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ABSTRACT

Introduction: Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated blood glucose levels.
Enoxaparin is low molecular weight heparin with anticoagulant, anti-inflammatory and antifibrotic actions. Swertiamarin is
secoiridoid glycoside with hypoglycemic, hypolipidemic, anti-inflammatory and antioxidant properties.

Aim of the Work: To evaluate the effect of enoxaparin and swertiamarin on streptozotocin (STZ)-induced DM using
histological, immunohistochemical and biochemical techniques.

Materials and Methods: Seventy Wistar rats (10-12 weeks) weighing 120-150 gram divided into 2 main groups. Group 1
(control: 55 rats) and group 2 (STZ-induced DM: 55 rats): Diabetes mellitus induced by 50 mg/kg STZ single dose intraperitoneal,;
only 40 rats became diabetic and subdivided into 4 equal subgroups. Subgroup 2a (STZ): left without treatment, subgroup
2b (STZ+Enoxaparin): treated with enoxaparin 2 mg/kg/day subcutaneously for 3 weeks, subgroup 2¢ (STZ+Swertiamrin):
treated with swertiamarin 50 mg/kg/day orally for 3 weeks and subgroup 2d (STZ+Enoxaparin+Swertiamarin): treated with
enoxaparin and swertiamarin as previous doses and period.

Results: Subgroup 2a (STZ) showed decreased body & pancreas weight and ratio, increased blood glucose level, plasma
HbA1c%, total cholesterol, TGs, LDL and decreased HDL, reduced tissue SOD & GSH, elevated tissue MDA, TNF-a & IL-
6. Congested dilated blood capillaries, B& a cell cytoplasmic vacuolations & nuclear pyknosis by H&E, increased collagen
area percentage, HSP60 color intensity & decreased PCNA percentage were detected. Treated subgroups (2b,2¢,2d) showed
marked amelioration of previously reported results especially in subgroup 2d.

Conclusion: Combined use of enoxaparin and swertiamarin showed the best results in improvement of biochemical and

structural changes on islet cells of the pancreas in type 2 diabetes mellitus in rats than their separate use.
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INTRODUCTION

Diabetes mellitus (DM) is a serious worldwide
medical condition especially in developing countries with
great concern because of its increased rate of mortality
with high management costs. It is a chronic metabolic
disorder characterized by clevated blood glucose level
(hyperglycemia). The World Health Organization (WHO)
expected that more than 19% of the worldwide adult general
population will suffer from DM by 2030. Moreover, the
International Diabetes Federation expected increased total
number of individuals suffering from DM to reach about
693 million by the year 2045™. On the other hand, the
prevalence of type 2 diabetes in Egypt is about 15.6% of
all adult people, aged from 20 to 79 years old. According
to the International Diabetes Federation (IDF); Egypt is the
9th foremost country in the world as regards the number of
type 2 diabetic patients!l.

There are two main types of DM; Type 1 and Type 2.
Type 1 diabetes mellitus (T1DM) predominates in children
and is caused by decreased insulin production. On the other
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hand, type 2 diabetes mellitus (T2DM) predominates in
middle-aged and adults. It is caused by defective insulin
action. mostly due to an unhealthy lifestyle!'-*!,

In T2DM, the insulin plasma level becomes higher
than normal as a result of hypersensitivity of the p-cells
of the islets of Langerhans to the glucose plasma levels
that consequently causes a further deterioration of B-cell
functions™. Moreover, DM induces disturbance of the body
metabolism with subsequent dyslipidemia, atherosclerosis
and other microvascular complications that account
for most cases of disease morbidity and mortality™®. In
addition, DM causes platelet function disorders with
activation of platelet aggregation and coagulation and
subsequent different organ affection including; pancreatic
islets of Langerhans, eyes, kidneys, heart and brain["*,

The DM-associated insulin resistance (IR) could lead to
elevation of the free fatty acids as a result of their decreased
intake by the skeletal muscles as well as their increased
production by the adipose tissue in addition to adipokine
dysregulation with subsequent increase in both adipose
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tissue mass and adipose cell size®'”, This in turn could be
associated with tissue hypoxia, fibrosis and inflammation
with increased release of different pro-inflammatory
cytokines such as IL-6 & TNF-o!'l. Besides, oxidative
stress with the release of reactive oxygen species (ROS)
from the mitochondria participates in the pathophysiology
of both DM and IR!,

Yet, no treatment is currently effective in the
management of either DM or its complications especially
vascular affection as well as the associated inflammation
and oxidative stress. So, the need for a new strategy for
DM management is required.

Enoxaparin is a low molecular weight heparin with
in vivo long half-lifel’*!4], Tt is used in prevention as well
as in treatment of many different thrombotic disorders
such as; deep vein thrombosis, myocardial infarction and
unstable anginal®l. Currently, it is considered a promising
anticoagulant drug because of its safety, bioavailability,
efficiency in addition to its antifibrotic effects!'®. It was
proved that enoxaparin also has the ability to decrease
microvascular permeability, influx of neutrophils,
dysregulated coagulation and fibrinolysis besides its anti-
hypoxic effects!.

