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Abstract
The present study was performed to investigate the therapeutic potential of β- Carotene against STZ induced diabetes by 
using in vivo and in vitro models. MTT assay was performed to check the cytotoxic effect of β- Carotene in HepG2 liver cells 
which were treated with β- Carotene (10, 20 μM). The anti-diabetic activity was examined by estimating different enzymes 
in cell lines. Further, we validated activity by using in vitro models. Male Albino Wistar rats were divided into five groups 
each group contain six animals (n = 6). The diabetes was induced via intraperitoneal injection of STZ and the β- Carotene 
was treated with daily doses of 10 and 20 mg/kg for 14 days. After the last dose of β- Carotene, rats were sacrificed and the 
biochemical parameters were estimated in liver homogenate. The disease control group showed an elevation in the level of 
cytokine as well as ROS and β- Carotene-treated animals showed a reduction in the level of cytokine and normal content 
of anti-oxidant enzyme in liver tissue homogenate. We found β- Carotene had no toxic effect on HepG2 liver cells. In the 
case of the glucose utilization assay, it was found that glucose uptake level was significantly increased with the increasing 
concentrations of β-Carotene. In conclusion β- Carotene improves glucose metabolism along with oxidative status in STZ-
induced diabetic rats.
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Introduction

Worldwide as due to lifestyle modifications, diabetes mel-
litus (DM) reaches a most common type of metabolic disor-
der affected with macro as well microvascular complications 
that leads to significant mortality. In diabetic patients insulin 
action and insulin secretion do not function properly, the 
action of insulin in insulin-sensitive tissues such as liver, 
muscle, and adipose tissue (insulin resistance in T2DM) 
and insulin secretion by pancreatic islet β-cells (β-cell dys-
function in T2DM) are affected, which results in abnormal 
blood levels of glucose [6]. In T2DM, insulin resistance 
contributes to increased glucose reduction in the liver and 
decreased glucose uptake in muscle and adipose tissue at a 
set insulin level. In addition, β-cell dysfunction results in 

reduced insulin release, which is insufficient for maintain-
ing normal glucose levels [13]. Both insulin resistance and 
β-cell dysfunction occur early in the pathogenesis of T2DM, 
and their critical importance has been verified longitudi-
nally in Pima Indian people progressing from normal glu-
cose tolerance to impaired glucose tolerance to T2DM [21]. 
β-cell impairment in diabetic people mainly occurs due to 
low antioxidant capacity because β-cells are very sensitive 
to oxidative stress [4]. Numerous studies recommend that 
diabetes has a high prevalence and it is a common reason for 
mortality in the world [2]. The natural plant-derived small 
molecules have high demand in diabetic patients because of 
these remedies does not have any side effect when used with 
insulin as well hypoglycemic agents [10]. Several complica-
tions like changes in concentrations of cholesterol, plasma 
lipids and lipoprotein observed in Patients suffering from 
DM that lead to serious cardiac complications like ischemic 
heart disease. The high dietary content of fresh vegetables 
& fruits has been positively accompanying by a reduced 
incidence of ischemic heart diseases by several epidemio-
logical studies [1]. Flavonoids are certainly a biomarker of 
the “health” and good diet plan (large contents of materials, 
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greens, and simple sugars; low contents of lipids and Com-
plex carbohydrate; low-calorie intake, etc); nevertheless, 
behind these “unspecific” impacts, current biochemical 
and clinical research has concentrated on some “specific” 
properties of flavonoids regarding a cardiac system that may 
clarify the lower CHD mortality in diabetic patients [8, 19]. 
In diabetes, mellites is especially known for insufficient 
secretion of insulin by the pancreas and efficient uptake of 
muscle, liver, and fat tissue counters the dangerous build-up 
of glucose within the blood and, finally leads to the onset 
of type-2 diabetes [14] which can be normalized using the 
antioxidant property of the chemical effects of Beta caro-
tene. Beta-carotene (BC) is a member of naturally occur-
ring ingredients known as carotenoids which are a small 
grouping of phytochemicals [14, 23]. This terpenoid acts as 
an herbal remedy to quench a single molecule of oxygen to 
inhibit peroxyl free-radical reactions. Beta-carotene is one of 
many kinds of carotene that is red-orange colored pigment & 
widely found in nature, rich in herbal mud fruit, particularly 
in orange berries. Indeed, in the insulin-producing islet of 
the Langerhans tissue of the pancreas, some proteins are 
fairly attached, which helps to transfer the zinc into those 
pancreatic tissues. Henceforth, it’s well established that, the 
chemical abilities of beta-carotene allow interesting topics in 
diabetic research. According to several studies reports that 
the antioxidant property of beta carotene, hence we hypoth-
esized that the beta carotene will show the therapeutic poten-
tial against STZ induced diabetic rats. The present study 
aimed to examine the healing capabilities of β-Carotene by 
using in vitro & in Vivo assay through estimation of liver 
glycogen, anti-oxidant capacity, proinflammatory cytokines, 
and nitric oxide.

