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ABSTRACT

The crude extract of Muntingia calabura (M. calabura) was subjected to preliminary phytochemical screening, revealing the
presence of steroids, flavonoids, saponins, tannins, and carbohydrates, among other compounds. The aqueous extract yielded
the highest concentration of these bioactive constituents. High-Performance Liquid Chromatography (HPLC) analysis
identified B-sitosterol (46.33%) and stigmasterol (53.67%) as major phytosterols in the extract. The study further investigated
the effect of B-sitosterol on GLUT-4 expression and glucose uptake in C2C12 myotube cells. Results demonstrated
significant upregulation of GLUT-4, enhancing glucose uptake and suggesting a potential role in glucose homeostasis.
Additionally, B-sitosterol also influenced GLUT-6 expression, indicating a non-specific enhancement by the plant-derived
compound. These findings suggest that M. calabura possesses anti-diabetic properties through its phytosterols, which
stimulate GLUT-4 translocation to the cell membrane and may independently or synergistically enhance its epigenetic
expression. The observed effects on GLUT-4 translocation imply the potential of M. calabura in correcting defects in insulin-
mediated glucose transport, making it a promising candidate for diabetes therapy. Furthermore, the modulation of GLUT
protein expression at the genetic level by B-sitosterol and structurally similar compounds such as stigmasterol suggests a
broader regulatory role in glucose metabolism. This study highlights the therapeutic potential of M. calabura in managing
both insulin-dependent and insulin-independent diabetes mellitus.
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1. Introduction

Diabetes mellitus, a metabolic disorder affecting millions such as neuropathy, retinopathy, and nephropathy. While
worldwide, is projected to rise to 324 million cases by Type | results from insulin deficiency, Type Il stems from
2025. Both Type-l (insulin-dependent) and Type-1l1 (non- insulin resistance and inadequate secretion. Additionally,
insulin-dependent) diabetes present significant health less common forms like heritable and secondary diabetes
challenges, characterized by hyperglycemia, complications further complicate management. Modern allopathic
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treatments, though effective, often have side effects and
high costs, making alternative medicine attractive.
Ayurvedic, Siddha, Unani, and Homeopathic systems offer
time-tested, natural, and affordable remedies with minimal
side effects. Herbal medicines, particularly those from
India's rich biodiversity, provide a promising alternative to
synthetic drugs. Despite possessing over 45,000 medicinal
plant species, India's contribution to the global herbal
medicine market remains limited.

2. Materials & Methods

Collection and Identification

Fresh leaves of Muntigia calabura were collected were
collected at the Vikrama Simhapuri University campus and
were authentically identified by Dr. K. Madhavachetty,
Department of Botany, S V University, Tirupati.
Preparation of Leaf Extract

The leaves of Muntigia calabura were Shade dried and
powdered well using a mixer and stored in an airtight
container. The leaves, powdered (100g) were taken and
subjected to successive solvent extraction (500ml) with
Hexane, Chloroform, Ethyl acetate Methanol, and agueous
extracts. The plant extracts were concentrated and stored in
an airtight vial for further studies.

Test for Alkaloids:

1.2 g of iodine and 2.0 g of iodide were dissolved in 5mL of
sulphuric acid, and therefore the solution was diluted to 100
mL. 10 mL of the extracts of M. calabura leaves were
acidified by adding 1.5% v/v of HCI and a couple of drops
of Wagner's reagent. The formation of yellow-brown
precipitate confirmed the presence of alkaloids.

Test for Phenols:

Neutral ferric chloride reagent was prepared and added to
the extracts. The looks like of the blue colour showed
the presence of blue colour.

Test for Tannins:

The test solutions of the extracts were treated with a couple
of drops of lead acetate solution. The formation of white
precipitate indicated the presence of tannis.

Test for Flavonoids:

Magnesium ribbon was added to the extracts, and Hcl was
added along the edges of the tube. A deep blue color
showed the presence of flavonoids.

Test for Saponins:

5 mL of the extracts were taken in several tubes and added
a pinch of bicarbonate of soda. The mixture was shaken
vigorously and kept for 3 min. A honeycomb-like froth
indicated the presence of saponin.

Test for Terpenoids:

2 mL of extract was added to 2 mL of acetic anhydride and
concentrated H2SO4. The formation of blue-greenish rings
indicated the presence of terpenoids.

