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Abstract. Gastrointestinal tract (GIT) disorders affecting intestinal tissues are common 
among diabetes mellitus (DM) patients. GIT side effects of antidiabetic medication are 
a reason for an increase in use of antidiabetic herbal medicine, prompting research 
that uses 50mg/kg of streptozocin (STZ) to induce DM in animal experiments prior 
to testing safety and efficacy of the herbs over 21 days in most experiments. As DM is 
a progressive disease, it is not clear whether 21 days of DM is enough to induce intes-
tinal tissue changes. We investigated effects of 50mg/kg STZ induced DM in intestines 
of male Sprague Dawley rats observed over 21 days. Intestinal tissues of 16 (control, 
n=8, STZ diabetic=8) rats stained with Masson’s Trichrome, hematoxylin and eosin 
were used. Villi height, width, number of goblet cells (GC), mucosa, submucosal col-
lagen fibre (SCF) and muscularis externa (ME) were measured using ImageJ software 
in photomicrographs taken from slides with a microscope camera. Means were ana-
lysed using SPSS software. In DM animals, there was a significant increase in width 
of ileal villi (p < 0.001), reduction in number of GC in jejunum (p = 0.033) and ileum 
(p <0.001). SCF thickness increased in duodenum (p < 0.001), jejunum (p = 0.003), 
ileum (p = 0.005), and colon (p = 0.004). ME only increased in ileum (p = 0.004). 
50mg/kg STZ DM induces significant changes across the intestines over 21 days, sug-
gesting that this duration is effective for experimental modelling for future DM studies 
on the intestines. 

Keywords:	 gastrointestinal tract, diabetes mellitus, Sprague Dawley rats, streptozocin 
(STZ), antidiabetic herbal medication.

INTRODUCTION

Diabetes Mellitus (DM) is a group of metabolic disorders characterized 
by increased blood glucose levels commonly known as hyperglycemia (Cho 
et al., 2018; Lovic et al., 2020). It develops as a result of a deficiency in insu-
lin secretion by pancreatic beta cells or insulin action (Cho et al., 2018). It 
is predicted that by 2040, 693 million people aged 18-99 years old will have 
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diabetes, a number accounting for 9.9% of the world’s 
population (Lovic et al., 2020). The gastrointestinal tract 
(GIT) disorders are common among DM patients and 
have recently been identified as one of the most com-
mon DM complications (Zhao et al., 2017). Animal and 
human studies have shown that DM has negative effects 
on intestinal health, including impaired healing and cel-
lular damage to the intestinal mucosa (Gotfried et al., 
2017). The above could be partly due to the fact that 
hyperglycemia causes an overproduction and accumula-
tion of advanced glycation end products (AGEs) in tis-
sues which affect the structure and function of proteins 
and other intestinal wall components like collagen fibres 
(Zhao et al., 2017). 

Metformin is a commonly used antidiabetic medi-
cation, but it has been shown to slow gastric emptying, 
reduce pyruvate dehydrogenase activity, and cause lactic 
acidosis in typer 2 diabetes mellitus patients (Borg et al., 
2020). It can also cause abdominal pain, vomiting, diar-
rhoea, agitation, confusion, tachypnoea, and hypoten-
sion (Kalsi et al., 2017). Due to the above side effects of 
conventional medication, several diabetic patients are 
increasingly using antidiabetic herbal medication which 
is perceived to be safe (Atinga et al., 2018; Mekuria et al., 
2018). However, the safety and efficacy of herbal medica-
tion lacks scientific validation in most cases (Mukherjee 
et al., 2022). Consequently, there is an increase in stud-
ies investigating the safety and efficacy of the antidia-
betic herbal medication. These studies use streptozocin 
(STZ) to induce diabetes in experimental animals fol-
lowed by treatment intervention (Eleazu et al., 2013; 
Goyal yet al., 2017). The dosage and duration of STZ 
used to induce diabetes is inconsistent across different 
experiments, with those that are interested in physiologi-
cal changes employing shorter duration of between 7 to 
21 days, while the dosage of STZ used to induce diabe-
tes ranges from 20mg/kg to as high as 200mg/kg (Kooti 
et al., 2016). The short duration of diabetes may induce 
physiological changes but not necessarily tissue changes 
as diabetes is a progressive disease (Zhao et al., 2017). A 
dose of 50mg/kg of STZ with animals kept for 21 days 
either with or without treatment intervention is one of 
the most common experimental designs. 

