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For several decades, experimentally induced diabetes has been a cornerstone in the
research field of this syndrome. Various methods have been applied to induce diabetes, such
as chemical induction (by alloxan or streptozotocin), surgical induction (by
pancreatectomy), special high-carbohydrate diets, and genetically diabetic animals (such as
ob/ob mice). However, few studies have investigated the histopathological changes

Keywords: associated with different induction methods and compared these approaches. Therefore, we
'S:L%’;‘ZS aim to investigate the common induction methods (alloxan, streptozotocin, and special
Diet diets) in adult male rats and compare the histopathological changes resulting from each
Rats method. Serum glucose monitoring confirms the induction of diabetes, and

Streptozotocin histopathological studies reveal a wide range of lesions in the pancreas (a significant

reduction in the diameter and number of Langerhans islets), liver (necrosis, acute cell
swelling, the presence of cellular debris, karyolysis, and vacuolar degeneration), and
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intestine (a significant reduction in the length and width of intestinal villi, and a diminished
number of goblet cells). In conclusion, various approaches to induce diabetes in rat result in
a wide range of histopathological lesions. Further investigation is needed to determine the
most suitable method to induce diabetes and to assess the implications of these
histopathological changes on the efficacy of treatments for diabetes.
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Introduction

Diabetes Mellitus (DM) is one of the most critical
chronic metabolic disorders caused by a complete or partial
lack of insulin, leading to a default in the metabolism of
carbohydrates, lipids, and proteins (1,2). Whether in humans
or pet animals, DM has received consistent attention for
many decades due to its widespread incidence (particularly
in dogs and cats) and the fact that it affects almost all body
systems and has wide variety of manifestations.
Hyperglycemia stands as the main symptom, in addition to
polydipsia, polyuria, and polyphagia (3-5). Two main types
of diabetes are recognized: insulin-dependent (type 1)
diabetes, which results from the destruction of Langerhans
beta cells in the pancreatic islets, and non-insulin-dependent
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(type 2) diabetes, which is usually due to a default of insulin
secretion and/or the presence of insulin resistance (6,7).
Although absolute or relative insulin insufficiency
predominates, there is a tremendous variation in the etiology
and pathophysiology of diabetes (8). Thus, the long and
ongoing journey of DM research began many decades ago
(9). These researches depend mainly on the experimental
induction of DM in laboratory animals with various
chemicals such as streptozotocin, alloxan, and other specific
substances (10,11). In experimentally induced diabetes,
rodents are preferred choice for apply because of their body
size, they have a calm behavior, which lets easy handling by
researchers, as well as significantly lower food and housing
costs (12). Several research models of diabetic animals have
been established such as utilizing of the streptozotocin (STZ)
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or alloxan model (T1DM), partial or complete removal of
pancreas, model of special diet of high-fat (HF), and fructose
feeding model (T2DM). Parenteral streptozotocin and
alloxan (urea derivative) are the mainly applied chemicals to
induction of diabetes in laboratory animals (13). On the other
hand, a few studies were done to evaluate the
histopathological changes in different induction approaches
(14-16).

In our current study, alloxan, streptozotocin, and special
food were used to induce diabetes mellitus in rats, then
different target body organs were explored and evaluated by
histopathological study.

Materials and methods

Ethical approve

The University of Mosul, College of Veterinary
Medicine's Animal Care and Use Committee approved each
all the experimental protocols (Um.VET.2022.063 on
17/12/2021).

Experimental animals

Forty-eight adult male albino laboratory rats, aged 3-4
months and weighing between 250-400 gm, were used in this
study. The experiments were conducted in the laboratory
animal house at the College of Veterinary Medicine,
University of Mosul. The rats underwent a veterinary
examination and were monitored for general health, with
appropriate environmental conditions including well-
ventilated rooms, a temperature of 22 + 2°C, and regular 12-
hour light-dark cycles. The rats were housed in special
plastic cages measuring 30x20x17 cm. All experiments were
conducted the guidelines for the care and use of laboratory
animals of the National Institute of Health (NIH) (17). One
group of rats was induced with diabetes using white bread
and saturated sugar solution, while the other groups were
induced using other methods. The rats were treated
according to laboratory animal care instructions (17) and
were divided into the following groups; Control group have
eight rats were not treated with any chemicals or special diet.
The level of glucose was measured frequently using the
Accu-Chek® device (Roche, Germany). Alloxan group have
eight rats were injected subcutaneously with alloxan at a
dose of 200 mg/kg body weight after 12 hours of fasting (18).
The level of glucose was measured frequently using the
Accu-Chek® device (Roche, Germany). Streptozotocin
(STZ) group have eight rats were injected subcutaneously
with STZ at a dose of 50 mg/kg body weight after 12 hours
of fasting, weekly for one month (19). High fructose with
food and alloxan group have eight rats were injected
subcutaneously with alloxan at a dose of 200 mg/kg body
weight and given white bread as their food with a saturated
fructose solution of 40% W/V (20). High fructose with food
and STZ group have eight rats were injected subcutaneously
with STZ at a dose of 50 mg/kg body weight and given white
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bread as their food with a saturated fructose solution of 40%
W/V. Alloxan with STZ group have eight rats were injected
with a single dose of 100 mg/kg alloxan+5 mg STZ after 12
hours of fasting.

