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Introduction
Diabetes mellitus (DM) is a chronic metabolic disease characterized 

by hyperglycemia and disturbances in carbohydrate, fat and protein 
metabolism. It is associated with an absolute or relative deficiency in 
the secretion of insulin (Diabetes Mellitus 1, DM1) or with insulin 
resistance (Diabetes Mellitus 2, DM2) [1]. Type 1 DM results from 
autoimmune destruction of the pancreatic β cells that lead to severe 
deficiency or relative lack of insulin, the key pancreatic hormone 
necessary for glucose homeostasis [2]. 

The management of hyperglycemia with low side effects is still a 
challenge for the medical system and many drugs have several serious 
adverse effects [3]. Another problem faced is the cost of the treatment, 
which is often prohibitively high in developing countries [4].  

Streptozotocin (STZ) is an antibiotic produced by Streptomyces 
achromogenes. It has been widely used for inducing experimental 
diabetes mellitus in a variety of animals, it stimulates the naturally 
occurring metabolic disorder DM by causing degeneration of pancreatic 
β cells [5,6]. The selective β cell toxicity of STZ is related to the glucose 
moiety in its chemical structure, which enables STZ to enter the cell via 
the low affinity glucose transporter Glut2 in the plasma membrane [7]. 

Nitric oxide synthase (NOS) is present in pancreatic β cells, and 

may be involved in the release of insulin under normal physiological 
conditions [8]. However, other findings suggest that iNOS isoform may 
play a role in the destruction of β cells during the development of DM2 
[9].

For many reasons in recent years the popularity of alternative 
medicine has increased, this has led to increasing demands for herbal 
products with anti diabetic activity and less side effects [10]. Flavonoids 
occur commonly, and are widespread, in the plant kingdom. Querectin 
(QCT) is one of the most widely distributed flavonoids, present in 
foods, including vegetables, especially onions, fruits, tea, and many 
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Abstract
Background: Insulin dependent diabetes mellitus is a chronic metabolic disease. Many drugs used in its treatment 

which have a number of serious adverse effects. Natural agent as quercetin (QCT) has been suggested in the alternative 
medicine for treatment of diabetes mellitus. 

Aim of the work: To evaluate the effect of QCT on the histological changes which occur in the islet of Langerhans 
of the streptozotocin (STZ)-induced diabetic rats and the possible mechanisms through which QCT produces its 
protective effect.

Materials and methods: Fourty five male albino rats were divided into 3 groups: Group I, control group; 15 
rats received single intraperitoneal injection of citrate buffer saline. Group II, diabetic group; 15 rats received single 
intraperitoneal injection of STZ. Group III; QCT-treated group, 15 rats received daily intraperitoneal injections of QCT 
for 30 days prior to, and for 30 days after the single injection of STZ. Blood samples were taken for monitoring blood 
glucose levels. Pancreas was taken out and processed for light microscopic, immunocytochemical and morphometrical 
studies.

Results: Blood glucose levels showed a significant increase in group II compared to the control, while a significant 
decrease was observed in groups III compared to group II (all p<0.05). In the hematoxylin-eosin stained sections, STZ 
administration caused marked degeneration of islet Beta cells with inflammatory cells infiltration. Using QCT; in group 
III, reversed most of the pancreatic morphological changes, and interestingly some islets noticed with connections 
to some pancreatic ducts. In chrome alum heamatoxylin stained sections, STZ administration caused a significant 
decrease in the number of bluish stained β cells compared to controls. While group III showed a significant increase in 
β cells number compared to group II (all p<0.05). Sections of animals injected with charcoal, showed many charcoal 
labeled macrophages in group II compared to group III, and controls. There was increased iNOS and caspase 3 
immunoreactivity in islets cells of group II than in controls, and was decreased in group III. 

Conclusion: This study provides evidence that quercetin could exert a protective effect against β cell damage 
by its anti-inflammatory, anti-apoptotic, and antioxidant effects; and aids regeneration of β cells which might through 
stimulation of the ductal stem cells. However, further experimental studies are still needed for more details on quercetin 
as an adjuvant drug in management of diabetes mellitus.
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other dietary sources [11]. Flavonoids are frequently exhibited 
antioxidant activity. An increased consumption of antioxidants in the 
diet of individuals is strongly recommended [12]. 

The aim of this work is to evaluate the effect of QCT on the 
histological changes which occur in the islet of Langerhans of the STZ-
induced diabetic rats and the possible mechanisms through which 
QCT produces its protective effect.

Material and Methods
Animals used

This study was conducted in the Histology department, faculty of 
Medicine of El-Minia University. Forty five males albino rats at the age 
8-10 weeks, weighting 200-250 grams were used. Animals were housed 
in a clean plastic cage and were given food and water ad libitum.

Reagents

1-Streptozotocin (STZ) vial containing 1 g STZ and 220 mg citric 
acid was obtained from Sigma Aldrich, which was freshly dissolved in 
0.1 mol /1 citrate buffer, pH 6.