There is currently a lack of information on the path-
ologic profile of STZ-induced diabetes in the small intes-
tines and the colon. While some studies have examined 
specific regions of the intestines after 21 days period of 
STZ induced diabetes, a more comprehensive investi-
gation of the complete intestinal pathologic profile is 
lacking to fully comprehend the effects of STZ induced 
diabetes in the intestinal tissues. The current study has 
been designed against this backdrop to investigate the 

effects of 50mg/kg STZ induced diabetes on the histo-
morphometry of the small and large intestines of the 
male Sprague Dawley rats observed over 21 days after 
induction of diabetes. Such a study is important for 
accurate interpretation of the results in studies that use 
this experimental design in drug testing. 

MATERIALS AND METHODS

Animals 

Sixteen three months old male Sprague Dawley rats 
weighing 220–300 g that were purchased from North-
west University, Potchefstroom were used in the current 
study. Ethics approval (SMUAEC 03/2021) was obtained 
from the animal ethics committee at Sefako Makgatho 
Health Sciences University prior to conducting the study. 
The animals were kept in the Department of Physiol-
ogy’s Laboratory Animal Center at Sefako Makgatho 
Health Sciences University. Each animal was kept in a 
separate cage in a temperature-controlled environment 
with a 12-hour light/12-hour dark cycle with free access 
to rat chow and water. 

Diabetes induction 

After a week of acclimation, animals were fasted 
for 18 hours before receiving a once-off intraperito-
neal injection of 50mg/kg bodyweight of pancreatic-cell 
toxin STZ, 1ml/kg dissolved in 0.1M sodium citrate 
buffer (pH = 4.5) to induce type 1 DM. To avoid hypo-
glycemia, the STZ injected animals received a 5% glu-
cose solution in their drinking water overnight. After 72 
hours, blood glucose levels were measured in both nor-
mal control and STZ injected animals using blood sam-
ples obtained from the tail vein and analyzed with the 
accu-chek active glucometer (Roche Diabetes Care South 
Africa) to confirm diabetic status. For STZ injected ani-
mals, fasting blood glucose values exceeding 10.0 mM 
were considered indicative of hyperglycemia. All ani-
mals with the above blood glucose levels were included 
in the study and those animals that had glucose levels 
below 10mM were excluded from the study. The meas-
urement of blood glucose levels in the normal control 
group was done for control purposes. After confirma-
tion of diabetic status, both the normal control and STZ 
diabetic animals were put on unlimited food and water 
and observed for 21 days with glucose levels measured 
in days 14 and 21 of the experimental period and body 
weights measured on a daily basis. 
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Experimental design

Animals were randomly assigned to one of two 
experimental groups at random as follows: Group 1 
(n=8) were normal rats that were not exposed to any 
treatment and used as a control, while Group 2 (n=8) 
were 50mg/kg STZ-induced diabetic rats. After induc-
tion of diabetes, the animals were kept for 21 days with 
no intervention. At the end of the 21 days (day 22) all 
animals were euthanised with an intraperitoneal injec-
tion of a mixture (1.4 ml/kg.bw) of Anaket V (Ketamine) 
40-80mg/kg and Rompun 2% (Xylazine) 5-10mg/kg. The 
intestinal tissues were collected and preserved in 10% 
buffered formalin before processing and staining.

