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ABSTRACT

Objective: A vital anti-oxidant, B-carotene has the capacity to reduce reactive oxidative stress,
metabolic syndrome such as Type 2 (T2) Diabetes Mellitus (DM) and prevent inflammation, obesity,
alzheimer and cardiovascular diseases in human. In this study, we evaluated the efficacy of -
carotene on streptozotocin (STZ)- induced T2DM rats.

Methods: Diabetes was induced in Wister rats through the intraperitoneal administration of STZ (50
mg/kg b.w.). Antihyperlipidemic activities of 3-carotene were evaluated by oral dose (10 mg/70 kg
b.w.) once daily for 21 days. Metformin (12.1 mg/kg b.w.) was used as a positive control.

Results: Blood samples of rats were drawn by tail vein puncture and cardiac puncture to determine
the fasting blood glucose (FBG) and serum level of total cholesterol (TC), triglycerides (TG), low-
density lipoprotein (LDL) and high-density lipoprotein (HDL), respectively. The result of individual
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treatment of B-carotene and metformin significantly (p<0.001) reversed the diabetes induced
increase in FBG, LDL, TC and TG, whereas pointedly increased the STZ-induced decrease in HDL,

if compared to the diabetic control.

Conclusion: The monotherapy of B-carotene had important antidiabetic and antihyperlipidemic
effects and provided a scientific rationale for their use in antidiabetic therapy as a potential

antioxidant.

Keywords: Diabetes mellitus; antihyperglycemic; antihyperlipidemic; metformin; 3-carotene.

1. INTRODUCTION

B-carotene is most abundant carotene among all
carotenoids in fruits, vegetables and human. Due
to the high bioavailability of B-carotene, nearly
17% to 45% injected B-carotene remains intact in
plant cells [1]. It is a vital anti-oxidant and has
capacity to reduce reactive oxidative stress and
can prevent metabolic syndrome such as T2DM
and vascular complication in human [2-4].

Diabetes mellitus (DM) is most common chronic
metabolic disorder. It has high mortality and
morbidity rate due to significant effect on
microvascular and macrovascular complications
[5]. The disease is rapidly spread and affect at
every corner in the world. T2DM is a non- insulin
dependent diabetes. More than 90%-95%
patient of T2DM does not produce enough insulin
or cannot properly use it [6]. According to the
report of World Health Organization (WHO),
around 300 billion or more peoples will be
affected by diabetes mellitus in the year of 2025
in all over the world. The DM-induced death
reached at 28,065 or 3.61% of total deaths in
Bangladesh [7-8]. While the total focus of
diabetes management on hyperglycemia as
much as 75% of diabetic patients ultimately dying
from vascular disease [9]. T2DM showed severe
lipid metabolism, abnormality persist even after
optimal glycemic control has been achieved [10].

The oxidative stress also induced the
pathophysiology of T2DM and vascular
complication. It was found that the prooxidant
activity significantly increased and antioxidant
has been decreased in T2DM. Consequently, the
decrease production of reactive oxygen
scavenging  enzyme named superoxide
dismutase (SOD) and catalase have been
reported in diabetic animals [11-16]. The
significant increase in reactive oxygen and
reduce the scavenging capacity of free radical
act as trigger on lipid metabolism that were the
leading causes of cardiovascular diseases [17].

“Metformin is the most common, old and widely
accepted drug used for management and
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treatment of T2DM. It remarkably reduces
oxidative stress and dicarbonyl stress in human.
Still now it is safe and effective as a
monotherapy than combination therapy with
other antidiabetic drugs and insulin” [18].

“The antioxidant such as N-acetylcysteine,
vitamin C, vitamin E and a-lipoic acid are
effective in reducing diabetes complications. B-
carotene act as a chelator of singlet oxygen and
reacts with different species of free radicals (e.g.,
hydrogen peroxide). The conjugated double
chain is responsible for eliminating singlet
oxygen” [19-20]. However, our literature review
shows that there has been no study on the B-
carotene on STZ-induced rats to examine their
antidiabetic and antihyperlipidemic activities.
Hence, this study was undertaken to investigate
the effect of B-carotene and metformin on
antidiabetic and antihyperlipidemic activities in
STZ-induced diabetic rats.

