized by high blood sugar. 

Steroidogenic and spermatogenic dysfunctions are 

complications of T2D in men. Some researchers sug-

gest that the use of anti-diabetic drugs has a restor-

ative effect on them (1,2). Tian et al. suggested that re-

active oxygen species and autophagy act a part in the 

pathophysiology of diabetes-induced male infertility 

(3). Consistent with the studies by Tian et al. (3), Ranjan 

et al. showed that T2D causes testicular dysfunction in 

mice (4).

The cannabis plant has been used for thousands of 

years as a medicinal agent and contains approximately 

540 natural compounds. One of the most potent bioac-

tive components of cannabis is delta-9-tetrahydrocan-

nabinol (THC) (5). Vella et al. reported that THC could 

lead to the prevention of cardiovascular dysfunction by 

reducing blood glucose concentrations and oxidative 

stress in streptozotocin (STZ)-diabetic Wistar-Kyoto rats 

given THC (6). In the previous study, THC ameliorated 

hyperlipidemia and hyperglycemia in type-2 diabetic 

rats (7). In a study administered THC to multiple low-

dose STZ-induced autoimmune diabetic animals, re-

searchers suggested that multiple low dose STZ could 
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ABSTRACT

Objective: Type-2 diabetes (T2D) is a multifactorial disease that occurs as a result of impaired insulin secretion and increased 

glucose. Researchers emphasize that oxidative stress prevention and improvement strategies are important in the general 

treatment of T2D. It is reported that delta-9-tetrahydrocannabinol (THC), a component of the cannabis plant, has positive 

effects against oxidative stress and inflammation. Therefore, this study explored the inhibitory effects of THC on oxidative 

damage of testis in type-2 diabetic rats. 

Materials and Methods: Adult Spraque-Dawley rats were separated into 4 groups. In the control group, physiological saline 

was given intraperitoneally. In the T2D model group (T2DM), streptozotocin (STZ) + nicotinamide (NAD) was administered 

intraperitoneally. Three mg/kg/day THC was given to the THC and T2DM+THC groups for 7 days, intraperitoneally. Glutathione 

(GSH), malondialdehyde (MDA), and protein carbonyl levels (PCO), and superoxide dismutase (SOD) activity were measured 

spectrophotometrically in testicular tissue. Total oxidant and antioxidant status were determined by ELISA. 

Results: Testicular GSH level and SOD activity were significantly decreased in T2D, while MDA and PCO levels increased. In 

contrast to this effect, the THC treatment increased GSH levels and SOD activity in diabetics, but decreased MDA and PCO 

levels.

Conclusion: According to the study results, THC may have an oxidative stress inhibitory effect on diabetic rat testis.
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cause beta-cell damage, but the administration of THC had the 

ability to reduce the severity of the autoimmune response (8). 

Cantele et al. (9) suggested that Cannabis sativa L. may be used 

as a source of natural antioxidant. In addition, an in vitro study 

by Raja et al. (10), showed that THC has a high potential to com-

bat oxidative stress, while no appreciable antioxidant activity 

of cannabidiol (CBD) was detected. Thus, researchers reported 

that cannabis extracts exhibited significant antioxidant activity 

depending on their THC and CBD ratios. Unfortunately, there is 

no information about the effect of THC on type-2 diabetic rat 

testis. Therefore, this study examined the effect of THC on oxi-

dative damage in the testis of rats with T2D.

MATERIALS AND METHODS

Experimental Procedures

Experiments were performed on 8-10 week old male 

Sprague-Dawley rats (n = 24, average weight 214 g). All exper-

imental procedures were performed using approved methods 

according to the standards of the Istanbul University Animal 

Research Local Ethics Committee (approval number: 103). All 

animals were fed and drank water ad libitum and were housed 

at standard status (12 h light-dark cycle). Twenty-four male rats 

were randomly selected and assigned to one of the four groups: 

control, T2D model (T2DM), THC, and T2DM+THC. Saline was in-

traperitoneally injected into the control group. A single dose of 

85 mg/kg nicotinamide (NAD; Sigma-Aldrich) and 15 minutes 

later 65 mg/kg STZ (Sigma-Aldrich) were injected intraperi-

toneally into the T2DM group (11). Blood glucose levels were 

determined 72 h after STZ+NAD injections, and animals with 

a blood glucose concentration ≥ 200 mg/dL were considered 

type 2 diabetic.