Column Chromatography

A column of 25 mm diameter and 900 mm length was
taken. Seventy five gram of silica G (100-200 mesh, Sissco,
Mumbai) was packed with hexane. The M. calabura
methanol extract (10-g) was chromatographed over silica
column, and therefore the column was eluted with hexane:
chloroform (90:10; v/v). The respective fractions were
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collected and concentrated by flash evaporation and
analyzed by TLC.

Characterization of bioactive compounds

The active F4 fractions (1-15) of Rf 0.58 obtained from
hexane chloroform partition fraction; obtained through
chromatography were characterized by UV-Visible, FT-IR,
GC-MS and NMR spectral analysis.

Identification of Bioactive Compound by Analytical
Methods

UV- visible spectrometry

The column elutes were observed under Shimadzu 160A
UV Double Beam UV- VIS spectrophotometer between
190 to 1100 nm with the solvent blank. 76 About 2 mg
sample dissolved in 20 ml methanol was used for recording
the spectrum. Fourier transform infrared (FTIR)
spectrometry One mg of the substance was mixed by
grinding with KBr (Sigma chemicals) and its IR spectrum
was scanned within the region of scanned within the range
of 4000-400 cm-1 using Perkin Elmer - Spectrum One FT-
IR spectrophotometer (Japan).

Mass spectrometry GC-MS analysis:

The sample was prepared within the concentration range
0.2 - 0.5 mg/ml and injected by flow analysis at a flow rate
of 10 pl min-1. The recorded mass was within the range
100-500m/z using the spectrum was obtained using Agilent
technologies (6890 N) instrument (JEOL GCMATE II)
fitted with an electron spray ionization source. Software
version 4.0 was used for data acquisition. The positive ion
mode, employing a sprig voltage at 3.5 kV, at a source
temperature of 800C, was employed for recording the
spectra. The mass spectrum was recorded under electron
impact ionization at 70 eV energy.

1H and 13C nuclear resonance spectroscopy:

Thirty mg of the F4 fraction obtained from hexane-
chloroform fraction was dissolved in CDCI3 and subjected
to 1H and 13C NMR spectral 77 analysis employing a
BRUKER 300 MHz instrument. Nuclear resonance (NMR)
spectra were recorded on a Bruker 300 NMR instrument
operating at 300 MHz for 1H and 125 MHz for 13C at
temperature an area from 0 to 12 ppm for 1H and 0-200
ppm for 13C was employed. Signals were mentioned as the
internal standard tetramethylsilane.

Screening of In-Vitro Anti-Diabetic Activity

Inhibition of alpha-amylase activity (Hansawasdi et al.,
2000): The o-amylase inhibitory activity of every extract
and phytochemicals determined supported the colorimetric
assay using acarbose as a reference compound (19-20). The
Starch solution (0.5% wi/v) was obtained by boiling and
stirring 0.25¢g of potato starch in 50 ml of deionized water
for 15 min. The enzyme solution (0.5 unit/mL) was
prepared by mixing 0.001g of a- amylase in 100 ml of 20 M
sodium phosphate buffer (pH 6.9) containing 6.7 mM
common salt . The M.calabura leaf extracts and isolated
phyto- chemicals were dissolved during a respective solvent
to offer concentrations for Hexane, Chloroform, ester
Methanol, and aqueous extracts are 25 mL, 50 mL, and 100
mL, for ethanol extracts concentrations are 100 pg/mL, 200
pg/mL and 500 pg/mL. 10pg/mL, 50pg/mL and 100pg/mL
for isolated phytochemicals. The colour reagent was a
solution containing 96 mM 3, 5- dinitrosalicylic acid (20
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mL), and 5.31 M sodium potassium tartrate in 2 M caustic
soda (8 mL) and deionized water (12 mL). 1 ml of every
plant extract and 1 ml enzyme solution were mixed during a
tube and incubated at 25°C for 30 min. To 1 ml of this
mixture was added 1 ml of starch solution and therefore the
tube incubated at 25°C for 3 min. Then, 1 mL of the colour
reagent was added, and therefore the closed tube placed into
an 85°C water bath. After 15 min, the reaction mixture was
removed from the water bath and cooled thereafter, diluted
with 9 mL water, and therefore the absorbance value
determined at 540nm. Individual blanks were prepared for
correcting the background absorbance, during this case, the
colour reagent solution was added before the addition of a
starch a solution then the tube placed into the water bath.
The opposite procedures were administered as above.
Controls were conducted in a uniform fashion replacing
plant extracts and isolated phytochemicals with 1 ml
respective  solvents.  Acarbose  solution (at the
concentrations of 10pg/mL, 50pg/mL and 100pg/mL) was
used as positive control. The inhibition percentage of -
amylase was assessed by the subsequent formula:

’)Klll.]