2. MATERIALS AND METHODS

2.1 Collection of Drugs

The metformin and the B-carotene were the gift
from Incepta Pharmaceuticals Ltd, Savar, Dhaka,
Bangladesh. STZ was purchased from Sisko
Research Laboratories Pvt. Ltd., Mumbai, India.
Kits for the examination of high-density
lipoprotein (HDL), low-density lipoprotein (LDL),
total cholesterol (TC), triglycerides (TG) were
obtained from Human, Wiesbaden, Germany. All
the other chemicals and reagents were of the
analytical grade.

2.2 Experimental Animals and the Lab
Environment

Three months old, twenty healthy male Wister
albino rats (180-220 gm) were procured from
Pharmacology Research Laboratory, Department
of  Pharmacy, Jahangirnagar  University,
Bangladesh. At the beginning of the experiments,
all rats were adjusted in the laboratory
environmental condition for one week. The
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research followed the procedure for laboratory
animal care and use (NIH publication N0.85-23,

revised in 2004). “The rats were fed with
standard pellets collected from International
Centre for Diarrhoeal Disease Research

(ICDDR), Bangladesh and fresh drinking water
ad libitum during this period. Under normal
atmospheric temperature (25 + 2 °C), humidity
and 12 hours light- dark cycles were controlled
according to the animal care and welfare
guidelines” [21].

2.3 Experimental Design

The male Wister albino rats (20) were randomly
grouped into 4 groups (A, B, C and D) were 5
rats in each (n=5). The administration of both -
carotene and metformin was given by the oral
route.

Group A (Gr. A): Non-diabetic control rats (NC)
treated with physiological saline.

Group B (Gr. B): STZ-induced diabetic control
rats (DC) received physiological saline.

Group C (Gr. C): Diabetic rats treated with
metformin (daily administered 850 mg/70 kg
b.w.) [22].

Group D (Gr. D): Diabetic rats treated with -
carotene (daily administered 10 mg/70 kg b.w.)
[23].

2.4 Induction of T2DM and
Measurement of Fasting BGL

the

For the damage of insulin producing pancreatic
islets, freshly prepared single dose of STZ
(45mg/kg b.w. were dissolved in 0.01 M citrate
buffer (pH: 4.5)) were injected intraperitoneally in
overnight fasted rats. After the STZ injection, rats
were given drinking water supplemented with
sucrose (15 g/L) for 48 h to limit early mortality
[23]. Diabetes was confirmed in rats after 3 days
of STZ injection. The hypoglycemic condition
was measured by the fasting serum blood
glucose level using one-touch glucometer
(Glucox TD-4183, Germany). The blood glucose
levels >200 mg/dL were considered as diabetes
and selected for the study. After three
weeks (day 21) treatment with metformin and 8-
carotene in  STZ-induced diabetic rats,
the rats were fasted overnight and
sacrificed. Blood samples of rats were drawn by
tail vein puncture to determine the fasting
blood glucose and cardiac puncture for lipid
profile.
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2.5 Biochemical Analysis

At the end of the experiment, the overnight
fasted rats were anesthetized with chloroform. 3
mL to 5 mL of fasting blood sample was collected
from thoracic artery by a heparinized syringe.
After centrifugation at 4000 RPM for 10 minutes,
the serum was separated for lipid measurement.
Total cholesterol (TC), triglycerides (TG), high
density lipoprotein (HDL)-cholesterol and low
density lipoprotein  (LDL)-cholesterol were
determined in the serum using commercial kit
reagents (Human, Wiesbaden, Germany),
following the company’s instruction and the
absorbance was read wusing a UV-Vis
spectrophotometer (Shimadzu UV-1280, Kyoto,
Japan).

2.6 Statistical Analysis

The average of five samples was reported as the
measured value with standard deviation. The
difference among the groups was calculated by
one-way analysis of variance (ANOVA) with
multiple comparison tests, where applicable. The
difference between two groups was measured by
the student t-test. A p-value at <0.05 was
considered to be statistically significant.

3. RESULTS

The effects of metformin and - carotene on the
parameters of blood glucose level and lipid
profile (TC, TG, LDL, HDL) were performed on
STZ-induced diabetic rats.

