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Abstract
Background: Type 2 diabetes mellitus (T2DM) previously 
known as non-insulin dependent diabetes mellitus is the 
most common type of diabetes mellitus. The rapid increa-
sing prevalence, high morbidity and mortality of the disease 
must be encountered by an increase in scientific research. 
Animal models are very important in the preclinical studies 
to validate the use of new drugs. Streptozotocin - nicotina-
mide (STZ-NA) is used to induce T2DM in animals.

Aim: The aim of this study was to assess STZ-NA as a mo-
del of T2DM and to investigate the causative factors that 
lead to hepatic histopathological changes.

Methodology: Twenty-five male Wistar rats were divided 
into four groups. One normal non-diabetic control group 
(NNC) (n = 6), two diabetic groups subdivided into non-tre-
ated diabetic group (NTD) (n = 6) and metformin treated 
diabetic group (MTD) (n = 7) and the fourth group was com-
posed of rats failed to develop diabetes [failed induction 
group (FIG)] (n = 6). Diabetes was induced by a single in-
traperitoneal injection of STZ (65 mg/kg-bw) 15 min after 
intraperitoneal administration of nicotinamide (120 mg/kg-
bw). Induction of diabetes was confirmed after 72 hours 
by fasting blood glucose (FBG) ≥ 250 mg/dl. 8 weeks after 
induction, oral glucose tolerance test was performed; blood 
samples were taken for analysis of lipid profile, urea, cre-
atinine and hepatic enzymes; samples from the liver were 
prepared for histopathological study and samples from the 
skeletal muscles were taken for determination of insulin re-
ceptor content by Elisa.

Results: Metformin improved glucose intolerance. Serum 
high density lipoprotein cholesterol (HDL-C) was significant-
ly reduced in the NTD group compared with the NNC group

(P value 0.006) whereas no significant difference in low 
density lipoprotein cholesterol and triglycerides detected. 
Skeletal muscle insulin receptor was reduced in both dia-
betic groups yet, reduction was significant in MTD group 
compared with NTD group [P values were (0.01) and (0.06) 
in the MTD and NTD respectively]. Hepatic enzymes, urea 
and creatinine were within normal range. Histopathological 
study revealed hepatic histopathological alterations which 
were more obvious in NTD compared with MTD and FIG.

Conclusion: Our study showed that STZ-NA is a good mo-
del for T2DM regarding hyperglycemia, response to metfor-
min, dyslipidemia and the histopathological changes. In 
addition, it emphasized that hepatic hydropic degeneration 
of the hepatocytes was a consequence of diabetes rather 
than STZ. 
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Introduction

