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In Mongolian traditional medicine, Sapparin tablets are used to treat blood disorders
and liver diseases. These tablets consist of four main ingredients: C. jubata, C. sappan, Z.
officinale, and H.rhamnoides. This study evaluates the antihyperglycemic and anticoagulant
effects of Sapparin tablets in a T2DM induced by streptozotocin and a high-fat food. Forty
rats were divided into 4 groups (n = 10): normal control, diabetic control and two groups of
Sapparin. Wistar rats were fed a high-fat diet at a rate of 40 grams per day for 28 days. On the
29th day, after fasting for 18 hours, the rats were intraperitoneally injected with streptozotocin
at a dose of 35 mg/kg. Following this, two different doses of Sapparin (89 mg/kg and 178
mg/kg) were administered to the T2DM (type 2 diabetes mellitus) rats via oral gavage. The
experimental results indicated that Sapparin significantly reduced fasting glucose levels, fasting
blood insulin, triglycerides, cholesterol, and HDL. We demonstrated that Sapparin effectively
alleviates diabetic symptoms by lowering fasting glucose and insulin levels while increasing
GLUT4 levels. Additionally, Sapparin protects against insulin resistance, enhances superoxide
dismutase activity, and improves lipid profiles in rats with type 2 diabetes mellitus
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Diabetes is a progressive condition
that can contribute to a range of cardiovascular
complications. It is important to note that metabolic
changes and alterations in the blood coagulation
system are interconnected, potentially leading to
disruptions in the function of blood platelets.!

In a 1999 diabetes prevalence survey
conducted in Mongolia, it was found that the
diabetes prevalence among individuals over the age
of 35 was 3.1%, while the rate of impaired glucose
tolerance was 9.2%.%*
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The treatment of diabetes involves several
approaches, including non-drug interventions
such as dietary changes, regular exercise, and
health education. Drug therapy: This consists
of the use of glucose-lowering medications and
insulin injections to manage blood sugar levels.
Diabetes Management: This focuses on monitoring
treatment results, preventing complications, and
detecting any issues early. Emergency Care: This is
crucial for managing hypoglycemia. Treatment of
Chronic Complications: This includes addressing
issues related to both large and small blood vessel
complications, such as retinopathy, neuropathy,
leg ulcers, necrosis, kidney complications,
dyslipidemia, arterial hypertension, heart attacks,
and strokes. Each component plays a vital role in
effectively managing diabetes and ensuring overall
health.'

In addition to the standard treatments
available, a variety of natural remedies are also
being explored for the management of diabetes and
the potential reduction of related complications.**
Sapparin tablets, which are derived from Mongolian
traditional medicine, are one such remedy.

Sapparin tablets are composed of 4
medicinal ingredients, including Caragana jubata
(Pall.) Poiret, Zingiber officinale (Roscoe),
Hippophae rhamnoides (L.), and Caesalpinia
sappan (L.).”8

C.jubata contains polyphenolic
compounds, particularly flavonoids, which were
identified in the freeze-dried aqueous extract of
the plant. These flavonoids include mono- and
diglycosides of primarily O-hydroxylated flavonols
such as myricetin, quercetin, and kaempferol, as
well as O-methylated flavonols like isorhamnetin,
laricitrin, and syringetin. A new pterocarpan
glycoside, named maackiain, has been isolated
from the plant Caragana jubata (Pall.). C. Jubata is
recognized for its anti-inflammatory, antibacterial,
antithrombotic, and antitumor properties, as well
as its benefits in ischemic stroke and antidiabetic
effects.”!!

C.sappan contains several
biologically active substances, including
brazilin, chalcone, xanthones, protosappanin,
flavones, homoisoflavonoids, diterpenes, and
phenolic compounds. C.Sappan has been
studied for its antiplatelet activity, treatment of
hypercholesterolemia, and management of type 2
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diabetes, as well as its antioxidant, wound healing,
antibacterial, and antitumor properties.'"*

Ginger is known for its variety of valuable
active compounds, particularly phenolic and terpene
compounds. The phenolic compounds found in
ginger include gingerols, shogaols, and paradols,
as well as quercetin, zingerone, gingerenone-A
and 6-dehydrogingerdione. Additionally, ginger is
rich in terpene components, such as a-bisabolene,
which are recognized as the primary constituents
of ginger essential oils.'>"’