Histopathological study

All animals were sacrificed for histological examination.
The pancreas, liver, and small intestine were removed and
fixed in a 10% buffered neutral formalin solution (21). Small
samples were taken from each organ and were treated with
traditional histological methods, including dehydration in
ethyl alcohol, clearing in xylol, and embedding in hot
paraffin wax. The wax blocks were sectioned (5 pm) using a
microtome, and the slides were stained with ordinary Harris
hematoxylin and eosin (aqueous) (22). The histopathological
samples were examined using an optical microscope with
two lenses (OLYMPUS, Japan) and photographed using an
OMAX 18MP LAPAN camera (China).

Statistical analysis

The Statistical Package for Social Sciences (SPSS,
version 25) was used for statistical analysis. The
experimental data were presented as mean values with their
standard deviation (mean + SD) and analyzed using a one-
way analysis of variance (ANOVA). A probability level of
P<0.05 was considered statistically significant (23).

Results

The elevated blood glucose concentration observed in all
treated groups (Table 1) was significant (P<0.05) and
indicates the presence of diabetes. Table 2 and figures 1-6,
present the dimensions of histological architectures of the
pancreas, showing a significant decrease in the number of
islets of Langerhans in all treated groups, with the lowest
observed in the alloxan group at a dose of 200 mg/kg (4.4 +
0.24 number/10x field). There was a significant variance
(P<0.05) between the treated and control groups.
Additionally, table 1, shows a significant decrease in the
diameter of Langerhans islets, with the lowest observed in
the group treated with 100 mg/kg of alloxan and 5 mg/kg of
STZ (36.28+2.54 pm). Histological sections confirmed
pathological changes, characterized by necrosis and a
decrease or loss of Langerhans islet cells, as well as
degeneration and necrosis of pancreatic acinar cells. The
deposition of acidic protein materials was also observed in
the lumen of the lobe ducts.

Microscopic examination of the liver demonstrated that
the control group (Figure 7) had a normal shape and
arrangement of hepatocytes, as well as clear sinusoids and
portal area. In the treated groups (Figures 8-12), there was a
characteristic hepatocyte coagulative necrosis, acute cell
swelling, presence of cellular debris, karyolysis, and
vacuolar degeneration. In addition, there were few
infiltrations of inflammatory cells and confirmed congestion
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of the central vein. Congestion of the portal vein, cloudy
degeneration, thromboembolic necrosis, and expansion in
sinusoids were also observed. However, no fatty changes in
the liver were detected.

On the other hand, table 3 illustrate that there was a
significant (P<0.05) decrease in the length of intestinal villi
in the group receiving 50 mg/kg STZ with a high-fructose
diet, compared to the group on a high-fructose diet alone.
The villi length in the former was 267.38+£13.41 um, while
in the latter it was 269.48+10.21 pm. Additionally, there was
a significant increase in the width of the villi between the
groups, with the greatest width observed in the group
receiving 200 mg/kg of alloxan and the group receiving 50
mg/kg of STZ, at 212.78 + 6.17 and 200 £ 9.80, respectively.
A significant increase in the number of goblet cells, was also
observed, with the highest count in the group receiving 200
mg/kg alloxan, at 212.78 + 6.17. There was a significant
difference (P<0.05) between the treated groups and the
control group.

Regarding the intestinal tissues (Figure 13), the control
group, displayed a regular histological architecture of a
cross-section of the intestine with villi and crypts of
Lieberkuhn, goblet cells, the tunica mucosa, and the tunica

muscularis. In contrast, the treated groups (Figures 14-16)
showed a shortening of the villi length and thickness of the
mucous layer of the intestine, necrosis of the cells lining the
intestine, infiltration of inflammatory cells, an increase in the
number of goblet cells, and desquamation of the cells lining
the villi in the lumen. Additionally, there was severe necrosis
in the mucous layer, and necrosis of the cells lining the
crypts.

Table 1: Serum glucose concentration in all experimental
groups

Groups Serum glucose (mg/dl)
Control 75.66+6.2e
Alloxan 166.87+12.4c
STZ 184.32+5.5¢
High fructose+food+alloxan 204.80£11.2b
High fructose+food+STZ 244.79+9.7a
Alloxan+STZ 231.4+10.8a

Letters in each column represent a significant difference
(P<0.05) when compared with the control group.

