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Abstract

The present study aimed to investigate the phytochemical profile and evaluate the in vitro antidiabetic and
anticancer activities of the ethanolic extract of terminalia catappa red leaves. Preliminary phytochemical
screening revealed the presence of key bioactive constituents, including flavonoids, phenolics, tannins, and
terpenoids. The antidiabetic potential was assessed through a-amylase and o-glucosidase inhibitory assays,
along with a glucose diffusion model. The extract exhibited significant, concentration-dependent inhibition of
both enzymes and effectively reduced glucose diffusion, indicating its potential to control postprandial
hyperglycemia. The anticancer activity was evaluated against mcf-7 using the mtt assay, which demonstrated a
dose-dependent decrease in cell viability with an icso value of approximately 72.5 ug/ml. Further confirmation
of cytotoxicity was obtained through acridine orange/ethidium bromide (ao/eb) staining, which revealed
apoptosis induction characterized by nuclear condensation and membrane alterations. Overall, the findings
suggest that the ethanolic extract of terminalia catappa red leaves possesses promising antidiabetic and
anticancer properties, supporting its potential as a natural therapeutic agent for further pharmacological
development.
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INTRODUCTION: challenging due to drug resistance, adverse effects,

Non-communicable diseases such as diabetes mellitus ~ and high treatment costs.>

and cancer represent two of the most pressing global
health contributing  substantially to
morbidity and mortality worldwide. Diabetes mellitus
is a metabolic disorder characterized by chronic
hyperglycemia arising from defects in insulin
secretion, insulin action, or both. Prolonged elevation
of blood glucose levels is associated with severe
complications, including cardiovascular diseases,
neuropathy, nephropathy, and retinopathy.!? On the
other hand, cancer is a multifactorial disease marked

concerns,

by uncontrolled cell division, evasion of programmed
cell death, and the ability of abnormal cells to invade
surrounding tissues and metastasize to distant organs.
Despite advancements in therapeutic strategies, the
long-term management of both conditions remains

In recent years, there has been growing interest in the
use of plant-based therapeutics as safer and more
cost-effective  alternatives to synthetic drugs.
Medicinal plants are rich sources of structurally
diverse bioactive compounds, including flavonoids,
phenolic acids, tannins, alkaloids, and terpenoids,
which exhibit a wide spectrum of pharmacological
activities. These phytoconstituents are known to
possess antioxidant properties that help mitigate
oxidative stress, a key factor implicated in the
pathogenesis of both diabetes and
Consequently, the exploration of plant extracts for
multifunctional therapeutic effects has become an
important area of research.*

Terminalia catappa, commonly referred to as tropical
almond, is a widely distributed medicinal plant

cancer.
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belonging to the family Combretaceae. Various parts
of this plant have been traditionally utilized in
ethnomedicine for the treatment of ailments such as
inflammation, liver disorders, skin diseases, and
metabolic conditions. The red leaves of Terminalia
catappa, in particular, are reported to be rich in
polyphenolic compounds and other secondary
metabolites that contribute to its biological activities.
Previous studies have suggested that extracts of this

plant exhibit antioxidant, antimicrobial,
hepatoprotective, and potential antidiabetic effects.’
From a mechanistic perspective, plant-derived

compounds can contribute to glycemic control by
inhibiting key carbohydrate-hydrolyzing enzymes
such as a-amylase and a-glucosidase, thereby slowing
down the digestion and absorption of glucose. This
approach is widely recognized as an effective strategy
to manage postprandial hyperglycemia. Similarly,
several phytochemicals have demonstrated the ability
to exert anticancer effects through mechanisms such
as induction of apoptosis, inhibition of cell
proliferation, and modulation of signaling pathways
involved in tumor progression.®*

Considering these therapeutic potentials, the present
study was designed to investigate the phytochemical
profile and evaluate the in vitro antidiabetic and
anticancer activities of the ethanolic extract of
Terminalia catappa red leaves. The study aims to
provide scientific validation for its traditional use and
to explore its potential as a natural source of bioactive
compounds for the development of novel therapeutic
agents.

MATERIALS AND METHODS:

MATERIALS:

Red leaves of Terminalia catappa were collected and
authenticated. Ethanol (analytical grade) was used for
extraction, and all reagents were of standard
laboratory grade. For antidiabetic studies, a-amylase,
a-glucosidase, soluble starch, DNS reagent, and p-
nitrophenyl-a-D-glucopyranoside were used, with
Acarbose as the reference standard. For anticancer
evaluation, MCF-7 cells were cultured in DMEM
supplemented with fetal bovine serum and antibiotics.
The MTT assay was used to assess cytotoxicity.
Dialysis membrane tubing and glucose solution were
used for the glucose diffusion assay.