Diabetes mellitus (DM) is a metabolic heterogene-
ous syndrome [1] characterized by hyperglycemia, whi-
ch results from defective insulin secretion or function 
[2]. The prevalence of DM is increasing worldwide. It 
is estimated that by year 2030 more than 360 million 
individuals will suffer from diabetes [3]. T2DM accoun-
ts for 90-95% diabetic cases. Increasing morbidity and 
mortality necessitates more research in pathogene-
sis of complications, as well as efficacy of therapeutic 
agents [4]. T2DM is a complex disorder in which gene-
tic and environmental factors interact and contribute 
to establishment of the disease. It is strongly related 
to obesity and characterized by insulin resistance and 
hyperinsulinemia [5]. Animal models represent an es-
sential step in the preclinical studies of new drugs. The 
efficacy of the use of them is not only due to the no-
table anatomical and physiological similarities between 
humans and animals but also to the fact that most hu-
man diseases affect animals and veterinary drugs used 
to treat animals are very similar to those used to treat 
humans [6]. Animal models of DM can be obtained ei-
ther spontaneously (genetic) or non-spontaneously (in-
duced). Genetic models of diabetes have characteristic 
features mimics diabetes in humans nevertheless, they 
are homogeneous unlike heterogeneous disease seen in 
humans also they are expensive. These factors diverted 
researchers to induced models, which can be achieved 
chemically, surgically, by gene knockout or diet mani-
pulation [1]. STZ (2-deoxy-2-(3-methyl-3-nitrosoure-
a)-1-D-glucopyranose) [7] - an antibiotic synthesized 
by Streptomycetes achromogenes - is one of the most 
commonly used diabetogenic agents because of being 
cheap and having less side effects [8]. It is used to in-
duce type 1 as well as T2DM when combined with nico-
tinamide (NA) [9]. It is highly selectively toxic to β cells 
of the pancreas. Selectivity is due to the hexose moiety 
that helps it cross the cell membrane via GLUT2 [7]. Me-
chanism of toxicity of STZ includes alkylation of DNA by 
transfer of the methyl group from STZ to the DNA mo-
lecule resulting in the fragmentation of the DNA. This 
overstimulates poly (ADP-ribose) polymerase-1 (PARP-
1) diminishing cellular NAD+ (substrate of PARP), and 
subsequently ATP, and finally results in beta cell necro-
sis. Other mechanisms of toxicity of STZ include genera-
tion of reactive oxygen species (ROS), NF-κB, generation 
of nitric oxide [10], reduction of mitochondrial membra-
ne potential and activation of c-Jun N-terminal kinase. 
Nicotinamide (pyridine-3-carboxamide) -an active form 
of vitamin B3 (niacin)- is an antioxidant agent. It is es-
sential to the coenzymes NADH and NADPH and then 
for numerous enzymatic reactions in the body including 
formation of ATP. It partially protects pancreatic β-cells 
from harmful effects of STZ by inhibition of PARP1, in-
creasing biosynthesis of NAD+ and scavenging free ra-
dicals [11] NA when administered prior to STZ leads to 
loss of early phase of glucose stimulate insulin secretion 

which is a feature of T2DM [12]. Thus, injection of NA 
prior to the administration of STZ partially protects beta 
cells and produces diabetes that resembles T2DM [13]. 

Effect of Drugs and Diabetes on the Liver

Abnormal levels of liver enzymes might be found in 
asymptomatic healthy individuals while patients with 
liver disease may show normal hepatic enzymes [14]. Li-
ver enzymes reflect hepatocyte integrity or cholestasis, 
the later increases ALP level [15] whereas ALT is eleva-
ted whenever there is hepatocyte injury [16]. Liver di-
sease can be divided into different categories according 
to ALT and ALP level and the ratio between them [17]. 
Both STZ and DM can cause hepatic histopathological 
changes. One of the common histopathological changes 
seen in STZ induced diabetic rats is hydropic degenera-
tion [18]. Hydropic degeneration - a cytoplasmic injury 
due to massive influx of water leading to cellular swel-
ling and cytoplasmic vacuolation - may be induced by 
ROS [19]. There are several factors that lead to hydropic 
degeneration (vacuolation) including; drugs, viral hepa-
titis, cholestasis or fatty liver disease [20]. Another hi-
stopathological changes could be seen in diabetic rats 
are dilation and congestion of the central veins which 
are triggered by ROS [21]. The mechanism of dilation 
and congestion of the central veins starts with damage 
of endothelial cells of the sinusoids by ROS that leads to 
activation of coagulation which in turn causes sinusoidal 
obstruction and ultimately dilation of central veins [22]. 