Table 2: Pancreas histopathological diameters in control and treated groups

Groups No. of islet/10x field diameter of the islet
Control 5+0.32 a 152.86+14.5a
Alloxan 4.4+0.24 b 87.12+4.81c
STZ 3.4+051 ¢ 70+2.32c
High fructose+food+alloxan 4.8+0.73b 113.49+14.83b
High fructose+food+STZ 2.2+0.37d 47.96+3.74e
Alloxan+STZ 2+0.52d 36.28+2.54 ¢

Letters in each column represent a significant difference (P<0.05) when compared with the control group.

Figure 1: Micrographs of pancreas tissue, control group:
Normal histological features with intact islets of Langerhans
(A), pancreatic auricles (B), and lobar ducts (C). H and E
stain, 100X.

Figure 2: Micrographs of pancreas tissue, alloxan group:
Necrosis and loss of islet cells (A) and degeneration and
necrosis of pancreatic acinar cells (B) with measured islet
diameter (um). H and E stain, 400X.
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Figure 3: Micrographs of pancreas tissue, STZ group:
Necrosis and loss of islet cells and pancreatic acinar cells (A
and B) with measured islet diameter (um). H and E stain,
400X.

Figure 4: Micrographs of pancreas tissue, high
fructose+food+alloxan group: Normal features of islets of
Langerhans (A) with slight degeneration of pancreatic acinar
cells (B). H and E stain, 100X.

Figure 5: Micrographs of pancreas tissue, high
fructose+food+STZ group: Atrophy of pancreatic tissue
(<), necrosis of some islet cells (A), severe vacuolar
degeneration and necrosis of pancreatic acinar cells and
lobular ducts (B and C) with vascular congestion (D). H and
E stain, 100X.
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Figure 6: Micrographs of pancreas tissue, alloxan+STZ
group: Necrosis of islet cells with deposition of acidic
proteases (A) and degeneration and necrosis of pancreatic
acinar cells (B) with measured islet diameter (um). H and E
stain, 400X.

Figure 7: Micrographs of liver tissue, control group: normal
histological features observed in liver tissue including a
central vein (A), sinusoids (B), and hepatocytes (C). H and
E stain, 400X.

Figure 8: Micrographs of liver tissue, alloxan group: necrosis
of hepatocytes, presence of cellular debris and broken nuclei
(A), vacuolar degeneration (B), infiltration of inflammatory
cells (C), and congestion of the central vein (D). H and E
stain, 400X.



Iragi Journal of Veterinary Sciences, Vol. 37, No. 4, 2023 (971-978)

Figure 9: Micrographs of liver tissue, STZ group: vacuolar
degeneration of hepatocytes (A) and coagulative necrosis in
the portal region (B) with portal vein congestion (C). H and
E stain, 400 X.

Figure 10: Micrographs of liver tissue, high
fructose+food+alloxan group: cloudy degeneration of
hepatocytes (A), coagulative necrosis (B), central vein
congestion (C), and sinusoidal dilatation (D). H and E stain,
400 X.

high

tissue,
fructose+food+STZ group: acute cell swelling (A), cloudy
degeneration (B), necrosis of hepatocytes (C), and stenosis
of the sinusoids (D). H and E stain, 400X.

Figure 11: Micrographs of liver
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Figure 12: Micrographs of liver tissue, alloxan+STZ group:
slight vacuolar degeneration (A), slight cloacal degeneration
of hepatocytes (B), central venous congestion (C), and
sinusoids (D). H and E stain, 400X.

Figure 13: Micrograph of intestine, control group: a cross-
section of the intestine showing the normal structure of the
intestinal villi (a), Lieberkiihn's folds (b), the tunica
submucosa (c), and the tunica muscularis (d). H and E stain,
40X.

100um
—_—

Figure 14: Micrograph of intestine, alloxan group: showing
a decrease in the length of the villi and the thickness of the
intestinal mucosa (a), necrosis of the cells lining the intestine
(b), and infiltration of inflammatory cells (c). H and E stain,
100X.
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Figure 15: Micrograph of intestine, high fructose+food+STZ
group: showing a decrease in the length of the villi and the
thickness of the intestinal mucosa (a), necrosis in the
mucosal layer (b) and the muscular layer (c), and an increase
in the number of goblet cells (arrow). H and E stain, 100X.

.
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Figure 16: Micrograph of intestine, alloxan+STZ group:
showing a decrease in the length of the villi and the thickness
of the intestinal mucosa (a), necrosis in the mucosal layer (b)
and the muscular layer (c), and an increase in the number of
goblet cells (arrow). H and E stain, 100X.