3.1 Hypoglycemic Effects of Metformin
and B-carotene in STZ- Induced
Diabetic Rats

The effect of metformin and B-carotene were
separately determined on FBG level in STZ-
induced diabetic rats groups at day 0 and day 21
were shown in Fig. 1. At the day 0, the FBG level
of STz induced diabetic (DC) rats was
significantly (p<0.05) higher
(20.42+0.816mmol/L) than those of non-diabetic
(NC) rats (5.68+ 0.159mmol/L). At the day 21,
the FBG of DC group remained higher and
significant (18.66+0.51mmol/L) compared to NC
rat groups. After the treatment of [(-carotene,
FBG level became reduced (13.88+0.816
mmol/L) remarkably in the same manner as that
with the standard drug metformin (7.48+0.11
mmol/L).
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Fig. 1. The hypoglycemic effect of metformin and B-carotene were determined on FBG level in
STZ- induced diabetic rat groups and compared with diabetic control (Gr. B) and normal
control group (Gr. A) at day 0 and day 21. n=5, the values are expressed as mean £+ SEM. P <
0.05 compared with normal control group (Gr. A). *P < 0.05 compared with diabetic control
group (Gr. B)
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Fig. 2. Effect of metformin and B-carotene on Lipoproteins (LDL and HDL) in normal (Gr. A) and
STZ-induced diabetic (Gr. B) rats after three weeks of treatment. n=5, the values are expressed
as mean * SEM. 1P < 0.05 compared with normal control (Gr. A) group. *P < 0.05 compared
with diabetic control (Gr. B) group.

3.2 The Effect of Metformin and
B-carotene on Lipoprotein (LDL
and HDL) in STZ- Induced Diabetic
Rats

Measurement the effect of metformin and B-
carotene of serum lipoprotein (LDL and HDL) on
STZ- induced diabetic rats is shown in Fig. 2.
The serum concentration of LDL levels increased
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and HDL levels were decreased as compared
with diabetic controlled rat groups (Gr.B).
Repeated treatment by metformin and f-
carotene were able to decrease (P < 0.05) the
serum concentration of LDL (87.26+0.021 mg/dL)
whereas increase (P < 0.05) the level of HDL
(30.42+ 0.033 mg/dL) as compared with STZ-
induced diabetic control (24.66+ 0.03 mg/dL)
rats.
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Fig. 3. Effect of metformin and B-carotene on triglyceride (TG) and total cholesterol (TC) in

normal and STZ- induced diabetic rats after three weeks of treatment. n=5, the values are

expressed as mean * SEM. 1P < 0.05 compared with normal control group (Gr. A) *P < 0.05
compared with diabetic control group (Gr. B)

3.3 The Effect of Metformin and B-
carotene on the Concentration of
Serum TC and TG in STZ- Induced
Diabetic Rats

Determination the effect of metformin and -
carotene on the concentration of serum TC and
TG level was determined on STZ- induced
diabetic rats and is found in Fig. 3. The serum
concentration of TC and TG levels were
decreased as compared with diabetic controlled
rats group (Gr. B). Repeated treatment by
metformin and B-carotene had ability to decrease
(P < 0.05) the serum concentration of TG
(137.16 +£0.027 mg/dL) and TC (196.34 +0.025
mg/dL) level as compared with the TG and TC
level on STZ- induced diabetic control (Gr. B)
rats.

4. DISCUSSION

Diabetes is an abundant metabolic disorder
found all over the world. Insulin resistance and
hyperglycemia could associate with vascular
complication. Non-insulin dependent T2DM leads
to the change the plasma lipoprotein
concentration [24]. We investigated the
antidiabetic and antihyperlipidimic activity of -
carotene on STZ- induced diabetic rats.

