
Abstract

Dyslipidemia is among the main complications of diabetes mellitus. The aim of the current research is to
assess the possible protection provided by orange leaves extract (OLE) against dyslipidemia experimen-
tally generated by STZ-diabetes in rats. STZ was given as a single dose (45 mg/kg) to cause type 1 diabetes.
25 male adult albino Wistar rats were divided into five groups: the non-diabetic untreated group (con-
trol), the diabetic control group, non-diabetic group administered OLE (100 mg/kg/day), diabetic groups
administered with OLE (100 mg/kg/day), and the diabetic group administered with metformin. The fol-
lowing parameters were assessed: FBG, TG, TC, LDL-c, HDL-c and VLDL-c. Our findings demonstrated
that STZ dramatically increased FBS, TG, LDL-c, VLDL-c, while significantly decreased HDL-c level com-
pared to the normal rats. OLE treatment counteracts these effects, lowering harmful lipids and raising
beneficial HDL-c, but with less potency than metformin. In conclusion, OLE could have a therapeutic
role against dyslipidemia in streptozotocin-induced diabetic rats with less bio-efficacy than metformin.
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1. Introduction:

Diabetes mellitus (DM) is a chronic metabolic
disorder characterized by persistently elevated
blood sugar levels (hyperglycemia) due to impaired
glucose metabolism and the body’s reduced abil-
ity to utilize alternative energy sources efficiently.
Insufficient insulin secretion, resistance to effect
of insulin, or both are the causes of this metabolic
disease [1, 33]. Diabetes mellitus is linked to end-
organ injury, malfunction, and collapse, including
that of the kidney, retina, neurological system,
circulatory system and the heart [2].

According to the International Diabetes Fed-
eration (IDF), 366 million people worldwide was
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recorded to have diabetes mellitus in 2011 and that
number will continue to increase to 552 million by
2030 [3]. Driven by its immense frequency, mor-
bidity, and mortality, diabetes mellitus is eclips-
ing established public health threats like cancer
and cardiovascular diseases as the third major non-
communicable disease burden [4].

Dyslipidemia, characterized by abnormal serum
lipid profiles, is a frequent companion to diabetes,
regardless of underlying insulin deficiency or resis-
tance. High plasma level of Low-density lipopro-
tein cholesterol (LDL-c), high plasma triglycerides
and low amounts of HDL-c are the defining charac-
teristics of diabetic dyslipidemia [5] . Among these
lipid abnormalities, elevated low-density lipopro-
tein cholesterol (LDL-c) stands as a critical risk
factor for atherosclerotic cardiovascular disease
(CVD), including coronary artery disease [6].
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Despite significant improvements in drug dis-
covery, managing diabetes is difficult and poses
a significant challenge for the medical profession.
Also, there are several major unfavorable side ef-
fects linked with the use of synthesized oral hy-
poglycemic medications such sulfonylureas, thia-
zolidinediones and α-glucosidase inhibitors. As
a result, researchers have concentrated on using
herbal sources to create novel anti-diabetic drugs
that maintain their therapeutic efficiency and have
no negative implications [7]. Using herbal reme-
dies in medical treatment is becoming increasingly
well-known and popular on a global scale. De-
spite the widespread belief that natural remedies
made from plants are harmless, scientists advise
conducting adequate toxicological research before
using any natural remedies [8].

Orange fruits are characterized by a rich abun-
dance of phytochemicals and secondary metabo-
lites serving crucial protective functions in their
ecological interactions. Many flavonoids derived
from orange fruits have been reported to reduce
oxidative stress, improve glucose tolerance and in-
sulin sensitivity, modulate lipid metabolism and
adipocyte differentiation, suppress inflammation
and apoptosis, and improve endothelial dysfunc-
tion [9].

Up to our knowledge, this study is the first study
that investigate the potential of orange leaves ex-
tract (OLE) in ameliorating the lipid profile al-
terations characteristic of diabetes. Analysis of
the chemical profile of OLE revealed the pres-
ence of many phenolic compounds such as rutin,
quercetin, gallic acid, protocatechuic acid, caf-
feic acid, catechin and epicatechin [10]. These
phenolic compounds were known with their hy-
poglycemic, hypolipidemic, and antioxidant ef-
fects [11].

Also, flavonoids as diosmin and hesperidin were
found in OLE at reasonable concentrations. These
flavonoids have some important biological activ-
ities, such as antioxidant, anti-inflammatory, and
anti-apoptotic effects [12]. Recognizing the limited
research on alternative therapeutic approaches for
diabetic dyslipidemia, the presence of these poten-
tially beneficial bioactive compounds in OLE moti-
vated us to investigate its efficacy in managing lipid

abnormalities associated with this metabolic con-
dition.