Herbal medicine succeeded to provide various
therapeutic agents that could be used in treatment of
many human diseases due to their different chemical
structures with their ability to modify biological tissue
functions. Swertiamarin is a secoiridoid glycoside, the
main component of Enicostemma littorale plants!'”. It is a
famous medicinal herb found throughout India, being used
in the treatment of DM because of its hypoglycemic and
hypolipidemic efficiency. Moreover, it was documented
to exert many beneficial effects in different pathological
conditions due to its analgesic, gastroprotective, anti-
microbial as well as anti-inflammatory and antioxidant
propertiest'®,

So, the present research was conducted to evaluate the
effect of enoxaparin in combination with swertiamarin
over their separate use on streptozotocin-induced diabetes
mellitus in rats using biochemical parameters in addition to
histological, and immunohistochemical methods.

MATERIALS AND METHODS

This study was conducted using 70 adult Wistar rats;
aged 10-12 weeks, obtained from the animal house, Faculty
of Medicine, Tanta University, Egypt. Their weight
ranged from 120 to 150 grams. They were housed in clean
ventilated cages at room temperature with 12 hours’ light/
dark cycle and humidity about 60%. The rats were fed a
standard commercial diet and were given water ad libitum.

The experiment was carried out in accordance with the
guidelines for care and use of the experimental animals
in Research, Ethical Committee of Faculty of Medicine,
Tanta University, Egypt. Approval code No. 35314/3/22.

Chemicals

Both streptozotocin (pale yellow, crystalline solid) and
swertiamarin (white powder) used in the current study
were purchased from Sigma-Aldrich, Egypt. Enoxaparin
(colourless to pale yellow solution of enoxaparin sodium
injection, USP, 150mg/ml) was purchased from Sandoz Inc.,
Egypt. Cold citrate buffer, DMSO (dimethyl sulfoxide),
Tris-HCl buffer, diaminobenzidine, hematoxylin, and
eosin were purchased from El Gomhuria Co., Tanta, El-
Gharbeya, Egypt.

Induction of DM

A single dose (50 mg/kg b.w) of freshly prepared STZ
solution (5 mg dissolved in 0.1 M cold citrate buffer) was
given intraperitoneally (i.p.) in order to induce type-2 DM
in the overnight fasted animals!'®’.

Animals were allowed to drink 5% glucose
solution overnight in order to reduce the STZ-induced
hypoglycemia. Then, 72 hours after STZ injection, blood
was collected through the rat tail vein and blood glucose
level was evaluated using an automated glucometer (Accu-
Check Active, Roche Diagnostics, Germany). Finally, rats
with a fasting blood glucose level that more than 250 mg/
dl, were considered diabetic and selected to complete the
experiment!'?),

Experimental Groups

Rats were randomly divided into two main groups as
follows:

Group 1 (Control): included 15 rats that were further
randomly subdivided into 3 equal subgroups (5 rats each):

*  Subgroup la: were left without any treatments.

e Subgroup 1b: were given single intraperitoneal
injection of 0.1 M cold citrate buffer in a dose
corresponding to STZ.

*  Subgroup lc: were given 0.5% DMSO orally
through an intragastric tube in a dose corresponding
to swertiamarin.

Group 2 (STZ-induced DM): included 55 rats in
which DM was induced by STZ injection and confirmed
by measuring the blood glucose level. In this work, only 40
rats became diabetic and were further randomly subdivided
into 4 equal subgroups, each included 10 rats:

e Subgroup 2a (STZ): were left without further
treatment.

e Subgroup 2b (STZ+Enoxaparin): in which the
diabetic rats were treated with enoxaparin in a dose
of 2 mg/kg/day subcutaneously for 3 weeks?".

*  Subgroup 2c¢ (STZ+Swertiamrin): in which the
diabetic rats were treated with swertiamarin in a
dose of 50 mg/kg/day orally through an intragastric
tube for 3 weeks?!.
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e Subgroup 2d (STZ+EnoxaparintSwertiamarin):
in which the diabetic rats were treated with both
enoxaparin and swertiamarin in the same doses
and routes and for the same duration as subgroups
2b and 2c¢ respectively.

Samples collection and tissue preparation

One day after the last dose treatment, while left fasting
overnight for 18 hours, rats were weighed then anesthetized
with i.p. injection of 50 mg/kg pentobarbital sodium?2.
Blood was collected through the tail vein, centrifuged at
5000 rpm for 10 minutes for separation of the blood serum
that was then stored at -80 oC for further biochemical
analysis. For measurement of the glycosylated hemoglobin
Alc (HbAlc), 0.5 ml of blood was collected in an EDTA
coated tubel*324,

Moreover, the pancreas was rapidly dissected out, first
weighed, then part of the samples was homogenized in 2
ml of 0.1 mM Tris-HCI buffer (pH = 7) and about 1 ml
of the homogenate was centrifuged at 5000 rpm for 15
minutes, with collection of the supernatant. Then, both
the homogenate as well as the supernatant were stored at
-80 oC for further biochemical investigations®’!. On the
other hand, the other parts of the pancreatic samples were
processed for histopathological and immunohistochemical
examination.

Biochemical parameters

Blood glucose level and plasma HbAlc (hemoglobin
Alc) percentage

For evaluation of the blood glucose level (mg/dl),
an automated glucometer (Accu-Check Active, Roche
Diagnostics, Germany) was used. Meanwhile, the plasma
HbAlc % was assessed using (sELISA) kits (Biol. Tech.
Co., China). Then, an automated plate reader (Stat Fax
2100, France) was used to analyze its optical density at 450
nm, with a minimal detection limit about 0.938 ng/ml1™3,

Serum lipid profile

Serum lipid profile parameters including [Total
cholesterol, triglycerides (TGs), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) levels] were
estimated using the standard assay kits (Bio-Diagnostic
Co., Egypt). The results were expressed as mg/dl1?>2¢],

Tissue oxidative stress markers

Levels of the tissue antioxidant superoxide dismutase
(SOD) (U/mg protein) and reduced glutathione (GSH) (uM/
mg protein) were estimated besides, the lipid peroxidation
end-product malondialdehyde (MDA) (nM/mg protein)
by using the colorimetric assay kits (Bio-Diagnostic Co.,
Giza, Egypt)i"28,

Tissue cytokine levels

The levels of tissue TNF-a & IL-6 (pg/mg protein)
were measured by ELISA kits (Biotechnology Co., China)
according to the manufacturer’s instructions?’..