H.rhamnoides, commonly known as sea
buckthorn, is consumed globally as both a food
and health supplement due to its rich nutritional
and medicinal properties. Phytochemical studies
have identified a diverse array of phytonutrients,
which include essential dietary components such
as proteins, minerals, and vitamins, as well as
functional components like flavonoids, lignans,
volatile oils, tannins, terpenoids, steroids, organic
acids, and alkaloids. H.rhamnoides has antidiabetic
properties, which are attributed to the flavonoids it
contains.'®2

Sapparin tablets are utilized in treating
blood disorders, specifically for addressing
thickened blood or poor blood quality, as well as
liver diseases, according to Mongolian Traditional
Medicine. Previous studies have indicated that
Sapparin possesses a total phenolic content of
5.33 £0.0005%, flavonoids at 12.95 + 2.21%, and
carotenoids at 4.31 + 0.96%. Notably, significant
increases were observed across all tests, with the
exception of fibrinogen, PT, TT and aPTT, which
are recognised for their roles in anticoagulation.
Furthermore, treatment with Sapparin has been
associated with a reduction in serum factor X
levels and von Willebrand factor in rat subjects,
suggesting potential beneficial effects that warrant
further exploration.?!

This study evaluates the antihyperglycemic
and anticoagulant effects of Sapparin tablets in a
diabetic model induced by streptozotocin and a
high-fat diet.

MATERIALS AND METHODS

Ethics statement

The Research Ethics Committee at the
National University of Medical Sciences has
granted ethical approval for this research.The
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approval was granted under protocol number
2024/3-06. This study did not involve human
participants, and therefore, informed consent was
not required.

Reagent

In our experiment, we utilised
Streptozotocin (CAS Number: 18883-66-4),
obtained from Sigma-Aldrich, along with a
citrate buffer at pH 4.5 (C2488). The dietary
composition included a high fat diet (HFD) with
20% carbohydrates, 20% protein, and 60% fat, as
specified by Batch No. SYHF45.

All experimental animals were sourced
from the Institute of Traditional Medicine
Technology’s animal house. The rats were
maintained in a box at room temperature, with
a controlled 12-hour light/dark cycle to ensure
optimal living conditions. Forty Wistar rats
weighing between 170 and 180 grams were
randomly divided into four groups (n=10). They
were labelled as follows: diabetic control (DC),
normal control (NC), and Sapparin-treated (S)
at dosages of 89 mg/kg and 178 mg/kg. Blood
samples were collected at 14 and 21 days, with a
total of n=5 rats. This sample size was determined
to achieve statistical significance in the study.
Induction of the type 2 diabetes mellitus (T2DM)

40 wistar rats were fed a high-fat diet
consisting of 20% carbohydrates, 20% protein, and
60% fat, administered at a rate of 40 grams per day
for 28 days. On the 29th day of the study, following
an 18-hour fast, the rats received an intraperitoneal
injection of streptozotocin (STZ) at a dose of 35
mg/kg.

To maintain the stability and effectiveness
of the study, STZ was dissolved in freshly prepared
ice-cold citrate buffer, and the pH was adjusted to
4.5. After a 72-hour observation period following
the injection, rats exhibiting fasting glucose
levels of 11.1 mmol/L or higher—indicative of
hyperglycemia—were selected for the study.’
Following the administration of streptozotocin,
Sapparin was orally received to the diabetic rats
for a duration of 21 days at doses of 89 mg/kg and
178 mg/kg.

Blood samples, ranging from 3 to 4 ml,
were collected from both the diabetic and normal
control groups using cardiac puncture with 1:9
citrate and heparin tubes at the 14-day and 21-day
marks. A biochemical analysis was performed
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employing a DR 7007 analyser to assess levels
of triglycerides, cholesterol, and HDL across
all experimental groups. Furthermore, serum
concentrations of insulin, GLUT4, superoxide
dismutase (SOD), plasminogen, the antithrombin
complex (TAT) were determined using an ELISA
assay at 14 and 21 days, in accordance with the
manufacturer’s protocol.

Fasting glucose and body weight

Fasting blood glucose levels were
measured using a glucometer (GIuNEO Lite,
South Korea) by collecting a tail-drop blood
sample with the glucose oxidase method. These
measurements were taken once a week for three
weeks, particularly after the plasma glucose level
reached or exceeded 11.1 mmol/L. Additionally,
body weight was recorded using an electronic scale
to ensure accurate and consistent measurements
throughout the study.