The purpose of this research is to examine the
effects of orange leaf extract (OLE) against dys-
lipidemia caused by diabetes mellitus experimen-
tally generated by STZ in rats, through measur-
ing of the following parameters: Fasting blood glu-
cose (FBG), triglyceride (TG), low density lipopro-
tein (LDL-c), total cholesterol (TC), high density
lipoprotein (HDL-c) and very low-density lipopro-
tein (VLDL-c).

2. MATERIALS AND METHODS:

2.1. Chemicals

Streptozotocin (STZ) was purchased from (MP
Biomedicals, LLC, USA), ethanol and acetone were
got from (LOBA CHEMIE PVT.LTD, India).

2.2. Plant Material:

Orange leaf samples were obtained from a local
farm in Ismailia, Egypt, during the flowering sea-
son. The leaves were cleaned, rinsed, and dried
naturally before being powdered with a blinder
then weighted and extracted.

2.3. Extraction of Orange Leaves:

A solvent mixture was created by combining 96%
ethanol and acetone in a 4:1 ratio. This type of sol-
vent mixture is frequently employed for extracting
polar and non-polar phytochemicals from plant
materials. 2.5 kg of orange leaf powder was im-
mersed in 12.5 L of the prepared solvent mixture.
The mixture was then stirred and protected away
from direct sunlight for 3 days. This prolonged
maceration period allows for efficient diffusion of
bioactive compounds from the leaves into the sol-
vent. After 3 days, the extract was filtered to remove
plant debris. The extraction process was repeated
three times using fresh solvent each time to maxi-
mize the yield of extracted compounds. Finally, the
combined extracts were filtered through a What-
man No. 1 filter paper to further remove any im-
purities. The extract was then concentrated using a
rotary evaporator under reduced pressure and con-
trolled temperature [13].
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2.4. Animals:
25 male Wistar rats were obtained from the

animal house, Faculty of Pharmacy, Suez Canal
University. Wistar rats were 2-3 months old and
weighed 175-225 g. This research was autho-
rized by the Health Search Ethics Committee
of the Faculty of Science, Suez Canal University
(REC58/2020).

2.5. Experimental design:
Induction of diabetes mellitus:
Streptozotocin was used at dose of 45 mg/kg

body weight dissolved in 0.1 M citrate buffer
(pH 4.5) in a volume of 1mL/kg body weight that
was freshly prepared and injected within 5 min-
utes by intraperitoneal (IP) route. Fasting blood
sugar (FBS) was measured by reagent strips (Accu-
Chek®, Roche, Germany) after three days to ensure
the existence of diabetes. Rats with blood glucose
range 300 mg/dL were considered diabetic [14].

Following a two-week acclimatization period,
twenty-five male rats were randomly assigned to
five equally-sized groups (n=5) for a 28-day exper-
iment Group I: non-diabetic untreated rats that
were gavaged daily with distilled water for 28 days.
Group II: STZ-induced diabetic rats that were gav-
aged daily with distilled water for 28 days. Group
III: non-diabetic rats that orally administered
0.1g/kg OLE over a period of 28 days [15]. Group
IV: diabetic rats that orally administered 0.1g/kg
OLE daily over a period of 28 days [15]. Group
V: diabetic rats that orally administered 0.1g/kg
metformin daily over a period of 28 days [16].

2.6. Sampling:
At the end of the experiment, all rats were fasted

for 12 h then blood was drained in tubes and
gathered under effect of tetrahydrofuran inhala-
tion anesthesia. The tubes were centrifuged for
10 min using cooling centrifuge at 3000 rpm then
plasma and sera were harvested. Sera were kept in
deep freeze at -80 ◦C or determination of lipid pro-
file.

2.6.1. Blood glucose:
The blood sugar level was measured using

Strips and a commercial glucometer (Accu-Chek®,
Roche, Germany).

2.6.2. Lipid profile:
Using CUSABIO enzymatic colorimetric kits, the

levels of serum high-density lipoprotein choles-
terol (HDL-c), low-density lipoprotein cholesterol
(LDL-c) total cholesterol (TC) and triglycerides
(TG) were assessed [17].

2.6.3. Statistical analysis:
Each value was represented by its mean and

standard deviation. The one-way ANOVA and post-
Fisher’s test were used to statistically analyze the
data after Bartlett’s test to validate equal variances.
Statistical significance was defined as a P value ≥
0.05. All statistical analyses were performed using
GraphPad® software.

