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Abstract  

Background:  Male hypogonadism is characterized by  
androgen deficiency in the body. Several studies have shown  

that testosterone deficiency is inducing a metabolic syndrome  

and insulin resistance. Although of the unwanted effects of  

exogenous testosterone replacement therapy, it is the main  
treatment of male hypogonadism. One of the safe treatment  

options is Dehydroepiandrosterone (DHEA) replacement  

therapy which is the precursor of testosterone. Up to date and  

to the best of our knowledge, no one investigates the effect  

of DHEA on glucose-6-phosphatase enzyme in a rat model  
of male hypogonadism and its impact on the metabolic dys-
function.  

Aim of Study:  The aim of the research is to investigate  
the possible protective effect of DHEA on hepatic and meta-
bolic dysfunction in a rate model of male hypogonadism  
through examining its effect on glucose-6-phosphatase enzyme.  
Moreover, it studies the possible therapeutic effects of the  

male androgen (DHEA) on the hepatic steatosis and insulin  

resistance triggered by testosterone deficiency.  

Material and Methods: Thirty-two Wistar Kyoto rats were  
divided into 4 groups as follows (I) Untreated controls, (II)  
Untreated orchidectomized, (III) Control, treated with DHEA  

and (IV) Orchidectomized, treated with DHEA. Treatment  

was carried three times per week for 12 weeks. Cobas c111,  

Roche diagnostic, USA machine was used to measure the  

level of the glucose, liver enzymes and lipid profile. Enzyme-
Linked Immunosorbent Assay (ELISA) was used to measure  

the plasma level of testosterone hormone, insulin and glucose-
6-phosphatase enzyme.  

Results:  As expected, the plasma testosterone decreased  

significantly in ORCH rats, with significant increase in glucose,  

lipid profile as well as significant decrease in insulin as  
compared to control rats. Moreover, our data revealed insig-
nificant increases in plasma testosterone in ORCH + DHEA  

with significant increase in ORCH + DHEA compared to  

control + DHEA. DHEA did not significantly affect G-6-Pase  
enzyme. Also, ORCH shows significant increase in triglyceride  

and cholesterol as well as the ORCH + DHEA.  

Correspondence to:  Dr. Ahmed Shata,  
E-Mail: ahmedmhes@mans.edu.eg  

Conclusion: Testosterone deficiency and DHEA replace-
ment therapy have no effects on glucose 6-phosphatase enzyme.  

Male hypogonadism is a risk factor for metabolic syndrome  

and NAFLD that could not be treated effectively with DHEA.  
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Introduction  

A COMBINATION  of physical inactivity and  
unhealthy diet intake are characteristic of our  
modern lifestyle. The positive energy balance is a  
major cause for obesity and eventually result in  
development of insulin resistance and the metabolic  

syndrome. As the key metabolic organ, the liver  

develops obesity-related complications [1,2] .  
NAFLD has a wide spectrum of fatty liver changes  

ranging from hepatic steatosis to Non-Alcoholic  
Steatohepatitis (NASH), which can complicated  

by fibrosis, cirrhosis, liver failure, and even hepa-
tocellular carcinoma [3,4] . NAFLD markedly in-
crease among different population but its patho-
genesis still poorly understood. NASH, is 6 times  

more prevalent in both obesity and the metabolic  

syndrome and also, in Insulin Resistance (IR) as  

evidenced by autopsy data [5,6] .  

Male hypogonadism associated with decreased  

serum testosterone level has a high frequency in  

men with diabetes mellitus and metabolic syndrome  

[7] . Furthermore, decreased serum androgens main-
ly testosterone is linked with insulin insenstivity,  

central obesity, increased LDL-cholesterol, hyper-
tension, hypercoagulability, hypofibrinolysis, de-
creased cardiac performance and ischemic heart  

disease [8] . About 50% of men with T2DM have  
testicular failure [7] . Previous studies showed there  
is a great association between male hypogonadism  

and metabolic syndrome [9-11] .  

The connection between male hypogonadism  

and metabolic syndrome is uncertain with obesity- 
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induced androgen deficiency. The relation between  
them appeared to bidirectional as discussed by  
Laaksonen et al., 2005 [12] , metabolic syndrome  
and insulin resistance contribute in the pathogenesis  
of male hypogonadism. On the other hand, male  
hypogonadism is common in male patient with  
type 2 DM and metabolic syndrome.  