Alteration of Insulin Receptor and/or its Si-
gnaling Pathway in Diabetes

The skeletal muscle accounts for ∼75% of who-
le-body post prandial glucose uptake [23]. It expresses 
GLUT4 on its membrane. Unlike other glucose transpor-
ters, GLUT4 is kept in vesicles until insulin binds to its re-
ceptor causing translocation of GLUT4 to the cell mem-
brane. Insulin receptor is a tyrosine-specific protein ki-
nase that is composed of two extracellular α and two 
transmembrane β subunits [24]. Insulin binding to the 
α-subunit results in receptor dimerization and autopho-
sphorylation of the β-subunit which in turn increases 
its reactivity toward tyrosine phosphorylation of other 
substrates [25,26]. Insulin is released from beta cells of 
the pancreas in response to hyperglycemia then binds 
to its receptor leading to intracellular signaling casca-
des that finally result in the translocation of the GLUT4 
to the plasma membrane reducing blood glucose. On 
the other hand, reduction of insulin leads to removal of 
GLUT4 by endocytosis to be kept in vesicles until insulin 
level rises again [24]. Insulin resistance is an early defect 
in T2DM. It results in hyperglycemia that further stimu-
lates insulin secretion leading to hyperinsulinemia whi-
ch in turn leads to down regulation of insulin receptors 
reducing sensitivity and exacerbating the condition. At 
the start, beta cells of the pancreas release more insu-
lin to compensate hyperglycemia but the persistent sti-
mulus may lead to progressive loss of beta function and 
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(OGTT) was performed. Glucose tolerance was assessed 
by giving rats an oral load of glucose (2 g/kg. b.w) after 
12 hours fasting. Blood samples were collected from the 
tail tip incision at 0, 60, and 120 minutes after the glucose 
load. Blood glucose was checked using glucometer and 
blood glucose concentration was plotted against time. 
After that, blood was collected then plasma was stored 
at 4 °C for measurement of hepatic enzymes, urea, 
creatinine, triglycerides (TG) low-density lipoprotein 
cholesterol (LDL-C) and HDL-C.

Histopathological preparation

Histopathological examination was done according 
to the methods described by Banchroft, et al. [31]. 
At the end of the experiment, the tested animals 
were given ketamine as an aesthetic then sacrificed. 
Liver specimens were fixed in 10% formal saline, 
dehydrated through graded alcohols and cleared using 
two changes of xylene then embedded in paraffin 
wax. Serial transverse sections of 4-5 micron thickness 
were prepared using the microtome then stained by 
Haematoxylin and eosin (H & E).

Detection of IR by Elisa

The skeletal muscle is a critical site in T2DM not only 
because it expresses GLUT4 which is insulin dependent but 
also due to the high percentage of glucose uptake (∼75%). 
Recently insulin insensitivity is found to be associated with 
downregulation of insulin receptor gene expression.

Skeletal muscles’ samples from gastrocnemius muscles 
were kept in -80 °C prior to preparation for detection of 
insulin receptor by Elisa. Samples were cut, weighed, PBS 
was added then samples were rapidly frozen in liquid 
nitrogen. After melting samples were homogenized, 
centrifuged for 20 minutes at speed of 3000 then the 
supernatant was preserved in -20 °C. Wash buffer was 
prepared by adding 20 ml of wash buffer concentrate 
to 580 ml of distilled water and standard sample was 
prepared by making different concentrations in five tubes. 
The first tube was left blank representing zero standard 
whereas the undiluted one (fifth) served as the highest 
standard.

Assay procedure

50 μl standard were pipetted to the testing standard 
wells and 40 μl sample dilution to the testing sample wells 
then 10 μl of supernatant were added to testing sample 
wells and mixed gently. After 30 minutes of incubation 
at 37 °C, liquid was discarded then wells were washed 
by washing buffer (five cycles). 50 μl HRP-Conjugate 
reagent were added to each well except the blank well, 
incubated for 30 minutes at 37 °C then washed. 50 μl 
Chromogen Solution A and 50 μl Chromogen Solution B 
were added to each well for 15 min at 37 °C after that 
50 μl Stop Solution was added to each well to stop the 
reaction. For calculation, blank well was considered as 
zero, absorbance was read at 450 nm.

insulinopenia [27]. Recent studies revealed that down 
regulation of insulin receptor contribute to insulin resi-
stance and predispose to T2DM [28].

Effect of Diabetes on Lipid Profile

Reduction of high-density lipoprotein cholesterol 
(HDL-C) is a manifestation of dyslipidemia seen T2DM 
[29]. HDL-C improves glucose uptake by skeletal mu-
scles and stimulates secretion of insulin from pancreatic 
beta cells, therefore reduction of HDL-C concentration 
in T2DM is not only a consequence of diabetes but also 
may contribute to worsening of diabetes as well as pro-
gression of prediabetes to frank DM [30].