Specimen processing and staining

Four 1cm segments were harvested from the duo-
denum, jejunum, ileum and the colon. A segment of 
the duodenum was taken in its second part, 1cm from 
the pylorus. Jejunum was sampled 5cm below the liga-
ment of Treitz, the ileum sampled 5cm proximally to 
the ileocecal valve and the colon sampled 5cm distal to 
the ileocecal valve as per the sampling method adopted 
by Zhao et al., (2017). The blocks of the intestinal tis-
sues were processed, embedded, and serially sectioned 
at 5μm thickness with a rotary microtome, and one in 
two sections were mounted on glass slides for Masson’s 
Trichrome (MT) and Hematoxylin and Eosin (H&E) 
staining (Bancroft and Gamble, 2008). Hematoxylin and 
Eosin stains were used for tissue architecture to evaluate 
thickness of the layers and quantifying goblet cells, while 
the MT stain was used for connective tissue assessment 
of submucosal collagen fiber bundles. Photomicrographs 
of stained and mounted sections were taken with Leica 
software (Version 3.0), a Leica ICC50 HD camera, and a 
Leica microscope DM500 at 4X, 10X, and 40X.

Histomorphometric measurements

Villi height, width, and goblet cells

Twenty serial sections of the duodenum, jejunum 
and ileum were used in the current study to measure the 
height and width of the small intestines for each animal 
at 4X (duodenum) and 10X (jejunum and ileum) magni-
fication. The length of the villi was measured from the tip 
of the villi to the base at the junction with the intestinal 
crypts, whereas the width was measured halfway between 
the tip and base of the villi. These measurements were 
randomly taken from the longitudinal sections of 5 well-

oriented villi per tissue section in 20 sections adding up 
to 100 villi measured for each segment of the small intes-
tine per animal (Lerkdumnernkit et al., 2022). Goblet cells 
characterised by visible wine glass shape cells with clear 
cytoplasm and round or oval shaped nucleus at the base 
were also counted in the above villi. The measurements 
and counts were done using the line and multi-point fea-
ture tools of the ImageJ software (Schneider et al., 2012) 
and the means were recorded for statistical analyses.

Thickness of the mucosa, muscularis externa and submu-
cosal collagen fibre bundles

Twenty serial sections of the colon were used to 
measure the mean thickness of the mucosa, muscularis 
externa and in H&E-stained sections at 4X, and collagen 
fibres in MT-stained sections at 10X magnification using 
the line tool of the ImageJ software. Measurements of 
the mucosa were taken at two random points that were 
three mucosal glands apart in each of the twenty sec-
tions per animal from the tips of the mucosa to the mus-
cularis mucosae, making it a total of forty points meas-
ured per animal in the colon. The muscularis externa of 
the colon was measured at two points in line with the 
mucosa measurement described above. For the small 
intestines, the muscularis externa was measured at two 
points that were two villi apart, while the submucosal 
collagen fibre thickness was measured at 40X (MT) mag-
nification from the point where the muscularis mucosae 
ends to where the muscularis externa begins at two ran-
dom points two intestinal crypts apart.

Data analysis

A student t-test was used to compare the means of 
villi parameters, thickness of intestinal layers and counts 
of goblet cells for normal control and STZ diabetic 
group in a Statistical Package for the Social Sciences 
(SPSS) software (Version 28). Data was normally distrib-
uted in Shapiro Wilk test. All variables were expressed as 
mean ± standard deviation and a p-value of ≤ 0.05 was 
considered significant.

RESULTS

Induction of diabetes, weights and glucose level changes

Prior to the induction of diabetes with STZ injec-
tion, all animals had normal blood glucose levels rang-
ing from 4.8 to 5.8 mmol/L. After 72 hours of diabetic 
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induction, there STZ diabetic induced animals (DM) 
had a drastic increase of blood glucose levels to an aver-
age of 31.83 mmol/L to 33.20 mmol/L, which persisted 
throughout the 21 days of the experiment while the con-
trol group maintained normal blood glucose levels rang-
ing from 4.8-5.5 mmol/L (Figure 1A). 