2-Querectin (QCT) (3,5,7,3’,4’-pentahydroxyflavone) was obtained 
from Sigma Aldrich, dissolved in 0.5 ml of 60% ethanol just before 
injection according to manufacturer’s instructions.

Experimental design
Animals were randomly divided into three groups as following:

The control group (group I): It consists of 15 rats which received a 
single intra peritoneal injection of citrate buffer saline. 

The Diabetic group (group II): It consists of 15 rats in which 
diabetes was induced by a single intra peritoneal injection of STZ in a 
dose of 75 mg/kg body weight [13].

The QCT-treated group (group III): It consists of 15 rats. Rats 
were received a daily intra peritoneal injection of QCT (25 mg/kg body 
weight/day). This treatment was started 30 days prior to induction of 
diabetes. Induction of diabetes was done by injection of a single dose of 
STZ, and then QCT was continued for another 30 days. 

In this study, the day of intraperitoneal injection of STZ was 
determinated as (day 0) and every other day thereafter. Blood samples 
were taken after overnight food deprivation. Samples were taken from 
tail veins for monitoring blood glucose levels at 48h and on the day 30 
after injection of STZ.

Four rats from the different groups were slowly intravenously 
injected with 0.3 ml aqueous buffered solution formed of suspension 
of carbon particles (0.5 ml) in normal saline (100 ml), two hours before 
the sacrifice. This was to determine the phagocytic uptake of the carbon 
particles by the macrophages [14]. 

At day 30 for all groups rats were sacrificed by decapitation under 
light halothane anesthesia, specimen were removed and the splenic 
portions (tail) of the pancreas were taken, then dissected and rapidly 
fixed in 10% formal saline for 48 hours, then specimens were processed 
for morphological and morphometric studies.

For biochemical study

The glucose level was confirmed by the use of One Touch 
Glucometer and compatible blood glucose test strips. STZ treated rats 
with blood glucose level ≥18 mmol/litre were considered to be diabetic 
and used in this study [15]. 

For light microscopy

The specimens were fixed in 10% neutral-buffered formalin, 
dehydrated in a graded ethanol series, cleared in xylene and embedded 
in paraffin wax. Some sections (5 μm thick) were stained with 
haematoxylin and eosin (H&E). For detection of alpha and beta cells, 
other sections were stained with Gomori’s chrome alum hematoxylin-
phloxine stain [16].

For immunohistochemical study

Immunocytochemical staining was performed using 
polyclonal rabbit antibodies (anti-cleaved caspase 3 and iNOS). 
Immunohistochemistry for active caspase and iNOS was performed 
on formalin-fixed, paraffin-embedded tissue. Sections were 
deparaffinized, hydrated then washed in 0.1 M phosphate buffer 
saline (PBS). Endogenous peroxidases were quenched by treatment 
with H2O2 in methanol (Peroxidase blocking solution) followed by 
washing in tris buffer saline (TBS). Non-specific binding of IgG was 
blocked using normal goat serum, diluted 1:50 in 0.1% bovine serum 
albumin with TBS for 30 minutes. The sections were incubated with 
the diluted primary antibodies for cleaved caspase 3 (1:500) and iNOS 
(ready to use) overnight at room temperature. Sections then were 
washed 3 times each for 5 minutes in buffer and incubated for further 
30 minutes with biotinylated goat anti-rabbit secondary antibodies 
diluted 1:1000, followed by washing. Following further 30 minutes 
incubation with Vectastain ABC kits (Avidin, Biotinylated horse 
radish peroxidase Complex) and washing for 10 minutes, the substrate, 
diaminobenzidine tetra hydrochloride (DAB) in distilled water was 
added for 5-10 min. The enzyme reaction was developed as described 
previously. The slides were lightly counterstained by hematoxylin to 
gain a good morphological identification of cells, and dehydrated by 
passing through ascending concentrations of alcohol then cleared by 
xylene. Cover slip using permanent mounting media is put at last. This 
substrate gives brown color at the immunoreactive sites [17].

Photography: Olympus light microscopy was used. Slides were 
photographed using Olympus digital camera. Images were processed 
using Adobe Photoshop.  

Morphometric analysis: The procedures utilized a hardware 
consisting of a high-resolution color digital camera mounted on an 
Olympus BX51 microscope and connected to a computer. Four sections 
were examined from each animal in the different groups.

Quantitative data were collected for 4 parameters

The number of islets per square millimeter of each section: 
The islets of the pancreas were counted in H&E slides in random 
microscopic areas under 10 high power fields. The number of islets was 
assessed by counting all islets per one square millimeter of different 
non overlapped fields for the same slide of each animal. 

The number of β cells in the islet: The β cells of the pancreas were 
counted in chrome alum hematoxylin slides under 40 high power 
fields. The number of β cells was assessed by counting all nuclei of the 
blue stained cells inside one islet in the field. Approximately 4 islets 
were included on each section. In each animal 3 sections were counted 
and a total number of 60 islets of each group were counted. 