Histological examination

Pancreatic specimens were fixed in 10% formalin
buffered saline, then, dehydrated, cleared and finally
embedded in paraffin. After that, 5 pm thick sections were
obtained through using the rotatory microtome from Leica,
USkoL

Haematoxylin & Eosin (H&E) staining

Pancreatic sections were deparaffinized, hydrated,
then stained with hematoxylin for 10 minutes, followed
by counterstaining in 1% eosin. After that, dehydration,
clearance in xylol and mounting in Canada balsam
were done. The results were expressed as blue-stained
nuclei with hematoxylin and pink-stained cytoplasm and
connective tissue fibers with eosin.

Mallory’s trichrome staining

Specimens were deparaffinized, rehydrated, then, were
re-fixed in Bouin’s solution and stained with Wiegert’s iron
hematoxylin in addition to Biebrich scarlet-acid fuchsine.
After that, sections were differentiated in phosphotungstic
acid solution followed by aniline blue staining with
differentiation in 1% acetic acid. At last, sections were
dehydrated, and cleared in xylol. The collagen fibers were
appeared blue-stained while the nuclei were stained red.

Immunohistochemistry of anti-PCNA (proliferating
cell nuclear antigen) and anti- HSP60 (heat shock
protein-60)

Sections were deparaffinized, rehydrated and placed
in a buffer solution and boiled in a microwave oven for
5 minutes (Kenmore, USA). The sections were allowed
to cool down at room temperature then placed in 0.3%
hydrogen peroxide/methanol for 15 minutes. The rabbit
polyclonal primary antibodies; anti-PCNA at 1:300
dilutions (Santa Cruz Biotechnology) and anti- HSP60 at
1:200 dilutions (Dako, UK) were added overnight at 4 °C.
Then, 1:50 secondary antibody (Termo, USA) was added
for 30 minutes at room temperature. Finally, 2-3 drops of
diaminobenzidine were added then, counterstained with
Mayer’s hematoxylin. At last, sections were dehydrated,
cleared and mounted, then examined by an Olympus,
Japan light microscope. Sections stained with HSP60
expressed brown cytoplasmic reaction while, positive
nuclear staining for PCNA stained sections.

Negative control sections were obtained through the
omission of the primary antibody. On the other hand, the
positive control for HSP60 was mammary cancer while
that for PCNA was skinP'-3,

Morphometry

Morphometric analysis was carried out using “Image
J” software program (version 1.48v. National Institute of
Health, Bethesda, USA). Ten different images from each
experimental group (x 400) were used to evaluate the
followings:
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1. Mean area percentage (%) of collagen fibers in
Mallory’s trichrome stained sections.

2. Mean area percentage (%) of islet cells positive for
PCNA in anti-PCNA immunostained sections.

3. Mean color intensity of HSP60 positive
cytoplasmic reaction in islet cells in anti-HSP60
immunostained sections.

Statistical analysis

Data of the present research were collected. Statistical
analysis program (IBM SPSS Statistics for Windows, IBM
Corp, Version22.0., USA) was used to evaluate the statistical
difference between the experimental groups. Two-sample
Student's t-test was used to compare between subgroup
2a (STZ) and group 1 (control). Additionally, One-way
analysis of variance (ANOVA) test was used to compare
subgroups; 2b (STZ+Enoxaparin), 2¢ (STZ+Swertiamrin)
and 2d (STZ+Enoxaparin+Swertiamarin) to subgroup 2a
(STZ). The results were expressed as mean + standard
deviation (SD). Values were significant when P value was
<0.05.

RESULTS

Mean body weight (gm), mean pancreas weight (gm),
and pancreas/body weight ratio percentage (%)

As regards the mean body weight, the pancreas weight
and the pancreas/body weight ratio (%), there was a
significant decrease in subgroup 2a (STZ) as compared
to group 1 (control). While, a significant increase in
subgroups 2b (STZ+Enoxaparin), 2¢ (STZ+Swertiamrin)
and 2d (STZ+Enoxaparin+Swertiamarin) when compared
to subgroup 2a with the highest significance in subgroup
2d (Figure 1).

Blood glucose level and plasma HbAIc %

Subgroup 2a (STZ) showed significantly increased
blood glucose level as well as plasma HbAlc % when
compared to group 1 (control). On the other hand,
subgroup 2b (STZ+Enoxaparin) showed a non-significant
difference as regards the two parameters when compared to
subgroup 2a. For subgroups 2¢ (STZ+Swertiamrin) and 2d
(STZ+EnoxaparintSwertiamarin), a significant reduction
of the blood glucose level as well as plasma HbAlc %
was noticed when compared to subgroup 2a and was more
prominent in subgroup 2d (Figure 2).