Materials and methods

Animals

Thirty-six male Albino Wistar rats weighing 180–220 g 
were used for this experimental examination. Animals 
were kept in nicely-ventilated polypropylene cages with a 
controlled temperature of 25 ± 2 °C, 12-h light/ dark cycle 
inside the animal house. Animals provided free access to 
pelletized feed (Amrut rodent Feed, Pune) and drinking 
water ad libitum.

Chemicals and drugs

The chemicals and drugs were used are Streptozotocin 
(Sigma Aldrich, USA), β-carotene, carboxymethylcellu-
lose, metformin (Sigma Aldrich, USA). creatinine kit, Glu-
cose Kit, Albumin Kit, Urea/BUN Kit, and Total Protein 
Kit were purchased from ERBA (Mumbai, India). TNF-α 

(Tumor necrosis factor-alpha) and IL-6 (interleukin-6) were 
purchased from Loba Chemicals Pvt. Ltd. (Mumbai, India). 
All other needed chemicals and reagents for the study were 
of analytical grade.

Induction of diabetes

All animals except the control group were treated with Strep-
tozotocin (STZ) at a dose of 55 mg/kg via an intraperitoneal 
route of administration leads to the initiation of diabetes. 
In the dark conditions’ cold solution of phosphate buffer 
(pH -7.4) was applicable for the formulation of STZ solu-
tion. Induction of diabetic was confirmed by fasting blood 
glucose level was estimated in animals after 72 h and ani-
mals with fasting blood glucose level above 200 mg/dL was 
used in the study [10].

Experimental design

All the animals were divided randomly into 5 groups (n = 6).

Group I: Control Group - received 0.5% Carboxymethyl 
cellulose
Group II: Disease Control Group– STZ (i.p. 55 mg/kg)
Group III: Standard Group– STZ (i.p. 55 mg/kg) & met-
formin (70 mg/kg)
Group IV: Test Control Group- STZ (i.p. 55 mg/kg) and 
10 mg/kg of β- Carotene
Group V: Test Control Group- STZ (i.p. 55 mg/kg) and 
20 mg/kg of β- Carotene

In the current study, Metformin and β- Carotene admin-
istered orally for 14 days of the study after induction of 
diabetes. After the 14th day of study, to estimate the bio-
chemical parameters the animals were euthanized using a 
CO2 chamber, then their livers were isolated. Then, ice-cold 
phosphate buffer saline solution (pH 7.4) was used for the 
preparation of the liver tissue homogenate (10%), further-
more, the supernatant was prepared after centrifugation of 
the homogenate at 10000 rpm for 10 min and 4 °C. Then the 
supernatant was bifurcated for and used for further assess-
ment of anti-oxidant enzymes as well as cytokines [5].

Physiological parameters

Weekly the bodyweight of each animal was recorded by 
using an electronic weighing balance.