Counting the number of β cells, and the total number of cells in 
the pancreatic islets: Chrome alum hematoxylin stained sections were 
used to assess the number of β cells and the total number of cells in 
the pancreatic islets in 40 high power fields. The number of β cells was 
assessed by counting all nuclei of the blue stained cells inside one islet 
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in the field. The total number of cells in the same islet was calculated by 
counting the all nuclei in the islet. Approximately 4 islets were included 
on each section. Three sections were used for each animal in the group, 
and a total number of 60 islets for each group were counted. 

The same islets in the same fields were used for counting both β cells 
and the total number of cells. The ratio between number of beta cells 
of the islet to the total number of cells in the same islet was calculated 
in each experimental group. The Percent of β cells was calculated by 
dividing the number of B cells / the total number of cells in each islet 
x100.

Data handling and statistics 

The mean number (MN) and standard deviation (SD) were 
determined for parameter in each group. The significance of differences 
observed in these groups was pooled and assessed by the student t-test 

Results
Biochemical study

Blood glucose levels of the control group showed normal levels 
with a mean of 4.2 ± 0.7 mmol/L throughout the study. In the diabetic 
group, there was a significant increase in blood glucose levels 48 h after 
STZ injections, and get its highest levels by 30 days after STZ injections 
(all p= 0.000). While in the QCT-treated group, there was a significant 
decrease in blood glucose levels 48 h and 30 days after STZ injections (p= 
0.000), compared to the diabetic group. On the other hand, the QCT- 
treated group had relatively similar blood glucose levels compared to 
controls as there was no significant difference noted either at 48 h or 
30 days after STZ injections (p=0.011, p=0.006 respectively) (Table 1).

Histological study

Histological study of pancreas using hematoxylin and eosin: The 
control group (group I) showed a normal lobular architecture of the 
pancreas. The pancreas had abundant islet of langerhans interspersed 
among the pancreatic exocrine acini. The islets appeared lightly stained 
than the surrounding acinar cells, with intact Interlobular connective 
tissue and interlobular duct (Figure1). Each islet consisted of lightly 
stained polygonal cells arranged in cords separated by a network 
of blood capillaries. The acinar cells were characterized by its basal 
basophilia and apical acidophilia (Figures 2,3).

The pancreatic sections of the diabetic group (group II) showed 
marked morphological changes. The border between the endocrine 
and exocrine region became indistinct. Inflammatory cells infiltration 
through the connective tissue septa and around to the periphery of the 
islets (Figure 4). The inflammatory cells were also seen surrounding 
ducts, in between the acini and inside the lumen of blood vessels. Most 
of these cells were neutrophils, eosinophils and macrophages (Figure 
5,6). Blood vessels were seen congested and dilated (Figure 6). Some 

islets were completely destroyed leaving empty spaces (Figure 7). The 
islet’s cells showed different morphology. Some cells appeared with 
nuclear pyknosis and nuclear fragmentation. The degenerated cells 
surrounded by empty spaces which filled with amyloid-like material 
(Figure 8). The cellular residues were engulfed by the phagocytic cells 
leaving empty spaces (Figure 9). 

In group III, QCT administration showed improvement in the 
previous morphological changes in most of the rats, the border 
between exocrine and endocrine portions became distinct (Figure 10). 
Many islets showed with an increase in the cellular density along with a 

Blood glucose levels (mmol/L)
after 48 hours after 30 days

Mean ± sd p-value Mean ± sd p-value

Control group 4.2± 0.7 4.2±0.5
Diabetic group 18.2± 0.3 0.000c 21.3±0.4 0.000c

QCT- treated group 4.7± 0.1 0.000d

0.011 c 4.6 ± 0.1 0.000d

0.006 c

p < 0.05 is significant, cversus control group, dQCT-treated group versus diabetic 
group. Values are expressed as means (± SEM) of 10 rat

Table 1: Comparison of blood glucose levels (mmol/L) in the studied groups.

CTPA
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Figure 1: A Photomicrograph of rat pancreatic tissue of the control group 
showing normal lobular architecture. Islets of Langerhans (black arrows) seen 
surrounded by the pancreatic acini (PA). Notice the Interlobular connective 
tissue (CT) and the interlobular duct (D). (Hx&E x100).

IC
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Figure 2: A photomicrograph of rat pancreatic tissue of the control group 
showing Islet’s cells (IC) forming cords separated by a network of blood 
capillaries (BC). Notice the pancreatic acini with its basal basophilia and apical 
acidophilia (A). (Hx&E  x400).

Figure 3: A photomicrograph of rat pancreatic tissue of the control group 
showing the lightly stained polygonal Islet’s cells arranged in cords (blue 
arrow). (Hx&E  x1000).
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reduction in the inflammatory cells infiltration inside the islet (Figures 
10,11,12). Some ducts were noticed near islets with some cellular 
connection (Figure 13).

Histological study of the pancreas using Gomori’s chrome alum 
hematoxylin-phloxine: The pancreatic islets of the control group 
showed that most of the cells were β-cells which stained deep blue filled 
the interior of the islet, while α-cells appeared pink to red and arranged 
in clusters scattered either between β -cells or at the periphery of the 
islets (Figure14). 

