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Abstract | The goal of this study was to see the effect of berberine Hel supplement versus the effect of Ozempic® in-
jection on body weight, glycemic states, and lipid profile in diabetic rats. The experiment includes two parts: in the first
part, forty adult rats with a body weight of 250 + 50 are randomly divided into two groups. G1: are a control group,
twenty rats intraperitoneal (IP) injection of normal saline twice weekly along with a normal (pellet) diet for four weeks.
G2: are twenty rats induced diabetes by intraperitoneal injection of a low dose of Streptozotocin (35 mg/kg. BW)
twice weekly along with a high-cholesterol diet for four weeks. Rats with fasting blood glucose greater than 190 mg/dl
were considered diabetic animals. The second parts include three groups T1: Six diabetic rats were orally administered
distilled water and subcutaneously injected with 0.25 mg/kg BW of normal saline for four weeks. T2: Six diabetic rats,
orally administered with berberine Hecl 100 mg/kg B.W. and subcutaneously injected with 0.25 mg/kg B.W. normal
saline one time per week for four weeks. T'3: six diabetic rats treated by subcutaneously injecting Ozempic® 0.25 mg/kg
B.W. one dose per week for four weeks with orally administration of distilled water. The result of first part were showed
significant (p<0.00001) elevation in the body weight from (250+50 gm) of the control group to the (420+30 gm) in the
STZ group also elevated in the fasting blood glucose from (90mg/dl) in the control group to the (270 mg/dl) in STZ
group. Result of second part of experiment to the body weight and blood collection at three times (zero time, 2™ week,
and 4™ week) for fasting blood glucose, insulin, insulin C-peptide, and lipid profile measurement were display a signif-
icant (p<0.05), (p<0.00001) decrease in body weight, fasting blood glucose, insulin, insulin C-peptide, and lipid profile
in diabetic rats after treatment with berberine supplement and Ozempic® injection. When compared with zero time in
the T'1 group. At the end of the experiment, we can suggest the ability of 100 mg/kg B.W. of berberine supplement and
0.25 mg/kg B.W. of Ozempic® injection to control unintentional weight gain and improve glycemic status and lipid
profile in STZ-induced diabetes within short treatment times (four weeks) and we recommend the further experiments
with longer time (three month) for more current result.
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INTRODUCTION

Diabetes mellitus, is one of the most common metabol-
ic illnesses in the world, is result in decreased insulin
secretion, insulin resistance, and increased hepatic glucose
production (Rahman e7 a/.,2021). Diabetes increase widely
across the world, compared with overweight and obesity
epidemic, therefore, it is great importance to find better
prevention strategies for Type 2 diabetes. To achieve this
aim, appropriate experimental models are critical for un-
derstanding the pathogenesis of therapeutic agents’actions
and the genetic or environmental impacts that increase the
risks of Type 2 diabetes (Zhang ez a/., 2008). Numerous
studies have indicated that the rats feeding on high-fat diet
HFD developed insulin resistance (Kumar ez a/., 2021).
It is suggested that a high-fat diet may be an appropriate
method to induce insulin resistance, it is an essential char-
acteristic of Type 2 diabetes. Streptozotocin (STZ) induces
diabetes mellitus by activating the B cell curtail (Farid ez a/.
2022). Low-dose STZ has been shown to cause a modest
impairment of insulin production, which is similar to the
latter stages of Type 2 diabetes (Huo ez a/., 2025)(Ming
Zhang et al., 2008).We are developing rats model to study
the natural progression of Type two diabetes, including in-
sulin resistance, f cell dysfunction, and metabolic features

(Andonova et al., 2023).

Glucagon-like peptide 1 receptor agonists [GLP-1RAs]
seem to have various positive effects on beta cells, poten-
tially helping people with Type 2 diabetes to maintain their
glycemic control (Garber, 2011). GLP-1 has been estab-
lished to suppress glucolipotoxicity in beta cells, allowing
them preserve them and enhance their overall function
(Costes ez al., 2021). Ozempic®, (semaglutide) is a GLP-1
analog, is the 2™ long-acting GLP-1 receptor (GLP-1R)
agonist registered for the treatment of obesity (Miiller ez
al.,2022). Ozempic® was first used at lesser dosages to con-
trol type 2 diabetes mellitus, but it was recently registered
at a larger dose for the treatment of obesity (Wilding ez a/.,
2021).

Folk medicine as a therapeutic alternative are extensively
used by the community. According to the World Health
Organization (WHO), around the 80% of the world’s pop-
ulation uses traditional medicine for primary health needs
and enhance quality of life, in fact the plant extracts or ac-
tive ingredients used in the majority of traditional treat-

ments (Che ez al., 2024).