Testosterone is metabolized by the enzymatic  

reaction that catalyzed by aromatase in adipose  

tissue to 17b oestradiol (E2). Decrease of testoster-
one levels enhance adipocyte quantity and fat  

accumulation, which gradually leads to more in-
hibitory effect on testosterone levels. Additionally,  

aromatization of testosterone either in peripheral  
adipose tissue or centrally to E2, play a major role  
in induction of negative feedback of testosterone  
on the hypothalamo-pituitary axis [13] .  

Thus, in overweight and obese men, increased  
and upregulated aromatase activity in fat cells is  

associated with decreased testosterone secretion  

secondary to pituitary dysfunction due to suppres-
sion of gonadotrophin-mediated testosterone secre-
tion that further leading to progressive hypogonad-
ism. Another explanation of hypogonadism in  

insulin resistance is the role of the adipocytokines  

as IL-6, TNF-alpha and leptin. Circulating adipocy-
tokines inhibits the hypothalamic-pituitary testicular  
axis [14] . Furthermore, leptin inhibits the Leydig  

cells of the testis to reduce testosterone synthesis  

[15] . Furthermore there are contributory effects of  

increasing insulin resistance on decrease of Leydig  

cell testosterone secretion in men [16] .  

DHEA and DHEAS are pre-hormones. DHEAS  

is hydrophilic and constitutes a circulating stock.  

In peripheral tissues, only lipophilic DHEA can  

be converted to other androgens and estrogens [17] .  
At a tissue level and according to its local needs,  
steroid production permits an auto-regulation of  
the local hormonal environment, with less systemic  

effects [18] . This phenomenon is called intracrinol-
ogy. In the ladies before menopause, majority of  
estrogens and most androgens are derived from  
DHEA through intracrine mechanisms, however,  

at a tissue level, all androgens and estrogens are  

synthesized in post-menopausal period. On the  
contrary, testes secrete androgens throughout life  

and local hormone production is still present but  
is more difficult to be assessed [17,19] .  

The effects of DHEA are regulated by down-
stream metabolism of DHEA to sex steroids. Insulin  

resistance and abdominal obesity are common in  
polycystic ovary syndrome due to elevated circu-
lating androgen levels. On the contrary, multiple  

researches have elucidated that DHEA effectively  

affect whole body composition and several meta-
bolic parameters in murine studies that are attrib-
utable to its direct impact on adipocyte biology,  
beside other metabolic tissues such as muscle and  
liver. So, in our current study, we aim to investigate  

the possible protective effect of DHEA on hepatic  
and metabolic dysfunction in a rat model of male  
hypogonadism and study the possible therapeutic  
effects of the male androgen (DHEA) on the hepatic  

steatosis and insulin resistance.  

Material and Methods  

For this experimental animal study, the ethical  

approval was granted by the Ethical Committee of  
the College of Medicine and Health Sciences of  

Sultan Qaboos University (SQU) with the number  
SQU/AEC/2017/18/01 and according to the guide  

of laboratory animals prepared by Mansoura Med-
ical Research Ethics Committee, Egypt.  

Animals:  

Thirty-two Wistar Kyoto rats were used in the  
present study and their ages were between (12-14  

weeks) and weighed between 200-300gm. All rats  
were provided from the small animal house in SQU  
where they were kept under controlled conditions.  

The study was performed in Physiology Department  
2017 at College of Medicine and Health sciences,  

Sultan Qaboos University.  

Experimental design:  
The rats were divided into 4 equal groups as  

follows:  
• Group I/Control Group (CON):  Included 8 normal  

male Wistar Kyoto rats, and served as a control.  

• Group II/Orchiectomized Group (ORCH):  Includ-
ed 8 normal male Wistar Kyoto rats, undergone  
bilateral orchidectomy.  

• Group III (CON + DHEA): Included 8 normal  
male Wistar Kyoto rats, treated orally with DHEA  

(30mg/kg) three times weekly for 12 weeks.  

• Group IV (OR CH + DHEA):  Included 8 normal  
male Wistar Kyoto rats, undergone bilateral or-
chidectomy, then treated orally with DHEA  

(30mg/kg) three times weekly for 12 weeks.  

The procedure of orchidectomy:  

Orchidectomy was done according to [20] . An-
esthesia was prepared by mixing xylazine (9.1  
ml/kg) with ketamine (91ml/kg) in a dose of  
10ml:1ml respectively. The weight of each rat was  

taken and registered. Rats undergoing surgery were  

injected with anesthetics intraperitoneally in a dose  
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of 0.1ml of anesthesia for every 100gm of the rat.  