Liver glycogen

For the assessment of Liver glycogen content on the last 
day of study, the animals were euthanized and sacrificed. 
Then, the liver of the rat was isolated and washed using a 
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cold saline solution. In 80% ethanol, the hepatic cells were 
minced and then homogenized at a tissue concentration 
of 100 mg/mL then centrifuged at 10000 rpm for 15 min. 
Then there were added water mL and perchloric acid 52%. 
From this solution, the precipitate was collected, dried, and 
extracted. For the regaining of supernatant, the collected 
extract was centrifuged at 9500 rpm for 15 min. 0.2 mL 
of supernatant +1 mL water (distilled water) and reagent 
(anthrone reagent) was added, and then heated and finally 
cooled at room temperature & at 630 nm of intensity, a solu-
tion was examined and recorded. With the help of glucose 
solution standard curved was prepared and lastly, the glyco-
gen content was determined [1].

Biochemical estimations of antioxidant parameters 
in liver homogenates

Assessment of antioxidant biomarkers like Glutathione 
(GSH), superoxide dismutase (SOD), malondialdehyde 
(MDA) was done according to kits that are commercially 
available in the market & guidelines given the manufactur-
ers, while Catalase was assessed with the help of UV spec-
troscopic methods. Into the hydroperoxide solution (H2O2), 
the liver homogenate supernatant (10 μL) was added. Using 
a UV spectrophotometer (Mithras LB 940, Berthold, Ger-
many) at 240 nm the reduced optical density was measure 
in this mixture of supernatant and hydrogen peroxide. The 
reduced optical density in 3 min after the addition of liver 
homogenate was considered as an indicator of catalase activ-
ity that exists in the homogenate [9, 17].

Estimation of Proinflammatory cytokine parameters

Assessment of Proinflammatory cytokines like Tumor 
Necrosis Factor -α Interleukin-6 was assessed into liver 
homogenate supernatant by ELISA sandwich kits as per 
the guidelines given by the manufacturer and final con-
centration was estimated with the help of a standard curve 
[18].

Cell culture and reagent

HepG2 liver cells were cultured in RPMI-1640 supple-
mented with 10% FBS, 1.5 mM L-glutamine, and 1% anti-
biotics (100 U/ml of penicillin, 10 mg/ml of streptomycin).
L6 myoblasts cells had been cultured within an antibiotic-
free growth that is composed of RPMI 1640 supplemented 
with 10% FBS. 3 T3-L1 cells were cultured in DMEM 
with 10% fetal bovine serum. RAW 264.7 macrophages 
tissue happened to be cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) containing L-glutamine formu-
lated with 10% FBS and 1% antibiotics. All cellular lines 
were cultured until 90% confluency is attained within a 
soaked incubator in 5% CO2 at 37 °C and then they were 
trypsinized and utilized relating to their unique require-
ments [11]. All the cellular reagents like media, antibiotics, 
L-glutamine, trypsins were purchased from Gibco. Tox-
ins like MTT [3-(4, 5-dimethylthiazol-2yl-)-2, 5-diphenyl 
tetrazoliumbromide] and β-Carotene are procured from 
Sigma.

Fig. 1   Effect of β-carotene on change in body weight in STZ-
induced diabetic rats.  Disease control- STZ treated, Standard- Met-
formin treated, Test Control 10- mg/kg of β- Carotene treated, Test 
Control 2–20 mg/kg of β- Carotene treated.  Each point represents 
mean ± S.E.M. (N-6). The result values were statistically analyzed by 
using repeated-measures ANOVA considering time as a repeated fac-
tor followed by Bonferroni’s test for multiple comparisons

Fig. 2   Effect of β-carotene on liver glycogen level in STZ-induced 
diabetic rats.  Disease control- STZ treated, Standard- Metformin 
treated, Test Control 10- mg/kg of β- Carotene treated, Test Con-
trol 2–20 mg/kg of β- Carotene treated.  Data were presented as 
mean ± S.E.M. (n-6). The result values were statistically analyzed by 
using a one-way ANOVA drug as an independent factor, followed by 
Bonferroni’s test for multiple comparisons (P < 0.001)
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MTT assay

MTT assay was performed. Briefly, cells were dislodged 
by short exposure to 0.25% Trypsin in phosphate-buffered 
saline, counted, suspended in a new growth medium, and 
then approximately, 8000 to 10,000 HepG2 and L6 cells 
were seeded in 96-well plates in triplicate and grown to 
60–70% confluency. Then, cells were treated with the 
increasing concentrations of β-Carotene for 48 h. After that, 
media was removed, 20 μL MTT reagent (5 mg/mL) was 
added to each well and incubated at 37 °C for 2 h for the 
formation of purple formazan crystals [16]. After remov-
ing 15the MTT solution, purple formazan crystals were 
dissolved in isopropanol. The color intensity was measured 
by spectrophotometer at 570 nm using a microplate reader 
(Mithras LB 940, Berthold, Germany).