Berberine alkaloids is a natural isoquinoline alkaloid de-
rived from many plant species that has been used to treat
dysentery and enteritis for many years. Recent pharma-
cological study has shown that Berberine has a variety of
pharmacological activities, including decreasing insulin re-
sistance, controlling blood lipids, lowering blood pressure,

lowering blood glucose and inflammatory indicators, and
enhancing cardiovascular function. With a large number of
clinical trials on berberine antidiabetic and anti-inflamma-
tory benefits, it has sparked increased study interest (Ah-
mad Nazari ez al., 2024).

Because the berberine supplements are one of the folk med-
icines and Ozempic injections are pharmaceutical drugs,
they are used for body weight control, with little studies to
distinguish which of them is more effective than others in
controlling body weight and glycemic status. Therefore, we
study their effect on fat and diabetic rats, comparing them
with rats without treatment to clarify whether their Ozem-
pic injection is more effective than berberine supplements.
The result of investigation may be important for treatment
strategy to control the improved severity of type 2 diabetes
and control of body weight by using berberine supplements
or Ozempic injections.

MATERIAL AND METHODS

CHEMICALS AND KI1TS

Berberine Hcl by NOW company obtain from local phar-
macy, Ozempic® injection shipping from Life MD, fasting
blood sugar tested by accu-chek strip, serum insulin and li-
pid profile was teste by enzyme colorimetric method (spec-
trophotometer at a wavelength of 500 nm).

ANIMAL DESIGN

Forty adult male rats (4 to 5 month old) with a body weight
of 250 + 50 were put in cages, and placed in a room for
one weeks of adaption. During the study, room tempera-
ture was kept between 21 "C and 25°C, the air was con-
stantly changed via ventilation vacuum, and the light/dark
cycle was set to 12:12 h/day. Animals in current study was
followed the ARRIVE criteria (https://arriveguidelines.
org.) of the animal housed and at the specialized veterinary
studies laboratory in Iraq. The study included two part: first
part, which is induced diabetes in rats, and the second part,
which included treatment of diabetic rats with berberine
Hcl and Ozempic®. Forty rats randomly divided to two

group:

* G1: are a control group, twenty rats intraperitoneal
(IP) injection of normal saline twice weekly along with
a normal (pellet) diet for four weeks.

*  (G2:are twenty rats induced diabetes by intraperitoneal
injection of a low dose of Streptozotocin (35 mg/kg.
BW)(Jiang and Zhang, 2022) twice weekly along with
a high-cholesterol diet for four weeks. The rats were
permitted unrestricted access to a high-cholesterol diet
consisting of 84.3% regular station chow, 5% fat, 10%
yolk powder, 0.2% cholesterol, and 0.5% bile salt (Tang
et al.,2006). Rats with fasting blood glucose more than
(190 mg/dl) was consider as a diabetic animal and di-
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vided to three groups:

* T1: Six diabetic rats were orally administered distilled
water and subcutaneously injected with 0.25 mg/kg
BW of normal saline for four weeks.

*  T2:T2: Six diabetic rats, orally administered with ber-
berine Hecl 100 mg/kg B.W. and Subcutaneously in-
jected with 0.25 mg/kg B.W. normal saline one time
per week for four weeks.

+  T3:six diabetic rats treated by subcutaneously injecting
Ozempic® 0.25 mg/kg B.W.(Mahapatra ez a/., 2022)
one dose per week for four weeks with orally adminis-
tration of distilled water.

PARAMETERS

Rats were weighted by electrical balance in each time of
experiment and blood sample were collected in three time
(zero time, 2™ week and 4* week) by vein tail and it was
put in to EDTA tube for fasting blood glucose measure
and gel tube for serum collection. Serum was prepared by
centrifugation of collected blood at 2500rpm / 15 min and
store in 4 C° (Husain and Alli, 2022) to measure: serum
insulin and lipid profile.

STATISTICAL ANALYSIS

By Graph Pad Prism version 8.0.2., the statistically ana-
lyzed of data were performed. Comparison between means
and variance by Tukey’s of Graph Pad Prism and two-way
ANOVA analysis for estimation P value (Walters ez al.,
2021).

