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Abstract Rats with diabetes mellitus that were fed pesticides were used to evaluate the morphological substrates of
changes in the pancreas in specific cells and to study their characteristic features. The Ki67 marker is primarily manifested by
its expression in the perinuclear region of any labile and stable cells and is considered a marker that determines proliferative
activity. This is important for assessing the mitotic index specifically in the labile and stable cells of each organ.
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1. Introduction

Currently, diabetes mellitus is the third most prevalent
disease globally and is considered a global medical and
social problem for healthcare systems in all countries,
affecting patients of all ages.According to WHO data [12],
by 2030, 18-20% of the world's population will have this
disease, with 80-90% of them having type 2 diabetes. In
industrialized countries, the prevalence of diabetes is 5-6%,
with a very high probability of incidence and increase
primarily among the population over 40 years of age. The
WHO projects that the number of patients with diabetes
in developed countries will increase by 41% by 2027.
Complications leading to a decreased quality of life, disability,
and death in patients with diabetes include diseases affecting
all internal organ systems. Despite extensive experience in
treating diabetes, a majority of patients become disabled.
Therefore, they represent a serious medical and social problem.

2. Materials and Methods

In this study, an experimental model of diabetes mellitus
was induced in 180 white laboratory rats (at a dose of 0.11
mg/100 g of body mass). The white laboratory rats were
divided into 3 groups. Group 1 consisted of 60 intact rats,
serving as the control group. Group 2 was the experimental
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group, comprising 60 white laboratory rats in which an
experimental model of diabetes mellitus was induced. Group
3 consisted of 60 rats with chronic pesticide poisoning under
the conditions of experimental diabetes mellitus.

3. Results and Discussion

To evaluate the morphological substrates in specific cells
and study their characteristics, we examined pancreatic
changes in rats with diabetes mellitus that were fed with
pesticides.

The Ki-67 marker is considered a marker of proliferative
activity, primarily manifested by its expression in the
perinuclear region of any labile and stable cells. This is
important for assessing the mitotic index in the labile and
stable cells of each organ.

Specifically, in our research, when determining the reaction
of the Ki-67 marker in the pancreatic epithelium of rats with
diabetes mellitus fed with pesticides, it was found that the
cells' proliferative index showed high positive expression
within the initial 3-month period. This is explained by the
predominance of regeneration processes in the glandular
epithelium damaged during the process, as well as the
presence of active mitotic foci, mainly in mesenchymal cells.

While a moderate level of expression was detected at the
3-month mark, a low level of positive expression in the
acinar glands at the 6-month mark indicates an increase in
the area occupied by connective tissue in the pancreas. This
is due to the moderate positive expression of fibroblasts,
histiocytes, and endothelial cells within the mesenchymal
cells.
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This indicates that the process is progressing in a chronic
manner. In the study, a moderate level of Ki-67 marker
expression was observed in 33.5% of the rats, while 65.2%
showed low-level expression and 1.3% had a negative
reaction. It should be noted that not all cells expressing the
Ki-67 marker were epithelial; 58.61% of the cells in the field
of view were mesenchymal. When the Ki-67 marker was
applied to all pancreatic epithelial cells to obtain an average
indicator, the value was found to be 23.41+1.16% (Figure 1).
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Figure 1. High positive expression of the Ki67 marker in the pancreas of
diabetic rats exposed to pesticides for 3 months. The sample was scanned
using the QuPath-0.4.0.ink program to determine the level of expression.
The expressing cells are dark brown. Stained with DAB chromogen.

Magnification: 10x10

Thus, in immunohistochemical examinations of the
pancreas of 3-month-old diabetic rats exposed to pesticides,
the proliferative index of the Ki-67 marker in the pancreatic
acinar epithelial cells was 23.41+1.16%, while in mesenchymal
cells—histiocytes, fibroblasts, macrophages, and endothelial
cells—it was found to be 18.46%1.01%.At the 6-month
period, a low level of positive expression was detected,
which indicates that the ongoing chronic negative effect of
the process is causing damage and metabolic disruption in all
glandular cells.

In the study of 6-month-old diabetic rats receiving
pesticides, moderate expression of the Ki-67 marker was
observed in 16.5% of the rats, low expression in 82.6%, and
a negative reaction in 0.9%. This means that not all cells
expressing the Ki-67 marker were epithelial; 66.21% of the
cells in the field of view were mesenchymal cells, and when
the Ki-67 marker was applied to all pancreatic epithelial cells
to obtain an average value, it was found to be 10.2240.16%.