= = (A of —A of
Absorbance of control

3. Results and Discussion
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Inhibition of alpha-glucosidase activity (Kim et al., 2011)

The M.calabura extracts to be tested for their inhibitory
property of a- glucosidase activity were prepared with
various solvents, as mentioned in amylase activity. The a-
glucosidase inhibitory activity determined by measuring the
discharge of 4-nitrophenol from p-nitrophenyl «-D
glucopyranoside as given by Sun et al., (1995). The assay
mixtures for these experiments contained 0.3 mL of 10 Mm
paranitrophenyl alpha-D- glucopyranoside, 1.0 mL of 0.1 M
potassium phosphate buffer, pH - 6.8, 0.2 mL of enzyme
solution and 0.2mL of varied extracts (Hexane, Chloroform,
ester Methanol, and aqueous extracts) all in a final volume
of 1.7mL. Following an incubation time of 30 min at 37°C,
the reaction was terminated by the addition of 2.0 mL of
100mM washing soda. The liberated p-nitrophenol
determined at 400 nm employing a spectrophotometer. The
percentage inhibition rates were calculated using the
formula. Suitable reagent blank and inhibitor controls were
also carried out, and the absorbance values were
subtracted.

( Inhibition (%) — 100 {Abserbance Control - Absorbance Test / Absorbance ]
Control)

In the present investigation, the preliminary phytochemical screening of the crude extract M.calabura revealed the presence
of flavonoids and polyphenols in all the extracts media viz chloroform-methanol and water with maximum yield in the
aqueous extract. Flavonoids and other polyphenols are known for regulation glucose in cells of organisms in vivo. In the
present study, the effects of the three extracts M.calabura leaves of alpha-amylase and alpha-glucosidase enzymes were
studied. Diabetes management by the mechanism of antidiabetic drugs involved inhibition of both o-amylase and o-
glucosidase enzymes. The inhibition of the leaf extracts M.calabura of the enzymes in the present study is physiologically
relevant to suggest that their antidiabetic action involves the exhibition of the enzymes.

Table.1la: Qualitative Phytochemical analysis of M.calabura agueous extract

S. No Phytochemical constituents Aqgueous

1 Alkaloids +

2 Carbohydrates +++
3 Flavonoids +++
4 Saponin ++
5 Steroids ++
6 Tannins +++
7 Polyphenols +++

+++=High, ++=moderate, +=present, —=absent

The qualitative analysis of phytochemical constituents of the aqueous leaf extracts of Mutingia calbura was systematically
performed and recorded. The secondary metabolites such as Alkaloid, Carbohydrates, Flavonoids, Saponin, Steroids, Tannis,
Polyphenols were present in the leaf extracts of Mutingia calbura as shown in the table (1.a).

Table.1b: Qualitative Phyto-chemical analysis of M.calabura Methanol extract.

S. No Phyto-chemical constituents Methanol
1 Alkaloids ++
2 Carbohydrates ++
3 Flavonoids +
4 Saponin +
5 Steroids +
6 Tannins ++
7 Polyphenols +++

+++=High, ++=moderate, +=present, —=absent
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The qualitative analysis of phytochemical constituents Mutinga calbura methanol extract revealed the presence of secondary
metabolites namely Alkaloid, Carbohydrates, Flavonoids, Saponin, Steroids, Tannis, Polylphenols were present in the
methanol extract as shown in the table (1.b).

Table.1c: Qualitative phyto-chemical analysis of M.calabura Chloroform extract.

S. No Phytochemical constituents Chloroform

1 Alkaloids +

2 Carbohydrates ++
3 Flavonoids ++
4 Saponin ++
5 Steroids +

6 Tannins ++
7 Polyphenols ++

+++=High, ++=moderate, +=present, —=absent

The qualitative analysis of phytochemical constituents Mutingia calbura chloroform extract revealed the presence of
secondary metabolites namely Alkaloid, Carbohydrates, Flavonoids, Saponin, Steroids, Tannis, Polyphenols were found in
the chloroform extract as shown in the table (1.c).

