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Background: Stem barks of Mangifera indica contain a rich content of mangiferin (xanthone
glucoside), whereas Murraya koenigii leaves contain rich sources of mahanimbine (carbazole DOI:

alkaloid) and used traditionally for the treatment of diabetes. Objective: To investigate the effects 10.4103/0973-1296.108145
of mangiferin (xanthone glucoside) and mahanimbine (carbazole alkaloid) on glucose utilization
in 3T3-L1 cells. Materials and Methods: Mangiferin was isolated from stem barks of Mangifera
indica and mahanimbine was isolated from Murraya koenigii leaves. These isolated compounds
were subjected to MTT assay and glucose utilization test with 3T3-L1 cells. Results: Treatment
of the 3T3-L1 cells with mangiferin and mahanimbine increased the glucose utilization in a dose-
dependent manner. At a concentration of 1 mM, mangniferin showed 2-fold increase in glucose
utilization compared with untreated control. In case of mahanimbine, the observed effect at
1T mM was almost equivalent to positive control (insulin at 1 uM). Moreover, MTT assay showed
that both of these compounds were less toxic at a concentration of 1 mM (nearly 75% cells are
viable). Conclusion: The present results indicated that these natural products (mangiferin and
mahanimbine) exhibited potential ethnomedical uses in management of diabetes.
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INTRODUCTION

decreased stimulation of muscle glycogen synthesis.l”! Oral
hypoglycemic agents such as biguanides, sulphonylureas,
thiozolidinediones, and insulin are available for the
treatment of Type 2 diabetes. But they have some side
effects associated with their uses.

Diabetes is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion,
insulin action, or both. India is a major contributor to
the global public health burden of diabetes. The number

of Indians with diabetes will increase from 31.7 million
in the year 2000 to 79.4 million by 2030.l" Diabetes is
divided in two broad etiopathogenic categories. In the
first category, Type 1 diabetes occurs due to absolute
deficiency of insulin and 5-10% of people are affected by
this type of diabetes. In the other, much more prevalent
category, Type 2 diabetes occurs due to combination
of insulin resistance and an inadequate compensatory
insulin secretory response. Type 2 diabetes mellitus is
the most common form of diabetes, constituting 90%
of the diabetic population.” The insulin resistance in
Type 2 diabetes is due to decreased glucose uptake and
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Medicinal plants or natural products have ability to
stimulate glucose utilization in the body and it can be used
for long-term treatment of diabetes. Several medicinal
plants and their phyto-constituents (alkaloids, polyphenols,
glycosides, triterpenes, polysaccharides, and saponins) have
been reported for antidiabetic activities in animal model."!
An example of such plants are Mangifera indica and
Murraya foenigii. These plants are used traditionally for
the management of diabetes. The /# vivo antidiabetic
potentials of Mangifera indica stem bark and Murraya
koenigii leaves has showed lowering of blood sugar level
in animal model.l”

The Phytochemical compound such as mangiferin is rich
content in the stem bark of Mangifera indica. Mahanimbine
(carbazole alkaloid) is more in Murraya koenigii leaves.
Glucose utilization test for mangiferin (xanthone glucoside)
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and mahanimbine (carbazole alkaloid) in the 3T3-L1 cells
has not been established for antidiabetic activity. Based
on this, the present study was designed to investigate the
ability of mangiferin and mahanimbine to stimulate glucose
utilization in the 3T3-L1 cells.

MATERIALS AND METHODS

Reagents

3T3-L1 cells procured from National Centre for Cell
science (NCCS), Pune, India. Roswell Park Memorial
Institute (RPMI) medium, thiazolyl blue tetrazolium
bromide (MTT), fetal bovine serum (FBS), L-glutamine,
penicillin, sodium pyruvate were procured from Hi-Media,

India. Sterile 96-well plates were obtained from Tarson,
India.

Isolation and characterization of mangiferin

The method of isolation and characterization (HPTLC,
FTIR, ESI-MS, and NMR ("’C and 'H NMR)) of
mangiferin from Mangifera indica stem bark can be found
from our eatlier report.!

Isolation and characterization of mahanimbine

The method of isolation and characterization (HPTLC,
FTIR, ESI-MS and NMR (’C and 'H NMR)) of
mahanimbine from Murraya oenigii leaves can be found
from our eatlier report.”

Cell culture

3T3-L1 cells procured from NCCS was grown in RPMI
medium supplemented with 10% FBS, L-glutamine,
penicillin, sodium pyruvate, nonessential amino acids,
and vitamin solution. Adherent monolayer cultures were
maintained in T-25 flasks and incubated at 37°C in 5%
carbon dioxide (CO,).

MTT assay

Thiazolyl blue tetrazolium bromide (MTT) assay was carried
out as follows: Cells were trypsinized, counted and 1000 cells
were seeded per well in two different 96-well plates. The
following day, 100 Wl of medium containing the desired
concentration of mahanimbine and mangiferin was added to
the appropriate wells. The cells were then kept at 37°Cin 5%
CO, for 48 h. Control used in these expetiments was untreated
cells kept for 48 h. At this point, 100 ul of (5 mg/ml) MTT
reagent was added to each well, and the plate was placed at
37°C in the incubator for 2 h. Two hundred microliters of
dimethyl sulfoxide was added to each well, after aspirating
the supernatant. Colored formazan product was assayed
spectrophotometrically at 570 nm using ELISA plate reader.