3. Results:

3.1. Effect of treatment by OLE on Fasting Blood
Glucose Level (FBG :

A single IP injection of STZ in experimental rats
successfully induced a diabetic state character-
ized by significantly elevated fasting blood glucose
(FBG) levels compared to the control group (p <
0.05; Figure 1, table 1). This confirmed the ef-
fectiveness of the established STZ model in mim-
icking diabetic hyperglycemia. Oral administra-
tion of OLE for 1 month to diabetic rats demon-
strated a potent anti-diabetic effect. Compared to
the untreated diabetic group, OLE treatment sig-
nificantly reduced FBG levels (p < 0.05; Figure 1,
table 1). This finding suggests that OLE possesses
promising therapeutic potential for managing hy-
perglycemia in diabetes.

3.2. Effect of treatment by OLE on Lipid Profile:

STZ-induced diabetes altered lipid metabolism,
leading to significantly elevated levels of LDL-c,
VLDL-c, TG, and TC, while simultaneously de-
creasing HDL-c compared to non-diabetic control
rats. However, oral administration of OLE for one
month to diabetic rats significantly increased their
HDL-c levels (P < 0.05) in comparison to the dia-
betic groups. Also, OLE administration to diabetic
rats for one month significantly decreased their TG
and LDL-c levels (P < 0.05) compared to untreated
diabetic rats, (figure1, Table 1).
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Table 1: Effect of OLE on fasting blood glucose level and lipid profile of diabetic rats

Groups of
experiment

Normal
control

Diabetic
control

OLE
control

Diab+OLE Metformin

FBG mg/dL 123.8±10.59d 560.6±7.02a 97.60±16.06e 360.2±124.0b 297.0±181.0c

TC mg/dL 55.30±1.11d 117.8±3.48a 70.09±1.17c 80.67±0.69b 69.19±1.77c

TG mg/dL 63.24±1.63e 143.3±2.42a 85.17±1.59c 101.2±1.10b 81.17±0.85d

HDL-C mg/dL 23.97±0.64a 14.73±0.87d 19.84±0.34b 20.57±0.09b 20.23±0.31c

LDL-C mg/dL 27.94±1.68e 64.77±2.55a 33.14±1.09c 39.90±0.83b 32.64±2.04d

VLDL-C mg/dL 12.65±0.33e 28.54±0.51a 17.03±0.32c 20.24±0.21b 16.27±0.16d

Every number denotes the mean ± SD (n = 5)Values that have distinct superscript letters in the same row changeconsiderably
at (P<0.05). FBS: FastingBlood Glucose, TC: totalcholesterol, TG: triglycerides HDL-c: The high-density lipoproteincholesterol;
LDL-c: low-densitylipoprotein cholesterol; and VLDL-c:very low-density lipoprotein cholesterol.

Every number denotes the mean ± SD (n = 5)
Values that have distinct superscript letters in the
same row change considerably at (P<0.05). FBS:
Fasting Blood Glucose, TC: total cholesterol, TG:
triglycerides HDL-c: The high-density lipoprotein
cholesterol; LDL-c: low-density lipoprotein choles-
terol; and VLDL-c: very low-density lipoprotein
cholesterol.

4. Discussion:

Diabetes is a chronic disease caused by inad-
equate pancreatic insulin synthesis or incorrect
insulin utilization by the body [18]. Limitations
of the cost and safety profiles of existing diabetes
treatments motivate the pursuit of alternative
therapeutic strategies [19]. Many plants serve
as anti-diabetic agents based on the presence of
bioactive compounds that have antioxidant and
anti-diabetic activity (e.g., flavonoids, terpenoids,
saponins, carotenoids, alkaloids, glycosides) with
less harmful side effects [20] .

This research contributes to the ongoing explo-
ration of natural therapeutic interventions for dia-
betic complications, potentially improving clinical
management. This research aims to investigate the
therapeutic potential of orange leaf extract (OLE)
in mitigating dyslipidemia associated with strepto-
zotocin (STZ)-induced diabetes in rats.

Diabetes pathogenesis is complicated and
multifaceted. Diabetes is distinguished by hy-
perglycemia and is usually linked with a lipid
metabolism disorder [21]. The present results

showed that STZ significantly increased FBG level
compared to normal rats. STZ preferentially dam-
ages pancreatic islets of Langerhans, leading to a
deficiency in insulin production and action, which
leads to reduced glucose utilization by tissues
and, eventually, diabetes [6]. The administration
of OLE to diabetic rats significantly decreased
FBG compared to the diabetic rat. OLE is rich
in polyphenols and flavonoids that target several
molecules involved in the control of many path-
ways, such as alleviating hyperglycemia through
regulating glucose metabolism in the liver [22].
These results agreed with [23] who suggested that
orange leaf flavanones like naringin and narin-
genin hold promise for diabetes management due
to their potential to enhance insulin sensitivity,
boost glucose tolerance and reduce plasma lipids.