Serum lipid profile results

As regards the serum lipids profile parameters of
subgroup 2a, there was a significant increase in total
cholesterol, TGs and LDL levels, whereas HDL level was
significantly lower as compared to group 1 (control group).
Considering subgroup 2b, a non-significant difference of
total cholesterol, TGs, LDL and HDL levels was seen
compared to those of subgroup 2a. While, subgroups
2c¢ and 2d showed significantly decreased levels of total
cholesterol, TGs and LDL levels and increased HDL levels

in respect to subgroup 2a with the upper hand to subgroup
2d (Figure 3).

Pancreatic tissue oxidative stress markers

There was a significant reduction of tissue SOD as
well as GSH levels besides a significant elevation of tissue
MDA level at subgroup 2a (STZ) compared to group 1
(control). A non-significant difference was documented for
subgroup 2b when compared to subgroup 2a. Conversely,
significantly increased SOD and GSH levels while
decreased MDA level were reported in both subgroups
2c¢ and 2d compared to subgroup 2a with the best results
reported in subgroup 2d (Figure 4).

Pancreatic tissue cytokine levels

As regards TNF-a and IL-6, a significant increase in
their levels was recorded in subgroup 2a when compared
with group 1 (control). Meanwhile, their levels were
significantly decreased in subgroups 2b, 2¢ and 2d when
compared to subgroup 2a with the most significance
decrease in subgroup 2d (Figure 5).

H & E results

Group 1 (control group) revealed pancreatic sections
with a normal histological structure of the islets of
Langerhans. They appeared as pale stained areas with
a delicate connective tissue capsule. Cells of the islets
were arranged in anastomosing cords separated by blood
capillaries. Two types of cells were recognized; central beta
(B) cells with large vesicular rounded nuclei and peripheral
alpha (a) cells with small dark nuclei (Figure 6A).

Subgroup 2a (STZ) showed the islets with congested
apparently dilated blood capillaries. Regarding the islets’
cells, B &a-cells appeared vacuolated while others revealed
increased cytoplasmic eosinophilia besides pyknotic or
karyolitic nuclei of both cell respectively. Also, there were
mild mononuclear cell infiltrations situated peripherally
(Figure 6B).

Subgroup 2b (STZ+Eoxaparin) showed nearly
normal blood capillaries. Although, some B & a cells
showed vacuolated cytoplasm, and few [ cells with
increased cytoplasmic eosinophilia and pyknotic nuclei
(Figure 6C). Subgroup 2c¢ (STZ+Swertiamrin) showed
moderately dilated and congested blood capillaries.
In addition, few B cells showed vacuolated cytoplasm
and pyknotic nuclei (Figure 6D). Subgroup 2d
(STZ+Enoxaparin+Swertiamarin) showed marked
improvement of the islets of Langerhans with nearly
normal histological structure of f & a cells, and nearly
normal blood capillaries (Figure 6E).

Mallory’s trichrome results

Group 1 revealed delicate blue-stained collagen
fibers surrounding the pancreatic islets, around the blood
capillaries and in-between the islets’ cells (Figure 7A).
Subgroup 2a showed apparently increased collagen fibers
deposition around the islets and the blood capillaries as
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well as in-between the islets’ cells (Figure 7B). Subgroup
2b showed little deposition of collagen fibers (Figure 7C)
while subgroup 2c¢ showed apparently increased collagen
deposition (Figure 7D). In subgroup 2d, nearly normal
appearance was observed with deposition of delicate
collagen fibers surrounding the islets, around the blood
capillaries and in-between the islets’ cells (Figure 7E).

As regards the mean area percentage (%) of collagen
fibers, there was a significant increase in subgroup 2a as
compared to group 1. However, a significant decrease was
reported in subgroups 2b, 2c and 2d in respect to subgroup
2a (Figure 8).

PCNA results

Regarding the negative control section, it showed no
PCNA immunohistochemical reaction (Figure 9A). For
group 1, many cells of the islets with a positive nuclear
immune reaction for PCNA were detected (Figure 9B).
Subgroup 2a showed markedly decreased PCNA reaction
and only few cells showed a positive nuclear immune
reaction (Figure 9C). On the other hand, subgroup 2b
showed some cells with moderate positive PCNA reaction
(Figure 9D). As regards subgroup 2c, many cells expressed
moderate positive reactions for PCNA (Figure 9E), while
in subgroup 2d, most of the cells showed strong positive
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PCNA immune reaction as in group 1 (Figure 9F).

Regarding the mean area percentage (%) of islet
cells positive for PCNA, subgroup 2a (STZ) showed a
significant decrease in comparison to group 1. On the other
hand, a significant increase was observed in subgroups 2b,
2c¢ and 2d when compared to subgroup 2a (Figure 10).

HSP60 results

The negative control specimen showed no islet
cells’ immunohistochemical reaction for HSP60
(Figure 11A). Regarding group 1, there was a weak
brownish cytoplasmic reaction for HSP60 of the islet
cells (Figure 11B). In subgroup 2a, a strong positive
HSP60 immunohistochemical reaction of islet cells was
observed (Figure 11C). While, in subgroups 2b & 2c,
a moderate positive reaction of islet cells was noticed
(Figures 11 D, E respectively). As regards subgroup 2d,
a weak positive cytoplasmic reaction of the islet cells for
HSP60 was observed (Figure 11F).