Preparation of Plant Extract

Red leaves of Terminalia catappa were collected,
authenticated, and washed to remove impurities. The
leaves were shade-dried at room temperature and then
pulverized into coarse powder. The powdered
material was subjected to Soxhlet extraction using

ethanol as the solvent until complete extraction was
achieved. The extract was filtered and concentrated
under reduced pressure using a rotary evaporator. The
resulting semi-solid mass was dried, weighed, and
stored in airtight containers at low temperature for
further analysis.”!®

Preliminary Phytochemical Screening

The ethanolic extract was screened for major
phytoconstituents using standard qualitative methods.
The presence of alkaloids, flavonoids, tannins,
phenolics, saponins, glycosides, terpenoids, proteins,
and amino acids was determined based on
characteristic color changes or precipitate formation
upon treatment with specific reagents. These tests
provided a preliminary profile of bioactive
compounds present in the extract.!”2°

In-vitro Antidiabetic study

Importance of a-Amylase Enzyme in the Body
a-Amylase plays a crucial role in the digestion of
dietary carbohydrates in humans. The process begins
in the oral cavity, where salivary amylase initiates the
breakdown of complex starch molecules into smaller
oligosaccharides. This process continues in the small
intestine, where pancreatic oa-amylase further
hydrolyzes these intermediates into simpler sugars
such as maltose, maltotriose, and other short-chain
carbohydrates. These products are subsequently
converted into glucose, which is absorbed into the
bloodstream.?28

In diabetic conditions, rapid digestion and absorption
of carbohydrates can lead to elevated postprandial
blood glucose levels. Therefore, inhibition of o-
amylase activity is considered an effective strategy to
delay carbohydrate digestion and reduce postprandial
hyperglycemia.
Current  therapeutic diabetes
management include enhancing insulin sensitivity
using agents such as  biguanides and
thiazolidinediones, stimulating insulin secretion
through  sulfonylureas, and reducing glucose
absorption by inhibiting carbohydrate-digesting
enzymes using drugs like Acarbose and Miglitol.
These enzyme inhibitors help in controlling blood
glucose levels by slowing down the conversion of
complex carbohydrates into absorbable sugars.
Alpha-amylase inhibition activity

The inhibitory effect of the ethanolic extract of
Terminalia catappa red leaves on a-amylase activity
was evaluated using a standard in vitro method. This
assay is based on the ability of the extract to suppress
enzymatic hydrolysis of starch, thereby reducing
glucose release.?>?

approaches  for
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Briefly, a reaction mixture containing o-amylase
enzyme, phosphate buffer (pH ~6.9), and varying
concentrations of the plant extract (20-100 pg/mL)
was pre-incubated at 37°C. After incubation, soluble
starch solution was added as the substrate and the
mixture was further incubated to allow enzymatic
digestion. The reaction was terminated by adding
dinitrosalicylic acid (DNS) reagent, followed by
heating to develop color. The absorbance of the
resulting solution was measured
spectrophotometrically, and acarbose was used as the
standard reference drug. All experiments were carried
out in triplicate, along with a control lacking the
extract. The percentage inhibition of a-amylase
activity was calculated using the following equation:
Percentage inhibition (%) = Acontrol — Aextract
/Acontrol x 100
Alpha-glucosidase inhibitory activity
The a-glucosidase inhibitory activity of the ethanolic
extract of Terminalia catappa red leaves was
determined using a substrate-based colorimetric
method. This assay evaluates the ability of the extract
to inhibit the breakdown of disaccharides into
glucose, thereby contributing to glycemic control. In®
this method, the reaction mixture consisted of o-*
glucosidase enzyme, phosphate buffer (pH ~6.9), and
different concentrations of the extract (20-100
pg/mL). The mixture was incubated at 37°C for a
specific duration. Subsequently, p-nitrophenyl-o-D-
glucopyranoside (pNPG) was added as a substrate
and further incubated. The enzymatic reaction leads
to the release of p-nitrophenol, which produces a
yellow color measurable at 405 nm. The absorbance
was recorded using a microplate reader. Acarbose
was used as the positive control, and all assays were
performed in triplicate with appropriate blanks.33-3
The percentage inhibition of a-glucosidase activity
was calculated using the following formula:
Percentage inhibition (%) = A control — A extract /A
control X 100
Where,
A controi= Absorbance of control at 405 nm
A extract = Absorbance of extract at 405 nm
Glucose Diffusion Assay (Dialysis Membrane
Model)
The effect of the ethanolic extract on glucose
movement was evaluated using a dialysis membrane
model, which simulates intestinal glucose diffusion.
Dialysis tubing was pre-treated by soaking in distilled
water to remove preservatives and ensure membrane
activation.

A known concentration of glucose solution was
prepared and mixed with the plant extract at different
concentrations. This mixture was transferred into the
dialysis bag, which was then securely sealed. The
dialysis bag was immersed in a beaker containing
distilled water and maintained at room temperature
with gentle stirring.374¢
At predetermined time intervals, samples were
withdrawn from the external solution, and glucose
concentration was estimated using a suitable method
such as glucose oxidase-peroxidase assay. A control
setup without plant extract was maintained for
comparison.
The ability of the extract to retard glucose diffusion
across the membrane was evaluated by comparing
glucose concentrations in the external medium. A
decrease in glucose diffusion indicates potential
antidiabetic activity by limiting glucose absorption.