Dysregulation of lipid metabolism, character-
ized by altered levels and functions of various fats,
plays a critical role in the pathogenesis of diabetes
mellitus. Elevated triglycerides, low HDL-c, and ac-
cumulation of specific fatty acid metabolites con-
tribute to insulin resistance and impaired glucose
utilization [24]. In the present study, STZ signifi-
cantly increased levels of LDL-c, VLDL-c, TG, and
TC, while simultaneously decreasing HDL-c com-
pared to control rats. This dyslipidemia was in line
with [25] who discovered that development of di-
abetes caused a large increase in blood TG, TC,
LDL-c, and a considerable drop in HDL-c. This
marked hyperlipidaemia that characterizes the di-
abetic state may be regarded as a consequence of
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Figure 1: FBG mg/dL, TC, TG mg/dL, HDL-C mg/dL, LDL-C mg/dL and VLDL-C mg/dL at different treatment groups. Data pre-
sented as means and standard deviation. According to GraphPad® software, bars followed by various letters differ significantly.

the uninhibited release of fat depots from adipose
tissue and the liver in response to energy demands
of cells already deprived of glucose due to insulin
deficiency or resistance, which identifies diabetes.
Insulin deficiency results in activation of hormone-
sensitive lipase (HSL) and consequently enhanced
release of free fatty acids from adipose tissue. Thus,
excess fatty acids in the plasma produced by the
STZ-induced diabetes promote the conversion of
excess fatty acids into phospholipids and choles-
terol in the liver. These two substances, along with
excess triacylglycerol formed in the liver, may be
discharged into the blood in the form of lipopro-
teins. resulting in hyperlipidemia. [26].

Also, in diabetic rats, hyperglycemia causes the
production of hydrogen peroxide, which then re-
sults in the production of oxygen-free radicals like
O2

. and OH. These reactive substances have the
ability to peroxide lipids, producing endoperoxides
and hydroperoxy fatty acids [27]. That may dam-
age membranes by causing protein glycation and
membrane lipid peroxidation [28].

OLE significantly improves STZ-induced dyslipi-

demia by improving TG breakdown in glycerol and
fatty acids, furthermore, decreasing the action of
acyl-CoA: cholesterol acyltransferase (ACAT) that
provides a diminution in cholesterol ester levels.
These results agreed with [29] who studied neo-
hesperidin effects, which was extracted from or-
ange leaves, on hypolipidemia and hypoglycemia
in vivo. [29] found that neohesperidin prevented
the buildup of lipids in diabetic rats’ hepatocytes
by suppressing the gene expression of acyl-CoA
oxidase (ACOX), stearoyl-CoA desaturase (SCD-1),
and fatty acid synthase (FAS).

In the present diabetic rat model, metformin
demonstrated superior efficacy in alleviating hy-
perglycemia compared to OLE. While both of them
displayed antihyperglycemic effects, metformin
produced a greater reduction in elevated blood
glucose levels. Metformin improves hyperglycemia
mainly through the suppression of hepatic gluco-
neogenesis along with the improvement of insulin
signaling [30]. This study revealed the differential
effects of metformin and OLE on hyperglycemia
in diabetic rats. Metformin exerts its antihyper-
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glycemic action primarily through enhanced in-
sulin sensitivity and increased glucose uptake in
peripheral tissues, while OLE may act through
alternative mechanisms, potentially involving an-
tioxidant or anti-inflammatory properties [31].

Both OLE and metformin exerted favorable ef-
fects on HDL-c in diabetic rats, aligning with previ-
ous reports of HDL-c elevation following OLE sup-
plementation [32]. Metformin displayed signifi-
cantly greater improvement in LDL-c and VLDL-c
levels compared to OLE, suggesting a stronger ef-
fect on atherogenic cholesterol fractions. These re-
sults matched with the superior hypoglycemic ef-
fect of metformin than OLE. While both OLE and
metformin improved HDL-c, their mechanisms of
action and overall lipid impacts might differ. Met-
formin primarily acts through enhancing insulin
sensitivity and glucose uptake, leading to reduced
hepatic cholesterol and TG production [33]. OLE’s
mechanisms are less understood, though its an-
tioxidant and anti-inflammatory properties might
play a role.

While metformin exhibited superior antihyper-
glycemic activity in this study, further investigation
is needed to elucidate the precise mechanisms un-
derlying OLE’s effects and its potential role in com-
bination therapy or as a complementary approach
for managing hyperglycemia in diabetes.

5. Conclusion:

These findings suggest that OLE could be a po-
tential therapeutic option for managing dyslipi-
demia associated with diabetes. However, further
research is needed to fully understand the mech-
anisms of action and long-term efficacy of OLE in
humans.
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