The Diabetic group (group II), the islets showed degenerative 

changes, especially at the center with decrease in the density of 
bluish stained β cells. The remaining cells showed nuclear shrinkage 
and pyknosis. Pink to red stained alpha cells were still present at the 
periphery of islet and in between β cells (Figure 15). 

Group III showed improvement of islet morphology which 
approached the corresponding healthy pancreatic sections. There was 
also a relative increase in the β-cell mass (Figure 16).

Histological study of pancreatic macrophages using charcoal: 
Macrophages were monitored by charcoal injection (phagocytes 

Figure 4: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing the indistinct boundary between the endocrine and exocrine part (blue 
arrow). Notice inflammatory cells (red arrows) infiltrating through connective 
tissue septae (CT), islet area (IS) and around the duct (D). (Hx&E x100).

Figure 5: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing inflammatory cells (blue circle) surrounding duct (D) and between 
acini (A). (Hx&E  X400).

Figure 6: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing some congested and dilated blood vessels (BV) with inflammatory 
cells infiltration (inset). (Hx&E  X100).

Figure 7: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing completely destroyed islets leaving empty spaces (black arrows). 
(Hx&E  X100).

8

Figure 8: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing degenerated islet’s cells with nuclear pyknosis and nuclear 
fragmentation (Inset). Notice the empty spaces leaved after cell degeneration 
filled with amyloid-like material (A). (Hx&E  x1000).

9

Figure 9: A photomicrograph of rat pancreatic tissue of the diabetic group 
showing the inflammatory cells infiltration inside the islet (long arrows). Noticed 
cellular residues within the cytoplasm of phagocytic cells (short arrows). The 
phagocytic cells are surrounded by empty spaces. (HX&E  X1000).
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The QCT-treated group (group III), the labeled cells were markedly 
decreased all over the pancreatic sections, especially in the islet region 
compared to the previous group (Figure19).

Immunohistochemical study

Immunohistochemical study of the rat pancreatic tissues 
using iNOS: Sections of the control group displayed negative iNOS 
immunoreactivity in the islet cells, the acini and in the endothelium of 
the blood vessels (Figure 20).

consider carbon particles of charcoal as a foreign body and uptake 
them so their cytoplasm displayed yellowish - brown granules). 

In the control group (group I), the islet having charcoal injected 
blood vessels in between the islet’s cells and in between acini with no 
labeled macrophage seen in the islet (Figure 17).

The Diabetic group (group II), the macrophages in the sections of 
this group appeared widely distributed when compared to the control 
group. They were more frequently increased in the islet’s region. 
The labeled cells were large with irregular outline. Their cytoplasm 
displayed yellowish brown charcoal granules (Figure 18).

 10

Figure 10: A Photomicrograph of rat pancreatic tissue of the quercetin treated 
group showing many islets with distinct border from surrounding exocrine 
part (black arrows). Notice presence of ducts near islets (red arrows). (Hx&E  
x100).

                                                                                            

11

Figure 11: A Photomicrograph of rat pancreatic tissue of the quercetin treated 
group showing increase islet cell density. Notice reduction in the inflammatory 
cells infilteration (blue arrow indicates an eosinophil). (Hx&E x400).

Figure 12: A Photomicrograph of rat pancreatic tissue of the quercetin treated 
group showing islet cells resemble normal. (Hx&E X1000).

IS
D
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Figure 13: A photomicrograph of rat pancreatic tissue of the quercetin treated 
group showing connection between the duct (D) and islet cells (IS) (blue 
arrow). (Hx&E x400).

14

Figure 14: A Photomicrograph of rat pancreatic tissue of the control group 
showing (β) cells stained deep blue filling the interior of the islet(blue arrows) 
,while α-cells stained pink to red scattered mainly at the periphery of the islets 
and between (β) cells(red arrows). (chrome alum Hx.X 400).

Figure 15: A Photomicrograph of rat pancreatic tissue of the diabetic group 
showing decreased cellular density, the degenerated cells are showed with 
nuclear shrinkage and pyknosis (black arrows) mostly in the center of the islet. 
Notice pink stained alpha cells at the periphery of islet (red arrows). (chrome 
alum Hx. X400).
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In the diabetic group (group II), STZ administration caused 
changes in the expression of iNOS in the pancreatic tissue. Sections 
of this group displayed positive immunoreactivity in the cytoplasm of 
some degenerated islet cells and the inflammatory cells infiltrating the 
islets. Some endothelial cells of the blood vessels and some acinar cells 
also showed positive immunoreactivity (Figure 21).

In the QCT treated group (group III), there was no immunoreactivity 
for iNOS in islet and acini but faint expression was still noticed in the 
endothelium of the blood vessels (Figure22).

Immunohistochemical study of the rat pancreatic tissues using 
activated (cleaved) Caspase 3: No detectable immunolabeling for 

activated caspase 3 in the pancreatic sections of the control group 
(Figure 23).