Glucose dif fusion inhibition (%)

Gcecontrol — Gsample

Gcontrol

x 100
Where:
Geontrol = Glucose concentration in control
Gsample = Glucose concentration in presence of extract
In Vitro Anticancer Activity
Cell Line and Culture Conditions
The anticancer potential of the ethanolic extract of
Terminalia catappa red leaves was evaluated using
the MCF-7 cell line. Cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with high glucose, 10% fetal bovine
serum (FBS), and 1% antibiotic—antimycotic solution.
The cultures were incubated at 37°C in a humidified
atmosphere containing 5% CQ..4"+
MTT Cytotoxicity Assay
The cytotoxic activity of the plant extract was
determined using the MTT assay based on
mitochondrial reduction of MTT into insoluble
formazan crystals by viable cells. The cells were
seeded in 96-well plates at a density of approximately
1 x 10* cells per well and allowed to adhere for 24
hours under standard incubation conditions.
After incubation, the cells were treated with different
concentrations of the extract (10-100 pg/mL). A
control group containing cells treated with a small
amount of DMSO (vehicle control) was also
maintained. All treatments were performed in
triplicate. The plates were further incubated for 24
hours at 37°C in a COz incubator.***#
Following treatment, the culture medium was
carefully removed, and MTT reagent (5 mg/mL in
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PBS) was added to each well. The plates were
incubated for an additional 4 hours to allow the
formation of purple formazan crystals by
metabolically active cells. After incubation, the
supernatant was discarded, and dimethyl sulfoxide
(DMSO) was added to dissolve the formed crystals.
The absorbance was measured at 570 nm using a
microplate reader. The percentage of cell viability and
cytotoxicity was calculated relative to the control.

Cell viability (%) = Asample x 100

ell viability (%) = Acontrol

Acridine Orange/Ethidium Bromide (AO/EB)
Apoptosis Assay

The induction of apoptosis by the ethanolic extract of
Terminalia catappa red leaves was evaluated using
Acridine Orange/Ethidium Bromide (AO/EB) dual
staining method. This assay differentiates viable,
early apoptotic, late apoptotic, and necrotic cells
based on membrane integrity and nuclear
morphology.
The MCF-7 cells were seeded in culture plates and
incubated for 24 hours at 37°C in a humidified
atmosphere containing 5% CO. to allow cell
attachment. After incubation, the cells were treated
with different concentrations of the plant extract (e.g.,
ICso concentration and lower doses) and further
incubated for 24 hours. Untreated cells served as the
control.
Following treatment, the cells were washed gently
with phosphate-buffered saline (PBS) to remove
residual media. A freshly prepared mixture of
acridine orange and ethidium bromide (1:1 ratio,
typically 100 pg/mL each) was added to the cells. A
small volume of stained cell suspension was placed
on a clean glass slide and covered with a coverslip.’*
57
The stained cells were immediately observed under a
fluorescence microscope. Viable cells appeared
uniformly green, early apoptotic cells showed green
fluorescence with nuclear condensation, late apoptotic
cells exhibited orange to red fluorescence with
fragmented nuclei, and necrotic cells appeared
uniformly red. Apoptotic cells were quantified by
counting cells in different fields, and the percentage
of apoptosis was calculated.
Apoptotic cells (%)
Number of apoptotic cells

"~ Total number of cells

x 100
RESULTS AND DISCUSSIONS:
Extract Yield and Characteristics

The ethanolic extraction of Terminalia catappa red
leaves produced a dark green, semi-solid mass with a
characteristic odor. The percentage yield of the
extract was found to be in the moderate range,
indicating efficient extraction of phytoconstituents
using ethanol. The use of ethanol as a solvent
facilitated the recovery of both polar and moderately
non-polar compounds, which are often associated
with biological activities such as antidiabetic and
anticancer effects.
Preliminary Phytochemical Screening
Qualitative phytochemical analysis of the ethanolic
extract revealed the presence of multiple classes of
bioactive  compounds. The  preliminary
phytochemical investigation confirmed that the
ethanolic extract of Terminalia catappa red leaves
contains a diverse range of secondary metabolites.
The presence of flavonoids and phenolic compounds
suggests strong antioxidant potential, which plays a
crucial role in both antidiabetic and anticancer
activities by reducing oxidative stress. Alkaloids and
glycosides are known for their pharmacological
significance, including enzyme inhibition and
modulation of metabolic pathways, which may
contribute to antidiabetic effects. Saponins and
terpenoids have been reported to exhibit cytotoxic
and antiproliferative activities, supporting the
potential anticancer properties of the extract. The
detection of multiple bioactive constituents indicates
that the therapeutic effects of the extract may be
attributed to a synergistic interaction among these
compounds. These findings provide a scientific basis
for further quantitative analysis and in vitro biological
evaluation of the extract.
Table 1: Preliminary Phytochemical Screening of
Ethanolic Extract of Terminalia catappa Red

Leaves
Phytoconstituent Test Performed Result
Alkaloids Dragendorff’s / +
Mayer’s

Flavonoids Shinoda Test +
Tannins Ferric Chloride Test +
Phenolic Ferric Chloride Test +

Compounds
Saponins Foam Test +
Glycosides Keller—Killiani Test +
Terpenoids Salkowski Test +
Proteins Biuret Test +
Amino Acids Ninhydrin Test +

(+): Present; (—): Absent
In Vitro Antidiabetic Studies
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o-Amylase Inhibitory Activity of Ethanolic
Extract of Terminalia catappa Red Leaves
(TCRLE)

The ethanolic extract of Terminalia catappa red
leaves exhibited significant inhibitory activity against
the a-amylase enzyme in a concentration-dependent
manner. The inhibitory potential of the extract was
compared with the standard drug Acarbose, and the
results are summarized in Table 2.