THC (3 mg/kg/day; Lipomed) was administered to the THC 

group and the T2DM+THC group for 7 days, intraperitoneally. 

Testicular tissue samples were taken from rats under anesthesia 

15 days after THC injection. The tissue samples were fixed with 

nitrogen (-196°C), and then kept at -86°C. 

Biochemical Analysis

Tissue homogenates (10% w/v) were obtained from frozen 

testicular tissue samples in ice-cold saline. The specimens 

were centrifuged at 5.000 x g for ten minutes, and superna-

tants were obtained and used directly to measure biochem-

ical parameters. Glutathione (GSH), malondialdehyde (MDA), 

and protein carbonyl levels (PCO), and superoxide dismutase 

(SOD) activity were assessed using the Beutler, Buege and 

Aust, Reznick and Packer, and Sun et al. methods, respectively 

(12-15).

The GSH level was detected by following the rate of decline 

of 5.5’-dithiobis-2-nitrobenzoic acid (DTNB). Shortly, precipi-

tating solution (Na2EDTA, glacial metaphosphoric acid, NaCl) 

were added to testis tissue samples and mixed. The reaction 

mixture was incubated. And then samples were centrifuged. 

Phosphate and DTNB solutions were added to the superna-

tant. The difference in absorbance was read at 412 nm. The 

GSH concentration in samples was calculated from a standard 

curve. The GSH concentration in testis tissue was expressed in 

nmol/mg of protein.

MDA levels were analyzed by a thiobarbituric acid reacting sub-

stances assay. Two-hundered fifty μL of testis tissue sample was 

added and then mixed with 1mL of 30% trichloroacetic acid, 

0.2mL of 5M HCl, and 1.5mL of 0.75% thiobarbituric acid. The 

specimens were incubated at 100°C for 20 minutes. Following 

the incubation period, the specimens were centrifuged for 10 

min, and samples read at 532 nm, spectrophotometrically. 

PCO reacts with 2, 4-dinitrophenyl-hydrazine (DNPH) to gener-

ate chromophoric dinitrophenylhydrazones (1:4, tissue: DNPH). 

DNPH was dissolved in hydrochloric acid. After the DNPH reac-

tion, proteins were precipitated with an equal volume of 20% 

(w/v) trichloroacetic acid. Then, obtained pellets were washed 

with an ethanol/ethyl acetate mixture. Lastly, the PCO precipi-

tates were dissolved in guanidine-HCl solution. The absorbance 

values were recorded at 360 nm. The PCO concentration was 

counted using the molar extinction coefficient of DNPH (ε= 

22.000M-1 cm-1).

The method of SOD enzyme activity involves the inhibition of 

nitroblue tetrazolium (Sigma-Aldrich) reduction with xanthine/

xanthine oxidase (Sigma-Aldrich). The SOD activity was detect-

ed by colorimetric evaluation of soluble formazan dye forma-

tion at 560 nm. One unit of SOD is described as the amount 

causing 50% inhibition in the nitroblue tetrazolium reduction 

rate. The SOD enzyme activity was presented as U/mg protein 

in the testis. 

Total protein levels were detected using the Bradford assay 

method in which 40 µL of testis tissue specimens was added 

to 2 mL of Bradford reagent. At the end of the incubation pe-

riod, the absorbance was read at 595 nm (16). A bovine serum 

albumin standard was used for calculation, and results were 

presented as mg protein/mL.

Analysis of Total Antioxidant and Oxidant Statutes 

Total antioxidant status and total oxidant status were detected 

using commercial kits (Rel Assay). Measurements were made 

according to the kit procedure. The oxidative stress index was 

checked out according to the following formula. 

Statistics

Data was declared as the mean±standard error of the mean 

(SEM). The non-parametric Kruskal-Wallis and Mann-Whitney 

tests were benefited because the data failed to passa normality 

test. The differences were considered as significant at a  P-val-

ue<0.05 (Prism 5, GraphPad Software).