RESULT'S AND DISCUSSION

FIRST PART OF EXPERIMENT, DIABETIC INDUCED RATS
The successful induced diabetes in rats after administrat-
ed with STZ and feeding on high fat diet were showed in
Figure 1. The result in Figure 1A and B showed a signifi-
cant elevation (P<0.001) of both body weight and fasting
blood glucose in STZ administrated group when compared
with control group and a significant elevation (P<0.005)
when compared with zero time in the same group. Moreo-
ver, the result shown in Figure 1C and D demonstrate the
significant (P<0.005) elevation of serum insulin and insu-
lin C-peptide respectively in STZ administrated group at
doze (35 mg/kg. BW) when compared with control group

and zero time in the same group.

SECOND PART OF EXPERIMENT, TREATED OF DIABETIC
Rars

Bopy WEIGHT: A significant (P<0.05) decrease of body
weight in T2 and T3 treated groups at 4™ week of treatment
as a compared with 2* week and zero time compared with
T1 group. Whereas, the result of body weight at 4* week
in T3 group showed non- significant differences (P>0.05)

as a compared with T2 group at the same time. Also, at

the 2™ week of treatment in T3 group showed a significant
(P<0.05) decrease of body weight when compared with T2
at 2" week. This results were demonstrated in Figure 2 and
the clinical observation of treated rats sport the analytical
test.
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Figure 1: Effect of STZ injection on (A) Body weight;
(B) fasting blood glucose; (C) insulin level; (D) insulin C-
peptide in a rats at on zero time and 3™ week of part one
of experiment. Value represented as M=SE; n=6 Rats; ns:
(P>0.05); **(P<0.05); **(P<0.001); ***(P<0.0001); Second

part of experiment: Treated of diabetic rats.
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Figure 2: Effect of berberine supplement and Ozempic®
injection on Body weight in a rats at on (zero time,2nd
and 4th week) of experiment. T1: Diabetic rats; T2: rats
treated with (35 mg/Kg.B.W.) of berberine supplement;
T3: rats injected with (0.25 mg/Kg.B.W.) of Ozempic®
injection. Value represented as M=+SE; n=6 Rats. ns:

(P>0.05); ™(P=<0.05); **(P<0.001); ***(P<0.0001).

FASTING BLOOD GLUCOSE: The result showed a significant
changes of blood glucose after treated with berberin
supplement and Ozempic®, as illustrate in Figure 3, the
opposed to T1 group, T2 and T3 showed significant
(P<0.05) and (P<0.001) decrease in fasting blood glucose

at 2" and 4" week of treatment respectively. Moreover,
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the rats in T3group at 2" and 4" week showed significant
(P<0.05), (P<0.001) decrease respectively when compared
with zero time of the same group. Will, the level of fasting
blood glucose at 4* week of T3 showed non- significant
differences (P>0.05) as a compared with 4* week of T2
treated group. The result indicates the positive response of
diabetic rats to the treatment.
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Figure 3: Effect of berberine supplement and Ozempic®
injection on Fasting blood glucose in a rats at on (zero
time,2nd and 4th week) of experiment; T1: Diabetic
rats; T2: rats treated with (35 mg/Kg.B.W.) of berberine
supplement; T3: rats injected with (0.25 mg/Kg.B.W.) of
Ozempic® injection. Value represented as M+SE; n=6 Rats.
ns:(P>0.05); *(P<0.05); **(P<0.001); **(P<0.0001).
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Figure 4: Effect of berberine supplement and Ozempic®
injection on insulin in a rats at on (zero time,2nd and 4th
week) of experiment. T1: Diabetic rats; T2: rats treated
with (35 mg/Kg.B.W.) of berberine supplement; T3: rats
injected with (0.25 mg/Kg.B.W.) of Ozempic® injection.
Value represented as M=SE; n=6 Rats. ns:(P>0.05);
**(P<0.05); **(P=<0.001); ***(P<0.0001).

SERUM INSULIN AND INSULIN C- PEPTIDE: Level of serum
insulin and insulin C-peptide respectively were revealed
levels in Figure 4 and Figure 5 respectively. The significant
(P<0.05) decrease of serum insulin in T2 treated rats at
2 week of treatment are shown when compared with
zero time of T2 group. whereas showed non- significant
differences(P>0.05) when compared with 2*¢ week of T3
rats. Moreover, serum insulin in T3 treated group showed
a significant (P<0.001) decrease in 4™ week as compared
with zero time and 2™ week of same group, also, when
compared with T1 treated group at all time of treatment.
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Figure 5: Effect of berberine supplement and Ozempic®
injection on insulin C-peptide in a rats at on (zero
time,2nd and 4th week) of experiment; T1: Diabetic
rats, T2: rats treated with (35 mg/Kg.B.W.) of berberine
supplement; T3: rats injected with (0.25 mg/Kg.B.W.) of
Ozempic® injection. Value represented as M+SE; n=6 Rats;
ns:(P>0.05); *(P<0.05); **(P<0.001); ***(P<0.0001).