Thus, in immunohistochemical examinations of the pancreas
of 6-month-old diabetic rats exposed to pesticides, the
proliferative index of the Ki-67 marker in pancreatic acinar
epithelial cells was 10.2240.16%, while proliferation in
mesenchymal cells, such as histiocytes, fibroblasts, macrophages,
and endothelial cells, was found to be 11.0240.01%.

At the 9-month period, a low positive expression of the Ki-67
marker was detected, indicating that the process is chronic
and that the irritant effect is causing continuous damage and
chronic metabolic disruption in all glandular cells.

In the study of 9-month-old diabetic rats exposed to
pesticides, moderate expression of the Ki-67 marker was
observed in 8.91% of the rats, a low level in 90.2%, and a
negative reaction in 0.89%. This indicates that in the studied
rats, the expression of the Ki-67 marker in the pancreas is
mainly due to mesenchymal cells; non-epithelial cells in the
field of view accounted for 88.16% of the mesenchymal cells,
and when the Ki-67 marker was applied to all pancreatic
epithelial cells to obtain an average value, it was found to be
8.1140.01%. Thus, during the immunohistochemical (IHC)
examination of the pancreas of 9-month-old diabetic rats
exposed to pesticides, the proliferative index of the Ki-67
marker corresponding to pancreatic acinar epithelial cells
was 8.140.01%, while proliferation in mesenchymal cells—
histiocytes, fibroblasts, macrophages, and endothelial cells
—was found to be 10.0140.01%.

Changes in the Bcl-2 marker in the pancreas of rats with
induced diabetes mellitus at 3, 6, and 9-month intervals.

In the subsequent immunohistochemical study, the cells of
the acinar system, the exocrine and endocrine systems, and
the islets of Langerhans of the pancreas were examined. In
particular, it inhibits the death (apoptosis) of pancreatic
epithelial cells and most other cells.
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Figure 2. Moderate positive expression of the pancreatic Bcl-2 marker in
rats with diabetes mellitus that were administered pesticides for a 3-month
period. Scanned and analyzed for expression levels using QuPath-0.4.0.ink.
software. Expressed cells are dark brown. Stained with DAB chromogen.
Magnification: 10x10

Figure 3. Low positive expression of the Bcl-2 marker in the pancreas
of diabetic rats exposed to pesticides for a 6-month period. Scanned and
expression level determined using QuPath-0.4.0.ink. software. Expressed
cells are dark brown. Stain: DAB chromogen. Magnification: 10x10
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The results were evaluated as follows: absence of
expression — 0 points, weak expression — 1 point, moderate
expression — 2 points, strong expression — 3 points.

In our study, over a 3-month period, rats with diabetes
mellitus that consumed pesticides developed changes in the
pancreas, manifesting as an increase in programmed cell
death.

The moderate positive expression of the Bcl-2 marker,
in turn, is explained by the induction (enhancement of any
stimulating factors) of cell apoptosis in rats with diabetes
mellitus under the influence of pesticides. The positive
expression of the Bcl-2 marker is explained by the
intensification of the apoptosis process under the influence
of pesticides in diabetes mellitus, and specifically by the
abundance of labile cells in the pancreatic acini (labile cells
normally have numerous mitotic foci, and epithelial cells
rapidly regenerate). The uniform, diffuse positive expression
of the Bcl-2 marker throughout all areas of the tissue, rather
than being focal or confined to a specific area, is explained
by the fact that pesticides stimulate the process of apoptosis
in most tissue cells via the blood vessels in diabetes mellitus
[8,10,11].

During the chronic 3-month period of toxic poisoning
from pesticides in diabetes mellitus, strong regenerative
changes occurred in the pancreatic acinar epithelium, which
is manifested by the binding of the APAF1 factor, an
intracellular protein that blocks apoptosis, and the expression
of the Bcl-2 marker. In this case, the premature death of the
majority of apoptotic cells depends on the concentration of
the stimulating factor; microscopically, cells that have died
are identified by a 2-point result for Bcl-2 marker expression
in monocellular and segmental patterns within the glandular
epithelium. No changes are observed in the histotopographic
structure of the pancreas; the trajectory of the glandular
structures appears preserved. In paracellular glandular cells,
the positive expression of the Ki-67 marker to replace lost
glandular cells indicates that the processes of proliferation
and apoptosis are occurring in parallel [8,10,11].