Materials and Methods

Prior to the commencement of the study, ethical cle-
arance was obtained from the ethical committee of Fa-
culty of Veterinary Medicine. Sudan University of Scien-
ce and Technology.

Chemicals

Streptozotocin, nicotinamide and glucose were obtai-
ned from Sigma Chemical Company. St. Louis. USA, rat in-
sulin receptor Elisa kit was purchased from SinoGeneClon 
Biotech Co. Ltd. China and Onetouch glucometer was pur-
chased from Al nahdi pharmacy. Saudi Arabia.

Animals

The study was conducted on 25 adult Wistar rats (ave-
rage body weight 90-150 g) kept in special cages at tempe-
rature of (37 °C) with a 12:12-h light: dark cycles and had 
free access to water and food for 2-weeks adaptation pe-
riod prior to the study. A group of 6 normal non-diabetic 
rats (NNC) was formed then rats were injected with STZ 
and NA for induction of diabetes. 6 rats injected with STZ 
and NA but did not develop diabetes were grouped as fai-
led induction group (FI) (n = 6). Then animals developed 
diabetes, were subdivided into two groups; non-treated 
diabetic group (NTD) (n = 6) and metformin treated diabe-
tic group (MTD) (n = 7) (120 mg/kg-bw).

Induction of diabetes and experimental procedure

Animals were fasted for 12 hours to avoid competition 
of glucose with STZ at GLUT2 transporters and hence 
failure of induction. Diabetes was induced by a single 
intraperitoneal (i.p) injection of STZ (65 mg/kg-bw) 
dissolved in a freshly prepared 0.1 M citrate buffer, (pH 
4.5) 15 minutes after i.p injection of NA (120 mg/kg-
bw) dissolved in normal saline. Then rats were given 5% 
glucose solution for overnight to counter drug induced 
hypoglycemia. 72 hours after induction, blood samples 
were collected from the tail vein of rats by pricking for the 
estimation of blood glucose with Onetouch glucometer. 
Diabetes was confirmed by FBG of ≥ 250 mg/dl.

Investigations

Biochemistry

At the end of the 8th week, oral glucose tolerance test 
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There was no significant change in serum creatinine in 
all groups. On the other hand, there was a significant 
increase in blood urea in diabetic groups nevertheless, 
readings, were within normal range. Table 1 shows he-
patic enzymes, blood urea and serum creatinine.

Lipid profile

Table 1 showed level of HDL-C, LDL-C and TG in all 
groups. Lipid profile is an important parameter in T2DM. 
All groups have normal TG level. In spite of occurrence 
of difference between readings, it was not significant. 
LDL-C levels were also normal within all groups with no 
significant variation. On the other hand, HDL-C was si-
gnificantly low in NTD (P value = 0.006) when compared 
with NNC.

Histopathological findings

The architecture of the liver was disturbed in the diabe-
tic groups and the FI group (rats received STZ with failure of 
induction), when compared to normal structural features 
of control. In the normal control group, the histopathologi-
cal examination of liver tissue showed normal appearance 
of hepatocytes at the level of their cell membrane, nuclei 
or even cytoplasm. In addition, no congestion or dilation 
in portal veins were observed. Hepatic tissue section of 
NTD group showed significant vacuolation with significant 

Statistical analysis

Data analysis was performed using SPSS program 
version 21. ANOVA test was used to compare the means 
of different groups. A statistical significance level of 0.05 
was chosen.

Results

T2DM rat model was induced using combination 
of STZ and NA. NA is known to have protective effect 
yet, STZ is lethal to animals. Therefore, we started with 
more number of rats per group. Percentage of failure of 
induction was ≈ 36.5%. During the first 72 hrs animals 
were observed for their behavioral, neurological and 
autonomic profiles. Rat did not show any of signs 
mentioned. After a period of 72 hrs, animals were 
observed for mortality. Mortality observed in diabetic 
rats was ≈ 29% towards the end of the experiment.