On the other hand, the result was shown significant
(P<0.001), (P<0.005), decrease insulin C-peptide in T2
and T3 treated rats at 2" and 4™ week of experiment re-
spectively and when compared to the zero time of the same
groups and all experiment time of T'1 group. Furthermore,
at 4™ week of T3 showed significant (P<0.001) decrease
when compared with T2 group at the same time of exper-
iment. The result of insulin C-peptide give us feedback to
insulin secretion and working of pancreatic -cell.

LipiD PROFILE TEST: Lipid profiled in diabetic induced rats
after treated with berberine supplement and Ozempic®
injection was illustrated in Figure 6. Figure 6A and B
shown a significant (P<0.001) decrease in cholesterol
and triglyceride respectively in T2 and T3 at 2™ and 4*
week when compared with T1 treated group, also shown
a significant (P<0.001) decrease in T2 at 2* and 4%
week as compared with zero time. Rats in T3 group was
shown a significant (P<0.001) decrease in cholesterol and
triglyceride at 4™ week when compared with 2™ week and
zero time. Figure 6C reveled a significant (P<0.001) rise
in HDL in T2 when a compared with T1 group, and a
significant (P<0.005), (P<0.001) elevation in HDL in T3
group when compared with T1 and T2 treated groups at
2 and 4™ week of treatment respectively. Moreover, this
figure demonstrates the a significant (P<0.001) elevation in
HDL in T3 treated group at 4™ week when compared with
zero and 2™ week of treatment.

Furthermore, the Figure 6D depicted a significant
(P<0.001) decrease in LDL in T3 and T2 group when
compared with rats in T1 treated group, also showed a sig-
nificant (P<0.05) decrease in T2 group at on 2™ week and a
significant decrease (P<0.001) at on 4™ week as a compared
with zero time in same group, moreover T3 group showed

a significant (P<0.001) decrease in LDL at 2" and 4 week
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when compared with 2™ and 4 week of T2 group and zero
time of the same group.
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Figure 6: Effect of berberine supplement and Ozempic®
injection on (A)cholesterol, (B) Triglyceride, (C) HDL,
and (D) LDL in a rats at on (zero time,2nd and 4th week)
of experiment; T1: Diabetic rats; T2: rats treated with (35
mg/Kg.B.W.) of berberine supplement; T3: rats injected
with (0.25 mg/Kg.B.W.) of Ozempic® injection. Value
represented as M+SE; n=6 Rats; ns:(P>0.05); **(P<0.05);
#5(P<0.001); ***(P<0.0001).

'The rat models are often utilized to investigate the meta-
bolic outline of some features of type two diabetes patho-
physiology. Because the rats have a short gestation period
and achieve sexual maturity fast (Kottaisamy ez a/., 2021)
there are a quickly adjustments to a variety of diets, ambi-
ent circumstances, and manipulations (Dominguez-Oliva
et al., 2023). And from the result was shown in Figure 1
a significant elevation in body weight, fasting blood glu-
cose, serum insulin and insulin C-peptide after 3 week
of administration of low dose from STZ. Increase in body
weight maybe result from intentional weight gain by using
high-fat diet and using the STZ to induce insulin beta cell
dysfunction in a mild level (Shehnaz ez a/., 2023). Further-
more, the result revealed increase in fasting blood glucose,
insulin level and insulin C- peptide, this result may be due
to the effect of STZ on pancreatic B-cell dysfunction, low
dose of STZ cause induce a rise in fasting blood glucose as
a result from the body responds to the initial injury caused
by STZ to the some insulin-producing beta cells in the
pancreas, however the elevation of serum insulin after 3%
week of STZ administration (35 mg/kg. BW) may be re-
sult from the compensatory response of remaining healthy
pancreatic B-cell to compensate the function the damage

insulin-producing beta cells, this lead to typically increase
in insulin C-peptide production because the C-peptide is
byproduct of insulin production (Dakroub ez a/., 2024).