During the subsequent 6-month period, it was determined
that due to moderate regenerative changes in the pancreatic
glandular epithelium of rats with diabetes mellitus under
the influence of pesticides, the binding of the intracellular
apoptosis-blocking protein APAF-1 factor and the expression
of the Bcl-2 marker were at a moderately low level [8,10,11].

In this case, the premature death of most apoptotic cells
at the 6-month mark was reduced compared to the 3-month
mark. This is explained by morphological adaptation,
resulting in a decrease in the size of the glandular epithelial
cells during their lifespan. Depending on the duration and
concentration of the influencing factor, this is microscopically
identified as foci of monocellular cell death within the glandular
epithelium. Changes in the histotopographic structure of the
pancreas were mainly manifested by an increase in clusters
of cells that had decreased in size. The trajectory of the
glandular structures is preserved, while in paracinar glandular
cells, a low positive expression of the Ki-6 marker indicates
the proliferation of a small number of glandular epithelial
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cells replacing lost ones. This, as mentioned above, is
explained by the duration of the influencing factors.

Thus, at the 6-month mark, the low positive expression
of the Bcl-2 marker is defined as a weak expression score of
1 point, based on the number of cells showing positive
expression through light golden-yellow staining, primarily in
the cytoplasm of acinar glandular epithelial cells.

During the subsequent 9-month period, it was found that
due to moderately low-grade regenerative changes in the
pancreatic epithelium of rats with diabetes mellitus exposed
to pesticides, the binding of the intracellular apoptosis-
blocking protein APAF-1 factor and the expression of the
Bcl-2 marker were at a low level. In this case, the decrease in
the rate of premature death of apoptotic cells at the 9-month
mark, compared to the 3 and 6-month marks, is mainly
explained by morphological adaptation, a reduction in the
size of the glandular epithelial cells during their lifespan,
and a decline in morphofunctional aspects. Depending on
the chronic 9-month-long effect of the influencing factor,
microscopic focal areas of monocellular cell death are identified
in the glandular epithelium. Changes in the histotopographic
structure of the pancreas were mainly manifested by an
increase in the number of size-reduced acinar glandular
epithelial cell clusters. The trajectory of the glandular structures
is preserved, peri-acinar blood vessels appear anemic, and
paracinar glandular cells have become smaller and uniform.
A small number of cells with positive expression, appearing
as a light golden color and masking the Bcl-2 marker, are
detected in the cytoplasm. Specifically, at this 9-month
point, the low proliferation rate confirms a direct correlation
with the low positive expression of the Ki-6 marker in
the glandular epithelial cells. This, as mentioned above, is
explained by the duration of the influencing factors and the
morphologically occurring adaptation process [8,10,11].

Therefore, at the 9-month mark in the experimental
conditions, in rats with diabetes mellitus that consumed
pesticides, the continuous low positive expression of the
Bcl-2 marker in the pancreas is microscopically defined
as a weak expression score of 1 point. This is based on the
number of cells showing positive expression through a small
number of light golden-yellow stains, primarily in the
cytoplasm of acinar glandular epithelial cells.

The immunohistochemical investigation of our next group
involves evaluating the specific morphological changes in
the pancreas of rats with diabetes mellitus that were fed
pesticides for periods of 3, 6, and 9 months.

Specifically, in the pancreas of rats with diabetes mellitus
fed pesticides for 3 months, a high level of Ki-67 marker
expression was detected. This indicates that the direct and
indirect effects of pesticides in diabetes mellitus disrupt
cellular metabolism not only in the pancreas but in all organs.

This means that a high degree of positive expression
was detected in the acinar glands at the 3-month mark,
indicating that the proliferation of connective tissue in the
pancreas is ongoing, driven by moderate positive expression
in mesenchymal cells such as fibroblasts, histiocytes, and
endothelial cells.
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In the study, a high degree of Ki-67 marker expression
was identified in a total of 63.8% of the rats studied, and it
was found that mesenchymal cells constituted 23.8% of the
identified cells. Therefore, of the total 40% positive expression
rate, the breakdown is as follows: in the rats studied, 63.8%
showed a high-level reaction, 30.16% a medium level, 4.2%
a low level, and 1.84% a negative reaction.
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Figure 4. Low positive expression of the Ki67 pancreatic marker in rats
under the influence of pesticides in 9-month-old diabetes mellitus. It was
scanned in the QuPath-0.4.0.ink. program and the degree of expression was
determined. The expressed cells are dark brown. The dye Dab is chromogenic.
Size 10x10
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Figure 5. Low positive expression of the pancreatic Bcl-2 marker in rats

with diabetes mellitus under the influence of pesticides for a 9-month period.
Scanned and expression level determined using the QuPath-0.4.0.ink software.