As regards the mean color intensity of islet cells’
HSP60 positive cytoplasmic immunoreaction, there was a
significant increase in subgroup 2a as compared to group
1. While, a significant decrease was recorded in subgroups
2b, 2c¢ and 2d compared to subgroup 2a (Figure 12).
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Subgroup Subgroup Subgroup Subgroup
b

2 2c 2d

Fig. 1: Mean body weight (gm), mean pancreas weight (gm) and pancreas/body weight ratio percentage (%). Data expressed as mean + SD (Standard deviation).
* P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (Control). ** P<0.05; subgroup 2b (STZ+Enoxaparin), subgroup 2c (STZ+Swertiamrin) and
subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).
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Fig. 2: Fasting blood glucose level (mg/dl) and Plasma HbAlc %. Data expressed as mean =+ SD.
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* and # P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (Control). ** and ## P>0.05; subgroup 2b (STZ+Enoxaparin) compared to subgroup
2a (STZ-induced DM). *** and ### P<0.05; subgroup 2c (STZ+Swertiamrin) and subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a

(STZ-induced DM).
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Fig. 3: Serum lipid profile (mg/dl). Data expressed as mean + SD.
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$ P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). $8 P>0.05; subgroup 2b (STZ+Enoxaparin) compared to subgroup 2a (STZ-induced
DM). $8$8 P <0.05; subgroup 2¢ (STZ+Swertiamrin) and subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).
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Fig. 4: Tissue levels of oxidative stress markers. Data expressed as mean + SD.
* P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). ** P>0.05; subgroup 2b (STZ+Enoxaparin) compared to subgroup 2a (STZ-induced
DM). *** P<0.05; subgroup 2c (STZ+Swertiamrin) and subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).
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Fig. 5: Tissue cytokine levels. Data expressed as mean + SD.
(@ P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). @@ P<0.05; subgroup 2b (STZ+Enoxaparin), subgroup 2¢ (STZ+Swertiamrin)
and subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).
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Fig. 6: H & E-stained pancreatic sections (H&E x400).

A) Group 1 (control): revealing pale stained areas of islets of Langerhans with a delicate connective tissue capsule (P ), blood capillaries (P »), central beta
(B) cells with large vesicular rounded nuclei (—) and peripheral alpha () cells with small dark nuclei (double arrow). B) Subgroup 2a (STZ-induced DM):
showing congested apparently dilated blood capillaries (P B ), vacuolated B-cells (P ), B (*) &a cells (—) with increased cytoplasmic eosinophilia with nuclear
pyknosis, karyolsis (curved arrow), and mild mononuclear cell infiltrations situated peripherally (double arrow). C) Subgroup 2b (STZ+Eoxaparin): showing
nearly normal blood capillaries (P> »), some  (P) & o cells (curved arrow) with vacuolated cytoplasm, few B cells with increased cytoplasmic eosinophilia
and pyknotic nuclei (—). D) Subgroup 2¢ (STZ+Swertiamrin): showing moderately dilated congested blood capillaries (» »), few B cells with vacuolated
cytoplasm (P ) and pyknotic nuclei (—). E) Subgroup 2d (STZ+ Enoxaparin + Swertiamarin): showing nearly normal architecture with nearly normal B (—)
& a (curved arrow) cells, and blood capillaries (B »).

Fig. 7: Mallory’s trichrome stained pancreatic sections (Mallory’s Trichrome x400).

A) Group 1: revealing delicate collagen fibers surrounding the islets (), around the blood capillaries (P ») and in-between the islet cells (—). B) Subgroup
2a: showing apparently increased collagen fibers surrounding the islets (), around the blood capillaries (P ») and in-between the islet cells (—). C)
Subgroup 2b: showing apparently decreased collagen fibers. D) Subgroup 2c: showing moderately increased collagen fibers surrounding the islets (» ), around
the blood capillaries (P P>) and in-between the islet cells (—). E) Subgroup 2d: showing delicate collagen fibers surrounding the islets (») and the blood
capillaries (P P>) and in-between the islet cells (—).
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Fig. 8: Mean area % of collagen fibers. Data expressed as mean + SD.
* P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). ** P<0.05; subgroup 2b (STZ+Enoxaparin), subgroup 2¢ (STZ+Swertiamrin) and
subgroup 2d (STZ+Enoxaparint+Swertiamarin) compared to subgroup 2a (STZ-induced DM).

Fig. 9: PCNA immunostained pancreatic sections (PCNA x 400).

A) Negative control: showing no PCNA immunohistochemical reaction. B) Group 1 (Control): showing many cells of the islet with positive brownish nuclear
immune reaction for PCNA (—). C) Subgroup 2a: showing markedly decreased PCNA immunoreaction and only few islet cells showing positive nuclear
immunoreaction (—). D) Subgroup 2b: showing some islet cells with positive PCNA reaction (—). E) Subgroup 2c: showing many islet cells expressing
positive reaction for PCNA (—). F) Subgroup 2d: showing most of the islet cells revealing positive PCNA immune reaction (—).
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Mean % of islet cells postive of PCNA

Group1 Subgroup Subgroup Subgroup Subgroup
2a 2b e 2d

Fig. 10: Mean percentage (%) of islet cells positive for PCNA. Data expressed as mean + SD.
# P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). ## P<0.05; subgroup 2b (STZ+Enoxaparin), subgroup 2¢ (STZ+Swertiamrin) and
subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).

Fig. 11: HSP60 immunostained pancreatic sections (HSP60 x 400).