RESULTS

In this study, there were significant differences in GSH, MDA, 

and PCO levels, and SOD activity among all groups (p<0.05, 

p<0.01, p<0.01 and p<0.05, respectively) (Figures 1-4). The 
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GSH level in the testis tissue decreased in the T2DM group as 

compared to the control rats (p<0.01). THC administration sig-

nificantly increased testis GSH level in the T2DM+THC group as 

compared to the T2DM group (p<0.01). MDA, a lipid peroxida-

tion marker, increased in T2DM rats when compared with con-

trol animals (p<0.01). However, the increase in testis MDA level 

of the T2DM group decreased significantly with THC treatment 

(p<0.01). Interestingly, when compared to control and THC 

groups, the lowest MDA level was detected in the T2DM+THC 

group (p<0.05 and p<0.01, respectively). Similar to MDA level, 

type-2 diabetes significantly raised the PCO level when com-

pared to control rats (p<0.01). Also, the testis PCO levels showed 

a significant decrease in the T2DM+THC group as compared to 

T2DM rats (p<0.01). Testis SOD activity decreased in T2DM ani-

mals when compared with the control group (p<0.05). However, 

THC treatment significantly increased SOD activity in the T2D-

M+THC group when compared with the T2DM group (p<0.01).

Compared to the control animals, the total antioxidant status 

value showed an insignificant decrease in the diabetes group, 

while the total oxidant status value showed an insignificant in-

crease. However, when the THC treatment was applied to the 

type-2 diabetes group it brought the total antioxidant and ox-

Figure 1. Changes in glutathione levels in testis tissue. T2DM, 

type-2 diabetes model; THC, delta-9-tetrahydrocannabinol. 

Values are shown as means±SEM. ap<0.01 vs Control group, 
bp<0.05 vs Control group, cp<0.01 vs T2DM group.

Figure 2. Testicular malondialdehyde levels. T2DM, type-2 

diabetes model; THC, delta-9-tetrahydrocannabinol. Values are 

shown as means±SEM. ap<0.01 vs Control group, bp<0.05 vs 

Control group, cp<0.01 vs T2DM group, dp<0.01 vs THC group.

Figure 3. Protein carbonyl levels in testis tissue of rats. T2DM, 

type-2 diabetes model; THC, delta-9-tetrahydrocannabinol. 

Values are shown as means±SEM. ap<0.01 vs Control group, 
bp<0.05 vs T2DM group, cp<0.01 vs T2DM group.

Figure 4. Measurement of superoxide dismutase enzyme 

activities in testis tissue. T2DM, type-2 diabetes model; THC, 

delta-9-tetrahydrocannabinol. Values are shown as means±SEM  
ap<0.05 vs Control group, bp<0.01 vs T2DM group.
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idant status values closer to the control group. Similar to the 

total oxidant status results, the oxidative stress index value was 

insignificantly increased in T2DM groups as compared with the 

control group. In addition, the oxidative stress index value was 

lower in the T2DM+THC group than in the T2DM group (Table 1).

DISCUSSION

This study examined the effects of THC on STZ+NAD-induced 

diabetic rat testis. The STZ+NAD model of type 2 diabetes was 

used to create and exhibit symptoms similar to human non-in-

sulin-dependent diabetes mellitus  (NIDDM) (11). Numerous 

studies have shown that the diabetic rat model is useful in stud-

ies of different aspects of diabetes (17,18).