Table 2: a-Amylase Inhibitory Activity of
Terminalia catappa Red Leaf Extract (TCRLE)

Sr. | Concentration % %
No. (ng/mL) Inhibition Inhibition
(Extract) (Acarbose)
1 20 18.75 + 22.10+0.64
0.82
2 40 3125+ 36.85+0.92
1.10
3 60 40.00 = 4830+ 1.15
0.95
4 80 50.00 £ 58.42 +0.88
1.20
5 100 60.00 + 70.25£1.02
1.05
6 ICso (ug/mL) 72.40 + 55.80+1.18
1.32

Values are expressed as mean * standard deviation (n
= 3). Statistical analysis was performed using one-
way ANOVA followed by Dunnett’s test (p < 0.05
considered significant).

TCRLE - Terminalia catappa Red Leaf Extract

The results clearly demonstrate that the ethanolic
extract of Terminalia catappa red leaves possesses
notable a-amylase inhibitory activity. The inhibition
increased progressively with increasing
concentration, confirming a dose-dependent effect. At
the highest tested concentration (100 pg/mL), the
extract exhibited 60.00% inhibition, which, although
lower than the standard acarbose (70.25%), indicates
substantial enzyme inhibitory potential.

The ICso value of the extract was found to be higher
than that of acarbose, suggesting comparatively lower
potency; however, the observed activity remains
pharmacologically relevant. The inhibitory effect may

be attributed to the presence of bioactive
phytoconstituents such as flavonoids, phenolic
compounds, and tannins, which are known to

interfere with carbohydrate-digesting enzymes.

a-Amylase inhibitors play a crucial role in managing
postprandial  hyperglycemia by delaying the
breakdown of starch into glucose. By reducing
glucose release and absorption, these inhibitors help

maintain better glycemic control. The findings of the
present study suggest that Terminalia catappa red
leaf extract can act as a natural source of a-amylase
inhibitors.

Although the extract exhibited slightly lower activity
compared to acarbose, its plant-based origin and
potential for fewer side effects make it a promising
candidate for further investigation. These results
support the potential application of the extract in the
development of alternative or adjunct therapies for
diabetes management.

o-Amylase inhibitory activity

y =0.5984x+10.753
60 R*=0.9991
=@=TCRLE

% Inhibition
w
3

y=0.5118x+9.075

R2=0.9992 === Acarbose

(Standard)

0 20 40 60 80 100 120
Concentration (ug/ml)

Figure 1: Percentage inhibition of TCRLE
o -Amylase inhibitory activity at various
concentrations.

0-Glucosidase Inhibitory Activity of Ethanolic
Extract of Terminalia catappa Red Leaves
The inhibitory activity of the ethanolic extract of
Terminalia catappa red leaves against a-glucosidase
enzyme was evaluated and compared with the
standard drug Acarbose. The results demonstrated a
concentration-dependent  increase in  enzyme
inhibition, as presented in table 3.
Table 3: a-Glucosidase Inhibitory Activity of
Terminalia catappa Red Leaf Extract (TCRLE)

Sr. | Concentration % % Inhibition
No. (ng/mL) Inhibition (Acarbose)
(Extract)

1 20 22.10+0.74 | 30.25+0.68
2 40 3450+ 1.20 | 42.80+1.05
3 60 45.75+1.05 | 53.60+0.92
4 80 55.20+0.88 | 63.40+0.80
5 100 65.50+0.95 | 72.80+1.10
6 ICso (ug/mL) | 70.85+1.45 | 58.30+1.22

Values are expressed as mean * standard deviation (n
= 3). Statistical analysis was performed using one-
way ANOVA followed by Dunnett’s test (p < 0.05).

The ethanolic extract of Terminalia catappa red
leaves exhibited significant inhibitory activity against
a-glucosidase enzyme, with inhibition increasing in a
dose-dependent manner. At a concentration of 100
pg/mL, the extract showed 65.50% inhibition, which
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was slightly lower than the standard acarbose
(72.80%), indicating moderate but noteworthy
activity.

The ICso value of the extract was found to be higher
than that of acarbose, suggesting that the standard
drug possesses greater potency. However, the extract
still demonstrated considerable inhibitory activity,
supporting its potential as a natural antidiabetic agent.
a-Glucosidase is a key enzyme responsible for the
final step in carbohydrate digestion, converting
oligosaccharides into absorbable glucose. Inhibition
of this enzyme delays glucose absorption in the
intestine, thereby reducing postprandial blood glucose
levels. The observed activity of the extract may be
attributed to the presence of phytoconstituents such as
flavonoids, phenolics, and tannins, which are known
to interact with digestive enzymes and modulate their
activity.

Overall, the findings indicate that Terminalia catappa
red leaf extract possesses promising o-glucosidase
inhibitory potential. ~Although its activity is
comparatively lower than acarbose, the natural origin
and possible reduced side effects make it a valuable
candidate for further pharmacological and clinical
investigations.

a-Glucosidase inhibition activity

y =0.4853x+2.094

R2=0.9992 =B=TCRLE

== Acarbose (Standard)

W&
=3

% Inhibition
8

y=0.5865x+3.441
R2=0.9998

0 20 40 60 80 100 120
Concentration (ug/ml)

Figure 2: Percentage inhibition of TCRLE
a-glucosidase inhibitory activity at various
concentrations
Glucose Diffusion Assay (Dialysis Membrane

Model)

The effect of the ethanolic extract of Terminalia
catappa red leaves on glucose diffusion was
investigated using a dialysis membrane model. The
experiment was performed in triplicate, and the
results are expressed as mean + standard deviation.
The extract exhibited both time-dependent and