A) Negative control: revealing no HSP60 immunohistochemical reaction of islet cells (—). B) Group 1: showing islet cells’ weak cytoplasmic brownish
reaction for HSP60 (—). C) Subgroup 2a: showing islet cells’ strong HSP60 immunohistochemical reaction (—). D) Subgroups 2b: showing islet cells’
moderate HSP60 immunoreaction (—). E) Subgroup 2c: showing islet cells’ moderate HSP60 immunoreaction (—). F) Subgroup 2d: showing islet cells’ weak
cytoplasmic reaction for HSP60 (—).
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Mean colour intensity of HSP60

Group 1 Subgroup Subgroup Subgroup Subgroup

2a

2b

2c 2d

Fig. 12: Mean color intensity of islet cells” HSP60 positive cytoplasmic reaction. Data expressed as mean + SD.
$ P<0.05; subgroup 2a (STZ-induced DM) compared to group 1 (control). $$ P<0.05; subgroup 2b (STZ+Enoxaparin), subgroup 2¢ (STZ+Swertiamrin) and
subgroup 2d (STZ+Enoxaparin+Swertiamarin) compared to subgroup 2a (STZ-induced DM).

DISCUSSION

The unhealthy sedentary lifestyle leads to DM, makes
is a serious public health problem. It is associated with
different microvascular and cellular complications which
requires novel strategies for their management!*4l,

In the present study, STZ was used to induce insulin-
dependent DM in rats through causing toxic damage and
cellular injury of the beta cells of islets of Langerhans
with their subsequent inability to produce insulin®. This
study also investigated the possible therapeutic effect of
separate and combined use of enoxaparin and swertiamarin
in treating the diabetic rats.

The results of the present work proved that the use
of enoxaparin and swertiamarin greatly ameliorated
the STZ-induced biochemical, histological and
immunohistochemical changes with the best results in their
combined use.

In the present research, subgroup 2a (STZ) showed
significant decrease in mean body weight and pancreatic
weight as well as pancreas/body weight ratio percentage.
Previous studies also confirmed the ill-appearance of the
experimental animals with decreased body and pancreas
weights in STZ-induced diabetic rats®3¢. This could
be attributed to the injurious effect of STZ on the islet
cells, especially B- cells resulting in DNA alkylation®7,
tissue necrosis and decreased organ weight®. Moreover,
the associated diabetic hyperglycemia increases protein
catabolism with subsequent skeletal muscle protein
depletion that eventually causes wasting and weight loss?*®.

However, a significant increase in body weight,
pancreas weight as well as pancreas/body weight ratio
percentage were recorded in the diabetic rats treated with
either enoxaparin (subgroup 2b) or swertiamarin (subgroup

2¢) with the highest increase in their combined use in
subgroup 2d. This could be owed to the beneficial effect of
enoxaparin on the pancreatic vascular micro-environment
with the preservation of a good blood supply to the islet cells
and the subsequent improved tissue perfusion, circulation,
vitality and activity resulting in restoration of the normal
metabolismP?.  Meanwhile, swertiamarin through its
hypoglycemic, antioxidant and anti-inflammatory effects
that were proved in the present research could enhance
the survival of the islet B-cells with subsequent normal
release of insulin and balanced metabolism that both help
regaining body and pancreatic weights'®,

The present work showed significantly increased blood
glucose level and plasma HbA1c% in STZ subgroup 2a
when compared to group 1 (control) while showing a
non-significant difference in both parameters in subgroup
2b (STZ+Enoxaparin) and a significant decrease in
subgroup 2c¢ (STZ+Swertiamrin) and subgroup 2d
(STZ+EnoxaparintSwertiamarin) when compared to
subgroup 2a. Both blood glucose level and HbA1c% are
long term biomarkers used for diagnosis and follow up of
diabetic glycaemia. Also, HbAlc% is considered a post-
synthetic modification of HbA throughout the lifespan of
the red blood cells. Its amount is affected by the condition
of carbohydrate metabolism, that if it is uncontrolled,
increased glycosylation of proteins such as hemoglobin
will occurt!,

The destructive effect of DM on B-cells of the islet of
Langerhans causes liberation of nitric oxide (NO) with
inhibition of aconitase enzyme activity, both causing
more destruction of the pancreatic f-cells with subsequent
inhibition of insulin secretion, hyperglycemia and
decreased uptake of glucose by skeletal muscles, liver
and adipose tissue. Moreover, the disturbed carbohydrate
metabolism could lead to excess glucose in the blood,
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which in-turn will react with hemoglobin irreversibly, and
so increases the levels of HbA1c¢%™!.

Swertiamarin was proved to has a hypoglycemic
activity!"”). This could be attributed to increased survival of
the pancreatic B-cells trough the reversal of the condition of
cellular oxidative stress with subsequent increased insulin
secretion and enhanced glucose uptake by the cells so,
maintaining glucose homeostasis. Swertiamarin was also
reported to improve insulin sensitivity as well as glucose
tolerance and uptake,

The current research proved the hyperlipidemia
effect of STZ through the elevated serum levels of total
cholesterol, TGs and LDL together with the decreased
levels of HDL. This could be explained by the disturbed
lipid metabolism secondary to several factors such as
increased glucose levels, insulin resistance besides the
adipokine and adipocytokines abnormalities!'!). Moreover,
and as insulin inhibits lipolysis, the adipocytes’ insulin
resistance leads to impaired suppression of lipolysis and
impaired glucose uptake with the enhancement of the free
fatty acid release into the bloodstream that in-turn will be
accumulated in other tissues?®!°.

