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Abstract  
Background and Aim: Studies have shown that androgens can be associated with insulin 

resistance. The main purpose of the present study was to examine the possible effects of 

testosterone with involvement of pancreatic ATP-sensitive K+(KATP) channels on insulin 

sensitivity in male rats.  

Methods: The experimental animals were divided into groups of 5 rats based on hormone or drug 

treatment and/or gonadectomy.  Animals of each group were killed 4 weeks after operation and/or 

treatment. Following serum collection, fasting serum glucose and insulin levels were measured 

and serum glucose / insulin ratio was considered as insulin sensitivity index. Statistical 

significance was evaluated by one-way analysis of variance (ANOVA) test. 

Results: Bi-orchidectomy resulted in significant increased glucose/insulin ratio. Testosterone 

replacement (50mg/kg/day) in bi-orcx rats resulted in reducing of glucose/insulin ratio. Co-

administration of diazoxaide (30mg/kg/day) (as KATP channel opener) or verapamil 

(100mg/kg/day) (as KATP channel blocker) with testosterone (10mg/kg/day) in male rats did not 

change glucose/insulin ratio compared to diazoxide or verapamil receiving groups, respectively. 

Conclusion: Our findings show that testosterone increases insulin sensitivity; however, 

testosterone does not contribute in diazoxide or verapamil action on insulin sensitivity in male rats. 
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Introduction  
Sex steroid hormones exert major effects on insulin secretion [1]. The idea of insulin-androgens 

interrelationship primarily was emerged from the report of diabetes of the bearded women. Insulin 

resistance has also been reported to follow administration of anabolic steroids to women [2]. The 

effect of testosterone on insulin sensitivity of muscle in female and male rats has indicated marked 

insulin resistance [3]. Testosterone is an androgen hormone which promotes protein synthesis and 

improves the management of type 2 diabetes in clinical studies [4]. Diazoxide is used as a 

vasodilator in the treatment of acute hypertension or malignant hypertension. Diazoxide also 

inhibits the secretion of insulin by opening ATP-sensitive potassium channel of beta cells of the 

pancreas, thus it is used to counter hypoglycemia in disease states such as insulinoma or congenital 
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hyperinsulinism [5]. Verapamil is a medication used for the treatment of high blood pressure, 

angina and supraventricular tachycardia. Verapamil is also a KATP sensitive potassium channels 

[6]. Most research efforts in this field have been focused on the mechanisms of insulin that produce 

hyperandrogensism and few information is available on the effects of androgens upon the synthesis 

and release of insulin. Conflicting data also have been reported on the effects of sex steroids on 

insulin sensitivity [7]. It is still only minimally understood at present whether sex steroid hormones 

have a direct action on B-cell or whether their effects are mediated by a metabolic second 

messengers. The main aims of this study were to determine, in the adult rat, the effects of 

testosterone and diazoxaide (as KATP channel opener) or verapamil (as KATP channel blocker) with 

testosterone on insulin sensitivity. 

 

Materials and Methods 
Adult Wistar male rats were purchased and raised in our colony from an original stock of Pasteur 

institute (Tehran, Iran). The temperature was at 23±20C and animals kept under a schedule of 12h 

light: 12h dark-ness (light on at: 08: 00 a.m.) with free access to water and standard laboratory 

chow. Care taken to examine the animal for general pathological symptoms. Food was withheld 

for 12-14h before operation or death. Testosterone enanthate, diazoxide and verapamil were 

obtained from Abureyhan chemical. The commercially available solid phase [125I] insulin RIA 

kit (DSLab inc., Webster) was used for insulin assay and glucose oxidase kit (Enz. Col. God. PAP., 

Cat no.10-505, Biochemical) also was used for serum glucose measurement. 

 The experimental animals were divided into groups of 5 rats based on hormone or drug treatment 

and/or gonadectomy. Animals of each group were killed 4 weeks after operation and/or treatment. 

Following serum collection, fasting serum glucose and insulin levels were measured and serum 

glucose/insulin ratio was considered as insulin sensitivity index. Injection of the testosterone or 

vehicle (olive oil) was initiated on the third day after surgery and continued at daily intervals. 

Testosterone was injected intraperitoneally. Diazoxide was administered in drinking water (1 

mg/ml). Stock solution of diazoxide was freshly prepared each day in 0.1m NaOH and water. 

Verapamil also was administered in drinking water (1mg/ml) and solution was prepared each day 

to ensure freshness. 