(mi | (mg/ (mg/ tion
n) | dL) dL)
0 0 0 0 0 0 0.00
30 40 29 30 31 | 30.00 | 25.00
+
0.98
60 75 54 55 56 | 55.00 | 26.69
+
1.00
90 110 79 80 81 | 80.00 | 27.24
+
0.95
120 | 140 99 100 | 101 | 100.0 | 28.57
0+
1.14

Table 5: Concentration-Dependent Glucose
Diffusion at 120 min

Concent | Cont | Sam | Sam | Sam | Mea %
ration rol | ple | ple | ple n Inhib
(ng/mL) | (mg/ 1 2 3 (mg/ | ition
dL) dL)
20 140 | 120 | 118 | 119 | 119. | 15.00
00 +
1.00
40 140 | 112 | 110 | 111 | 111. | 20.71
00 +
1.00
60 140 | 105 | 104 | 103 | 104. | 25.71
00 +
1.00
80 140 | 98 97 96 | 97.0 | 30.71
0+
1.00
100 140 | 100 | 99 | 101 | 100. | 28.57
00 +
1.00

concentration-dependent  inhibition of glucose

diffusion.

Table 4: Time-Dependent Glucose Diffusion (100
pg/mL Extract)

Ti | Cont | Sam | Sam | Sam | Mea %

me rol | plel | ple2 | ple3 n Inhibi

The results demonstrate that the ethanolic extract of
Terminalia catappa red leaves effectively reduced
glucose diffusion across the dialysis membrane. A
time-dependent increase in inhibition was observed,
with glucose diffusion inhibition rising from 25.00%
at 30 min to 28.57% at 120 min for the highest
concentration tested.

In addition, the extract exhibited a concentration-
dependent effect, where increasing concentrations
(20-80 pg/mL) led to a progressive reduction in
glucose diffusion. The maximum inhibition (30.71%)
was observed at 80 pg/mL, after which a slight
plateau was noted at 100 pg/mL, possibly due to
saturation effects or equilibrium in diffusion
dynamics.
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The observed inhibitory activity may be attributed to
the presence of phytoconstituents such as flavonoids,
tannins, and phenolic compounds. These compounds
are known to interact with glucose molecules or alter
membrane permeability and solution viscosity,
thereby slowing glucose movement. This mechanism
mimics delayed glucose absorption in the
gastrointestinal tract, contributing to the control of
postprandial hyperglycemia.

Overall, the findings suggest that Terminalia catappa
red leaf extract possesses significant antidiabetic
potential through the inhibition of glucose diffusion,
complementing enzyme inhibition mechanisms such
as a-amylase and a-glucosidase inhibition.

Glucose Diffusion Inhibition (Dialysis Membrane Model)

30 4

% Inhibition
= N N)
& ° a

=
5]

w

60 80

Concentration (pg/mL)

Figure 3: Effect of ethanolic extract of Terminalia
catappa red leaves on glucose diffusion showing
percentage inhibition at different concentrations
(mean £SD, n = 3)
In Vitro Anticancer Activity (MTT Assay)
The cytotoxic activity of the ethanolic extract of
Terminalia catappa red leaves was evaluated against
MCF-7 using the MTT assay. The results
demonstrated a concentration-dependent decrease in

cell wviability, indicating significant anticancer
potential.
Table 6: Cytotoxic Activity and ICso
Determination
Concentration Cell Viability | Cytotoxicity
(ng/mL) (%) (%)
10 91.11+1.20 8.890+1.20
20 83.33+1.05 16.67 +1.05
40 72.22 £0.95 27.78 £ 0.95
60 56.67+1.10 4333 £ 1.10
80 44.44 +0.88 55.56 +0.88
100 33.33+£0.92 66.67 +0.92
ICso (ng/mL) ~72.5+1.30 —

Values are expressed as mean =+ standard deviation (n

=3).

The ICso value (concentration required to inhibit 50%
of cell viability) was determined from the dose—

response curve plotted between concentration and
percentage cell viability. The ICso of the extract was
found to be approximately 72.5 pg/mL, indicating
moderate cytotoxic potency.

The graphical representation (concentration vs. cell
viability) shows a clear sigmoidal dose-response
relationship, confirming that the extract exerts a
progressive inhibitory effect on cancer cell growth
with increasing concentration.

The anticancer activity of the extract was compared
with a standard chemotherapeutic agent, Doxorubicin.
Typically, doxorubicin exhibits a much lower ICso
value (in the range of 1-10 pg/mL for MCF-7 cells),
indicating higher potency compared to plant extracts.
In contrast, the ethanolic extract of Terminalia
catappa red leaves showed a higher ICso value (~72.5
pg/mL), suggesting comparatively lower cytotoxic
strength. However, plant extracts are generally
considered safer and may exert their effects through
multiple mechanisms, including induction of
apoptosis, antioxidant activity, and inhibition of
cellular proliferation pathways.

The results indicate that the extract possesses
significant,  concentration-dependent  anticancer
activity against MCF-7 cells. The decrease in cell
viability with increasing concentration confirms its
cytotoxic effect. The activity may be attributed to
phytoconstituents such as flavonoids, phenolic
compounds, and tannins, which are known to
interfere with cancer cell survival and proliferation.
Although the extract is less potent than doxorubicin,
its natural origin and potential for reduced toxicity
make it a promising candidate for further
investigation. The moderate ICso value suggests that
the extract could be explored as an adjunct or
complementary therapeutic agent.

Overall, the findings support the potential of
Terminalia catappa red leaves as a source of
bioactive compounds with anticancer properties,
warranting further studies including mechanism-
based assays and in vivo evaluations.