The result from second part of experiment (Figure 2, 3, 4,
5 and 6) showed a significant decrease in body weight, fast-
ing blood glucose, serum insulin and insulin C-peptide and
lipid profile respectively in rats treated with berberine sup-
plement and Ozempic® injection in the same level of two
materials. Berberine supplement may be decrease blood
glucose through activation of enzymatic pathway called
AMP- activated protein kinase (AMPK), which help body
to improving metabolism and increase fat burning (Jeon,
2016), also the AMPK enhance glucose uptake by the cells
and reduce liver production of glucose lead to improve in-
sulin sensitivity (Dayarathne ez a/., 2021). another reason
for this result is may be the berberine supplement act on
the cell membrane to increase expression and translocation
of glucose transporter type 4 receptor (GLU-T4) (Lee ez
al., 2006) which responsible for transport of glucose to the
muscle and fat led to decrease level of glucose from blood.
Furthermore, berberine supplement act to inhibit enzymes
like fatty acid synthase and acetyl-CoA carboxylase (Ming
et al.,2023) by this way berberine supplement may be inhib-
it of hepatocyte for lipid production. Also, berberine sup-
plement increase hepatic lipid clearance through increase
Low-Density Lipoprotein Receptor (LDLR) expression
and ATP-binding cassette transporter AI(ABCA1) (Cai
et al., 2023). However, regarding to the insulin C-peptide
the result was indicate a significant down production of
both C- peptide and insulin production, this result because
the pancreas produces both insulin and C-peptide. When
proinsulin is divided, it produces one molecule of insu-
lin C-peptide respectively (Wei ez al., 2021). As a result,
the level of C-peptide in the blood is proportional to the
quantity of insulin generated. By the previous mechanism
mechanisms berberine supplement may be lowering blood
glucose level and reduce insulin resistance and by the way
the body weight also decreased.

Comparing to the berberine supplement, the effect of
Ozempic® injection done through a different mechanism
which may be help to reduce body weight, fasting blood
glucose and insulin sensitivity, Ozempic® is a GLP-1 re-
ceptor agonist (Gluszczyk ez al., 2024) that enhances in-
sulin release from pancreatic beta cells in a controlled by
glucose manner. This implies that it allows the body to
create additional insulin when glucose levels are high, but
not when they are low or normal. In another way, Ozem-
pic® reduce glucagon secretion from pancreases (Palana ez
al., 2024) lead to decrease blood sugar. On the other hand,
Ozempic® simulates the effect of glucagon-like peptide-1
(GLP-1) (Li,2024),a hormone related to glucose metabo-
lism and lipid management. This can result in positive alter-
ations in lipid levels. Furthermore, Ozempic® aids weight
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reduction by decreasing stomach emptying and boosting
sensations of fullness, leading to lower calorie intake and
eventual weight loss. Weight loss is frequently related to
changes in lipid profiles, including decreases in overall cho-
lesterol levels, LDL cholesterol, and triglycerides.

'The result of our study was agreed with Nazari ez a/. (2024)
they showed a significant decreased in cholesterol, triglyc-
erides, low-density lipoprotein, fasting blood sugar, insu-
lin, HbAlc, the HOMA-, systolic arterial pressure, and
weight, while elevating the amount of high-density lipo-
protein (HDL) after treated with Berberine. Also, we agree
with Zhang ez a/.(2021) which suggest the berberine may
lower intestinal glucose absorption by blocking the IGF-
1R-PLC-B2-GLUT? signaling pathway after sex week of
treatment. And the Wang e a/. (2021) was concluded that
berberine may reduce the development of prediabetes to
type 2 diabetes. in ZDF rats by increasing GLP-2 pro-
duction, permeability of the intestines, and gut microbiota
composition.

Our study also agreed with Basha ez 2/.(2024) they demon-
strate the semaglutide has a significant efficacy in achiev-
ing glycemic control and enhancing periodontal health in
diabetic rats with induced gingivitis.

Berberine supplements act on the AMPK protein, which
causes a decrease in glucose production from the liver,
whereas ozempics act on the GLP-1 receptor, which causes
an elevation of insulin production. Finally, these two path-
ways lead to control on glycemic status and ameliorate the
dangers of the cardiovascular diseases.

CONCLUSIONS AND
RECOMMENDATIONS

From the result of the current study, data reflected the abili-
ty of body weight control and improved glycemic status and
lipid profile in STZ-induced diabetes rats through reduced
glucose levels and improved insulin secretion and lipid pro-
file after treatment with the 100 mg/kg B.W. of berberine
supplement and 0.25 mg/kg B.W. of Ozempic® injection.
This result suggests the ability of using them to control
unintentional weight gain within short treatment times.

We recommended to study the effect of berberine supple-
ment and Ozempic® injection to gather on physiology of
cardiovascular and inflammatory states of the body with
large papulation and long duration of treatment.
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