Glucose utilization Test with 3T3-L1 cells
The effects of mangiferin and mahanimbine on glucose
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utilization were performed using 3T3-L1 cells. For this,
cells were maintained at 37°C. One hundred microliters of
incubation medium (8 mM glucose RPMI + 0.1% Bovine
Serum Albumin (BSA)) containing specific concentration
of mangiferin and mahanimbine was added to appropriate
wells. 1 UM of insulin served as positive control. Control
wells contained incubation medium only. After 1.5 h
incubation, 10 Ul was removed from each well and placed
in to a new 96-well plate. To this, 200 ul of glucose oxidase
reagent was added and incubated for 15 min before
measuring absorbance at 492 nm.

Statistical analysis

All glucose utilization and toxicity results were compared
with relevant control using student’s # test and a P <0.05
was considered significant.

RESULTS AND DISCUSSION

MTT assay of mangiferin and mahanimbine

To study the toxicity of mangiferin [Figure 1] and
mahanimnine [Figure 2] compounds, MTT assay were
performed. It was found that both of these compounds
were less toxic [Figures 3 and 4]. Even at a high
concentration of 1 mM, nearly 75% cells were viable after
48 h for both compounds.

Glucose utilization test for mangiferin and mahanimbine
with 3T3-L1 cells

The effect of mangniferin and mahanimbine on glucose
utilization is shown in Figures 5 and 06, respectively. The
response of untreated control cells were considered as
100%. Both mangniferin and mahanimbine increased
the glucose utilization in a dose-dependent manner. At
a concentration of 1 mM, mangniferin showed 2-fold
increase in glucose utilization compared with untreated
control. In case of mahanimbine, the observed effect at
1 mM was almost equivalent to positive control (insulin

at 1 uM).

Several plant extract and plant bioactive compounds
(alkaloids, polyphenols) have been reported for
antidiabetic activity in 3T3-L1 cell lines. Berberine
alkaloid from Cortidis Rhizoma decreased the triglycerides
accumulation in 3T3-L1 cells and also berberine increased
glucose-stimulated insulin secretion in Min6 cells via an
enhanced insulin/insulin-like growth factor-1 signaling
cascade. This study suggested that berberine could be
used as antidiabetic agents for obese diabetic patients.
1% Akuammicine, an indole alkaloid was isolated from
the chloroform extract of the seeds of Picralima nitida
(Apocynaceae) stimulated glucose uptake activity in
differentiated 3T3-L1 adipocytes cell line.'! Green tea
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Figure 1: Mangiferin Structure

Figure 2: Mahanimbine structure
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Figure 3: cytotoxic effects of mangiferin on the cell growth of 3T3-L1
cells as determined by MTT assay. The cells were treated with various
concentrations (25 uM-1mM) of mangiferin for 48h. The results represent
the mean + SD of three independent experiments.

Figure 4: Cytotoxic effects of mahanimbine on the cell growth of 3T3-L1
cells as determined by MTT assay. The cells were treated with various
concentrations (25 uM-1mM) of mahanimbine for 48h. The results
represent the mean + SD of three independent experiments.
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Figure 5: Glucose utilization of magiferin in 3T3-L1 cell line. 3T3-L1
cells were harvested in RPMI media, followed by incubation with
different concentrations (25uM-1mM) of mangiferin. 1uM insulin was
used as a standard drug. The results represent the mean + Standard
Deviation of three independent experiments.*(P <0.05) indicate
significant difference from control.

polyphenol epigallocatechin gallate showed inhibition
on adipogenesis in 3T3-L1 cell line. This study suggested
that epigallocatechin gallate showed direct inhibition
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Figure 6: Glucose utilization of mahanimbine in 3T3-L1 cell line. 3T3-L1
cells were harvested in RPMI media, followed by incubation with different
concentrations (25uM-1mM) of mahanimbine. 1uM insulin was used as
a standard drug. The results represent the mean + Standard Deviation
of three independent experiments. *(P <0.05) indicate significant
difference from control.

on differentiation of preadipocytes and could be an
important adjunct in the treatment of diabetes with
obesity.l"” Hence, screening of medicinal plants with
antidiabetic potentials have been performed using glucose
utilization test in 3T3-L1 cell line.[")
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Although various antidiabetic agents exist, still we could
not find a single drug effective in all ways. Since in each
individual the effect of diabetes is not same, search
for new drugs seems inconclusive. Already extracts of
Murraya koenigii leaves and Mangifera indica stem bark
have been shown to have antidiabetic activity. But no
research provided confirmation for the active compound
responsible for it. In the present study, we had provided
antidiabetic evidence for the isolated active compounds
namely: mahanimbine and mangiferin from Murraya koenigii
leaves and Mangifera indica stem bark extracts respectively.
Both compounds exhibited less toxicity in the 3T3-L1
cell line.

CONCLUSION

The present study indicated that both mahanimbine and
mangiferin showed dose-dependent glucose utilization
in the 3T3-L1 cell line. At a concentration of 1 mM,
mangniferin showed 2-fold increase in glucose utilization
compared to untreated control. In case of mahanimbine,
the observed effect at 1T mM was almost equivalent to
positive control (insulin at 1 WM). Therefore, results of
this study have validated the use of natural products like
mangiferin and mahanimbine in the management of
diabetes.
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