Oral glucose tolerance test (OGTT)

On day 18, rats were fasted overnight
and then given 2 g/kg of oral glucose at 9 a.m. the
following morning for the oral glucose tolerance
test. Glucose levels were measured at 0, 30, 60,
and 120 minutes.>*

Fasting serum insulin levels (FINS) and
homeostasis model assessment of insulin
resistance (HOMA-IR) analysis

The fasting serum insulin level (FINS)
is an essential marker for assessing metabolic
health, particularly in evaluating insulin resistance.
FINS is measured utilising an enzyme-linked
immunosorbent assay (ELISA) insulin assay kit
from MLBIO Biotechnology Co., Ltd, based in
Shanghai, China. To quantify insulin resistance,
the Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) is employed. This
assessment is calculated using the formula: HOMA
score = fasting serum insulin (5@8U/mL) x fasting
glucose (mmol/L)/22.5
Assay of glycogen

Glycogen in muscle tissue is determined
using Anthron’s reagent®
Histopathological examination

At the end of the experiment, euthanasia
was performed on the rats using an overdose of
pentobarbital, and their pancreatic tissues were
collected for histopathological analysis. The
collected tissues were fixed in 10% buffered
formalin for 24 hours. After fixation, the samples
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were rinsed with running water and then processed
through a series of incubations in increasing
concentrations of ethanol, xylene, and paraffin.
The tissues were embedded in paraffin blocks and
sectioned to a thickness of 2-5 im using a Yamato
Kohki sledge microtome. The resulting sections
were stained with hematoxylin and eosin, prepared
as microslides, and examined morphologically
under a Nikon Eclipse Ci microscope.
Statistical analysis

The data are presented as means +
standard deviations (SD). Statistical analysis was
conducted using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA). Differences between the study
groups were evaluated using the Kruskal-Wallis
test, with a p-value of less than 0.05 considered
statistically significant.

RESULTS

On the 14th day of the experiment, the
diabetic control group exhibited a significant
increase in glucose levels, rising 1.35-fold
compared to the normal control group (p =0.001).
This finding confirmed the successful establishment
of the diabetic model.

In contrast, administering Sapparin
yielded promising results. The group that received
89 mg/kg of Sapparin experienced a 33% reduction
in glucose levels. Meanwhile, the group that
received 178 mg/kg of Sapparin showed a 22.5%
reduction compared to the diabetic control group
(p =0.05).

By the 21st day of observation, the
diabetic control group displayed an even greater
increase in glucose levels, with a 1.72-fold
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rise compared to the normal control (p=0.001).
However, the groups receiving 89 mg/kg and 178
mg/kg of Sapparin demonstrated notable reductions
in glucose levels by 30% when compared to the
diabetic model (p<0.04). These findings suggest
a potential therapeutic effect of Sapparin in
regulating glucose levels in diabetic conditions.

The findings revealed that the diabetic
control group exhibited a 45.3% increase in body
weight when compared to the control group on a
regular diet (p=0.001). Conversely, administration
of Sapparin at doses of 89 mg/kg and 178 mg/kg
resulted in a trend of body weight reduction, with
losses ranging from 9.04% to 13.6% relative to
the diabetic control group (p=0.05). The results
demonstrate that glycogen levels in the diabetic
control group were significantly reduced compared
to those in the normal control group (p=0.001).
In the diabetic group administered Sapparin at
a dosage of 178 mg/kg, there was a statistically
significant increase in glycogen levels (p=0.05).

At the end of the study, glucose levels in
normal control rats were measured to be between
5.9 and 6.7 mmol/L during the glucose tolerance
test. In diabetic rats, blood glucose levels increased
significantly to 20.3% at 0 minutes, 68.6% at 30
minutes, 15.1% at 60 minutes, and 82.4% at 120
minutes (p< 0.001).