In the diabetic group (group II), STZ administration caused 
changes in the expression of active caspase 3 in the rat pancreas. There 
was obvious high immunoreactivity for activated caspase 3 in the islets. 
The expression in the islet showed a pattern of heterogeneity; most of 
the islet’s cells had shown both cytoplasmic and nuclear expression 
while others showed only cytoplasmic expression. Few macrophage 
like cells showed positive immunoreactivity (Figure 24).

 

Figure 16: A Photomicrograph of rat pancreatic tissue of the quercetin treated 
group showing relatively numerous β-cells (blue arrows), notice α cells at the 
periphery of islet(red arrows). (chrome alum Hx. X400).

18

Figure 17: A Photomicrograph of rat pancreatic tissue of the control group 
showing an islet having charcoal injected blood vessels in between islet’s cells 
(lower inset)and between acini (upper inset) (arrows). (X400).

Figure 18: A Photomicrograph of rat pancreatic tissue of the diabetic group 
showing an islet having charcoal labeled macrophages. “The labeled cells” 
are large with irregular outline and their cytoplasm displayed yellowish brown 
charchol granules (arrows). (X 1000).

Figure 19: A Photomicrograph of rat pancreatic tissue of the quercetin 
treated group showing an islet having reduced number of charcoal labeled 
macrophage (arrow). (X1000).

Figure 20: A Photomicrograph of rat pancreatic tissue of the control group 
immunostained for iNOS showing negative immunoreactivity in the islet cell, 
the acini and endothelium of blood vessels (inset). (immunohistochemistry 
counter stain Hx x1000).

12
Figure 21: A Photomicrograph of rat pancreatic tissue of the diabetic 
group immunostained for iNOS showing positive immunoreactivity in the 
inflammatory cells (blue arrows), and macrophage like cells (red arrows) 
infiltrating the islet. Positive immunoreactivity seen aslo in the degenerated 
islet cells (white arrow). Notice positive immunoreactivity in the endothelium 
of blood vessel (upper inset) and in some acinar cells (lower inset). (x1000).
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In the QCT-treated group (group III), the profile of activated caspase 
3 expression in the pancreas was changed after QCT administration 
when compared to the previous group. There was marked decline in 
the activated caspase 3 immunolabeling in the islet region (Figure 25). 

The morphometric results 

Morphometric analysis of the number of islets per square 
millimeter: There was a significant decrease in the number of 
pancreatic islets/mm2 of the STZ induced diabetic group compared to 
the control group (p=0.000). On the other hand, there was a significant 

increase in the number of the islets of QCT-treated group compared 
to the STZ induced diabetic group (p=0.000). There was no significant 
difference in the number of the islets in QCT-treated group compared 
to control group (p=0.258) (Table 2). 

Morphometric analysis of the number of β cells per islet: There 
was a significant decrease in the number of B cells in the islet of the 
STZ induced diabetic group compared to the control group (p=0.000). 
On the other hand, there was a significant increase in the number of 
β Cells of QCT-treated group compared to the STZ induced diabetic 
group (P=0.000). Meanwhile, there was no significant difference of a 
number of β cells in QCT-treated group compared to the control group 
(p=0.366) (Table 3). 

Morphometric analysis of the total number of cells in each islet: 
There was a significant decrease in the total number of cells in each 
islet of the STZ induced diabetic group compared to the control group 
(p=0.000). On the other hand, a significant increase in the total number 
of cells in each islet of the QCT-treated group compared to the STZ 
induced diabetic group (p=0.002). There was no significant difference 
of the total number of cells in QCT-treated group compared to control 
group (p=0. 447) (Table 4).

Percent of B cells to the total number of cells in each islet: The 
percent of β cells in the control group ranged from 60%-75%.There was 
a decrease in percent of β cells (28%-50%) after STZ induced diabetes, 
while in QCT-treated group an increase in the percent of β Cells in 
each islet (50%-60%) was observed compared to the STZ induced 
diabetic group.

Discussion
In this study a high dose of STZ was used to induce DM1. High 

dose treatment of STZ induced a more rapid loss of insulin secretion 
and therefore more rapid onset of diabetes compared to low dose 
treatment [18]. A dose of 60-75 mg/kg of STZ causes destruction of islet 
cells [19]. Destruction of β-cell in rat’s pancreas starts 3 days after STZ 
administration and reaches its peak at 3-4 weeks [20]. In this study, the 
blood glucose level of diabetic group had started to increase at 48h after 
injection of STZ (18.2 ± 0.3mmol/l) and reached the highest level at 30 
day after injection (21.3 ± 0.4 mmol/l) this was in comparison to the 
control group (4.1 ± 0.4 mmol/l). QCT treatment prior to induction 
of diabetes was found to have beneficial effect on hyperglycemia, 
blood glucose level returned to a relatively normal value. This result 
in agreement with Rivera et al. [21], who found that quercetin has a 
beneficial effects on blood glucose level in Obese rats which received a 
daily dose of 2 or 10 mg/kg of quercetin, orally for 10 weeks.  