Oxidative stress has been recognized as a serious marker for 

the pathogenesis, and development of type-2 diabetes (19). It 

has been suggested that hyperglycemia may contribute to in-

creased reactive oxygen species formation and that increased 

oxidative stress may cause impaired insulin secretion. It has also 

been emphasized that the inhibition of excessive reactive oxy-

gen species production is very important for delaying the onset 

of diabetes (20). Studies showed that diabetes causes oxidative 

damage in rat testis. The oxidative damage in diabetic animals 

was confirmed by elevations in MDA level and diminishment in 

GSH level (21-23). Thyagaraju and Muralidhara suggested that 

PCO levels were higher in diabetic testis and liver tissues than 

non-diabetics (23). However, testicular SOD activity showed a 

decrease in diabetic rats (24). A part of a nonenzymatic antiox-

idant defense system, GSH, protects macromolecules from ox-

idative damage. In a study by Abdullah et al., it was reported 

that GSH improves diabetes-induced degraded testicular mor-

phology and sperm quality, thanks to its antioxidant properties 

(25). Choubey et al. reported that adiponectin reduced oxida-

tive stress and had a protective role against testicular dysfunc-

tion in their study in high-fat diet+STZ-induced type-2 diabetic 

mice (26). In the same research, it stated that the treatment ap-

plied to mice decreased the increased lipid peroxidation caused 

by diabetes and elevated SOD activity. In the current study, T2D 

decreased GSH levels in testis tissue. MDA, a lipid peroxidation 

marker, showed an increase in T2DM rats, unlike GSH levels. 

Similar to MDA level, T2D raised the PCO level in testis tissue of 

rats. The testis SOD activity decreased in T2DM animals similar 

to GSH level. 

There are other studies which report that THC has antioxidant 

effects on various tissues (27,28). Also, Vella et al. suggested that 

the administration of THC may lead to improvements in cardio-

vascular dysfunction by providing antihyperglycemic and anti-

oxidant effects in diabetic animals (6). It also showed that THC 

decreased serum MDA levels in diabetic animals. It has been 

suggested that consumption of white tea prevents testicular 

oxidative damage by reducing carbonyl groups and lipid per-

oxidation and increasing the total GSH level in prediabetic rats, 

thus it was emphasized that sperm quality can be restored (29). 

Similar to the aforementioned studies, THC administration in-

creased testis GSH level and SOD activity in the diabetic group. 

The increase in testis MDA and PCO levels of the T2DM group 

decreased with THC treatment. On the contrary, Mandal and 

Das (30) reported in their study on healthy mice that THC dam-

aged testicular tissues. It has even been shown that this detri-

mental effect is more pronounced at low doses than at higher 

doses. Further, the researchers observed a healing effect and 

repair in mouse testicles treated with THC treatment at high 

doses and withdrawal of drug treatments. They suggested that 

this might be due to the antioxidant defense system. Similarly, 

this study observed the effects of THC on testis 15 days after 

THC treatment was terminated. It showed that THC treatment 

administered to healthy individuals was not as effective as that 

administered to diabetic rats. It could be because the extra syn-

thesis of the endogenous antioxidant defense system as a pro-

tective defense function of THC in reducing the high oxidative 

stress caused by diabetes.

Researchers investigated the antioxidant mechanisms of THC 

and CBD and reported that both molecules have antioxidant 

properties. However, they emphasized that the antioxidant po-

tential of THC is higher than that of CBD (31). While the total 

antioxidant status value showed a decrease in diabetic rats, the 

total oxidant status value increased. Although the values were 

not significant, THC treatment reversed this situation. This may 

be because THC acts differently in healthy and diabetic individ-

Table 1. Measurements of total antioxidant and oxidant statutes, and oxidative stress index in testis.

Total Antioxidant Status*

(mmol Trolox Equiv. /L)

Total Oxidant Status*

(µmol H202 Equiv. / L)
Oxidative Stress Index*

Control 0.40±0.10 14.68±4.18 26388±12090

T2DM 0.11±0.04 28.46±4.52 57909±21913

THC 0.20±0.07 14.69±4.49 16304±5713

T2DM+ THC 0.45±0.12 14.23±5.20 15777±9635

p value NS NS NS

*Data are shown as the mean±SEM. T2DM, type-2 diabetes model; THC, delta-9-tetrahydrocannabinol, NS, non-significant.
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uals. Thus, the total antioxidant and oxidant status, and oxida-

tive stress index values could only approach the values of the 

control group. THC may be used as supportive therapy for T2D 

and its symptoms, especially due to its antioxidative features.

CONCLUSION

As mentioned above, T2D leads to an increase in oxidative stress 

markers in testicular tissue. However, T2D causes a reduction in 

the molecules involved in an antioxidant defense system. This 

study concludes that the oxidative stress and antioxidant de-

fense markers in testicular tissue move towards healthier levels 

by administering THC to rats with T2D.
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