However, a non-significant difference was noticed
as regards total cholesterol, TGs, LDL and HDL levels
in subgroup 2b compared to subgroup 2a. While, both
subgroups 2¢ and 2d showed significantly decreased levels
of the total cholesterol, TGs and LDL with increased HDL
levels in respect to subgroup 2a that were more prominent
in subgroup 2d. These findings came in line with previous
studies that proved the beneficial effects of swertiamarin on
the hyperlipidemia state in STZ-induced DM. Furthermore,
swertiamarin was also reported to has the ability to increase
the mRNA expression of adiponectin, a protein secreted by
the adipocytes that plays a role in regulation of lipid and
carbohydrate metabolism as well as insulin sensitivity!'’.

Moreover, swertiamarin is known to stimulate the genes
of peroxisome proliferator- activated receptor (PPAR).
These are nuclear genes of two isoforms; PPAR-yl that
are present in all tissues except muscle and PPAR-y2 that
are present in intestine and adipose tissue!*?. These genes
reduce insulin tissue resistance and regulate fatty acids
storage as well as glucose metabolism through stimulation
of lipid uptake and adipogenesis by the fat cells .
Additionally, other studies proved the anti-atherogenic
activity of swertiamarin through the inhibition of
B-hydroxy B-methylglutaryl-CoA (HMG-CoA) reductase
enzyme activity in high cholesterol fed ratst**!,

Oxidative stress is considered a chief factor in
development and progression of DM. There is also great
evidence of DM associated mitochondrial dysfunction
which is an important organelle for reactive oxygen
species (ROS) clearance®!. Therefore, the present work
assessed the pancreatic tissue oxidative stress markers. A
significant reduction of tissue SOD and GSH levels besides
a significantly elevated tissue MDA (lipid peroxidation
product) level was recorded in subgroup 2a (STZ) compared

to control group 1. The hyperglycemia associated with
DM increases levels of ROS secondary to mitochondrial
dysfunction in addition to the increased levels of glycation
end products besides inhibited glycosylation by the effect
of free radicals!'?.

On the other hand, a non-significant difference in
SOD, GSH and MDA levels was observed in subgroup
2b in comparison to subgroup 2a. However, significantly
increased SOD and GSH levels with decreased MDA
level were reported in subgroups 2¢ & 2d as compared to
subgroup 2a with better results in subgroup 2c. Similar
findings were documented in previous studies that also
added that swertiamarin could protect the pancreatic
B-cells from oxidative stress damage through free
radicals scavenging action and increased levels of tissue
antioxidants besides lipid peroxidation inhibition™°.

Low grade inflammation was observed with STZ-DM
with the release of different pro-inflammatory cytokines
from the macrophages®. The present research revealed
a significant increase of the levels of pancreatic tissue
inflammatory cytokines (TNF-a and the IL-6) in subgroup
2a when compared with control group 1. This could
be owed to the strong relation between hyperglycemia,
oxidative stress and inflammation*”.. The increased protein
glycation and the subsequent production of advanced
glucose end products (AGEs) activate the nuclear factor
kappa B protein complex signaling pathway (NF-«xB)
which controls the inflammatory cytokines production and
in turn increases the release of TNF-o and IL-6. In addition,
hyperglycemia interferes with the phagocytic activity of
the macrophages and increases the incidence of infection,
which in turn could stimulate release of inflammatory
cytokines and so triggers the process of inflammation™..

However, significantly decreased levels of both TNF-a
and IL-6 were recorded in the subgroups treated with
either enoxaparin or swertiamarin (2b and 2c respectively)
with the most decreased levels in the combined treated
subgroup 2d, when all compared to the STZ subgroup
2a. Enoxaparin was proved to have anti-inflammatory
actions through inhibition of macrophages activity with
the inhibition of cytokines release, and so suppressing
the inflammatory progresst*®l. Moreover, enoxaparin was
documented to decrease the microvascular permeability and
neutrophil recruitment; so counteracting inflammationt's!.
Another study documented that enoxaparin can stabilize
the endothelial cells and inhibit Intercellular adhesion

molecule-1  (ICAM-1) that prevents neutrophils
adhesions! .
Meanwhile, the anti-inflammatory effect of

swertiamarin was reported in previous studies who
illustrated that it has the ability to suppress the activated
NF-kB pathway with the consequent suppressed release
of TNF-a and IL-65%. Moreover, the antioxidant effect of
swertiamarin that was evidenced in the present study causes
suppression of the release of ROS which ameliorates the
inflammatory process!'®l.
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The histopathological assessment of H&E-stained
sections from the STZ-diabetic subgroup 2a showed
nuclear pyknosis and karyolsis together with vacuolations
and increased ecosinophilia of the cytoplasm of the
pancreatic & a cells besides presence of apparently dilated
congested blood capillaries as well as mild mononuclear
cellular infiltration. These findings could be due to the
direct injurious effect of STZ-induced DM on the islets of
Langerhans especially on the B-cells. As well, the nuclear
changes could be due to the DNA damaging effects of the
released ROSP!.

Moreover, the associated hyperglycemia state due to
IR leads to disturbed metabolism, especially for lipids and
proteins with abnormality of the adipose tissue structure and
functions. Consequently, tissue hypoxia, oxidative stress
and inflammationP?. Also, the endothelial dysfunction
associated with DM leads to defective production of
NO which is very important for vascular viability and
consequently causes increased release of pro-inflammatory
cytokines and increased expression of leukocyte adhesion
molecules besides platelet hyper-reactivity!™. As well, the
nuclear changes could be due to the released ROS by STZ
with DNA damaging effects!®'l.