MTT Assay: Cytotoxic Activity of Terminalia catappa

mmm Cell Viability (%)
. mmm Cytotoxicity (%)
[ |

| I I
10 20 40 60 80 100
Concentration (ug/mL)

-]
=]

Percentage (%)
8
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Figure 4: Cytotoxic activity of ethanolic extract of
Terminalia catappa red leaves on MCF-7 cells
showing percentage cell viability and cytotoxicity
at different concentrations.

Acridine Orange/Ethidium Bromide (AO/EB)

Apoptosis Assay

The apoptotic potential of the ethanolic extract of
Terminalia catappa red leaves was assessed in MCF-
7 using AO/EB dual staining. Cells were categorized
as viable (green), early apoptotic (green with
condensed nuclei), late apoptotic (orange/red with
fragmented nuclei), and necrotic (uniform red). Data
are expressed as mean + SD (n = 3).

Table 7: Apoptotic Profile of MCF-7 Cells Treated

with Extract

Concentrati | Live | Early Late Necros
on (ug/mL) | Cell | Apoptos | Apoptos | is (%)
S is (%) is (%)
(%)
0 (Control) | 95.0 | 333+ 1.00 £ 0.67+
0+ 0.58 0.00 0.58
1.00
25 80.0 | 10.00 5.67+ 433+
0=+ 1.00 0.58 0.58
2.00
50 66.0 | 15.00+ | 11.67+ | 733+
0+ 1.00 0.58 1.15
1.00
75 453 | 20.00+ | 24.67+ | 10.00=+
3+ 1.00 0.58 0.00
1.53
100 30.3 | 18.00+ | 35.00+ | 16.67+
3+ 1.00 1.00 0.58
1.53
The AO/EB staining results revealed a dose-

dependent induction of apoptosis in MCF-7 cells
treated with the extract. As the concentration
increased, the percentage of viable cells decreased
markedly from 95.00% (control) to 30.33% at 100
pg/mL, indicating strong cytotoxic action.

A progressive increase in early and late apoptotic
populations was observed. Early apoptosis increased
initially, followed by a substantial rise in late
apoptotic cells at higher concentrations, suggesting
progression of apoptotic events. The increase in late
apoptosis (up to 35.00%) confirms effective induction
of programmed cell death.

Necrotic cell populations remained comparatively
lower than apoptotic cells, indicating that the extract
primarily induces apoptosis rather than nonspecific
necrosis. This is a desirable feature for anticancer

agents, as apoptosis is a controlled and targeted
mechanism of cell death.

The apoptotic attributed  to
phytoconstituents such as flavonoids, phenolics, and
tannins, which are known to trigger apoptosis via
oxidative stress,

activity may be

mitochondrial dysfunction, and
activation of caspase pathways.

Overall, the AO/EB assay confirms that the ethanolic
extract of Terminalia catappa red leaves induces
apoptosis in cancer cells, supporting and
strengthening the MTT assay findings.

AO/EB Apoptosis Assay: MCF-7 Cells (mean + SD, n=3)

100 A

. Live

W Early Apoptosis
Late Apoptosis

801 N Necrosis

Percentage (%)

50
Concentration (ug/mL)

Figure 5: AO/EB staining showing percentage
distribution of viable, early apoptotic, late
apoptotic, and necrotic MCF-7 cells treated with
Terminalia catappa red leaf extract (mean + SD, n
=3)

CONCLUSION:

The present investigation demonstrates that the
ethanolic extract of Terminalia catappa red leaves
possesses significant in vitro antidiabetic and
anticancer activities. The extract exhibited effective
inhibition of key carbohydrate-digesting enzymes, o-
amylase and o-glucosidase, along with a notable
reduction in glucose diffusion, indicating its potential
role in the management of postprandial
hyperglycemia. In addition, the extract showed
considerable cytotoxic activity against MCF-7 cells,
as evidenced by reduced cell viability and induction
of apoptosis confirmed through AO/EB staining. The
observed biological activities can be attributed to the
presence of diverse phytoconstituents, particularly
flavonoids and phenolic compounds, which are
known for their therapeutic potential. Although the
extract demonstrated moderate potency compared to
standard drugs, its natural origin and multi-targeted
mechanisms make it a promising candidate for further
investigation. Future studies focusing on isolation of
active compounds, mechanistic pathways, and in vivo
validation are recommended to establish its potential
as a novel therapeutic agent.

1JDDT, Volume 16 Issue 28s, 2026

Page 525



Phytochemical Characterization And In Vitro Evaluation Of Antidiabetic And Anticancer Activities
Of Ethanolic Extract Of Terminalia Catappa Red Leaves

ACKNOWLEDGMENT:

The authors express their sincere gratitude to the

Director, Dean, and faculty members of the

Department of Pharmaceutical Sciences, Institute of

Pharmaceutical Science and Research, Sardar Patel

University, Balaghat, Madhya Pradesh, India, for

providing the necessary facilities, infrastructure, and

continuous support to successfully carry out this
research work.

CONFLICT OF INTEREST:

The authors declare that there are no conflicts of

interest regarding the publication of this research

work.