Figure 22: A Photomicrograph of rat pancreatic tissue of the quercetin treated 
group immunostained for iNOS showing negative immunoreactivity in the 
islet and the acini. Inset showing faint expression in the endothelium of blood 
vessel (arrow). (x1000).

IC

Figure 23: A photomicrograph of pancreatic tissue of the control group for 
caspase 3 showing negative immuostained immunoreactivity in the islet’s 
cells. (x1000).

Figure 24: A photomicrograph of pancreatic tissue of the diabetic group 
immuostained for caspase 3 showing positive immunoreactivity in cytoplasm 
of some islet cells (red circles).Notice nuclear expression of the other cells 
(blue circles). Notice positive stained macrophage like cell (inset). (x1000).

Figure 25: A photomicrograph of pancreatic tissue of the quercetin treated 
group immuostained for caspase 3 showing faint immunoreactivity in the islet 
cells (IC). (X1000).
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In this study the histological observations using H&E stain 
showed that the pancreatic islets from control group displayed normal 
histological features. In the diabetic group, marked morphological 
changes were observed including breakdown of microanatomical 
features, marked inflammatory cells infiltration. The islets showed 
marked degeneration of their cells. These degenerated cells appeared 
with nuclear pyknosis, fragmentation, and others showed cytoplasmic 
vacuolation. Cellular residues were seen within the cytoplasm of 
phagocytic cells. Phagocytic cells cleaning resulted in empty spaces. 
In some sections the empty spaces leaved after cell degeneration was 
seen to be filled with amyloid like material. In few animals, the islets 
were completely destroyed leaving empty spaces which were previously 
occupied by islet cells. The present study reinforced the previous 
recorded result which mentioned that diabetes caused extensive β-cell 
degranulation and decreased cellular density in pancreatic islets [2]. 
Selective destruction of insulin producing β cells could be explained by 
Blair et al. [22], who reported that DM1 is characterized by inflammatory 
reaction in and around the islets followed by β cell degeneration. 
Inflammatory reaction is caused by inflammatory cells, these cells 
being the humoral mediators of immunologic process and release of 
various cytokines. Cytokines are immunological effector molecules 
responsible for inhibition of insulin secretion from pancreatic β cells 
and inducing β cell destruction [23]. Amyloid; an insoluble fibrous 
protein, studies have shown that the amyloid deposition is associated 
with mitochondrial dysfunction and lead to the generation of reactive 
oxygen species (ROS) which can initiate a signaling pathway leading to 
apoptosis [24]. 

In the present work, histological finding of the pancreas of QCT-
treated group showed that QCT administration improved the previous 
degenerative changes in most of the rats. Many islets were showed 
with increased cells along with a reduction in the inflammatory 
cells infiltration. This was in agreement with Adewole et al. [2], who 
found that in diabetic rats treated with QCT, there were no evidence 
of inflammatory cells infiltration and the islets were observed with 
increase in granulation intensity. 

There was an interesting finding in this work which was the 
presence of cellular connections between some ducts and the islets 
cells, this might be explained by Xiu et al. [25], who reported that islet 
stem cells or progenitor cells exist in the adult pancreas are located 
in or near the pancreatic duct. Some stimuli can trigger these stem 
cells to differentiate into endocrine cells. The reverse of diabetes in 
diabetic animals was due to formation of new islets from ductal cells 
[26]. From these facts it could be suggested that QCT may trigger duct 
stem cell to differentiate into endocrine cells which were confirmed by 
morphological and morphometric results in this study. This study may 
add a new mechanism of the protective role of QCT against diabetes. So 
the newly generated islets may have formed from the ductal precursor 
cells.

Histological finding of the pancreatic tissue using chrome alum 
heamatoxylin of the control group showed bluish stained β cells filling 
the interior of the islet, while pink stained α-cells are arranged in 
clusters scattered mainly at the periphery of the islets and also between 
β cells. Morphological and morphometrical study of the diabetic group, 
degenerative changes were seen especially at the center of islets with 
decrease number of the bluish stained β cells while the pink stained 
alpha cells still present at the periphery of the islet, the injection of STZ 
caused a significant decrease in the number of pancreatic islets/mm2 
and the number of β cells in the islet as compared to control group. 
This was in agreement with Al-Khalifa et al. [27], who reported that 
a significant decrease in the number of β cells in all diabetic groups as 
compared with the respective control groups. In QCT-treated group, 
morphmetric results showed that there was a significant increase in the 
number of the islets/mm2 and the number of β cells in islet compared 
to diabetic group. There was no significant difference in the number 
of islets/mm2 compared to the control group. There was a significant 
decrease in percent of β cells (28%-50%) in diabetic group, while in 
QCT-treated group a significant increase in percent of β Cells in each 
islet (50%-60%) compared to the diabetic groups. The QCT may act 
on islet functions, increasing the number of pancreatic islets and 
stimulating insulin release in diabetic rats [28].

