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Abstract

Original Article

Introduction

Diabetes mellitus  (DM) is the main metabolic disease 
in humans and animals  (especially in pet animals)(1) 
unfortunately, diabetes always coexists with many other 
metabolic disorders of carbohydrates, proteins and lipids. 
DM is a chronic and progressive metabolic disorder marked 
by persistent high blood sugar levels, resulting from defect 
with insulin secretion, its action or both (2). DM is mainly 
classified into three types (3,4): Type 1 DM (IDDM), Type 2 
diabetes and gestational diabetes. Type  1 diabetes, also 
referred to as insulin‑dependent DM, occurs when the body 
fail to produce insulin. Type 2 DM (T2DM), also known as 
non‑insulin‑dependent DM, is caused by insulin resistance, 
which occurs when cells do not effectively utilise insulin, 
with or without a deficiency of insulin (5,6). The third main 
type of diabetes is gestational diabetes, which happens when 
a female without a prior history of diabetes experiences high 
blood glucose levels during her pregnancy. This condition 
may increase the risk of developing T2DM later on (4). While 
insulin resistance is typically associated with type 2 diabetes, 
studies have also indicated the presence of insulin resistance 

in type 1 diabetes in certain circumstances (7). Additionally, 
diabetes is often associated with a condition known as diabetic 
dyslipidaemia, which is characterised by increased serum 
levels of total serum cholesterol  (TC), triacylglycerol and 
low‑density lipoproteins  (LDLs), coupled with a decrease 
in high‑density lipoprotein (HDL) cholesterol (8). A typical 
diabetic dyslipidaemia is characterised by low levels of 
HDL cholesterol  (HDL‑c) and high triacylglycerol  (TGs). 
This condition is often accompanied by mildly elevated 
or even normal levels of LDL cholesterol  (LDL‑c). The 
moderate increase in LDL is attributed to the presence of 
atherogenic small dense LDL particles. Common risk factors 
for dyslipidaemia include genetic predisposition, obesity, 
physical inactivity, alcohol abuse and poorly controlled 
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blood glucose levels  (9). Configurations of dyslipidaemia 
in DM and the principal risk factors have been defined in 
many reports  (10). Atherosclerosis, cardiovascular disease, 
stroke and hypertension are the leading causes of increasing 
mortality rates among patients with DM (11). Dyslipidaemia, 
which refers to the imbalance of normal pattern of plasma 
lipids, is characterised by elevated TC and TG levels. It 
is a key component of metabolic syndrome and serves as 
a significant risk factor for the development of atheroma, 
heart disease and strokes (12). Dyslipidaemia abnormalities 
can be quantitative, qualitative or both. Quantitatively, it 
is characterised by elevated levels of TC, LDL‑c and TGs, 
along with decreased levels of HDL‑c. These changes may 
occur individually or in various combinations. Qualitatively, 
dyslipidaemia involves changes in the composition of 
LDL‑c, which may include the presence of small, dense 
LDL‑c particles, an increase in TG content or heightened 
electronegativity of LDL‑c  (13). Dyslipidaemia can be 
caused by various factors, including genetic, secondary and 
environmental causes (14). Secondary dyslipidaemia can be 
caused by diabetes, endocrine disorders, nephrotic syndrome, 
renal failure, medication, hypothyroidism, alcohol, unhealthy 
diet and metabolic disorders (12). Inherited factors, diseases 
of the thyroid and kidneys, and lack of activity can also 
contribute to dyslipidaemia (15).

Materials and Methods

Laboratory animals
This study involved sixty‑four adult male rats aged between 2 and 
3 months and weighing 200–240 g. All experimental procedures 
were conducted in accordance with the guidelines for the care 
and use of laboratory animals set by the National Institute of 
Health  (16) and the laboratory animal care committee of the 
College of Veterinary Medicine, University of Mosul, approved 
these procedures. The rats were maintained under appropriate 
environmental conditions, including a temperature of 22°C ± 2°C, 
suitable humidity levels and a 12‑h light/dark cycle (14,17,18).

Study approval
This study obtained approval from the Ethics Committee 
of the Institutional Animal Care Committee at the College 
of Veterinary Medicine, University of Mosul, Iraq, under 
certification number UM.VET.2024.009.

Animal groups
Animals are divided into the following groups:

Control group (group A)
The control group was composed of fifteen adult male rats that 
were given a standard diet for 45 days without the use of any 
additional chemicals.

Dyslipidaemia group (group B)
The dyslipidaemia group consisted of fifteen adult male rats 
that were fed a high‑fat diet (HFD)(14,19) for 45 days, without 
the introduction of other chemicals.

Diabetic and dyslipidaemia group or mixed 
group (group C)
The Diabetic and Dyslipidaemia group was composed of 17 
adult male rats that received an HFD (14,19) for 45 days in 
conjunction with a streptozotocin (STZ) injection at a single 
dose of 50 mg/kg via intraperitoneal (IP) administration (20,21). 
Only 8 rats out of 34 rats injected with STZ from groups C and 
D required a second dose of STZ.

