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Abstract

Background: Disruption in the endocrine system can cause many diseases. Based on this, the 
imbalance of sex hormones such as testosterone can change many serum factors. In this study, we 
examined the effect of testosterone on leptin levels, lipid profiles, and ultimately insulin resistance.
Materials and Methods: Twenty one adult rats were divided into three groups of 7, including 
control group (C), olive oil group (O), and olive oil and testosterone group (OT). In the O and OT 
groups, they received olive oil and olive oil in combination with testosterone injection at the dose 
of 2 mg/kg/day, respectively. To evaluate the effects of hormonal imbalance on insulin resistance, 
various parameters such as leptin, triglyceride, cholesterol, glucose, and insulin were assessed. 
Results: The results showed that Triglyceride (TG) and insulin levels were higher in the OT 
group compared to the other two groups (P<0.05). In contrast, leptin and cholesterol lev-
els were higher in group C compared to the other two groups (P<0.05) and glucose levels 
were higher in group O compared to the other two groups (P=0.01). Conclusion: In general, 
it can be said that testosterone can change serum lipid profiles, leptin, insulin, and glucose.
[GMJ.2024;13:e3355] DOI:10.31661/gmj.v13i.3355
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Introduction

Metabolic syndrome (MS) is an endo-
crine disorders that has affected many 

men and women in the world [1]. It is char-
acterized by disturbances in glucose metabo-
lism, insulin secretion, obesity, hypertension, 
and lipid profile imbalance [2-4]; these risk 
factors lead to an increase in the incidence 
of cardiovascular disease (CVD) in the MS 
patients. So far, the main pathogenesis of the 

disease has not been fully identified, howev-
er, it is known that obesity can be one of the 
main factors involved in the occurrence and 
progression of MS. Based on the evidence 
shown, mediators secreted from adipose tis-
sue play an important role in the pathogenesis 
of MS [5].
Hormonal imbalance is one of the findings in 
the MS patients. At the physiological and mo-
lecular level, it can affect many macromole-
cules; lipid profiles, leptin, and insulin [6-8]. 
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Insulin resistance is also observed in MS pa-
tients. It is affected by many factors and leads 
to the aggravation of clinical symptoms and 
progression of disease. Based on the evidence, 
it has been determined that adipose tissue, lip-
ids, and sex hormones including testosterone 
can affect insulin resistance [9-11].
Leptin is one of the factors secreted by ad-
ipose tissue; its level in MS patients can be 
related to the incidence of insulin resistance 
[12]. Yun et al. showed that increased leptin 
levels in MS patients can be associated with 
CVD occurrence [13]. On the other hand, it 
has been shown that sex hormones such as es-
trogen and testosterone can affect leptin secre-
tion [14]. Most studies have evaluated the role 
of testosterone on lipid profiles, leptin, blood 
sugar levels, and insulin resistance separately. 
Rao et al. They showed that testosterone defi-
ciency in MS and diabetic patients can lead to 
disturbances in glucose metabolism as well as 
lipid oxidation [15]. Also, Wan et al. showed 
that there was an inverse relationship between 
testosterone levels and insulin resistance in 
male patients [16].
The difference between the present study and 
previous studies is in the type of study. In pre-
vious studies, testosterone serum levels were 
measured in patients, while in the present 
study, unlike previous studies, testosterone 
was injected into rats.
In addition, in previous studies, testosterone 
has been evaluated in male patients, while in 
the present study, testosterone injection to fe-
male rats has been evaluated in order to eval-
uate glucose and lipids metabolism.

Materials and Methods

Animals
Adult rats (204.9±1.9 g and 51–54 day) were 
obtained under the pathogen-free conditions 
from Namazi Hospital Laboratory. They 
were individually kept in a clear polycarbon-
ate cage under 12:12 hour light-dark photo-
period, stable ambient temperature (24 °C), 
and relative humidity of 50±10% for at least 
three weeks before and during the experimen-
tal work. All rats were kept under standard 
conditions and their diet was implemented 
according to the instructions [17]. Based on 
the international guidelines for working with 

animals, the process of evaluating the inter-
ventions and checking the desired factors was 
performed [17].

Drugs
To prepare solutions for injection, testosterone 
(testosterone enanthate, Aburaihan Company, 
Tehran-Iran) was dissolved in olive oil (Ho-
jiblanka, extra virgin, Spain). The injection 
was done with an insulin syringe and subcuta-
neously (sc). The dose selection of injectable 
substances and the use of olive oil as a vehicle 
were selected based on previous studies and 
related sources [17-18]. The body weight and 
examination of each rat was recorded daily to 
the nearest 0.1 g, measured just prior to in-
tervention. At first, the rats were taken out of 
the cage; then they were euthanized using ket-
amine and xylol. Finally, the blood specimen 
was taken from rats.