Gonadectomy was performed according to the procedures described by Waynforth. Briefly, rats 

were anesthetized using ketamine hydrochloride (100 -120mg/kg) and xylazine hydrochloride 

(24mg/kg) intramuscularly. For orchiectomy, the scrotal sac was cleaned with alcohol and a small 

incision of approximately 2cm was made midsagitally at the scrotal septum. The spermatic cord 

was dissected, tied and cut. The testes were carefully removed from the scrotal sac. The incision 

was sutured. In sham operations, the incisions were immediately sutured and the gonadal system 

was not manipulated.  

Blood samples were collected in appropriate tubes by cardiac puncture technique 24h after the last 

treatment. After collection, the blood samples left to clot at room temperature for 15 minutes and 

then centrifuged at 2500 r.p.m. for 15 minutes. The serum layer was then separated and aliquoted 

into small test tubes and stored at -200C until insulin determination. Blood glucose levels were 

measured immediately after preparing serum samples by the glucose oxidase method. Serum 

insulin concentration was measured by radio immunoassay with a commercially available kit. 

All values are presented as mean + S.E.M. Statistical significance was evaluated by one-way 
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analysis of variance (ANOVA) test. Significance was measured using Fishers least significant for 

the exact P values and significant differences are noted in the results.  

 

Results 
Glucose/insulin ratio significantly decreased in uni-orcx but increased in bi-orcx rats. Replacement 

of testosterone (50 mg/kg/day) in bi-orcx rats could reduce the enhanced glucose/insulin ratio. 

Glucose/insulin ratio decreased in testosterone (T) and verapamil (V) treated but increased in 

diazoxide (D) treated rats. It also increased in “D+T” treated rats; however, there was no significant 

difference between glucose/insulin ratio of “D+T” and D treated groups. In “V+T” treated rats, 

glucose/insulin ratio decreased compared with control rats. Glucose/insulin ratio did not 

significantly change in “V+T” treated compared with V treated rats (Figure1). 

 

 Fig 1. Glucose/insulin ratio (insulin sensitivity index) in control (Co), uni-orchidectomised (Uni-orcx), bi-

orchidectomised (Bi-orcx), testosterone treated bi-orcx (Bi-orcx+T), testosterone (T), diazoxide (D), verapamil (V), 

“testosterone + diazoxide” (T+D) and “testosterone + verapamil” (T+V) treated male rats. * Shows significant 

difference compared to control group. 

  

Discussion 
In our study, we reported that low testosterone increases glucose/insulin ratio; i.e., enhances insulin 

resistance, however, testosterone treatment decreases glucose/insulin ratio; i.e., increases insulin 

sensitivity. In accordance with our finding there are studies showing that androgens reduce insulin 

resistance.Sex differences and the role of gonadal hormones in modulating insulin sensitivity and 

glucose tolerance are of increasing interest and importance because of the increasing prevalence 

of type 2 diabetes mellitus and the metabolic abnormalities associated with aging [8]. Insulin 

resistance, a common feature of metabolic disorders such as obesity, nonalcoholic fatty liver 

disease, metabolic syndrome, and polycystic ovary syndrome, is a risk factor for development of 

diabetes [9]. Testosterone plays a key role in the regulation of glucose and lipid metabolism in 

men  and women although in different manners [10]. In line with our findings the research data 

shows that castration-induced testosterone deficiency primarily increases fasting blood glucose 

levels. The clamp experiments revealed a clear insulin resistance both at the hepatic and extra-

hepatic levels [11]. In addition, low testosterone levels are a common finding among men with 

Type 2 Diabetes Mellitus and are inversely related to insulin resistance [12]. Recent studies also 
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have shown that experimental hypogonadism results in an unfavorable lipid profile and insulin 

resistance, which is not observed when the orchidectomised animals are substituted for 

testosterone [13]. 

We have also shown that diazoxide treatment led to enhanced glucose to insulin ratio and 

verapamil treatment resulted in decreased glucose to insulin ratio. The supressing effects of 

diazoxide on insulin secretion has been reported in previous studies [14]. Past studies also have 

reported that verapamil treatment increases glucose level [15]. On the other hand, according to our 

findings it seems that testosterone did not contribute in diazoxide or verapamil action on insulin 

sensitivity in male rats. 

Conclusion 
Our findings show that testosterone increases insulin sensitivity; however, testosterone does not 

contribute in diazoxaide (as KATP channel opener) or verapamil (as KATP channel blocker) on 

insulin sensitivity in male rats.  
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