In this current study, animals with approximately 
the same body weights were used with an average weight 
of 310 g for the DM group, and an average weight of 338 
g for control. The body weight of the control group sig-
nificantly increased when comparing the initial and ter-
minal body weights (28.00 ± 17.23; p = 0.003). The dia-
betic group had a significant weight loss by the end of 
21 days when comparing the initial and terminal body 
weights (65.00 ± 38.60; p = 0.002; Figure 1B). The small 
and large intestine’s mean weight of the diabetic group 
(60.59 ± 9.25 g) was significantly higher than that of the 
control group (23.81 ± 2.51 g) (p <0.001; Table 1).

Histological findings

Morphological changes in the villi of the duodenum

The duodenum of the control group showed intact 
villi, and the Paneth cells (PC) had densely packed 
eosinophilic secretory granules (Figure 2A). In the 
DM group, the villi appeared to be short and mildly 
deformed (Figure 2B). The duodenal villi height of the 
DM group was slightly lower (1216.272 ± 274.59 µm) 
than that of the control group (1244.558 ± 04 µm; p = 
0.425; Figure 2C) in the t-test. Similarly, the duodenal 
villi width of the DM group (182.155 ± 28.10 µm) was 
slightly lower than that of the control group (190.819 ± 
26.11 µm; p = 0.311; Figure 2D). The number of goblet 
cells in the villi of the duodenum of the DM group was 

significantly lower (7.883 ± 2.16) than that of the control 
group (13.667 ± 1.85; p < 0.001; Figure 2E). 

There were no statistically significant differences in 
the thickness of the muscularis externa (ME) of the duo-
denum of the DM group (214.809 ± 39.04 µm) compared 
to the control group (175.116 ± 36.60 µm, p = 0.090). 
However, the ME of the DM group was slightly thicker 
than that of the control group (Figure 2F). 

In MT-stained sections, the control group had 
moderate amount of submucosal collagen fibre bundles 
(Figure 2G), and the DM group had a large amount of 
submucosal collagen fibre bundles (Figure 2H). The sub-
mucosal collagen fibre thickness of the duodenum of the 
DM group was significantly thicker (57.865 ± 6.69 µm) 
when compared to that of the control group (40.542 ± 
2.06 µm; p < 0.001; Figure 2I). 

Morphological changes in the Jejunum

Normal histological structures were observed in the 
jejunum of the control group such as finger-like villi and 
normal shaped intestinal crypts (Figure 3A). The jeju-
num of the DM group however showed distortion of 

Figure 1. A changes of glucose levels of STZ induced diabetic and control animals from day 0 to day 21. B: Graphic representation of the 
weight changes of the animals throughout the 21 days period of the experiment.

Table 1. Body weights, GIT weight and blood glucose levels.

Control DM P-values 

Initial BW (g)
Terminal BW(g) 
Weight of small & large 
intestines (g)

338.71 ± 7.57
364.00 ± 15.28

23.81 ± 2.51

310.71 ± 14.78 0.003 
299.00 ± 36.82 0.002 
60.59 ± 9.25 <0.001 

Glucose levels (mmol/L) 5.26 ± 0.48 31.83 ± 0.59 <0.001 

Data of all variables expressed as mean ± standard deviation. P 
<0.05.
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the villi, cell infiltration in the lamina propria as well as 
disrupted crypts (Figure 3B). The jejunal villi height of 
the DM group (615.623 ± 184.644 µm) was slightly low-
er than that of the control group (655.603 ± 58.99 µm; 
p = 0.321; Figure 3C), while the jejunal villi width of 
the DM group (177.547 ± 26.14 µm) was slightly higher 
than that of the control group (147.594 ± 32.91 µm; p = 
0.090; Figure 3D). The number of goblet cells in the villi 
of the jejunum of the DM group (8.033 ± 2.35 µm) was 
significantly lower compared to that of the control group 
(13.217 ± 4.03 µm; p = 0.033; Figure 3E). 

The t-test further showed that the thickness of the 
muscularis externa of the jejunum (ME) of the DM group 
(127.914 ± 41.63 µm) was not significantly different from 
that of the control group (152.991 ± 20.78 µm; p = 0.117; 
Figure 3F). However, the thickness of the ME of the DM 
group was slightly lower than that of the control group. 