The % viability 1was calculated as mentioned below:

Glucose utilization experimental procedure

The glucose utilization both in HepG2 and L6 cells were 
assessed to ascertain the In vitro anti-diabetic property of 
β-Carotene. In brief, HepG2 and L6 cells comprise seeded in 
96 wells then given treated 5, 10, 15 μg/mL concentrations 
of β-carotene. Two rows that was cell-free and included to 
serve as blanks [15]. After 48 h incubation, the spent culture 
medium was got rid of and replaced with a 25 μl incubation 
buffer (RPMI medium diluted with PBS, 0.1% BSA, and 
8 mM glucose) and further incubated for the additional 3 h 
at 37 °C. Metformin (0.1 μg/mL) and insulin (6 μg/mL) were 
used as a control that was dispositive Hep G2 and L-6 cells, 
respectively to compare the effectiveness of β-carotene. 
After incubation, 10 μl on the incubation medium had been 
removed from each well and transmitted into the newest 
plate that is a 96-well plate which 200 μL of glucose oxi-
dase reagent was included to assess the amount of glucose 
into the medium. After 15 min of incubation at 37 °C, the 
absorbance got measured at 492 nm. The amount of glucose 
used was determined while the difference in the cell-free and 
cell-containing wells. The portion of glucose utilization got 
computed concerning the untreated controls.

Lipid accumulation in 3 T3‑L1 Preadipocytes

Nearly, 8000 3 T3 - L1cells seeded per well into a 24 - well 
culture plate and permitted to grow until 60–70% confluence 
got reached. Subsequently, the preadipocytes were treated 
with the above-mentioned concentrations of β-Carotene 
along with positive controls (Rosiglitazone; 0.4 μg/ml) for 
48 h. The cells were then cultured for the extra period of ten 

%Viability = (Absorbance of test wells∕Absorbance of untreated control) × 100

days in a culture medium (DMEM with 10% FBS) as well as 
the medium got changed every 2 to 3 days. The spent culture 
medium was removed and gently washed with PBS after ten 
days. The cells comprise subsequently permitted to fix at 
room temperature for nearly 1 h by adding 250 μl per well 
of 10% formaldehyde in PBS. The fix solution was aspirated 
and later stained by adding 200 μl of pre-warmed oil red 
working solution [6 ml of stock solution (0.5 g oil red dye in 
100 ml isopropanol) in 4 ml of distilled water] for 15 min at 
37 °C. After 15 min of incubation, the extra colorant ended 
up being thoroughly washed with water & plate dried in an 
oven at 37 °C. The dye was further extracted with the addi-
tion of isopropanol (150 μl a perfectly) followed by 100 μl 
ended up being utilized in a 96-well dish and the absorbance 
was calculated at 520 nm [7].

Measurement of nitric oxide (NO)

Nitric oxide has been reported to contribute to the patho-
genesis of diabetes and hence inhibition of NO is impor-
tant to monitor anti-diabetes efficacy. RAW cells (100,000 
cells/well) were cultured in 6 well plates and incubated with 
LPS to induce NO production. After the LPS supplementa-
tion, cells were treated with the treatment concentrations of 
β-Carotene for 48 h. After that cells were lysed with RIPA 
lysis buffer and protein concentrations were measured. 50 μg 
of proteins from different treatment groups were taken in 96 
well plates on which 50 μL of Griess reagent I and Griess 
reagent II were added and incubated for 15 min in dark 
for the pink color formation. After that, absorbance was 
taken spectrophotometrically at 560 nm and represented 
graphically.