After the rat is completely anesthetized it was fixed  

to the operating board on its back. Midline scrotal  

incision was performed. The parietal tunica was  

cut, and vaginal tunica cutting was avoided because  

it is intimately connected to the testis. Firm tug on  

the scrotal area was done until the testis comes out  
and ductus deferens, main arteries and veins were  

isolated, ligated and severed. The testes were  

ligated and cut and the testicular artery was ligated  

by sterile silk sutures. Finally, the incision was  

closed, sutured and swabbed with iodine. Each rat  
was put in a separate cage and had unrestricted  
access to water and food.  

Pharmacological treatment:  

DHEA was purchased from SIGMA and was  
used to treat the rats. 0. 1mg of DHEA was dissolved  

in 10ml of distilled water to prepare the solution.  
30mg of the solution was given by gastric gavage  
to every kg of the rat 3 times weekly for 12 weeks.  

Biochemical measurements:  
Blood samples:  

After 12 weeks of treatment blood samples  

were taken under anesthesia by cardiac puncture.  

About 2ml of blood was taken from each rat and  

is collected in test tube without anticoagulant and  

is preserved in ice till it was transported the Bio-
chemistry Teaching Lab at Sultan Qaboos Univer-
sity College of Medicine and Health Science.  

Serum was separated by the centrifugation for  

30min at 4000rpm. Using the pipette, the serum  
of each rat was put in a cuvette and was stored at  

–20ºC in the physiology department's freezer.  

Analyzer used was Cobas c1 11, Roche diagnos-
tic, USA machine was used to measure the level  
of the Glucose, liver enzymes (ALP, AST and ALT)  

and lipid profile (Triglycerides, Cholesterol and  
HDL cholesterol) in the biochemistry teaching lab  

at Sultan Qaboos University's College of Medicine  

and Health Sciences. All the steps of calibration  

and quality control materials were taken according  
to the manufacturer's instructions.  

Enzyme-Linked Immunosorbent Assay (ELISA)  
was used to measure the plasma level of testoster-
one hormone, insulin and glucose-6-phosphatase  
enzyme. All the steps of kit catalog were followed:  

• Testosterone hormone kit catalog number:  
ab108666 (Cusabio).  

• Insulin kit catalog number: #90060(Crystal chem-
istry).  

• Glucose-6-phosphatase enzyme kit catalog  

number: CSB-EL009118RA (abcam).  

Data analysis:  

The data was analyzed using descriptive anal-
ysis of simple bar charts by prism software. The  

Tukey's multiple comparison test was used to check  

for a significant statistical association between two  

variables. A p-value <0.05 shows that there is a  
statistically significant association between two  
variables.  

Results  

Effects of DHEA on plasma testosterone level  

in normal and orchidectomized rats:  

Fig. (1) exhibit that there is a significant de-
crease (p<0.05) in plasma level of testosterone in  
orchidectomized rats compared to the control rats.  

Control rats treated with DHEA shows insignificant  

changes (p>0.05) in plasma level of testosterone  

when compared to control rats. While their plasma  
level of testosterone was significantly (p<0.05)  
higher than orchidectomized rats. In orchiectomized  
rats treated with DHEA, plasma testosterone level  

was significantly (p<0.05) decreased as compared  
to CON and CON + DHEA, while it was insignif-
icantly (p>0.05) increased versus ORCH group.  

Effects of DHEA treatment on plasma level of  

Glucose in normal and orchidectomized rats:  
Fig. (2) shows there is significant (p<0.05)  

increase in plasma level of glucose in orchidect-
omized rats, control rats treated with DHEA and  

orchidectomized rats treated with DHEA as com-
pared to the control rats. Glucose was not signifi-
cantly changed between the ORCH, CON + DHEA  

as well as ORCH + DHEA.  

Effects of DHEA on plasma Insulin level in  

normal and orchidectomized rats:  
Fig. (3) shows that the plasma level of Insulin  

in orchidectomized rats and control rats treated  

with DHEA was significantly (p<0.05) decreased  
compared to the control rats. Orchidectomized rats  

treated with DHEA shows significant (p<0.05)  
elevation in the plasma level of insulin as compared  

to the control rats treated with DHEA.  

Effects of DHEA treatment on plasma level of  

glucose-6 -phosphatase in normal and orchidect-
omized rats:  

Fig. (4) shows there is insignificant (p>0.05)  
increase in plasma level of glucose-6-phosphatase  

in orchidectomized rats compared with the control  

rats. The plasma level of glucose-6-phosphatase  

was insignificantly changed in orchidectomized  
rats treated with DHEA as compared with the  

control rats treated with DHEA.  
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Effects of DHEA on plasma level of lipid profile  

in normal and orchidectomized rats:  
Fig. (5A) shows there is a significant (p<0.05)  

rise in plasma triglyceride (mmol/L) in orchidect-
omized rats and orchidectomized rats treated with  

DHEA as compared with the control rats. The  

plasma level of triglycerides of control rats treated  

with DHEA was significantly (p<0.05) increase in  
comparison with orchidectomized rats.  