Study Design
The animals were randomly allocated into 
three groups:
Control group “C” (n=7): Received no injec-
tion for three weeks.
Olive oil group “O” (n=7): Received only ol-
ive oil injection (2mg/kg) for three weeks.
Olive oil and testosterone group “O”T (n=7): 
Received testosterone injection, diluted in ol-
ive oil (1mg/kg of olive oil with 1mg/kg of 
testosterone), during three weeks.
During the intervention, the animals were ex-
amined every day. Also, their storage place, 
food ration, and the number of animals in 
each shelf were based on the international 
guidelines.

Hormonal Measurements
Serum was used to measure hormones. For 
this purpose, blood samples were collected 
from rats and after centrifugation, serum was 
immediately collected and stored at -70°C. To 
measure leptin, the radioimmunoassay (RIA) 
method was used by the corresponding ELISA 
kit (Linco Research, St. Louis, MO, Product 
No.: L146) according to the relevant instruc-
tions. Also, the amount of insulin was mea-
sured using the RIA method and the relevant 
kit (American Laboratory Products Company 
(ALPCO), USA, Catalog  80-INSRT-E01). 
Glucose oxidase method was used to measure 
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glucose. Colorimetric and fluorometric meth-
ods were perormed to measure Triglyceride 
(TG) and cholesterol, respectively [19].

Statistical Analysis
Data showed as mean ± SD. ANOVA-One 
way was used for the analysis of changes 
from baseline for each biochemical parame-
ter. Differences between the age groups were 
explored by Tukey s test. The SPSS version 
22 (IBM Corp., Armonk, NY., USA) used for 
data analysis.

Ethical Approval 
This article does not contain any studies with 
human participants by any of the authors. We 
used animal model as the sample for study 
(Ethic ID: IR.SUMS.MED.REC.1398.623). 

Results

Evaluation of Lipid Profiles, Glucose, Insulin, 
and Leptin between the Three Groups
Based on the table below, it was shown that 
the average of TG and insulin in the OT group 
was  statistical higher compared to the other 
two groups (P=0.03 for insulin and P<0.001 
for TG). It was also found that the mean of 
cholesterol and leptin in group O was statisti-
cal higher compared to the other two groups 

(P=0.03 for cholesterol and P=0.01 for leptin). 
The average level of glucose in group O was 
statistical higher compared to the other two 
groups (P=0.01, Table-1, Figure-1).

Evaluation of Lipid Profiles, Glucose, Insulin, 
and Leptin between the C and O Groups
In the Table-2, the average of variables are 
shown before and after the intervention in 
group O in comparison with group C. The 
results showed that the average of TG and 
insulin after the intervention in group O was 
statistical higher compared to the pre-inter-
vention and also group C (P=0.12 for TG and 
P=0.003 for insulin). The mean of leptin and 
cholesterol was higher in group C compared 
to the pre and post intervention in group O 
which only for leptin statistical significance 
(P=0.01 for leptin and P=0.41 for cholester-
ol). The mean glucose level was higher in 
group O in the pre-intervention and group C 
which not significant (P=0.85, Table-2).

Evaluation of Lipid Profiles, Glucose, Insulin, 
and Leptin between the C and OT Groups
The results showed that the average of TG and 
glucose after the intervention in the OT group 
increased, and also it was higher than the C 
group. However, this difference for TG sta-
tistical significance (P=0.39 for glucose and 

Table 1. Evaluation of Lipid Profiles, Glucose, Insulin, and Leptin between Three Groups

Variables Group1
C

Group2
O

Group
OT P-value

TG 120.14±47.11 159.00±52.46 363.57±68.53 <0.001
Cholesterol 60.28±12.40 56.57±4.31 46.85±8.35 0.03

Glucose 112.00±21.84 142.86±15.28 128.14±14.28 0.01
Leptin 1.32±0.13 0.99±0.09 1.14±0.26 0.01
Insulin 4.70±2.26 10.41±3.73 11.81±7.61 0.03

Table 2. Evaluation of Lipid Profiles, Glucose, Insulin, and Leptin between the C and O Groups

Parameters Control (C)
Olive Oil (O)

Before (B) After (A) P Value
TG 120.14±47.11 129.5±32.76 159±54.46 0.12

Cholesterol 60.28±12.4 58.57±5.22 56.57±4.31 0.41
Glucose 112±21.84 144.85±22.05 142.85±15.27 0.85
Leptin 1.32±0.13 1.21±0.16 0.99±0.09 0.01
Insulin 4.7±2.26 4.95±2.9 10.41±3.73 0.003
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P<0.001 for TG). In contrast, the mean level 
of cholesterol, leptin, and insulin were higher 
in group C compared to the pre and post-inter-
vention period in the OT group. However, this 
difference not statistical significance (P=0.41 
for cholesterol, P=0.82 for leptin and insulin, 
Table-3).