α‑Amylase inhibition assay

The α-amylase assay was performed to check if our drug is 
affecting the term of inhibiting α-amylase. Briefly, 15 μl of 
the β-Carotene at different concentrations (5, 10 and 15 μg/
mL) was added to 5 μl of enzyme porcine pancreatic solution 
into 96-well plate.

After 10 min of incubation at 37 °C, the reaction was 
initiated by adding 20 μl of starch solution and further incu-
bated for 30 min at 37 °C (Wickramaratne, Punchihewa, and 
Wickramaratne 2016). The reaction was then stopped by 
adding 10 μl 1 M of HCl to each well followed by 75 μl of 
iodine reagent. A blank containing phosphate buffer (pH 6.9) 
instead of the extract and positive control (acarbose, 64 μg/
ml) was prepared. No enzyme control and no starch control 
were included for each test sample. The absorbance was 
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measured at 580 nm and the percentage inhibitory activity 
was calculated by using the following equation:

α‑Glucosidase inhibition assay

For the assessment of β-Carotene mediated α- glucosidase 
inhibition, this assay is very useful. In brief, 5 μl of the 
β-Carotene of the above-mentioned treatment concentra-
tions were added to 20 μl of 50 μg/ml alpha-glucosidase 
solution into a well of a 96- well plate. After that, 60 μl 
of 67 mM potassium phosphate buffer solution (pH 6.8) 
was then added. After 5 min of incubation, 10 μl of 10 mM 
p-nitrophenyl-α-D-glucoside solution (PNPGLUC) was 
then added and additionally incubated for 20 min at 37 °C. 
25 μl of 100 mM Na2CO3 was added and the absorbance 
was measured at 405 nm [20] After incubation. A blank and 
sample blank was also prepared by adding 5 μl of deionized 
water instead of plant extract and 20 μl of deionized water 
instead of an enzyme, respectively. Epigallocatechin gallate 
(10 μg/ml) was used as a positive control. The percentage 
inhibition was calculated using the following equation:

Statistical analysis

Statistical analysis was performed using Graph Pad Prism 
5.0 software, USA. Results represented the mean ± SEM 
of TWO separate experiments. Data were analyzed using 
one-way, Two-way ANOVA, and repeated measures 
ANOVA followed by Bonferroni’s multiple comparison 
test. Statistical significance of difference in the central 
tendencies compared to control groups was designated 
as‘*’(p < 0.05),‘**’(p < 0.001) and‘***’(p < 0.0001).

Result

Effect of β‑ Carotene on body weight in STZ‑induced 
diabetic rats

In the Present Investigation, we have determined the effect of 
STZ and β- Carotene on change in body weight. The body-
weight of the animals significantly decreased in the disease 
control group as compared to the normal group. Treatment 
with β- Carotene increased the body weight as compared 
to the disease control (P < 0.001) shown in Fig. 1, Whereas 
the metformin-treated group showed an increase in the body 
weight as compared to the disease control group (P < 0.001).

%Inhibition =
[

1–{Absorbance of the untreated (Control)∕Absorbance of the test well}
]

× 100

%Inhibition =
[

1 − {Absorbance of the test well∕Absorbance of the untreated (control)}
]

× 100

Effect of β‑ Carotene on liver glycogen level 
in STZ‑induced diabetic rats

In the Present Investigation, we have determined the effect 
of STZ and β- Carotene on Liver Glycogen levels signifi-
cantly decreased in the disease control group as compared 
to the normal group. Treatment with β- Carotene increased 
the Liver Glycogen Levels compared to the disease control 
group (P < 0.001) shown in Fig. 2, Whereas the metformin-
treated group showed an increase in the Liver Glycogen 
Level as compared to the disease control group (P < 0.001).

Effect of β‑ Carotene on oxidative stress 
in STZ‑induced diabetic rats

As shown in Fig. 3, lipid peroxidation was significantly 
high in the disease control group as suggested by a marked 
increase in Liver MDA levels as compared to the normal 
control group. (P < 0.001). Administration of β- Carotene to 
the disease control group significantly restored the increased 
lipid peroxidation levels as compared to the disease con-

trol group (P < 0.001). The disease control group showed 
a significant decrease in SOD activities and reduced GSH 
level and catalase activities (P < 0.001) in the Liver tissues. 
Metformin-treated rats show a similar effect to normal rats. 
Administration of β- Carotene into disease control signifi-
cantly increases the activities of SOD, reduced GSH, and 
Liver catalase activities as compared with the disease control 
group (P < 0.001).