Moreover, the cholesterol Fig. (5B) shows there  
is a significant (p<0.05) elevation in plasma cho-
lesterol (mmol/L) in orchidectomized rats and  
orchidectomized rats treated with DHEA as com-
pared to the control rats. Also the plasma level of  

cholesterol of orchidectomized rats treated with  

DHEA was significantly (p<0.05) increased in  
comparison to the control rats treated with DHEA.  

Effects of DHEA on plasma liver enzymes levels  

in normal and orchiectomized rats:  
Fig. (6) shows there are some insignificant (p  

<0.05) changes in the liver enzymes (AST, ALP  
and ALT) between the different groups.  
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Fig. (1): Effects of DHEA on plasma testosterone level in  

normal and orchiectomized rats.  

a: Significance relation vs control group.  
b: Significance relation vs ORCH group.  
c: Significance relation vs CON + DHEA group.  
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Fig. (2): Effects of DHEA on plasma Glucose level in normal  

and orchiectomized rats.  
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Fig. (3): Effects of DHEA on plasma insulin level in normal  
and orchidectomized rats.  

Fig. (4): Effects of DHEA on plasma level of glucose-6- 
phosphatase enzyme in normal and orchidectomized  
rats.  
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Fig. (5A): Effects of DHEA on plasma triglyceride level  

(mmol/L) in normal and orchiectomized rats.  
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Fig. (5B): Effects of DHEA on plasma cholesterol level  

(mmol/L) in normal and orchiectomized rats.  
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Fig. (6): Effects of DHEA on plasma level of liver enzymes  

in normal and orchiectomized rats.  

Discussion  

In the present work, we assessed the effect of  

DHEA as replacement therapy for male hypogo-
nadism in rats. Our data showed that: 1- Male  
hypogonadism increased blood glucose, cholesterol  
and triglycerides; 2- DHEA treatment in control  

and orchidectomized rats has no effects on serum  

testosterone level; 3- Orchidectomy decreased  

insulin level; 4- DHEA has no effect on glucose 6  

phosphatase expression.  

Type 2 diabetes mellitus as well, as metabolic  

syndrome, are the most common endocrinal prob-
lems worldwide. Insulin resistance has a cardinal  
role in development of metabolic syndrome. There  
are several theories to discuss the roles of calories  

versus endocrine in the development of insulin  

insensitivity. Interaction between insulin and its  

receptors in hepatocytes, muscle fibers and adi-
pocytes is markedly deteriorated before it is slowly  

decreased in the blood as a result of B cell exhaus- 
tion and type 2 diabetes mellitus development  

[21].  

As expected orchidectomy decreased plasma  

testosterone level. Also, testosterone deficiency  

increased the plasma glucose level as compared  
with control rats. In agreement with these findings,  

[22].Testosterone deficiency and male hypogonad-
ism are complicated by truncal obesity, visceral  

fat accumulation, hyperlipidemia, hypertension,  

type 2 diabetes mellitus and metabolic syndrome  
[7] .  

Our results can be explained by knowing the  
testosterone effects on carbohydrate metabolism.  

Testosterone increases insulin in the body which  

is necessary in stimulation of glucose transport  
into adipose and muscle tissue by previous studies  

[23]. Also, it increases GLUT4 expression and  
translocation in the cell membrane that is involved  
in glucose uptake from the blood. Moreover, tes-
tosterone increases the phosphorylation of protein  

kinase C which is a rate limiting step in the insulin  
receptor signaling pathway that is important for  

GLUT4 regulation and translocation [24] . Previous  
studies examined the role of low-dose of testoster-
one on adipocytes and skeletal muscle cells in  
short time incubation, they found upregulation of  

GLUT4 and IRS 1 [25] . Additionally, it was found  
that the testosterone increases the activity of hex-
okinase that is important for phosphorylation of  

glucose trapping it inside the skeletal muscle cells,  
and phosphofructokinase the major rate limiting  

step in glycolysis. As our results shows no increase  

in plasma testosterone in ORCH rats treated with  

DHEA it is expected of the glucose plasma level  

to increase as it did.  