In a study examining the effects of
Sapparin on glucose levels, the group treated with
89 mg/kg exhibited a 31% increase in glucose
concentration at the initial measurement compared
to the diabetic control group. However, this trend
was reversed over time, as glucose levels decreased
by 10% at the 30-minute mark and further declined
by 30% at the 120-minute measurement. The

Table 1. Effect of Sapparin on fasting glucose levels in a T2DM

Time of treatment Group Glucose (mmol/l)

2 week Normal control 6.04+1.3
DC (HFD+STZ) 14241 4%**
DC+S-89 mg/kg 9.54+1.2#
DC+S-178 mg/kg 11.0£1.7#

3 week Normal control 6.04£1.3
DC (HFD+STZ) 16.4+1.8%**
DC+S-89 mg/kg 11.4+£1.6#
DC+S-178 mg/kg 11.5+1.2#

**%p < 0.001 compared to normal controls; #p < 0.04 compared to

diabetic controls
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administration of Sapparin at a dosage of 178 mg/
kg resulted in significantly lower glucose levels
at 0, 30, 60, and 120 minutes when compared to
the diabetic control group. The administration of
Sapparin at a dosage of 178 mg/kg appeared to have
a positive impact, significantly lowering glucose
levels at 0, 30, 60, and 120 minutes compared with
the diabetic control. The percentage reductions
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observed were 18.3%, 30.1%, 10.6%, and 35.6%,
respectively (p<0.04).

When comparing the normal, the p<
0.001. In comparison to the diabetic control, the
p<0.05.

The outcomes of this investigation
elaborated on the changes in serum insulin
concentrations among T2DM rat models. Data

Table 2. The impact of Sapparin on blood glucose levels: a glucose tolerance test in rats with T2DM

Glucose Time Normal DC DC+S-89 mg/kg DC+S-178 mg/kg
(mmol/l) (min) control (HFD+STZ)
0 5.9+1.1 7.1£0.6* 9.3+1.3# 5.8+0.3#
30 6.7+0.3 11.3+]1.6%** 10.2+1.9 7.942.8
60 6.6+0.8 8.5+1.0%* 8.8+1.8 7.6+1.3#
120 5.7+0.5 10.4£1.0%** 7.3+1.8# 6.7+0.8#

Compared to normal control, significance levels are indicated as follows: *p<0.05, **p<0.001, and ***p<0.000.
When comparing to the diabetic control group, statistical significance is denoted as #p<0.04.
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Fig. 1. The effects of Sapparin on body weight and muscle glycogen in rats with type 2 diabetes mellitus (T2DM)
A-body weight, B-muscle glycogen
When comparing the normal group, the p< 0.001. in comparison to the diabetic control group, the p< 0.05.
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Fig. 2. Activity of Sapparin on FINS (A) and the HOMA-IR index (B) in rats with Type 2 Diabetes Mellitus
(T2DM).
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demonstrated that post-14 days, serum insulin
levels in the T2DM exhibited a significantly
increase of 20.5% relative to normal controls,
escalating to 21% by the end of the 21-day period
(p<0.05). Conversely, administration of 89 mg/
kg of Sapparin resulted in a notable reduction in
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insulin levels, with declines of 20% at 14 days
and 19.8% at 21 days in comparison to the T2DM
group. Additionally, the group subjected to a higher
dose of 178 mg/kg of Sapparin showed decreases
of 15% and 20% in insulin levels, which were
statistically analogous to those observed in the

Table 3. Effects of Sapparin on serum GLUT4 and lipid parameters in T2DM

Time of Group GLUT4 Triglyceride Cholesterol HDL
treatment (ng/ml) (mmol/1) (mmol/l) (mmol/1)
2 week Normal control 6.5+0.64 1.0+0.2 2.5+£0.6 1.35+0.1
DC (HFD+STZ) 4.42+0.9%* 1.60+0.3%* 3.3+0.2% 0.4+0.06**
DC+S-89 mg/kg 6.35+0.5# 1.30+0.4# 2.3+0.2# 1.15+0.3##
DC+S-178 mg/kg 491+0.4 1.40+0.3 2.2+0.4# 1.14+0.5##
3 week Normal control 6.5+0.64 1.0£0.2 2.5+£0.6 1.35+0.1
DC (HFD+STZ) 3.77+0.6** 2.5+0.5%%* 4.2+0.9%* 0.4+0.02%*
DC+S-89 mg/kg 6.28+0.3## 1.90+0.3 3.240.7 1.5+0.05##
DC+S-178 mg/kg 4.95+0.3# 1.240.2## 3.3+0.1 1.4+0.04##