Effect of β‑ Carotene on TNF‑α and IL‑6 
proinflammatory cytokines levels in STZ‑induced 
diabetic rats

The level of Pro-inflammatory cytokine was measured by 
ELISA-Sandwich assay and showed a significant rise in 
TNF-α and IL-6 in STZ-treated rats. This was indicated by 
a marked increase in Liver cytokine levels as compared to 
the disease control group (P < 0.001). β- Carotene treatment 
at different doses in the disease control group significantly 
restored the increased cytokine levels as compared to the 
disease control group (P < 0.001) (Fig. 4).
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Β‑Carotene enhances the glucose utilization 
in HepG2 liver cell line

Research suggests that a potent anti-diabetic substance 
enhances glucose utilization in the liver to decrease the 
high blood glucose level. In our current study when we have 
exposed β-carotene in the HepG2 cell line, the IC50 value 
was not reached up to the treatment concentration of 15 μM 
(Fig. 5A). The cytotoxicity data suggested that β- Carotene 
displayed a low level of cytotoxicity in HepG2 cells.

Further, when we performed the glucose utilization exper-
iment, it was found that glucose uptake level was significantly 
increased with the increasing concentrations of β-Carotene. 

Approximately 1.49 fold enhanced glucose utilization was 
found upon the treatment of 15 μM β-Carotene (Fig. 5B). To 
compare the efficacy of our drug, we have used Metformin 
as a positive control. 0.1 μg/ml Metformin exposure caused 
1.72 fold elevated level of glucose uptake in our treatment 
procedure and concerning this, our drug of interest showed 
comparably lower elevation of glucose utilization (Fig. 5B).

Β‑Carotene potentiates the glucose utilization in L6 
myoblast cell line

Many potent anti-diabetic agents lower the blood glucose 
level by enhancing the glucose uptake in muscle cells. In our 

Fig. 3   Effect of β- Carotene 
on A) GSH level, B) Catalase 
activity, C) SOD activity, and 
D) MDA level in the liver of 
STZ-induced diabetic rats. Dis-
ease control- STZ treated, 
Standard- Metformin treated, 
Test Control 10- mg/kg of β- 
Carotene treated, Test Control 
2–20 mg/kg of β- Carotene 
treated. Data were presented 
as mean ± S.E.M. (n-6). The 
result values were statistically 
analyzed by using one-way 
ANOVA drug as an independent 
factor, followed by Bonferroni’s 
test for multiple comparisons

Fig. 4   Effect of β-carotene on A) TNF-α, B) IL-6 levels in STZ-
induced diabetic rats.  Disease control- STZ treated, Standard- Met-
formin treated, Test Control 10- mg/kg of β- Carotene treated, Test 
Control 2–20 mg/kg of β- Carotene treated. Data were presented as 

mean ± S.E.M. (n-6). The result values were statistically analyzed by 
using one-way ANOVA drug as an independent factor, followed by 
Bonferroni’s test for multiple comparisons
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experiment, to evaluate the anti-diabetic efficacy, we have 
checked the glucose utilization in the L6 myoblast cell line. 
Figure 6A shows the β-Carotene mediated decrease in cell 
viability of myoblast cells. Data suggested an approximately 
1.18 fold decrease in cell viability with the highest treatment 
concentration of β-Carotene (15 μM), which suggests the 
low level of cell toxicity in muscle cells.

In addition, it was also found that with the increasing 
concentrations of β-Carotene, glucose utilization was also 
increased in muscle cells. Upon 15 μM treatment concentra-
tion of β-Carotene, 1.4 fold elevated level of glucose uptake 
was found in myoblast cells (Fig. 6B). Insulin (6 μg/ml) 
was used as a positive control, which enhanced the glucose 
utilization 1.47 fold in with compare to this our drug also 
showed a good potential effect (Fig. 6B).