Diabetic group (group D)
The diabetic group was comprised of seventeen adult male 
rats that were given a standard diet for 45 days and received 
an STZ at a dose of 50 mg/kg (20,21) single dose of STZ was 
injected via IP administration.

Streptozotocin
STZ is the most well‑known diabetogenic chemical (22) that 
is commonly employed in experimental animals for making 
animal models of diabetes (23).

High‑fat diet
The HFD was used to induce dyslipidaemia in groups B and 
C. HFD was prepared with 1.5% cholesterol, 3% olive oil and 
17% butter added to the standard diet (14,19), and it was given 
to rats in groups B and C for a duration of 45 days.

Body measurement
Regarding body weight, an electronic weighing scale with 
an accuracy of 0.01  g was used, while body length and 
abdominal circumference were measured by a scale tape 
at the beginning and end (45 days later) of the experiment. 
Body length measurement was taken from the nose to 
the origin of the tail  (24). Abdominal circumference was 
determined about the anterior region of the abdomen. Body 
weight gain was calculated from values of initial and final 
weight.

Body mass index
Body mass index (BMI) was found as BMI = body weight (g)/
body length2 (cm2)(25,26).

Biochemical tests
Blood was collected from the retro‑ocular vein of each animal 
using a heparinised capillary tube. The collected blood was 
then centrifuged at 3000 × g for 15 min to separate the serum. 
The serum was subsequently stored at −20°C for biochemical 
analysis. Serum insulin levels were measured using a sandwich 
ELISA kit (Ideal, China) specifically designed for rats, with 
readings taken at 450 nm using a microtiter reader (Biotek, 
USA). Serum glucose levels were determined using an 
enzymatic method  (oxidase‑peroxidase) with a kit  (Giesse, 
Italy), and the concentration was measured at 505 nm using a 
chemistry analyser (Smart 120, USA).

Serum lipid profile
Total serum cholesterol  (TC), triacylglycerol  (TG), HDL, 
LDL‑C and very LDL‑C were measured using an enzymatic 
colorimetric method with a kit from Giesse,  (Italy). The 



Mahmood and Mustafa: Experimental diabetes and dyslipidemia

35Al-Anbar Journal of Veterinary Sciences  ¦  Volume 19  ¦  Issue 1  ¦  January-June 2026 35

concentrations were determined at a wavelength of 500 nm 
using a Smart 120 chemistry analyser from the USA.

Homeostatic model assessment for insulin resistance
Insulin resistance was evaluated by Homeostatic Model 
Assessment for Insulin Resistance (HOMA‑IR)(17,27) as follows:
•	 HOMA‑IR  =  Fasting insulin  (µU/ml) × Fasting 

glucose (mmol/L)/22.5.

The quantitative insulin‑sensitivity check index
Insulin resistance was evaluated by the quantitative 
insulin‑sensitivity check index (QUICKI)(28) as follows:
•	 QUICKI  =  1/(log fasting insulin  [µU/ml] +log fasting 

glucose [mmol/L]).

Statistical analysis
The results are presented as means ± standard deviation (SD). 
The values were analysed using a one‑way analysis of 
variance (ANOVA). Differences were considered significant 
when the P value was < 0.05. The analysis was conducted using 
SigmaPlot, Systat Software Inc., San Jose, CA, USA (29).

Results and Discussion

DM was successfully induced in albino rats using STZ. 
The induction process directly impacts the beta cells of 
the islets of Langerhans  (10). Experimentally induced 
dyslipidaemia in laboratory animals, especially rats, is 
commonly achieved both through the use of transgenic 
animals or by feeding them an HFD. In this way, we can 
achieve a comprehensive understanding of dyslipidaemia’s 

pathophysiology. Dyslipidaemia is characterised by an 
imbalance in cholesterol levels  (30). An elevated TC level 
is one of the critical factors contributing to dyslipidaemia. 
Cholesterol homeostasis relies on the balance between the 
absorption, synthesis and excretion pathways (31).

As shown in Table 1, all experimental groups gained 
weight during the study period; however, the dyslipidaemia 
group exhibited a significantly greater increase in body 
weight (95 ± 4.7 g) than the other groups  the control 
group gained  (71.58  ±  5.3), followed by the diabetic and 
dyslipidaemia group (44.54 ± 2.9). In contrast, the diabetic 
group lost weight (−16.2 ± 1.6). In the same manner, the BMI 
in the dyslipidaemia group (0.66 ± 0.015) has a greater value 
compared to other groups, followed by the control group 
gained  (0.60  ±  0.016) then the diabetic and dyslipidaemia 
group (0.58 ± 0.015) and finally diabetic group (0.54 ± 0.06). 
These changes mainly due to excessive energy consumed (as 
a high fat diet) which converted into adipose tissue positioned 
around internal organs and in between the tissues (14) and these 
results agree with many similar works (17,18,20). HFDs are 
known to disrupt lipid metabolism, leading to dyslipidaemia. 
Studies have shown that rats fed with HFDs exhibit significant 
increases in TC, TGs and LDL‑C, along with a decrease 
in HDL‑C(32,33). The administration of STZ significantly 
reduces body weight in rats because it destroys pancreatic 
beta cells, resulting in insulin deficiency and hyperglycaemia. 
This metabolic disruption forces the body to break down fat 
and muscle for energy, ultimately leading to weight loss (34).