It is expected that DHEA replacement therapy  
will increase the testosterone plasma level in ORCH  
rats, but it didn't. Our data may be justified by the  
fact that the DHEA in males is mostly converted  

into estrogens at the [26]  peripheral tissues like  
adipose and hepatic tissues rather than testosterone  

agreeing with a study that was done in Medical  

University Hospital Wuerzburg [27] . Morales et  
al., concluded that oral 100mg dose of DHEA for  

6 months increased testosterone level in women,  
not in men [28] . Moreover, Villareal et al., docu-
mented that DHEA doubles the level of testosterone  

in women with a slight increase in men [29] . In  
meta-analysis study done by Corona et al., that the  

bioactivity of DHEA is the key factor in producing  

its biological effect neither the conversion to es-
tradiol nor testosterone [30] .  
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Our results show a decrease in plasma insulin  

in ORCH rats compared to control. In contrast to  

our study [21] , found that there is an increase in  
plasma level of insulin in ORCH rats. The depletion  

of insulin in our study may be due to exhaustion  
of B-cells of islets of Langerhans with chronic  
increase in plasma glucose level through of NF-
icB-activated COX-2/PGE2 up-regulation in AG-
Es/RAGE-induced islet endothelial cell apoptosis  
and cytotoxicity [26,31] . In ORCH + DHEA in-
creased glucose leads to increase in insulin which  
was not significant change compared to ORCH  

rats. DHEA may exhibit a protective effect on B-
cells [32] .  

G-6-Pase enzyme removes the phosphate group  

from the glucose-6-phosphate. The hydrolysis  
action of G-6-Pase enzyme enables the gluconeo-
genesis reaction to be completed and produces the  
free glucose by bypassing the irreversible hexoki-
nase/glucokinase reaction [33] . Our results show  
insignificant difference between the groups. To the  

best of our knowledge, the present study is the  

first to demonstrate the effect of DHEA replacement  

therapy in the plasma level of G-6-Pase enzyme  

in a rat model of male hypogonadism. As G-6-Pase  
enzyme is mainly utterly an intracellular enzyme  

further investigation needed to measure the G-6- 
Pase enzyme gene expression and proteins level  

in the hepatocyte by Polymerase Chain Reaction  

(PCR) and western plot.  

Triglyceride increased in ORCH rats compared  

to control rats which was in agreement with the  

findings of previous results [34] . Our results suggest  
that testosterone deficiency increases the triglyc-
eride synthesis and production. Testosterone defi-
ciency accelerated the hepatic de novo lipogenesis  

through upregulating transcription factor SREBP1c,  
which promotes the expression of lipogenic genes  

including FAS, ACC, SCD1 and lipin 1 [35,36] .  
Acetyl-CoA Carboxylase (ACC) catalyses the  
conversion of acetyl-CoA to malonyl-CoA, whereas  
Fatty Acid Synthase (FAS) catalyses the formation  

of palmitic acid from malonyl-CoA and acetyl-
CoA [37] .  

Senmaru et al., [38]  demonstrated that testoster-
one regulates the hepatic Microsomal Triglyceride  

Transfer Protein (MTP) which plays a role in  
lipoprotein assembly.  

In contrast to our study, Senmaru, et al., [38]  
found that testosterone deficiency decreases serum  

triglyceride. Triglyceride increased in control rats  
treated with DHEA compared to control rats. These  
findings cannot be compared to other similar studies  

because such investigations are not available. Since  

the testosterone didn't increase in ORCH rats treated  

with DHEA triglyceride plasma level is increased.  

Cholesterol increased in ORCH rats compared  

to control rats. In agreement with our findings [21] .  
Cholesterol increased may be due to upregulation  

of hepatic regulatory element-binding protein2  
(SREBP-2) which is responsible for direct activa-
tion of genes expression that are involved in the  
synthesis and uptake of cholesterol. Also, the HMG-
CoA reductase enzyme activity disrupted due to  

testosterone deficiency [38] . Since the testosterone  
didn't increase in ORCH rats treated with DHEA  

Cholesterol plasma level is increased.  

In accordance to the results of Rice et al., [39] ,  
there wasn't any significant decrease or increase  

in the liver enzymes parameters in all groups  
suggesting no hepatic steatosis process and no side  

effect with DHEA. However, in contrast to our  
results, they found there is an elevation in liver  
enzymes, and the difference may be due to the  
duration of supplementation.  

In conclusion, testosterone deficiency and  

DHEA replacement therapy not affect glucose 6- 
phosphatase enzyme. Male hypogonadism is a risk  
factor for metabolic syndrome and NAFLD that  
could not be treated effectively with DHEA.  

This work is part of the collaboration between  
the Department of Physiology, College of Medicine  
and Health Sciences, Sultan Qaboos University,  

Muscat, Oman and the Department of Clinical  

Pharmacology, College of Medicine, Mansoura  
University, Egypt.  
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