FUNDING STATEMENT:

The authors declare that no funding was received for

this research work

REFERENCES:

o Kokate CK. Practical Pharmacognosy. 3rd ed.
Pune: Nirali Prakashan; 1996. p. 128.

e Kosalge SB, Fursule RA. Investigation of
anthelmintic activity of some plants. Int J
PharmTech Res. 2009;1(1):68—72.

e Coode MIJE. Notes on Terminalia L. in Papuasia.
Contrib Herb Australasiense. 1973;2:1-33.

e Ivan P. Plants and Flowers of Singapore.
Singapore: Times Editions; 1987. p. 116.

e Muchandi AA, Jadhav AS, Patil SB, Patil SA,
Jadhav NB. Antioxidant and in vitro antidiabetic
activities of methanol extract of Piper cubeba L.
Int Res J Pharm Med Sci. 2018;1(3):1-4.

e Nagappa AN, Thakurdesai PA, Venkat Rao N,
Singh J. Antidiabetic activity of Terminalia
catappa  Linn  fruits. J  Ethnopharmacol.
2003;88(1):45-50.

o Theagwam FN, et al. Terminalia catappa aqueous
leaf extract reverses insulin resistance in type 2
diabetes. Sci Rep. 2022;12:1-12.

o Theagwam FN, et al. Terminalia catappa extract
alleviates oxidative stress in diabetic models.
Biomed Res Int. 2021;2021:1-12.

e Tercas AG, et al. Phytochemical characterization
of Terminalia catappa leaf extract. BMC
Complement Altern Med. 2017;17:1-10.

e Arunachalam A, et al. Terminalia catappa: A
comprehensive  pharmacological review. J
Ethnopharmacol. 2024;315:116-125.

e Das G, et al. Plants of genus Terminalia:
biological activities and applications. Front
Pharmacol. 2020;11:561248.

e Divya N, et al. Antidiabetic activity of Terminalia
catappa leaves in STZ-induced rats. Biomed
Pharmacother. 2018;108:138-145.

Amelia F, et al. Phytoconstituents of Terminalia
catappa with antidiabetic potential. Inform Med
Unlocked. 2023;47:101509.

Lin CC, et al. Antimetastatic effects of Terminalia
catappa leaf extract. Food Chem Toxicol.
2007;45(7):1195-1202.

Chen PS, et al. Terminalia catappa inhibits
melanoma cell metastasis. Front Pharmacol.
2022;13:963589.

TCE study. Antitumor effects of Terminalia
catappa extract on cancer cells. J Cancer Res
Ther. 2021;17:1-10.

Anand AV, et al. Review of Terminalia catappa.
Pharmacogn Rev. 2015;9(18):104-109.

Theagwam FN, et al. In vitro enzyme inhibition by
Terminalia  catappa. J  Food  Biochem.
2019;43:€12950.

Japhet P, et al. Antidiabetic activity of Terminalia
catappa  extracts. Eur J Med  Plants.
2017;20(2):1-9.

Luka C, et al. Seed extract of Terminalia catappa
in diabetes. J Appl Life Sci Int. 2017;13(3):1-8.
Ahmed SM, et al. Antidiabetic activity of
Terminalia catappa leaf extract. J
Ethnopharmacol. 2005;99:45-50.

Behl T, et al. Mechanistic insights of Terminalia
catappa in diabetes. J Pharm Pharmacol.
2017;69:1231-1242.

Kokate CK. Practical Pharmacognosy. Pune:
Nirali Prakashan; 1996.

Harborne JB. Phytochemical Methods. 3rd ed.
London: Chapman & Hall; 1998.

Trease GE, Evans WC. Pharmacognosy. 16th ed.
London: Saunders; 2009.

Mosmann T. Rapid colorimetric assay for cellular
growth (MTT assay). J Immunol Methods.
1983;65:55-63.

Beiki T, Najafpour GD, Hosseini M. Evaluation
of antimicrobial and dyeing properties of walnut
(Juglans regia L.) green husk extract for
cosmetics. Color Technol. 2018;134(1):71-81.
doi:10.1111/cote.12322.

Mwitari PG, Ayeka PA, Ondicho J, Matu EN, Bii
CC. Antimicrobial activity and probable
mechanisms of action of medicinal plants of
Kenya. PLoS One. 2013;8(6):e65619.
doi:10.1371/journal.pone.0065619.

Madivoli ES, Schwarte JV, Kareru PG, Gachanja
AN, Fromm KM. Stimuli-responsive antibacterial
cellulose—chitosan hydrogels containing

1JDDT, Volume 16 Issue 28s, 2026

Page 526



Phytochemical Characterization And In Vitro Evaluation Of Antidiabetic And Anticancer Activities
Of Ethanolic Extract Of Terminalia Catappa Red Leaves

polydiacetylene nanosheets. Polymers (Basel).
2023;15(5):1062. doi:10.3390/polym15051062.
Madivoli ES, et al. In vitro antioxidant and
antimicrobial activity of Prunus africana and
Harrisonia abyssinica. J Med Plants Econ Dev.
2018;2(1):1-9. doi:10.4102/jomped.v2il.39.
Sengera GO, Kenanda EO, Onyancha JM.
Antibacterial and antioxidant potency of essential
oils from Hypericum revolutum. J Chem.
2023;2023:4125885.

Hassan A, Ullah H, Bonomo MG. Antibacterial
and antifungal activities of Veronica biloba. J
Chem. 2019;2019:5264943.
doi:10.1155/2019/5264943.

Elshikh M, et al. Resazurin-based microdilution
method for determining minimum inhibitory
concentration. Biotechnol Lett. 2016;38(6):1015—
1019. doi:10.1007/s10529-016-2079-2.