**%p <0.01 when compared to the normal control group; #p < 0.05, ##p < 0.02 when compared to the diabetic

control group
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Fig. 3. Effects of Sapparin on serum plasminogen, TAT, and SOD levels in T2DM
**p < 0.01 compared to normal controls; #p < 0.04 compared to diabetic controls.
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normal control cohort (p<0.05). These findings
suggest that Sapparin may play a role in modulating
insulin levels in diabetic conditions. The results
indicated a significant increase in HOMA-IR, a
measure of insulin resistance, in rats with Type 2
Diabetes Mellitus (T2DM) compared to normal
controls. This increase was observed in a time-
dependent manner, with a 1.85-fold elevation at the
two-week mark and a 2.28-fold elevation at three
weeks (p=0.001). In diabetic rats administered
doses of 89 and 178 mg/kg of Sapparin, there was
a statistically significant time-dependent reduction
of 42-46% in HOMA-IR (p < 0.05).
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GLUT4 (Glucose Transporter Type 4) is
a protein responsible for the transport of glucose,
a hydrophilic sugar, into cells. GLUT4 plays a
crucial role in glucose homeostasis by allowing
cells to uptake glucose in response to insulin
signaling, thereby regulating blood sugar levels.
In the context of insulin resistance associated with
type 2 diabetes, GLUT4 translocation to the plasma
membrane is impaired. This inhibition reduces
cells’ ability to take up glucose, leading to elevated
blood sugar levels.

Results were analyzed to assess the
impact of Sapparin on GLUT4 levels in diabetic

Fig. 4. Photomicrographs illustrating the normal control (A), the diabetic control (B), and samples treated with
Sapparin at dosages of 89 mg/kg (C) and 178 mg/kg (D) are presented. The circled area indicates the damage
to the islets of Langerhans resulting from HFD+STZ treatment. All samples were stained with hematoxylin and
eosin and observed under magnification at x200,400
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rats, compared with normal controls. The diabetic
control group exhibited significantly lower GLUT4
levels, decreasing by 32% by day 14 and by 42%
by day 21 (p<0.01).

Sapparin, administered at a dose of 89 mg/
kg, significantly increased GLUT4 levels, showing
improvements of 44% on day 14 and 66.6% on
day 21. In contrast, the group receiving a higher
dose of 178 mg/kg of Sapparin exhibited smaller
increases, with only 11.1% on day 14 and 31.3%
on day 21 (p<0.02). These findings indicate that
Sapparin positively affects GLUT4 expression in
diabetes.

In the diabetic control group, triglyceride
levels increased significantly at both 14 and 21
days, by 60% and 1.5-fold, respectively, compared
to normal controls (p=0.000). Administration of the
89 mg/kg dose of Sapparin resulted in a reduction
of triglyceride levels by 19% and 24% on days 14
and 21, respectively, relative to the diabetic control
group. Similarly, the 178 mg/kg dose of Sapparin
induced a decrease of 12.5% and 52% on days 14
and 21, respectively (p<0.002).

The results indicated a substantial increase
in cholesterol levels, rising by 32% and 68% after
14 and 21 days, respectively, compared to normal
controls (p<0.001).

When treated with Sapparin at a dose of 89
mg/kg, cholesterol levels decreased by 30.3% after
14 days and by 24% after 21 days. Additionally,
Sapparin 178 mg/kg resulted in even greater
reductions, with decreases of 33.3% and 21.4% at
the respective time points (p<0.04).

The diabetic control group exhibited a
significant decrease in high-density lipoprotein
(HDL) levels, which were 70.4% lower at both 14
and 21 days when compared to the normal control
group. In contrast, treatment with Sapparin at 89
mg/kg increased HDL levels by 1.87-fold at 14
days and 2.75-fold at 21 days.

Likewise, a higher dose of 178 mg/kg
of Sapparin also yielded significant gains, with
HDL levels rising by 1.75-fold at 14 days and 2.5-
fold at 21 days. These findings were statistically
significant, with a p-value of 0.002, suggesting the
potential efficacy of Sapparin in enhancing HDL
levels in diabetic conditions.

Superoxide Dismutase (SOD) is an
antioxidant enzyme found in the human body
and in all living cells. Research underscores a
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significant relationship between SOD levels and
diabetes, particularly type 2 diabetes (T2DM).
This association is believed to arise from the role
of SOD in mitigating oxidative stress, which is
a contributing factor to the pathophysiology of
T2DM.