Β‑Carotene increases lipid accumulation in 3 T3‑L1 
preadipocytes

The above observation supported the fact that β-Carotene 
shows the minimum level of cytotoxicity in normal cells. 

Fig. 5   A. MTT cell viability after the exposure of different concen-
trations of β-carotene in HepG2 liver cells. B. Effect of β-carotene 
on glucose utilization in HepG2 hepatocytes. Cells were treated 
for 48  h in the presence or absence of varying concentrations of 

β-carotene. Metformin serves as a positive control. Data expressed 
as mean ± S.E.M. ((n = 3). ‘***’ indicates statistical significance 
(p < 0.0001)

Fig. 6   A. MTT cell viability after the exposure of different concen-
trations of β-carotene in L6 myoblast cells. B. Effect of β-carotene 
on glucose utilization in L6 myoblast cells. Cells were treated 
for 48  h in the presence or absence of varying concentrations of 

β- carotene. Insulin serves as a positive control. Data expressed 
as mean ± S.E.M.(n = 3).‘ns’,‘*’, ‘***’ indicates non-significance 
(p > 0.05) and statistical significance (p < 0.05 and p < 0.0001,respec-
tively)

Fig. 7   Effect of β-carotene on triglyceride accumulation in 3  T3-L1 
preadipocytes. Cells were treated for 48 h in the presence or absence 
of varying concentrations of β-carotene. Data were expressed as 
mean ± S.E.M. (n = 3). The result values were statistically analyzed 
by using one-way ANOVA drug as independent factor ‘ns’, ‘***’ 
indicates statistical non-significance (p > 0.05) and statistical signifi-
cance (p < 0.0001). Rosiglitazone serves as a positive control
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Further to support the anti-diabetic potentiality of β-Carotene, 
we have checked the triglyceride accumulation in 3 T3-L1 
per adipocytes. Figure 7 displayed an increase in lipid accu-
mulation with the increasing treatment concentrations of 
β-Carotene. At a 15 μM treatment concentration of β- Caro-
tene,1.46 fold enhanced lipid accumulation was found which 
was slightly less than Rosiglitazone (1.56 fold, approximately).

β‑Carotene inhibits nitric oxide (NO) 
production in RAW 264.7 cell line

Inhibition of NO was found to be one of the central mecha-
nisms in many anti-diabetic substances. In our current study, 
when we wanted to check the effect of β-carotene in a mac-
rophage cell line, it was found that nitric oxide production 

was significantly affected with the increasing treatment 
concentrations of β-carotene. 15 μM β-carotene caused an 
approximately 2.15 fold reduction in NO production in the 
RAW cell lines (Fig. 8). To compare the effectiveness of 
β-carotene in terms of reducing NO production, a positive 
control, Aminoguanidine was used.4 μg/ml Amino guani-
dine, caused an approximately3.4 fold decrease in NO pro-
duction, which suggests that our drug of interest is having 
a great impact on the reduction of NO production (Fig. 8).

Effect of β‑Carotene in alpha‑amylase 
and alpha‑glucosidase

Research suggests that some of the anti-diabetic drugs lower 
the blood glucose level by down regulating the expression 
of two enzymes, α-amylase, and α-glucosidase. In this 
study, when we wanted to illustrate the molecular mecha-
nism behind the way of action of β-carotene by measuring 
the level of α-amylase and α-glucosidase, it was found that 
β-carotene had no significant effect to alter the expression 
of the set coenzymes (Fig. 9A, B).

Discussion

In this study, we have systematically studied the effect of 
β-carotene to establish it as a potent anti-diabetic substance. 
Β-carotene is a natural anti-oxidant having many commercial 
values. Being a carotenoid and an antioxidant, it was thought 
to be non-toxic or less toxic [14]. STZ induced diabetes is well 
known preclinical model for screening of anti-diabetic poten-
tial of the drug. Diabetes was induced at the dose of 55 mg/
kg body weight of rats. It was found an elevated level of glu-
cose was in rats [10]. Meanwhile, rats treated with β-carotene 
showed a normal level of glucose in the blood. Also, the rats 
treated with STZ showed an increased level of cytokine and 
β-carotene treated rats showed a decrease in the cytokine level 
as compared to the control group.