Expressed cells are dark brown. Stained with DAB chromogen. Magnification:
10x10

Thus, in immunohistochemical examinations of the
pancreas of 3-month-old rats with diabetes mellitus that were
fed pesticides, the proliferative index of the Ki-67 marker in
the pancreatic acinar epithelial cells was 40.1841.24%, while
in mesenchymal cells—histiocytes, fibroblasts, macrophages,
and endothelial cells—it was found to be 19.82+41.76%. This
indicates an increased proliferative capacity of epithelial
cells under the direct influence of pesticides on the pancreas
in diabetes mellitus.

In the subsequent 6-month period, a moderate positive
expression of the Ki-67 marker was detected in the pancreas
of rats with experimental diabetes mellitus that were fed
pesticides. The process was characterized by a chronic
negative impact, manifesting as damage to all glandular cells
and a disruption of metabolic processes.

In our 6-month study on the effects of pesticides in

diabetes mellitus, a moderate expression of the Ki-67 marker
was observed in 76.12% of the rats, a low-level positive
expression was observed in 22.16%, and a negative reaction
was seen in 1.72%. As we have consistently noted, among
the cells expressing the Ki-67 marker, not only epithelial
cells were present, but also mesenchymal cells, which
constituted 21.02% of all cells in the field of view. It was
found that in areas where proliferation occurred, there was an
increase in fibroblasts replacing dead epithelial cells. Among
the cells expressing the Ki-67 marker, the average proportion
of epithelial cells was found to be 19.6520.05%.

Therefore, in immunohistochemical examinations of the
pancreas of 6-month-old rats with experimentally induced
diabetes mellitus that were fed pesticides, the proliferative
index of the Ki-67 marker in the pancreatic acinar epithelial
cells was 19.6540.05%, while proliferation in mesenchymal
cells—histiocytes, fibroblasts, macrophages, and endothelial
cells—was found to be 12.1140.01%. One noteworthy aspect
is that the results of the immunohistochemical examinations
confirm the findings from morphological studies of hematoxylin
and eosin-stained microsamples. Specifically, due to the
effect of pesticides on the pancreas in diabetes mellitus
over time, a volumetric reduction and a decline in the
morphofunctional indicators of the pancreas were observed
during the rats' lifetime.

In rats with 9 months of diabetes mellitus that were fed
pesticides, a low-level positive expression of the Ki-67
marker was detected in the pancreas. This indicates that in
this process, the morphological changes under the influence
of pesticides in chronic diabetes mellitus primarily proceed
as a decrease in pancreatic function and a chronic disruption
of metabolism.

In the study of rats with 9-month-long diabetes mellitus
under the influence of pesticides, a moderate expression of
the Ki67 marker was observed in a total of 60.18% of the
rats. Of these, 51.16% were mainly mesenchymal cells, and
9.0240.01% were acinar gland epithelial cells. A negative
reaction was detected in 39.82% of the total cells in the field
of view, while moderate positive reactions were detected in
60.18%. This is explained by the fact that in the rats studied,
the expression of the Ki67 marker in the pancreas, under the
influence of pesticides in persistent diabetes mellitus, occurs
predominantly due to a large number of mesenchymal cells.
It should also be noted that this process indicates a high
probability of tumorigenesis over time. When the Ki-67
marker was applied to the total pancreatic epithelial cells, the
average value was found to be 9.02 +0.01%.

Thus, in the IHC examination of the pancreas of
9-month-old rats with diabetes that were fed pesticides, the
proliferative index of the Ki-67 marker corresponding to
pancreatic acinar epithelial cells was 9.02 £0.01%, while
proliferation in mesenchymal cells—such as histiocytes,
fibroblasts, macrophages, and endothelial cells—was found
to be 51.1640.01%.

The results were evaluated as follows: no expression —
0 points, weak expression — 1 point, moderate expression —
2 points, strong expression — 3 points.
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In our study, it was established that in 3-month-old rats
with diabetes exposed to pesticides, changes developed in
the acinar glands of the pancreas, manifesting as a slowing of
programmed cell death. The moderate positive expression of
the Bcl-2 marker, in turn, is explained by its induction of cell
apoptosis (slowing down any stimulating factors) in the rats
given pesticides [1,2,3,4].