Biochemistry

OGTT

At the end of the eighth week of the study, OGTT was 
performed. After 12 hrs of fasting, rats were challenged 
with 2 g/kg-bw glucose. Blood samples were collected 
from the tail tip incision at 0, 60, and 120 minutes after 
the glucose load. Blood glucose was estimated using 
a glucometer (one touch glucometer). NTD showed 
significant elevation of fasting blood glucose (FBG) 
level compared with the NNC (P value 0.005) whereas 
elevation of FBG was insignificant in MTD (P value = 
0.63). Elevation of 1 hr PP was significant in MTD (P 
value = 0.003) while it was highly significant in NTD (P 
value = 0.000) 2 hrs PP glucose was significantly high 
in both MTD and NTD (P values were 0.021 and 0.005 
respectively). OGGT is illustrated in Figure 1.

Hepatic enzymes and renal function

Hepatic enzymes; alanine aminotransferase (ALT) 
and alkaline Phosphatase (ALP) were within normal 
range with no significant difference between groups. 

Table 1: Hepatic enzymes, urea creatinine and lipid profile.

Groups MTD NTD NNC
Mean of ALT (U/L) 18.6 ± 6 36 ± 11 26 ± 7
Mean of ALP (U/L) 136.3 ± 16.6 127 ± 000 127 ± 000
Mean of creatinine 
(mg/dl)

0.69 ± 0.2 0.97 ± 0.1 0.8 ± 0.02

Mean of Urea (mg/dl) 43.3 ± 9 39 ± 12 26.3 ± 4
Mean of LDL (mg/dl) 47 ± 14 38 ± 4 54 ± 16
Mean of TG (mg/dl) 87 ± 34 70 ± 14 76 ± 41
Mean of HDL (mg/dl) 97.6 ± 26 80.8 ± 4 122 ± 23

Reduction of HDL was significant in the NTD (P value = 
0.006) whereas it was insignificant in the MTD (P value = 0.6). 
Alterations of other parameters (ALT, ALP, creatinine, urea, 
LDL and TG) were insignificant (P value ˃ 0.05) in both groups 
(MTD and NTD).

Figure 1: OGTT.

https://doi.org/10.23937/2377-3634/1410091
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insulin sensitivity. Downregulation of IR is a feature 
of T2DM. In our study IR was reduced in diabetic rats 
compared with the NNC yet, reduction was significant 
in skeletal muscles of MTD (P value = 0.01) whereas it 
was insignificant in NDC group (P value = 0.06). Table 2 
and Figure 3.

Discussion

The increasing prevalence, morbidity and mortality 
of T2 DM, beside high tendency to develop both short- 
and long-term complication, require extensive resear-
ch. In this study, we investigated causative factors that 
may contribute to the development of histopathological 
changes found in STZ-NA diabetic rats. We also assessed 
STZ-NA as a model of T2DM by measuring many factors 
like: hyperglycemia, amelioration of hyperglycemia by 

mild congestion and dilation of the central veins. Vacuo-
lation in this group was diffused and affect almost all rats. 
MTD showed insignificant vacuolation (found in some rats) 
which was compatible with hyperglycemia. Regarding (FI) 
group, rats showed significant congestion of the central 
vein and mild swelling of hepatocytes with irregularity and 
insignificant vacuolation Figure 2.

Detection of IR by Elisa

Insulin receptor is a critical site for assessment of 

Figure 2: Histopathological findings.
A1: Liver section from NTD group showing diffuse vacuolar changes of hepatocytes (H&E × 100); A2: Higher magnification 
of A1 (Diffuse vacuolar changes of hepatocytes. H&E × 400); B: Liver section from F1 group revealing congestion of hepatic 
veins and mild vacuolar changes of the hepatocytes (H&E × 100); C:  Liver section from F1 group display focal area with acute 
swelling and dissociation of hepatocytes (H&E × 400); D: Liver section from non-diabetic normal control: Liver parenchyma 
showing no significant changes (H&E × 100).