This experiment aimed to investigate
the effects of the drug Sapparin on coagulation
parameters, with a particular emphasis on
plasminogen levels. In the diabetic model group,
plasminogen levels increased by 22.1% on day 14
and by 14.6% on day 21, compared to established
normal reference values. However, administration
of Sapparin at a dose of 178 mg/kg significantly
reduced plasminogen levels, resulting in a decrease
0f 10.2% on day 14 and 8.5% on day 21 (p=0.05).

The Thrombin—Antithrombin Complex
(TAT complex) is a vital marker of the blood
coagulation system. It is formed by the interaction
between thrombin and antithrombin III and serves
as an essential indicator of blood activation for
clot formation. In diabetes, elevated blood glucose
levels lead to hyperglycemia, which contributes
to oxidative stress, inflammation, and endothelial
cell damage in blood vessels. This cascade of
events activates the blood coagulation system,
leading to increased thrombin production. As
thrombin levels rise, antithrombin (AT III) binds to
thrombin, forming a complex known as thrombin-
antithrombin (TAT) that effectively inactivates
thrombin. Consequently, elevated TAT levels serve
as a direct indicator of active thrombin formation
within the bloodstream.

The thrombin-antithrombin complex
(TAT) levels in the diabetic model demonstrated an
increase of 18.3% after 14 days and 28% after 21
days compared to the normal control. Furthermore,
in the group that received a dose of 178 mg/kg of
Sapparin, TAT levels were 18% lower than those
in the diabetic control group on day 21, and this
difference was statistically significant (p=0.05).
After 21 days of observation, superoxide dismutase
(SOD) levels in the diabetic control group were
significantly decreased by 46.2% compared to the
normal group (p<0.01).

Conversely, the group receiving a dosage
of 89 mg/kg experienced an increase in SOD levels
of 61.5%, while the group administered 178 mg/
kg displayed a 40% increase (p <0.02). These
findings indicate a noteworthy response to the
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administered dosages in contrast to the diabetic
control conditions.

In healthy rats or normal control, the
ratio of the exocrine and endocrine components
of the pancreas is considered normal. The
endocrine system’s central element, the islets of
Langerhans, contains a substantial population
of beta cells as well as various other secretory
cells. Furthermore, the structure of the exocrine
component, represented by the acinar gland, is also
characterized as normal.

The analysis of pancreatic tissue from
the diabetic control group indicated a greater
occurrence of inflammation and degenerative
changes in comparison to the other experimental
groups. Notably, there was a significant reduction
in both the number and size of beta cells
within the pancreatic islets of Langerhans.
The pancreatic tissue of rats in the 89 mg/kg
Sapparin group demonstrated significantly fewer
pathological changes, reduced levels of necrosis
and inflammation, and a greater density of cells
within the islets of Langerhans when compared to
the other experimental groups. In the experimental
group of animals administered Sapparin at a dosage
of 178 mg/kg, there was a noticeable presentation
of slight swelling and necrosis within the pancreatic
tissue. Additionally, a slight decrease in the islet
cell population was noted. In comparison to the
diabetic control groups, the experimental groups
showed significantly fewer pancreatic changes at
the Sapparin 89 mg/kg dosage.

DISCUSSION

Type 2 diabetes is one of the most prevalent
metabolic disorders globally, representing 90-95%
of all diabetes cases. The prevalence of this disease
is increasing significantly in both developed and
developing countries, which calls for our attention
and collective action. The pathogenesis of this
condition is primarily rooted in insulin resistance
and the dysfunction of pancreatic beta cells.
Consequently, therapeutic strategies are designed
to target and mitigate these underlying factors,
focusing on enhancing insulin sensitivity and
restoring beta cell function.'* This dual approach
is critical for effectively managing the condition
and improving patient outcomes. Recent research
efforts have increasingly focused on developing a
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range of natural medicines to supplement standard
treatments for type 2 diabetes, as well as to
prevent its associated complications. This includes
rigorous validation of traditional knowledge and
recipes to establish their effectiveness in diabetes
management. In this study, we used a rat model of
insulin resistance and hyperlipidemia, a condition
known as type 2 diabetes mellitus (T2DM). This
model was induced by administering a high-fat diet
(45% HFD) along with a low dose of streptozotocin
(STZ).