For further assessment of the protective role of QCT on diabetes 
and its mechanisms for the protection, histological study of the 
pancreatic macrophages using charcoal and immunohistochemical 
study of rat pancreatic tissues using iNOS and caspase 3 were done.

Intravenous injection of charcoal has been shown to provide a 
method for visualizing the phagocytes. In this work, macrophages 
in sections of diabetic group appeared more frequently and widely 
distributed when compared to the control group. The labeled cells were 
large with irregular outline. Their cytoplasm displayed yellowish brown 
charchol granules. Macrophages were present in many pancreatic 
islets during insulitis. In approval with speculations of the role of 
macrophages in the pathogenesis of DM1, macrophages are present in 
islets and in experimental conditions macrophages are able to engulf 
insulin granules from damaged β cells [29]. Islet cytokines and other 
inflammatory mediators elicit activation of vascular endothelium [30]. 
Endothelial activation in the pancreas leads to increased adhesion, 
extravasations of circulating leukocytes and presentation of target 
antigens by infiltrated macrophages and perhaps by endothelial cells 
themselves. The activated T-cells first invade the islets leading to 
insulitis. This is followed by destruction of the islets, mediated by a 
complex interaction between the activated lymphocytes, cytokines, and 
macrophages. Cytokines produced by islet infiltrating macrophages 
may contribute to β cell damage by inducing the production of oxygen 
free radicals in the islets. These cytokines, which are released from 

MN ± SD p-value
Control  group 4.1 ± 0.23
Diabetic group 1 ±0.85   0.000c

QCT-treated group 3.3 ± 0.28   0.258c

  0.000d

p < 0.05 is significant, cversus control group, dQCT-treated group versus diabetic 
group

Table 2: The number of islets/mm² in the control and experimental groups.

p < 0.05 is significant, c versus control group, dQCT-treated group versus diabetic 
group

Table 3: The number of β cells per islet in the control and experimental groups.

MN ± SD p-value
Control group 86.7 ± 34.09 
Diabetic group 19.66 ±6.59   0.000c

QCT-treated group 78.46 ± 25.21   0.366c

  0.000d

p < 0.05 is significant, c versus control group, dQCT-treated group versus diabetic 
group
Table 4: The total number of all cells of islet in the control and experimental groups.

MN ± SD p-value
Control group 17.06 ± 43.96
Diabetic group 60.53 ± 22.55 0.000c

QCT-treated group 06.20 ±44.95 0.447c

0.002d

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Apoptosis
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activated macrophages, are believed to be toxic to β cells [31]. The toxic 
effect produced by activated macrophages on β cells is thought to be 
mediated by the superoxide anion and hydrogen peroxide and β cell 
is very sensitive to the production of free radicals because islet cells 
exhibit very low free radical scavenging activity [32]. In QCT-treated 
group in this study, the charcoal labeled macrohages were markedly 
decreased all over the pancreatic sections, especially in the islet region 
compared to the diabetic group suggested that QCT had a protective 
role as anti-inflammatory in decreasing the mediators of inflammation 
in diabetes. This finding was in the same line of Overman et al. [33], 
who reported that QCT reduced the inflammation in human and 
prevent the mediator of this inflammation.            

It is also believed that possible mediator of pancreatic β cell 
damage is radical NO and iNOS is the most involved of NOS isoforms 
in immune mediated β cell damage. High level of NO produced by 
iNOS is related to pancreatic β cell dysfunction and apoptosis [34]. 
A significant increase of NO synthesized by iNOS participates in 
provoking inflammatory process and acts synergistically with other 
inflammatory mediators and compounds able to reduce NO production 
by iNOS may be attractive as anti-inflammatory agents [35]. In this 
study iNOS might play a role in the protective effect noticed after QCT 
treatment in diabetes, so this study analyzed iNOS expression in the 
pancreatic tissue under diabetic conditions as well as it was examined 
upon treatment with QCT. Immunocytochemical study using iNOS 
showed that in the control group negative iNOS immunoreactivity was 
noticed in either the islets cells, acinar cells or the blood vessels. This in 
agreement with Liu et al. [36], who reported that NO produced under 
physiological conditions contributes to cellular functions in pancreatic 
beta-cells just like in other cells, but it is not determined which type 
nitric oxide synthase isoform produces NO under physiological 
conditions, presence of iNOS in pancreas and islets under physiological 
conditions has not been exactly elucidated. In this study, the diabetic 
group showed positive iNOS immunoreactivity in the inflammatory 
cells infiltrating the islets, the endothelium of blood vessels and in some 
acinar cells. There was an intense immunostaining for iNOS in STZ 
induced diabetic rat as compared with the control rats. This enhanced 
iNOS levels induced by STZ suggests the oxidative stress which may led 
to the degeneration of β cells of the pancreas. The previous results were 
in agreement with Johannesen et al. [37], who reported that there is a 
high level of iNOS expression in the diabetic animals but he suggested 
that NO is necessary but not sufficient by itself in cytokine mediated 
selective β cell destruction. NO production in β cells, macrophages, 
ductal cells, and endothelial cells has been considered [38]. Ductal cells 
are potential source of NO production in human islets which have 
been infiltrated by cytokine releasing immunocytes [39]. The present 
data indicate that the possible contribution of β cell iNOS is restricted 
to the close vicinity of macrophages. The other possible site of iNOS 
expression is the endothelium. In fact several studies have shown that 
endothelial cells respond to cytokine challenge with sustained NO 
release [40]. This indicates that macrophages themselves express iN0S. 
In addition, macrophages may have induced adjacent endothelial or 
endocrine islet cells by inflammatory mediators to secrete NO, Such 
mediators are IL-l and TNF [41]. The expression of iNOS in islet 
β cells is mediated by the cytokines interleukin-1β (IL-1β), tumor 
necrosis factor-α (TNF-α), and interferon-γ (IFNγ), produced by 
lymphocytes and macrophages that are known to infiltrate the islets 
during the development of DM1. It was reported that endogenous 
NO is involved in formation of pancreatic edema by increasing the 
vascular permeability and protein extravasation. NO, participate in 
the development of pancreatic microcirculatory failure [23,42]. This 