Fig. 8   The effect of β-carotene on NO production by LPS-stimulated 
RAW macrophage cells. Data are expressed as mean ± S.E.M. (n = 3). 
The result values were statistically analyzed by using a one-way 
ANOVA drug as independent factor ‘**’,’***’ indicates statistical 
significance (p < 0.001 and p < 0.0001, respectively). Aminoguani-
dine serves as a positive control

Fig. 9   The effect of β-carotene on α-amylase (A) and α-glucosidase 
(B) activity. Data expressed as mean ± S.E.M. (n = 3). The result val-
ues were statistically analyzed by using one-way ANOVA drug as 

independent factor ‘ns’,’***’ indicates statistical non-significance 
(p > 0.05) and statistical significance (p < 0.0001). Acarbose and Epi-
gallocatechin gallate (EGCG) act as positive controls, respectively
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In this present study, when we exposed β-carotene to 
liver cells and muscle cells, very little β-carotene medi-
ated cytotoxicity was noted. Moreover, up to the treatment 
concentration of 15 μM, the IC50value of β-carotene was 
not found. Hence, the relatively low level of toxicity exhib-
ited by β-carotene raises prospects that β-carotene could be 
potentially safe for the users. Further, various biochemical 
assays were used to evaluate the probable antidiabetic action 
of β-carotene [1]. Glucose utilization experiments suggested 
that β-carotene enhances the glucose uptake in liver and 
muscle cells may be through activating glucokinase-2 in 
liver or muscle cells, which promotes glucose uptake and 
utilization in these cells mainly via glycogen synthesis and 
maintaining a gradient for glucose transport into the cells, 
however it needs further investigation. Metformin and Insu-
lin were used to compare the effectiveness of β-carotene to 
enhance the glucose uptake in liver and muscle cells, respec-
tively. Although β-carotene was not found to be that much 
effective as Metformin and Insulin, it showed a significant 
impact in enhancing glucose uptake. Data obtained from 
lipid accumulation, further showed that β-carotene has some 
role in enhancing triglyceride accumulation this may be due 
to inhibiting lipolysis of adipose tissue. The potentiality of 
adipose tissue to lodge excess lipid can be exceeded in obese 
patients, which results in the abnormal accumulation of lipid 
in muscle, liver, and pancreatic islet leading to lipotoxicity. 
Higher levels of lipid accumulation in 3 T3-L1 adipocytes 
suggesting that β-carotene might be a good therapeutic agent 
to lower the lipid profiles [7]. The above observations sug-
gested the anti-diabetic potentiality of β-carotene. However, 
to evaluate the molecular mechanism of β-carotene medi-
ated anti-diabetic action, some experiments were carried out. 
Nitric oxide plays an important role in the onset of diabe-
tes. So, we wanted to check if β-carotene has some effect in 
lowering the NO production in RAW cells or not. Our study 
suggested that β-carotene has a significant role to reduce the 
NO level; it may be due to its antioxidant activity [3]. Which 
could be the potential way of action of β- carotene mediated 
anti-diabetic activity. At present, several anti-diabetic drugs 
that are used to manage diabetes exhibit the inhibition of 
alpha-amylase and/or alpha-glucosidase. Malathi proved that 
metformin has potent alpha-amylase and alpha-glucosidase 
inhibitory activity [12]. However, our data demonstrated that 
β-carotene has no significant inhibition on alpha-amylase 
and alpha-glucosidase [20, 22].

Conclusion

In summary, our findings suggest that β-carotene exerts 
its hypoglycemic activity by enhancing glucose utiliza-
tion in liver and muscle cells and enhancing lipid accu-
mulation. Although β-carotene does not affect the level of 

alpha-amylase and alpha-glucosidase, it has a great role in 
reducing nitric oxide production. This reduction of nitric 
oxide production could be probably through inhibition of 
iNOS but further research needs to be done to confirm that.
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