Intergroup Comparisons
Table-4 has evaluated the variables between 
the three groups. The comparison of TG be-
tween OT vs O and OT vs C groups was sig-
nificant (P<0.001). In relation to cholesterol, 
there was a significant relationship between 
OT vs C (P=0.03). For glucose and leptin, 
there was a significant relationship between O 
vs C groups, and for insulin between OT vs C 
(P=0.01 for glucose and P=0.008 for leptin, 
Table-4).

Discussion

In our study, the results showed that the in-
jection of testosterone along with olive oil in-
creased the level of TG and glucose, and also 
decreased cholesterol along with insulin and 
leptin. On the other hand, the injection of ol-
ive oil led to an increase in the level of insulin 

and TG and also decreased cholesterol, glu-
cose, and leptin.
In previous studies, there are challenging re-
sults regarding the relationship between tes-
tosterone and glucose, insulin, and lipid pro-
files. For this purpose, it was shown in a study 
that the relationship between testosterone and 
glucose level can be negative. Based on this, 
a disturbance in the hormone level can lead to 
an increase in blood sugar and the occurrence 
of diabetes in patients [20]. In another study, 
it was shown that hormone therapy with tes-
tosterone led to a decrease in TG, cholesterol, 
and HbA1C levels in patients during a one-
year follow-up period [21]. Consistent with 
the present study, a study has reported that 
testosterone treatment in obese men with type 
2 diabetes reduced insulin and cholesterol; 
but, unlike the present study, glucose and TG 
level reduced [22].Mentioned studies have in-
vestigated human samples. In addition, some 
studies were conducted on patients with dia-
betes or metabolic syndrome. In addition, the 
treatment of male patients was done using 
hormone therapy through testosterone injec-
tion. These cases can cause discrepancies in 
the results of the present study with previous 
ones. In the present study, female rat under-

Table 3. Evaluation of Lipid Profiles, Glucose, Insulin, and Leptin between the C and OT Groups

Parameters Control (C)
Olive Oil and Testosterone (OT)

Before (B) After (A) P Value

TG 120.14±47.11 128±23.06 363.57±68.53 <0.001

Cholesterol 60.28±12.4 53.14±6.3 46.85±8.35 0.41

Glucose 112±21.84 123±24.47 128.14±14.28 0.39

Leptin 1.32±0.13 1.12±0.08 1.14±0.26 0.82

Insulin 4.7±2.26 1.12±0.08 1.14±0.26 0.82

Table 4. Intergroup Comparisons

Parameters Control (C)

Multiple Comparison 
P Value 

(For after injection)
OT vs O OT vs C O vs C

TG 120.14±47.11 <0.001 <0.001 0.21
Cholesterol 60.28±12.4 0.17 0.03 0.99

Glucose 112±21.84 0.39 0.3 0.01

Leptin 1.32±0.13 0.4 0.21 0.008
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went intervention. In a series of other studies, 
the investigation has been carried out on an-
imal models similar to the present study. Fil-
lippi et al. showed that the treatment of mice 
with testosterone resulted in blood sugar dec-
rement and an improvement in lipid profiles 

[23]. In another study, the treatment of testos-
terone-deficient mice led to improvement in 
blood sugar and prevention of insulin resis-
tance [24]. Our findings showed a decrement 
in leptin levels in the two groups after the in-
tervention. In previous studies, it was shown 

Figure 1.  The figure shows the level of variables between two groups. A: TG level was higher in OT group compared to C (P<0.05). 
B: Cholesterol level was higher in group C compared to OT (P<0.05). C: Glucose level was higher in group O compared to group C 
(P<0.05). D: leptin level was decreased in group O compared to group C (P<0.05). E: The insulin level in the OT group was higher com-
pared to the O and C groups (P<0.05).
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that testosterone, independently of leptin re-
duces glucose regulation and insulin levels 
[25]. Insulin and leptin interact with each oth-
er; leptin leads to the secretion of testosterone 
by regulating the expression of estrogen. In 
addition, due to the regulation of genes and 
molecular pathways, it leads to the disruption 
of endocrine system [26].
In summary, short term 2mg/kg/d testoster-
one affects lipid and insulin metabolism in 
young female rats. However, it is suggested 
to design further researches regarding the sex 
steroid action, age groups of rat, and chang-
es in food chain. This study have some lim-
itation including sample size and short term 
duration of follow up. We propose a long-
term study lasted for more than 12 weeks and 
monitoring the change of serum leptin, insu-
lin, TG, LDL(Low-density lipoprotein), and 
HDL(High-density lipoprotein) in rats after 
loss of estrogen and reexamine the influence 
of estrogen replacement.

Conclusion
	
In general, the injection of testosterone along 
with olive oil increased TG and glucose and 
decreased cholesterol along with insulin and 
leptin. On the other hand, the injection of ol-
ive oil increased the level of insulin and TG, 
and decreased cholesterol, glucose, and leptin.
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