The MT-stained sections of the control group (Fig-
ure 3G) showed moderate amounts of collagen fibre 
bundles while the DM group had a large amount of sub-
mucosal collagen fibre bundles (Figure 3H). The sub-
mucosal collagen fibre thickness of the DM group was 
significantly higher (43.975 ± 2.69 µm) than that of the 
control group (34.101 ± 4.911 µm, p = 0.003; Figure 3I).

Morphological changes in the ileum 

The ileum of the control group showed the normal 
histological structure with intact villi and epithelial lin-

ing (Figure 4A). In the DM group, the villi of the ileum 
appeared to be blunt and distorted (Figure 4B). The 
t-test showed that the ileal villi height of the DM group 
(6548.225 ± 38.44 µm) was not statistically significant 
when compared to that of the control group (536.481 
± 66.92 µm; p = 0.354). However, the villi height of the 
DM group was slightly higher than that of the control 
group (Figure 4C). Additionally, the ileal villi width of 
the DM group (183.283 ± 15.51 µm) was significantly 
higher compared to that of the control group (114.905 
± 8.03 µm; p < 0.001; Figure 4D). There were no sig-
nificant differences in the number of goblet cells of the 
ileal villi of the DM (13.000 ± 1.25) and control groups 
(12.850 ± 1.34) in the t-test (p = 0.384). However, the 
number of goblet cells of the DM group was slightly 
higher than that of the control group (Figure 4E). The 
t-test also showed that the thickness of the muscularis 
externa of the DM group (178.227 ± 21.85 µm) was sig-
nificantly higher when compared to that of the control 
group (142.501 ± 18.36 µm; p = 0.004; Figure 4F).

In MT-stained sections, the collagen fibre bundles 
showed a continuous layer around the epithelial cells in 
the control group, indicating an intact basement mem-
brane (Figure 4G). In the DM group, collagen fibre bun-
dles were spars around the epithelial cells, indicating the 
destruction of the basement membrane (Figure 4H). The 
submucosal collagen fibre thickness of the DM group 
(42.467 ± 4.06 µm) was significantly thicker when com-
pared to that of the control group (35.331 ± 3.79 µm; p = 
0.005; Figure 4I).

Figure 2. Hematoxylin and Eosin photomicrographs (4X) showing changes in the histological structure of the duodenum in the control (A) 
and Diabetes Mellitus (B) groups. Masson’s Trichrome stained micrographs (40X) of control (C) and DM (D) groups showing changes in 
the submucosal collagen fibre bundle thickness (black arrows) in the duodenum. E to I) Bar graphs representing changes in villi, number of 
goblet cells and thicknesses of muscularis externa and submucosal collagen fibre bundles in the duodenum. The standard error of the mean 
is represented by the error bars. ** represents significant changes. Mucosa= M; submucosa= SM; muscularis externa= ME; villi= V; crypt= 
C; lamina propria= LP; red asterisks= short and deformed villi.
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Morphological changes in the Colon 

The colon of the group showed normal shaped 
mucosal crypts with intact epithelial lining on the lumi-
nal surface and narrow lumens (Figure 5A). In the DM 
group, some crypts had mildly distorted shape and the 
ME appeared thicker (Figure 5B). The colonic mucosal 
layer of the DM group (446.264 ± 81.97 µm) was signifi-
cantly higher than that of the control group (318.528 ± 
34.39 µm; p = 0.008; Figure 5C). The t-test also showed 

that the thickness of the colonic muscularis externa 
(ME) of the DM group (172.546 ± 79.22 µm) was not 
significantly different from that of the control group 
(152.434 ± 15.70 µm; p = 0.291; Figure 5D). However, the 
thickness of the ME of the DM group was higher than 
that of the control group (Figure 5D).