The therapeutic efficacy was subsequently
evaluated by administering two different doses of
Sapparin. In our study employing a streptozotocin-
induced model of type 2 diabetes, rats fed a high-fat
diet exhibited consistently elevated blood glucose
levels. Notable insulin resistance was observed,
characterised by increased fasting insulin levels
and a heightened insulin resistance index. These
findings are similar to the biochemical and
pathological alterations seen in human type 2
diabetes. Furthermore, significant changes were
documented in specific coagulation markers, with
elevated levels of plasminogen and thrombin-
antithrombin complex (TAT) noted.

Sapparin was administered orally to rats
with type 2 diabetes mellitus (T2DM) at doses of
89 mg/kg and 178 mg/kg over 21 days.

Evaluations conducted on days 14 and
21 demonstrated significant favorable outcomes.
These results included a reduction in blood
glucose levels, decreased insulin levels, enhanced
insulin sensitivity, and a lower HOMA-IR index.
Furthermore, there were an increase in the
expression of glucose transporter type 4 (GLUT4)
and an elevation in glycogen content within muscle
tissue. Additionally, a decrease was observed
in specific lipid metabolism markers, notably
triglycerides and cholesterol, accompanied by an
increase in high-density lipoprotein (HDL) levels.
Studies have indicated that Sapparin exerts a
corrective influence on coagulation abnormalities
associated with type 2 diabetes mellitus (T2DM).
Notably, Sapparin reduces plasminogen and
thrombin-antithrombin (TAT) levels at a dose of
178 mg/kg. Additionally, it has been shown to
increase serum superoxide dismutase (SOD) levels
in a T2DM model at doses of 89 and 178 mg/kg.

The effects of Sapparin in treating diabetes
may relate to its biologically active compounds.
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Flavonoids extracted from the plant C. jubata
enhance glucose uptake and improve the expression
of GLUT4. This highlights the important role
of Ca?z release in the regulation of GLUT4.
Additionally, these flavonoids primarily activate
the PKC pathway, with minimal involvement of
the Akt pathway.

C. jubata extract significantly lowered
fasting glucose levels, enhanced glucose tolerance,
reduced insulin resistance, and corrected lipid
metabolism abnormalities in mice with type 2
diabetes. Additionally, the extract enhanced tissue
insulin sensitivity through the upregulation of
GLUT4 expression and mitigated damage to both
the liver and pancreas.'” The chloroform extract
of C. Sappan demonstrated a significant ability
to lower serum glucose levels and modulate
cholesterol and triglyceride levels in alloxan-
induced diabetes models, particularly at doses
of 200- 400 mg/kg. In a recent study involving
rats fed a high-fat diet, treatment with combined
extracts of C. sappan and Z. officinale at three
varying doses over a two-week period resulted
in a significant reduction in platelet activation
markers, namely P-selectin, RANTES, and PCSK9.
Moreover, the results indicate that bleeding
time increases in a dose-dependent manner
compared with the negative control group.'*'*%
A substantial body of research has investigated
the antidiabetic properties of ginger, a widely
recognized component in dietary interventions for
type 2 diabetes. The mechanism by which ginger
exerts its effects involves the activation of HMG-
CoA reductase, which subsequently stimulates
lipid and carbohydrate metabolism. This activation
leads to a reduction in low-density lipoprotein
(LDL) levels and is associated with significant
antioxidant activity. It has been indicated that it
enhances insulin sensitivity, protects pancreatic a
cells, decreases the accumulation of fat, reduces
oxidative stress, and improves glucose utilisation
in muscle tissue.

The findings from these studies are
consistent with the results of our experiments,
thereby providing further support for the hypothesis
that Sapparin is effective in the treatment of type 2
diabetes.

A limitation of our study is that we
did not evaluate clinical outcomes associated
with Sapparin administration in human subjects.
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Therefore, future clinical studies are necessary to
investigate its effects on type 2 diabetes.

CONCLUSION

In this study, we demonstrated that
Sapparin effectively alleviates diabetic symptoms
by lowering fasting glucose and insulin levels
while increasing GLUT4 levels. Furthermore,
Sapparin protects against insulin resistance,
raises superoxide dismutase levels and improves
abnormal lipid profiles in rats with type 2 diabetes
mellitus.
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