Table 2: Level of IR in the skeletal muscles.

Groups MTD NTD NNC
Mean of IR (IU/L) 23.4 ± 1.6 24.7 ± 2.4 27 ± 1.7

Downregulation of IR was significant in MTD (P value = 0.01) 
while it was insignificant in NTD (P value = 0.06).

https://doi.org/10.23937/2377-3634/1410091
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ases ROS by autoxidation of glucose which in turn le-
ads to lipid peroxidation and membrane damage then 
can cause hydropic degeneration [39]. To discriminate 
between hepatic histopathological changes caused by 
this toxic substance and diabetes mellitus, we compa-
red the histopathological morphology of all groups with 
those rats with failure of induction (FI). Approximately 
all animals in the (FI) showed congestion of the central 
vein of hepatic lobules, swelling and dissociation of he-
patocytes but mild insignificant vacuolation whereas 
NTD group showed massive vacuolation and mild con-
gestion. MTD showed insignificant congestion and in-
significant vacuolation, Metformin improved glycemic 
control and rats treated with metformin showed minor 
hepatic histopathological changes that were compatible 
with hyperglycemia emphasizing that hydropic degene-
ration was caused by diabetes. These findings are in a 
good agreement with several previous studies, which 
reported similar histopathological changes following in-
duction of diabetes using STZ [40-42].

Downregulation of insulin receptor is compatible 
with T2DM. In our study, reduction of insulin receptor 
was significant in MTD whereas it was insignificant in 
the NTD. Reduction of insulin receptor in MTD confirms 
that its hypoglycemic effect is not a direct action on in-
sulin receptor expression. On the other hand, it could be 
due to increase in insulin receptor activation as demon-
strated by Gunton JE [43] or post receptor transduction 
effects [44]. The prolonged hyperglycemia, low HDL-C, 
response to metformin and the histopathological findin-
gs verified that STZ-NA diabetic rat represents a good 
animal model for T2DM.
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metformin, lipid profile, IR and hepatic histopathologi-
cal changes in relation to hyperglycemia.

STZ is selectively toxic to beta cells however, in our 
study it was combined with nicotnamide which partially 
protects beta cell. Combination of STZ and NA led to a 
high percentage of failure of induction which is compa-
tible with Alenzi F. Q [32]. STZ- NA diabetic models re-
sembles T2DM in many aspects some of which are loss 
of the early phase of glucose stimulated insulin relea-
se, reduction in pancreatic insulin [12] and reduction of 
insulin receptors in the skeletal muscles [28]. The pro-
longed hyperglycemia is a feature of T2DM that results 
from insufficiency of insulin function (insensitivity) as 
well as gluconeogenesis [33]. In our study, Hyperglyce-
mia was prolonged (FBG = 298 ± 117, 1 hr PP = 461 ± 
88 and 2 hrs PP = 340 ± 113) in NTD group this is ho-
mogenous with T2DM. Unlike type 1 diabetes mellitus, 
T2DM usually respond well to oral hypoglycemic drugs 
[34]. Improvement of hyperglycemia by administration 
of metformin emphasizes that STZ-NA diabetic animal 
model mimics T2DM.

Defective lipolysis is a common feature of T2DM that 
may be manifested by Low HDL-C [28]. In our study, 
HDL-C was significant low in NTD group. This finding is 
consistent with Ghiasi R, et al. who induced T2DM by 
STZ-high fat diet [35]. Assembly of all factors above con-
firms the use of this induced animal model as a model 
of T2DM.

Histoplathological alteration found in STZ diabetic 
rats could be due to STZ or diabetes. STZ affects the 
liver, because hepatocytes express GLUT2 [10]. The 
mechanism by which STZ and diabetes affect the liver 
could be through increased ROS liberation [36,37]. He-
patic changes seen in diabetic rats include hydropic 
degeneration [14] as well as congestion and dilation of 
the central vein [38]. Prolonged hyperglycemia incre-
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