Table 1: Body physiological parameters

Groups Body weight (g) Weight change (g) Length (cm) BMI Abdominal circumference (cm) 
Control 290.40±11.77b 71.58±5.3b 21.93±0.84b 0.60±0.016b 17.42±0.997b

Dyslipidemia 321.38±8.84a 95±4.7a 22.03±0.48a 0.66±0.015a 17.933±0.799a

Diabetic and Dyslipidemia 279.77±8.53c 44.54±2.9c 21.96±1.03c 0.58±0.015c 17.23±1.129c

Diabetic 213.13±11.19d -16.2±1.6d 19.85±1.16d 0.54±0.06d 15.600±1.41d

Each value represents mean±S.D, n=15. Different letters within each column mean a significant difference between groups (P≤0.05)

Table 2: Biochemical Parameters of control and treated groups

Groups Serum glucose mg/dl Insulin pmol/dl HOMA-IR 
Control 112.12±15.60d 45.19±4.58a 1.8±0.04d

Dyslipidemia 131.64±6.22c 41.49±3.34b 1.94±0.04c

Diabetic and Dyslipidemia 290±14.77b 30.74±3.97d 3.14±0.12b

Diabetic 460±12.21a 31.80±3.29c 4.97±0.23a

Each value represents mean±S.D, n=15. Different letters within each column mean a significant difference between groups (P≤0.05)

Table 3: Lipid profile of control and treated groups

Groups TC (mg/dl) TG (mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl) 
Control 55.64±12.45d 61.08±11.85d 51±5.861a 17.08±2.53c 12.22±1.5d

Dyslipidemia 80.55±8.62b 120.1±11.88b 41.667±4.419c 23.67±3.56b 24.02±2.954b

Diabetic and Dyslipidemia 110±13.09a 146±18.74a 48.1±10.318b 36±10.21a 29.4±5.712a

Diabetic 64.3±11.59c 74.6±8.13c 36.4±5.147d 14.5±1.72d 14.92±1.512c

Each value represents mean±S.D, n=15. Different letters within each column mean a significant difference between groups (P≤0.05)
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As shown in Table 2, the diabetic group exhibited the highest 
serum glucose level (460 ± 12.21 mg/dL), which was markedly 
higher than those of the diabetic and dyslipidaemia group 
(290 ± 14.77 mg/dL), dyslipidaemia group (131.64 ± 6.22 
mg/dL), and control group (112.12 ± 15.60 mg/dL).  While 
insulin in the control group  (45.19  ± 4.58) has the highest 
value compared to other groups, followed by the dyslipidaemia 
group (41.49 ± 3.34), then the diabetic group (31.80 ± 3.29) and 
finally, the diabetic and dyslipidaemia group (30.74 ± 3.97). 
Hence, it is clear that experimentally induced diabetes (like other 
types) causes hyperglycaemia due to beta cell damage (here 
by streptozotocin) that results in partial or complete insulin 
loss (35), in addition it seems that dyslipidaemia deteriorates 
the condition (17).

Lipid profiles [Table 3] reveal a greater elevation of cholesterol 
in the diabetic and dyslipidaemia group  (110  ±  13.09). 
Furthermore, all treated groups have a significantly (P ≤ 0.05) 
higher cholesterol level when compared with the other 
groups. In the same manner, serum triacylglycerol, LDL and 
VLDL are greater in a diabetic and dyslipidaemia group. 
While HDL  (36.4  ±  5.147) is the lowest in the diabetic 
group compared to the other groups. These outcomes 
agree with  (17,18); in addition, dyslipidaemia induction 
was successful by high fat diet in rats through 45 days of 
experiments. Elevated levels of lipid profile with HDL 
reduction confirm that, and these state were more obvious 
in the diabetic and dyslipidaemia group, which may be 
due to the synergistic deteriorated impact of diabetes and 
dyslipidaemia  (36). HFD leads to increased body weight 
and lipid accumulation, which elevates serum TGs, TC, LDL 
and VLDL levels while reducing HDL levels  (37). While 
STZ‑induced diabetes increases TC, TGs, LDL and VLDL 
cholesterol levels. This occurs due to insulin deficiency, 
which disrupts lipid metabolism, leading to heightened 
lipolysis and increased hepatic lipid synthesis (38).

Conclusion

Successful DM has been developed experimentally in 
adult male rats by the administration of 50  mg/kg of 
STZ intraperitoneally. While experimental induction of 
dyslipidaemia in male adult rats was acceptable, through a HFD 
for 45 days, also the comorbidity of diabetes and dyslipidaemia 
worsens most biochemical parameters and seems to be more 
synergistic harmful than a single disorder alone.
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