The previously listed histopathological changes
were improved in the treated subgroups 2b, 2¢ and 2d.
However, the synergistic and combined effect of both
enoxaparin and swertiamarin in subgroup 2d in the present
study was found to greatly ameliorate the H&E structural
changes more than with their separate use in subgroups
2b and 2c. Enoxaparin was reported to exert beneficial
effects in improving functions of the vascular endothelial
cells, that together with the good tissue circulation and
oxygenation improve the pancreatic B-cell structure and
function">*, On the other hand, swertiamarin was proved
to have anti-hyperglycemic, anti-inflammatory and anti-
oxidative effects that could protect the pancreatic p-cells
and ameliorate the injurious effects of DM!'!. So, protects
the pancreatic B-cells as well as ameliorates the injurious
effects of STZ!L.

As regards Mallory’s trichrome stained sections,
increased collagen fibers deposition with significant
increase in their mean area percentage (%) were reported
in subgroup 2a (STZ) as compared to the control group
(group 1). This could be attributed to hyperglycemic-
induced disturbed protein metabolism with the resulting
disturbed deposition of extracellular matrix proteins ending
with fibrosis. Moreover, activation of the macrophages
with the consequent release of the inflammatory cytokines
stimulates  fibroblasts proliferation with increased
deposition of collagen fibers. Also, hyperglycemia is
associated with coagulation disorders with activation of
thrombin that ends with tissue hypoxia and fibrosis!'!l.

Moreover, stimulation of macrophages to release
several inflammatory cytokines, including IL-6 which
in turn attracts more inflammatory cells. So, stimulates
fibroblast proliferation with fibrosis. Also, hyperglycemia

is associated with coagulation disorders with activation
of thrombin that follow a coagulation cascade ends with
hypoxia and tissue fibrosis!'!.

Oppositely, decreased deposition of collagen fibers as
well as their significantly decreased mean area percentage
were observed in subgroups 2b, 2c and 2d as compared
to subgroup 2a with the best results with the combination
of enoxaparin and swertiamarin in subgroup 2d. This
could be attributed to the antifibrotic effect of enoxaparin
that was previously proved in other studies owed to its
anticoagulant effect as thrombin was found to induce tissue
fibrosis during cell injury®. Additionally, it was stated
that swertiamarin could modulate the extracellular matrix
protein deposition and so reduce collagen fibers deposition
through reducing the hyperglycemia and improving the
tissue metabolism*>31.

Regarding the number and mean percentage of PCNA-
positive islet cells, subgroup 2a showed a significant
decrease in their values in comparison to control group
1. The finding could be explained by the diabetic-
associated oxidative stress that causes B-cell dysfunction
and death secondary to defective synthesis of important
macromolecules including proteins, lipids and DNA. Also,
the oxidative stress increases the activity of the DNA repair
enzyme, poly ADP-Ribose polymerase-1 (PARP-1) with
the resulting reduction of the intracellular NAD that ends
with ATP depletion and consequently, pancreatic f-cell
death. Moreover, inflammation induces the apoptotic
signaling cascade that ends with cell death®*.

However, a significant increase in the number and mean
percentage of the islet cells positive for PCNA was observed
in the STZ treated subgroups 2b, 2c and 2d especially
in the subgroup 2d with enoxaparin, and swertiamarin
compared to subgroup 2b. This could be attributed to the
improvement of the vascular environment by enoxaparin
as well as the antioxidant and anti-inflammatory actions of
swertiamarin that together improve both cell survival and
tissue renewall'>5%),

Heat shock proteins (HSPs) are important proteins
that are synthesized inside the cells with important
physiological functions. They are important for the
assembly, translocation, and maintenance of the integrity
of polypeptides as molecular chaperones. Their expression
increases when the cells are exposed to stressful conditions
like oxidative stress, inflammation and apoptosisi®!.. In the
present research, a positive cytoplasmic reaction of HSP60
in the islet cells was recorded with a significant increase in
its mean color intensity in subgroup 2a in respect to group
1. Earlier studies recorded that DM-induced hyperglycemia
causes modification of the cellular proteins with altered
expression of the molecular chaperones™. Other studies
also illustrated that the DM- associated oxidative stress
as well as the release of pro-inflammatory cytokines like
TNF-0 and IL-6 induces release of cell stress proteins
such as HSP60 in order to protect the cells from the DM
injurious effectst®"!,
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The present research also showed a decreased HSP60
cytoplasmic expression in the islet cells with a significantly
decreased mean color intensity in subgroups 2b, 2¢ and
2d in respect to subgroup 2a with the best results in the
combined treatment with both enoxaparin and swertiamarin
in subgroup 2d. Previous studies proved that enoxaparin as
well as swertiamarin have hypoglycemic, hypolipidemic as
well as anti-inflammatory and antioxidant effects. Taken
together, these effects could restore the normal pancreatic
B- cell functions with restoration of the normal metabolism
so, decreasing cell stress and HSP60 expression*31,

CONCLUSION

Results of the current study revealed that STZ- induced
type 2 DM caused structural and biochemical changes in
the islet cells of the pancreas especially B-cells with insulin
resistance and altered cell metabolism. Additionally, the
combined use of enoxaparin and swertiamarin ameliorated
these previously mentioned changes more than their
separate use, which was proved through the antifibrotic
and anti-inflammatory effects of enoxaparin, and the
hypoglycemic, hypolipidemic, antioxidant and anti-
inflammatory actions of swertiamarin.
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