study showed that in the QCT-treated group there was negative iNOS 
immunoreactivity in the islet and acini with faint expression noticed 
in the endothelium of some blood vessels. This finding suggesting the 
ability of QCT to function as an antioxidant against nitrosative stress. 
This was in the same line with the study of Kleemann et al. [43], who 
has been shown that the pharmacological inhibition of iNOS protects 
against β cell damage and reduces the sensitivity of animals against 
induction of diabetes. Polyphenols inhibit NO release by suppressing 
NOS enzymes expression and/or NOS activity [44]. Flavonoids 
appeared to be a potential therapeutic agent against DM1, and QCT 
has been shown to exert protective effect on β cells by different 
mechanisms including blocking iNOS gene expression. Caspases play 
a key role in apoptosis [45]. Immunohistochemical localization of 
activated (cleaved) caspase 3 in rat pancreatic tissues as an indicator of 
apoptosis was performed. In this study no detectable immunolabeling 
for activated caspase 3 in the pancreatic sections of the control group 
but in diabetic group there was high expression of active caspase 3. 
There was obvious high immunoreactivity for activated caspase 3 in 
the islets. The expression in the islet showed a pattern of heterogeneity 
i.e. most of the islet cells had shown both cytoplasmic and nuclear 
expression while others showed only cytoplasmic immunoreactivity. 
Few macrophage like cells showed positive immunoreactivity. STZ 
induced pancreatic β-cell death is associated with oxidative stress 
caused by the production of excess intracellular ROS furthermore, STZ 
may damage pancreatic tissue via imposition of oxidative as well as 
nitrosative stresses, which in turn can induce apoptosis in pancreatic 
cells with an invasion of the islets by macrophages and T cells termed 
insulitis. These activated inflammatory cells produce cytokines, such as 
IL-1β, IFNγ, and TNF-α, which cause progressive destruction of most 
β-cells via apoptosis, leading to an absolute deficiency of insulin [46]. 
Based on animal studies, it is assumed that decreased beta cell mass 
in DM1 is due to increased beta cell apoptosis [47]. Beta cells are also 
vulnerable to apoptosis when exposed to glucose concentrations of 
approximately 11 mmol/l (200 mg/dl) or higher through mechanisms 
that include β cell expression and the action of IL-1 [48]. In contrast to 
this study, Reddy et al. [49], reported that caspase-3 immunoreactivity 
predominantly intra islet macrophages but not islet cells, suggesting 
that apoptotic β cells are cleared rapidly after onset of diabetes. The 
discrepancy between the present results and theirs might be due to 
the different stages of insulinitis to which islets cells responded. In the 
QCT treated group, there was marked decline in the activated caspase 3 
immunolabeling in the islet region. This can be explained by Ardestani 
and Yazdanparast [50], who reported that the activation of NF-κB by 
acute oxidative stress may be the critical signal initiating the cascade 
of events leading to β-cell death and DM1. Thus, understanding these 
ROS-induced signal pathways in the immune and inflammatory 
response becomes essential in finding preventive treatments. Therapy 
that can target the activation of NF-κB may be an effective therapeutic 
tool in finding treatments to cure DM1. In view of their anti-
inflammatory and antioxidant abilities and their capacity to modulate 
NF-κB signaling pathways which lead to apoptosis, it is hypothesized 
that flavonoids as QCT hold great promise as potential therapeutic 
agents for controlling the onset of DM1.

In conclusion, the morphological and morphometrical findings 
suggested that the administration of QCT to diabetic rats causes 
beneficial effect in terms of regeneration of β cells in damaged pancreas. 
Hence it is concluded that QCT possess preventive and curative effect 
on STZ induced diabetes in rats, so it can be used as a herbal medicine 
to protect the pancreatic β cells. This protective effect may be through 
its inhibitory effect on iNOS levels and apoptosis. QCT may have a 
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stimulatory effect on ductal stem cells to differentiate and regenerate 
islet cells.
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