From our short term study confirmed that, the
effect of the oral intake of 3-carotene in a single
dose (10 mg/70 kg b.w) in STZ- induced diabetic
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rats was significantly reduced the FBG level. The
values of FBG after 21 days became turned
down (13.88+0.816 mmol/L) remarkably in the
same manner as happened with the standard
drug metformin (7.48+0.11 mmol/L). Still now,
metfornin is an old and magical first line of oral
drug used worldwide for the treatment of T2DM.
It can improve the endothelial dysfunction,
oxidative stress, insulin resistance, lipid profiles,

fat redistribution and increased peripheral
glucose uptake and utilization [25], reduced
intestinal absorption of glucose [26] and

translocation of glucose transporter GLUT4 from
the circulation [27]. Also, Gemfibrozil with
metformin can decrease MMP-9, increase IL-10
and adiponectin acting as anti-atherogenic, anti-
inflammatory and immunomodulatory drug in IR.
T2DM [28]. Beside this, long term treatment of
metformin have some side effects also [29]. To
avoid the complication of metformin researcher
hunt natural or herbal product or those substance
which has ability to have antihyperglycemic and
antihyperlipidemic activity. In this sense, the
therapies based on an antioxidant B-carotene
had the ability to improve the efficacy of glycemic
control promoted by metformin to avoid the
transition of insulin therapy is of great interest
[30]. Also, it was found that the mono therapy of
antioxidant; like as N-acetylcysteine, vitamin C,
and a-lipoic acid had capability to reduced
diabetes complications [31]. It also found that
combination therapy such as alcoholic extracts of
Annona squamosa fruit peel and Glibenclamide
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showed synergistic effects on hyperglycemic and
hyperlipidaemic activities [32]. Both root extract
of Piper chaba and seed extract of Cucurbita
maxima resulted in a significant reduction of FBG
and lipid profile parameter [33,34]. In this
consequence, the novel therapies based on
single dose of B-carotene have an ability to
control hyperglycemia might be used as
antihyperglycemic therapy.

After day 21, we found that monotherapy of -
carotene reduced the serum FBG with significant
decrease in the serum lipid profiles, such as LDL,
TC and TG level. However, monotherapy of -
carotene slightly increased the level of serum
HDL against the diabetes control (Gr. B). “The
similar results also found that B-carotene can
reduce, low-density lipoprotein cholesterol (LDL-
¢), and very-low-density lipoprotein cholesterol
(VLDL-c); and an increase in high-density
lipoprotein cholesterol (HDL-c). Moreover, it can
improve insulin resistance and insulin binding
receptor protein on cell wall in human [35-38],
also noted that the bioavailability of B-carotene is
low through the gut, though rodents (rats and
mice) can readily convert B-carotene to vitamin
A” [39]. Therefore, administration of [3-carotene
at higher doses required needs more attention in
our future research.

“High level of glucose concentration in blood
stimulates ROS production that leads to
increased oxidative stress. The antioxidants play
vital role against ROS through the antioxidant
defense system of the body. Also, diabetes and
the increased oxidative stress related protein are
the major risk factors for the development of
cardiovascular disease” [40]. “The B-carotene is
reported to reduce oxidative stress and increase
antioxidant activity, mainly glutathione-related
defense systems in lead-exposed worker” [41].
“Plasma triglyceride and total cholesterol was
increased by diabetes, but it was reduced by [3-
carotene. It has been reported that the higher
plasma concentration of p-carotene could
improved insulin resistance and help to reduction
of body adiposity” [42,43]. “Also that the
administration of p-carotene suppresses the
elevation of lipid peroxidation (LPO) and reduces
the symptoms of DM in the STZ-induced diabetic
rats” [44].

“In our experiment, we have selected B-carotene
as a mono therapy, as -carotene was reported
to be defensive against diabetes via improving
insulin sensitivity and also shielding against DR
[45] and cardiovascular diseases” [46].
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“Justifying it with the findings [47,48], our results
showed that -carotene markedly reduced serum
triglycerides, total cholesterol and other lipid
indices of diabetes risk in diabetic rats and thus
suggest antihyperglycemic and antidyslipidaemic
potentials of B-carotene in reducing the incidence
of diabetes vascular complications through the
normalization of lipid metabolism in diabetes
condition. More work is required to truly
understand how [p-carotene works at the
molecular level in individuals with T2DM”.

5. CONCLUSION

B-carotene is an anti-oxidant and it had an effect
on oxidative stress in diabetes rats. From our
experiment it may be concluded that (3-carotene
had anti-glycemic activity on STZ- induced
diabetes rats as well as antihyperlipidemic
activity by reducing the glycooxidative stress in
blood. Therefore, the p-carotene it is very
promising antidiabetic and antihyperlipidemic
drug like as traditional antidiabetic drugs
metformin. Further studies are needed to know
how B-carotene works at molecular level.
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