The MT-stained tissue sections of the control group 
showed moderate amount of submucosal collagen fibre 
bundles (Figure 5E) while the DM group (Figure 5F) 
had abundant submucosal collagen fibre bundles when 

Figure 3. Hematoxylin and eosin micrographic (10X) showing changes in the histological structure of the walls of the jejunum in the con-
trol (A) and Diabetic mellitus (B) groups. Masson’s Trichrome stained micrographs (40X) of control (C) and DM (D) groups showing 
changes in the submucosal collagen fibre bundle thickness (black arrows) in the jejunum. E to I) Bar graphs representing changes in villi, 
number of goblet cells and thicknesses of muscularis externa and submucosal collagen fibre bundles in the jejunum. The standard error of 
the mean is represented by the error bars. ** represents significant changes. Mucosa= M; villi= V; lamina propria= LP; submucosa= SM; 
crypts= C; muscularis externa= ME; red asterisks at the tip of the villi= distorted villi; cell infiltration= ci.

Figure 4. Hematoxylin and eosin micrographic (10X) showing changes in histological structure of the walls of the ileum in the control (A) 
and Diabetic mellitus (B) groups. Masson’s Trichrome stained micrographs (40X) of control (C) and DM (D) groups showing changes in 
the submucosal collagen fibre bundle thickness (black arrows) in the ileum. E to I) Bar graphic representing changes in villi, number of 
goblet cells and thicknesses of muscularis externa and submucosal collagen fibre bundles in the ileum. The standard error of the mean is 
represented by the error bars. ** represents significant changes. Villi= V; lamina propria= LP; goblet cells= GC; mucosa= M; submucosa= 
SM; muscularis externa= ME.
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compared to the control group. The colonic submucosal 
collagen fibre thickness of the DM group (47.87 ± 12.27 
µm) was significantly higher than that of the control 
group (35.348 ± 6.00 µm; p = 0.004; Figure 5G).

DISCUSSION

The diabetic group exhibited mildly distorted and 
blunt villi in the small intestines compared to the nor-
mal control group. This observation may be attributed to 
an increased enterocyte proliferation rate reported in the 
diabetic animals (Boudry et al.,2007). The migration of 
immature cells to the villus surface is a possible explana-
tion for the observed blunting and distortion of the villi 
(Boudry et al., 2007). 

The present study revealed a decrease in villi height 
in the duodenum and jejunum of the diabetic group, 
consistent with the findings of previous authors (Mes-
gari-Abbasi et al., 2019). This reduction is likely attrib-
uted to chronic inflammation associated with diabetes, 
as previously suggested (Garci et al., 2010). In the ileum, 
an increase in villi height was observed in the diabetic 
group compared to the normal group, in line with the 
previous studies (Chen et al., 2012; Hvid et al., 2016). 
Diabetes has been shown to significantly affect the ter-
minal intestinal segment of the small intestine, poten-
tially increasing villi height (Chen et al., 2012). 

It must be noted that conflicting findings have been 
reported regarding the effect of diabetes on specific 

intestinal segments. One study found an increase in the 
villi height of the duodenum (Lerkdumnernkit et al., 
2022), while another study reported an increase in the 
villi height of the jejunum (Hvid et al., 2016), both of 
which contradicts the findings of the current study. In 
the studies mentioned above, animals were kept for 28 
days with dosages of 60mg/kg and 54mg/kg respectively, 
contrary to the 21 days and 50mg/kg of STZ of the cur-
rent study. It is known that longer durations of diabetes 
are associated with more severe effects on the tissues 
(American Diabetes Association, 2014). Therefore, differ-
ences in the duration of the experiments can be a reason 
for conflicting findings. 

In the present study, a decrease in villi width was 
observed in the duodenum of the DM group compared 
to the control group as previously reported (Mesgari-
Abbasi et al., 2019), while in the jejunum and ileum, the 
villi width increased in DM group. The reduction in villi 
width can be attributed to alterations in the production 
of growth factors, particularly insulin-like growth fac-
tor-1 and 2 (IGF-1 and IGF-2), which play a crucial role 
in the growth and maintenance of the villi (Dube et al., 
2006). The observed increase in villi width in the jeju-
num and ileum of diabetic rats can be attributed to vil-
lous hypertrophy (Zhao et al., 2003; Zhao et al., 2017). 