Teh CH, Nazni WA, Nurulhusna AH, Norazah A,
Lee HL. Determination of antibacterial activity
using resazurin assay. BMC  Microbiol.
2017;17(1):1-8. doi:10.1186/s12866-017-0936-3.
Rasve V, Chakraborty AK, Jain SK, Vengurlekar
S. Study of phytochemical profiling and in vitro
antioxidant properties of ethanolic extract of
Clematis triloba. Eur Chem Bull.
2022;11(12):2658-26717.
doi:10.53555/ecb/2022.11.12.2162022.

Eloff JN. Avoiding pitfalls in antimicrobial
activity studies of plant extracts. BMC
Complement Med Ther. 2019;19:1-8.

Hoque N, et al. Antimicrobial, antioxidant and
cytotoxic properties of endophytic fungi. BMC
Complement Med Ther. 2023;23:1-11.

Vasyliev GS, Vorobyova VI, Linyucheva OV.
Evaluation of antioxidant activity of fruit extracts.
J Anal Methods Chem. 2020;2020:8869436.
doi:10.1155/2020/8869436.

Spiegel M, et al. Antioxidant activity of phenolic
acids. Molecules. 2020;25(13):3088.
doi:10.3390/molecules25133088.

Yang Y, Jin H, Zhang J, Wang Y. Determination
of steroid saponins using FTIR. J AOAC Int.
2018;101(3):732-738.  doi:10.5740/jaoacint.17-
0304.

Muhammad A, Mudi SY. Phytochemical
screening and  antimicrobial activities of
Terminalia catappa leaf extracts. Niger Soc Exp
Biol. 2011;23(1):35-39.

Mbengui R, et al. Comparative antibacterial
activity of Terminalia catappa extracts. J Appl

Biosci. 2013;66:5040-5050.
doi:10.4314/jab.v6610.95000.

Moriasi G, Ireri A, Ngugi MP. Antioxidant
activities of Piliostigma thonningii. Evid Based
Integr Med. 2020;25:1-9.
doi:10.1177/2515690X20937988.

Sowmya TN, Raveesha KA. UHPLC-MS/MS
identification of bioactive compounds in
Terminalia catappa. Coatings. 2021;11(10):1210.
doi:10.3390/coatings11101210.

Ruto MC, Ngugi CM, Kareru PG, Rechab SO,
Madivoli ES, Kairigo P. Antioxidant and
antimicrobial properties of plant extracts. J Med
Plants Econ Dev. 2018;2(1):1-8.

Mogana R, Adhikari A, Tzar MN, Ramliza R,
Wiart C. Antibacterial activity of plant extracts
and isolated compounds. BMC Complement Med
Ther. 2020;20(1):1-11. doi:10.1186/s12906-020-
2837-5.

Agu CM, Menkiti MC, Ekwe EB, Agulanna AC.
Optimization of Terminalia catappa kernel oil
extraction. Artif Intell Agric. 2020;4:1-11.
doi:10.1016/j.aiia.2020.01.001.

Imran M, et al. Antioxidant and hypoglycemic
potential of marine extracts. Mar Drugs.
2023;21(5):273. doi:10.3390/md21050273.
Purnama H, Eriani W, Hidayati N. Natural dye
extraction from Terminalia catappa leaves. AIP
Conf Proc. 2019;2114:020019.
doi:10.1063/1.5112470.

Manzur A, Raju A, Rahman S. Antimicrobial
activity of  Terminalia catappa  extracts.
Pharmacology & Pharmacy. 2011;2(4):299-305.
doi:10.4236/pp.2011.24038.

Tercas AG, et al. Phytochemical characterization
and antifungal activity of Terminalia catappa.
Front Microbiol. 2017;8:595.
doi:10.3389/fmicb.2017.00595.

Bassolé IH, et al. Plant phenolics as antimicrobial
agents. Molecules. 2020;25(3):1-13.

Thuma JO, Noel DO, Adogo LY. Antimicrobial
activity of Terminalia catappa leaves. J Biol Nat.
2021;13(1):3541.

Annegowda HV, Nee CW, Mordi MN,
Ramanathan S, Mansor SM. Evaluation of
phenolic content and antioxidant properties of
Terminalia  catappa. Asian J Plant Sci.
2010;9:479-485.

Rasve V, Chakraborty AK, Jain SK, Vengurlekar
S. Comparative evaluation of antidiabetic activity
of ethanolic leaves extract of Clematis triloba and
its SMEDDS formulation in streptozotocin-

1JDDT, Volume 16 Issue 28s, 2026

Page 527



Phytochemical Characterization And In Vitro Evaluation Of Antidiabetic And Anticancer Activities
Of Ethanolic Extract Of Terminalia Catappa Red Leaves

induced diabetic rats. J Popul Ther Clin

Pharmacol. 2022;29(4):959-971.
doi:10.53555/jptcp.v29i04.2360.
Poongulali S, Sundararaman M.

Antimycobacterial and antioxidant properties of
Terminalia catappa. Int J Pharm Biol Sci.
2016;6(2):69-83.

Gashaye MB, Birhan YS. Phytochemical
constituents and antioxidant activity of plant
extracts. BMC  Complement Med  Ther.
2023;23(1):1-10. doi:10.1186/s12906-023-03919-
8.

1JDDT, Volume 16 Issue 28s, 2026 Page 528