Table.1d: Qualitative phyto-chemical analysis of M.calabura petroleum ether extract.
S. No Phyto-chemical constituents Petroleum ether
Alkaloids -
Carbohydrates -
Flavonoids -
Saponin -
Steroids B
Tannins R
Polyphenols ++
+++=High, ++=moderate, +=present, —=absent

N[OOI WIN| -

The qualitative analysis of phytochemical constituents Mutingia calbura petroleum ether extract revealed the presence of
secondary metabolites namely poly phenol present whereas Alkaloid, Carbohydrates, Flavonoids, Saponin, Steroids, Tannis,
Polyphenols were not present in the petroleum ether extract as shown in the table (1.d).

Table.2: Alpha Amylase inhibition - M. Calabura Extract

Concentration (ug/ml)
Solvent 20 40 60 80 100
Petroleum ether 10.3 20.78 27.3 315 39.1
Chloroform 12.4 285 35.3 41.8 49.7
Methanol 18.7 32.3 404 54.6 74.2
Aqueous 14.7 24.4 34.9 50.8 69.9
Standard (Acarbose) 17.2 36.7 51.4 68.8 84.5

ALPHA AMYLASE INHIBITION _

Figure.l: Shows in vitro anti-diabetic alpha amaylase activity M. Calabura Extract.
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In vitro a-amylase inhibitory activity of leaves (Mutingia calbura) was studied as clarified in methods. We found that there is
an increase in the ratio of inhibitory activity with the rise in dosage against-amylase. Acarbose was used as a standard drug,
with related dosage to compare the inhibitory capacity of the Muntingia calbura leaves using different extraction ratios of
petroleum ether to water. (Figure.11) showed that, the percentage inhibitory activity of Muntingia calbura leaves ranges a
minimum of 10.3 petroleum ether (at 20ug/mL ) to a maximum of 74.2 methanol extract (at 100pg/mL) whereas the
Acarbose showed percentage activity ranges from 17.2 (at 20pg/mL ) to a maximum of 84.5 (at 100ug/mL ).

Table.3: Shows in vitro alpha-glucosidase inhibitory activity M. Calabura Extract.

Concentration pg/ml
Solvents 20 40 60 80 100
Petroleum ether 10.3 21.78 28.3 345 38.1
Chloroform 14.4 28.5 35.3 41.8 48.7
Methanol 21.7 32.3 40.4 49.6 66.2
Agueous 18.7 24.4 33.9 51.8 58.9
Standard (Acarbose) 18.2 35.7 51.4 67.8 82.5

ALPHA GLUCOSIDASE INHIBITION
—— —_ —— -

Figure.2: Shows in vitro anti-diabetic activity of alpha-glucosidase activity in M. Calabura Extract

Medicinal plant compounds are still the most accessible resource of a- glucosidase inhibitors. Therefore, we investigated
biologically active compound from Muttingia calabura using different extraction ratios of petroleum ether to water. Extracts
under different concentration of Muttingia calabura were tested for a-glucosidase inhibitory activity. Methaloic extract
showed higher a-glucosidase activity than aqueous extract, whereas petroleum ether and chloroform extract did show
moderate inhibit o-glucosidase at all. Especially, neat alcoholic (methanolic or ethanolic) extracts exhibited stronger
inhibitory effects than their corresponding aqueous mixtures.

4. Conclusion mediated GLUT4 translocation and can cure both insulin
The crude extract of M.calabura on preliminary dependent and insulin in dependent Diabetes mellitus. The
phytochemical screening revealed the presence of steroids, plant M.calabura has the potential to become an effective

flavoinds, saponins, tannis, carbohydrate etc. The aqueous agent in Diabetic theraphy. The above features also infer
extract yielded the maximum of these compounds. The that the extract compound Beta sitosterol or similar sterol
effect of beta sitosterol was investigated on the GLUT-4 like Stigamasterol of M.calabura leaf extract may modulate
expression. The result revealed the up regulation of GLUT- at the genetic level the epigenetic expression of GLUT
4 and the consequent glucose uptake in C2C12 myotube proteins both specifically and non-specifically.

cells. Beta-sitosterol comprised 46.33 percent (area) in the
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