The number of goblet cells significantly decreased in 
the duodenum and jejunum of the diabetic group com-
pared to the control group, in agreement with previous 
reports (Mesgari-Abbasi et al., 2019; Lerkdumnernkit et 
al., 2022). The reduction in the number of goblet cells is 

Figure 5. Hematoxylin and eosin micrographic (10X) showing changes in histological structure of the walls of the colon in the control (A) 
and Diabetic mellitus (B) groups. Masson’s Trichrome stained micrographs (40X) of control (C) and DM (D) groups showing changes in 
the submucosal collagen fibre bundle thickness (black arrows) in the colon. E to G: Bar graphs representing changes in the mucosa and 
thickness of muscularis externa of the colon. The standard error of the mean is represented by the error bars. ** represents significant 
changes. Mucosa= M; crypts= C; submucosa= SM; muscularis externa= ME; black arrow= separation of layers in figure 4B; black square= 
crypts in 100X magnification to show their shape; distorted crypt encircled in red, normal crypt encircled in yellow.
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due to increase in tumor necrosis factor alpha (TNF-α) 
secretion by intestinal macrophages in the diabetic intes-
tines, which ultimately cause production of active cas-
pase-8 which activates caspase-3, resulting in apoptosis 
of goblet cells (Lau et al., 2012). 

In the ileum of diabetic rats, the number of goblet 
cells increased consistent with the view that the terminal 
portion of the intestinal tract is less affected by diabetes 
(Chen et al., 2012). Contrary to these findings, Akinola 
et al., (2009) reported a decrease in the number of goblet 
cells in the ileum of diabetic rats, probably due to long-
er period of 50 days and the STZ dosage of 70mg/kg in 
their experiment. 

In the current study, an increase in the thickness of 
the muscularis externa was recorded in the duodenum 
and ileum of the diabetic group compared to the control 
group in line with previous reports (Chen et al., 2012; 
Zhao et al., 2017). The increase may be due to hyperpla-
sia, a condition in which the number of cells in the mus-
cularis externa increases, contributing to a rise in over-
all thickness (Zhao et al., 2003; Zhao et al., 2017). The 
current study also reported a reduction in the ME of the 
jejunum in the diabetic group compared to the control 
group. The decrease of ME noted in the jejunum could 
be due to the sensitivity of smooth muscle to oxidative 
stress which increase cell death (Kashyap and Farru-
gia, 2011). A significant increase in the thickness of the 
submucosal collagen fibre bundles of the diabetic group 
was recorded in the duodenum, jejunum and ileum 
compared to the control group in agreement with pre-
vious reports (Zhao et al., 2017; Lerkdumnernkit et al., 
2022). The above could be indicative of fibrosis caused 
by inflammation and tissue damage in diabetic animals 
(Lenti and Di Sabatino, 2019). 

The current study recorded a significant increase 
in the thickness of the mucosa, muscularis externa and 
submucosal collagen fibre bundles compared to the 
control group as previously reported (Zhao et al., 2017; 
D’arpino et al., 2018). The increase in thickness of the 
layers of the colon is due to inflammation (Kashyap 
and Farrugia, len2011). Chronic inflammation can lead 
to fibrosis, muscular hypertrophy and smooth muscle 
hyperplasia leading to increased muscle thickness and 
reduced flexibility (Gromova et al., 2021). Table 2 sum-
marises the comparisons of the findings of the effects of 
STZ diabetes by different authors. It is apparent from the 
table that the current study is the first to report on the 
effects of STZ diabetes on the entire intestinal tissue and 
that the longer duration the diabetic animals are kept in 
experiments is a contributing factor in the contradiction 
in the results by different authors
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CONCLUSION

In this study, we conclude that a dosage of 50mg/
kg of streptozocin (STZ) administered over a period 
of 21 days is sufficient to induce diabetes and produce 
observable tissue changes in various parts of the intes-
tines. This timeframe is deemed appropriate for future 
research focused on analysing the effects of diabetes 
mellitus on intestinal health. The findings also provide 
a solid foundation for subsequent studies exploring the 
therapeutic effects of antidiabetic treatments on intesti-
nal tissue. 
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