The positive expression of the Bcl-2 marker, being
uniformly diffuse across all areas of the tissue rather than
focal or localized, is also explained by the fact that it leads to
programmed cell death as a result of the anti-apoptotic effect
of taurine, the effect of B-group vitamins on neuromuscular
synapses, and the stimulation of cell metabolism by vitamin
C via blood vessels.

In this case, the inhibition of the apoptosis process,
primarily influenced by taurine, and the predominance of the
proliferative process in mesenchymal cells, are certainly
dependent on the concentration of the stimulating factor.
Microscopically, at 200x magnification, the expression of
the Bcl-2 marker in the glandular epithelial cells within the
focus is indicated by 2-point results, and dead cells are
detected only in the focus [5,6,7].

The histological structure of the pancreas remains
unchanged, with the integrity of the glandular structures
preserved. The concurrent positive expression of the Ki-67
marker in reparatively regenerated gland cells that have
replaced dead periacinar gland cells indicates that proliferation
and apoptosis are occurring in parallel. This implies that the
process of apoptosis in the pancreatic epithelium of 3-month
-old rats with diabetes that consumed pesticides is slow.

In the subsequent chronic 6-month period, due to
moderate regenerative changes in the pancreatic epithelium
of rats with diabetes under the influence of pesticides, it was
found that the binding of the intracellular apoptosis-blocking
protein APAF1 and the expression of the Bcl-2 marker were
at a moderately low level [8,9,10,11].

In this case, the premature death of most apoptotic cells at
the 6-month mark, which is reduced compared to the
3-month mark, is explained by the morphological adaptation
leading to a decrease in the volume of the glandular
epithelium during its life. Depending on the duration and
concentration of the stimulating factor, this is microscopically
detected as foci of monocellular cell death in the glandular
epithelium. The histological structure of the pancreas is
unchanged, with areas showing an increased collection of
volumetrically smaller cells being identified. The trajectory
of the glandular structures appears preserved. It was
determined that in place of dead glandular cells, paracrine
gland cells are manifested by the low positive expression of
the Ki-67 marker in glandular epithelia undergoing mitosis.
This, as noted above, determines the moderate positive
expression of the Bcl-2 marker, which is also explained by
the duration of the influencing factors [12,13,14,15].

4. Conclusions

Thus, in the 6-month period, the low positive expression

2839

of the Bcl-2 marker is defined as weak expression — 2 points.
This is based on the number of cells in the acinar gland
epithelium cytoplasm that showed positive expression
through a light golden-yellow stain.

In the next group, over a 9-month period, it was
determined that the binding of the APAF1 factor, an
intracellular protein that blocks apoptosis, and the expression
of the Bcl-2 marker were low. This is due to the occurrence
of moderate and low-level regenerative changes in the
pancreatic epithelium of rats with diabetes mellitus under the
influence of pesticides. In this 9-month period, the decrease
in the rate of premature death of apoptotic cells, compared
to the 3 and 6-month periods, is primarily explained by
morphological adaptation, as confirmed by other previously
mentioned studies. This adaptation involves a reduction in
the size of the glandular epithelium during its lifetime and a
decline in its morphofunctional aspects. Furthermore, due to
the chronic exposure to the stimulating factor for 9 months,
microscopic examination reveals focal areas of dead cells
within the glandular epithelium. In the histotopographic
structure of the pancreas, changes were mainly manifested as
a reduction in the size of cell clusters and an increase in
exocrine gland epithelia. The boundaries of the glandular
structures are distinct, the basal layer is of uniform thickness,
the periacinar blood vessels appear anemic, and the paratsinar
gland cells have become smaller and uniform in appearance.
The Bcl-2 marker is detected in the cytoplasm of a small
number of light golden-colored cells. Specifically, at this
9-month point, the low proliferation in the glandular
epithelia is directly linked to the low positive expression
of the Ki-67 marker. This confirms a decrease in the anti-
apoptotic suppressor gene accumulated on the perimeter of
the cell's mitochondria and the activation of caspases through
the mitochondrial membrane. As mentioned above, this is
explained by the duration of the influencing factors and the
morphological adaptation process that has occurred.

Therefore, in the experiment, the sustained low positive
expression of the Bcl-2 marker in the pancreas of rats with
diabetes mellitus that were exposed to pesticides for a
9-month period is defined as weak expression — 1 point. This
is determined microscopically by the number of cells
showing positive expression, primarily observed as a light
golden-yellow stain in the perinuclear region of the acinar
gland epithelium cytoplasm. This confirms that the process
of apoptosis has begun.
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