Table 3: Small intestine histopathological diameters in control and treated groups

Groups Length of villi Width of villi No. of goblet cell
Control 933.94+50.45 a 106.46+6.28 b 16.41+1.36 ¢
Alloxan 435.08+36.72 ¢ 212.78+6.17 a 31+0.94 a
STZ 442.66+£21.82 ¢ 200+9.80 a 16.41+1.36 ¢
High fructose+food+alloxan 269.48+10.21 e 112.02+£10.95 b 29.22+1.8 a
High fructose+food+STZ 267.38+13.41 ¢ 138.88+23.40 b 30.62+1.50 a
Alloxan+STZ 431.88+42.24 ¢ 81.73+9.71 e 29.24+0.86 a

Letters in each column represent a significant difference (P<0.05) when compared with the control group.

Discussion

In this study, diabetes mellitus was successfully induced
in all treated groups, with alloxan inducing DM in 70% of
animals and 30% dying within 24 hours due to shock. The
characteristic feature of diabetes, hyperglycemia, was
demonstrated significantly. The establishment of diabetes in
rats in this study may be attributable to the definite,
irreversible toxic impacts of alloxan on the pancreatic beta
cells, which represent only 20% of islet cells (24,25). Inside
the body, alloxan is rapidly reduced to dialuric acid, which
later undergoes auto-oxidation, forming a significant
quantity of superoxide anion (O2"), hydroxyl free radicals
(H2"), and hydrogen peroxide (H.0;). These reactive
species of oxygen are assumed to inflict alloxan-based
violence on the beta cells (26-29).

On the other hand, STZ preferentially accumulates in the
beta cells of the pancreas through the glucose transporter
(GLUT2) (30). STZ then splits into glucose and
methylnitrosourea, with the latter responsible for alkylating
properties that cause irreversible deterioration of
macromolecules, particularly mitochondrial DNA (mtDNA).
This leads to damage to various metabolic signaling
pathways, and ultimately the beta cells become readily

976

vulnerable to cell death, causing depression in insulin
production (31,32).

However, experimentally induced diabetes is believed to
cause a variety of pathological changes in different tissues,
including the small intestine. Simonyan et al. (33)
documented that the diabetic rat intestine has an elevated
level of oxidative stress biomarkers. The authors also
demonstrated that the diabetes rat intestine has a significant
four-fold elevation in lipid peroxidation, as well as increased
levels of catalase and SOD, with depression of glutathione
peroxidase (34,35). Overall, these biochemical fluctuations
appear to be responsible for the histopathological changes
observed in all treated groups in our study.

On the other hand, previous studies (36,37) have
documented that experimentally induced diabetes in rats can
lead to various modifications in liver tissue that are similar
to chronic liver diseases in humans, including degeneration
and fibrosis. These changes affect the hepatic portal areas
and sinusoids, and researchers have also studied the
ultrastructural deviations in hepatic cells, particularly rough
endoplasmic reticulum, and mitochondria. Goel (38)
reported that after 5 days of induction of experimental
diabetes in fish, there was necrosis in hepatocytes, and he
suggested that alloxan may alter signaling pathways of
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metabolism, especially by inhibiting certain enzyme activity.
Meanwhile, Kume et al. (36) found that STZ-induced
diabetes in mice causes clear changes such as hepatocyte
hypertrophy and the participation of intracellular particles.
Lucchesi et al. (39) showed that rat liver cells undergo
changes after the induction of diabetes, including enlarged
mitochondria and diminished rough endoplasmic reticulum.
Notably, the administration of insulin and the reversal of
hyperglycemia (particularly after 2 weeks of diabetes
induction) can restore these changes to a normal state.
Therefore, these changes in the first 2 weeks seem to be due
to insulin deficiency and hyperglycemia, rather than the
direct cytotoxic effect of alloxan or STZ on the liver (40).
Furthermore, the severity of histopathological lesions in the
rat liver appears to be strongly related to the time course of
diabetes, with the severity increasing over time, particularly
after 24 weeks of uncontrolled hyperglycemia. This includes
enlargement of sinusoids, focal fatty degenerations,
hepatocyte vacuolization, and occasionally infiltration of
mononuclear inflammatory cells with periportal fibrosis
(40). Steatohepatitis was not observed in this study, and this
may be due to the relatively short duration between the
induction of diabetes and the end of the experiment, which
was insufficient to cause fatty changes in the liver.

Conclusion

Different approaches applied to induce diabetes in rats
lead to a wide range of histopathological lesions, and
according to the detailed aim of each study, individual
approach should be wused. A further experimental
investigation is needed to determine the most appropriate
method to induce diabetes and to assess the implications of
these histopathological changes on the effectiveness of
treatments for diabetes.
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