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COMBINED METHANOLIC EXTRACTS OF SELECTED MEDICINAL PLANTS IN
SOUTHERN PHILIPPINES AS A POTENTIAL THERAPEUTIC TOOL FOR DIABETES
AND OBESITY

Aaron L. Degamon, Misshell L. Lavilla, Orlie B. Basalo, Nesyl Mae O. Butong,
Danica Necole P. Cabural, Maria Angelika M. Villarosa, Anelyn P. Bendoy, Charlie Jr. A. Lavilla

Type 2 Diabetes (T2D) is a significant public health problem with an increasing number of cases over the years.
With this, the search for cheaper and natural alternatives also continues. Oxidative stress, obesity, and advanced
glycation end products (AGEs) formation contribute to T2D pathogenesis.

The aim. This study employs a range of functional assays to assess the antidiabetic, antioxidant, anti-obesity, and
antiglycation activities of air-dried leaf methanolic extracts from the combined extract (CoM) of Clitoria ternatea,
Ficus septica, Heliotropium indicum, and Celosia ignea. Additionally, quantitative screening was conducted to
determine the presence of key bioactive secondary metabolites, particularly flavonoids and phenolic compounds.
Materials and methods. Glucose adsorption and glucose diffusion were utilized to measure the antihyperglycemic
effects; BSA protein-methylglyoxal and BSA-glucose reactions were used as models for the glycation studies, the
pancreatic lipase enzyme inhibition was employed to assess the sample extracts’ potential lipid-lowering effects,
and quantitative phytochemical screening for total phenolic compounds and total flavonoid contents was conduct-
ed for initial characterization of phytoconstituents presents.

Results. This study reported the glucose adsorption capacities of CoM at various concentrations (25, 50, 100 ppm)
indicative of its potential antihyperglycemic effects. An in vitro glucose diffusion assay, on the other hand, showed
a negative result (1.82+0.06 at 100-ppm) relative to the control. The CoM also exhibited antioxidant capacities
via iron-reducing assay and H,0, scavenging activity (57.86+8.28 % at 25-ppm). PPL inhibition was evaluated
to indicate potential antiobesity and this study reported that CoM (75-ppm) inhibited 52.13+7.16 % enzyme ac-
tivity. Antiglycation tests revealed that CoM extracts are potential inhibitors of AGEs formation as it (100-ppm)
inhibited 72.23+2.71 % of the glycation (BSA-glucose model) and 55.46+13.43 % (BSA-MGO model). Phytochem-
ical screening results support the presented properties with TPC and TFC of 11.29+2.10 GAE mg/g sample and
5.83+0.03 QE mg/ g sample, respectively.

Conclusion. Overall, the combined methanolic plant extracts, CoM, may be utilized as a treatment strategy for
oxidative stress-driven metabolic disorders such as diabetes and obesity. While this provides promising results,
further investigation must still be done on the bioactive compounds of the sample
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1. Introduction
Type 2 Diabetes Mellitus (T2DM) is a growing

tance and pancreatic B-cell apoptosis can be traced back
to long-term sedentary lifestyles and consumption of

health concern where the body suffers from high blood
glucose levels, known as hyperglycemia, resulting from
insulin resistance and impaired insulin secretion [1]. The
cases of diabetes mellitus (DM) continue to rise at an
alarming rate, from an estimated 451 million adults in
2017 worldwide to 693 million by 2045, which is about a
35 % increase in DM cases [2]. Oxidative stress is one of
the major factors affecting the pathogenesis of both types
of diabetes mellitus, generating excessive amounts of
free radicals that damage cellular organelles and en-
zymes, increase lipid peroxidation, and aid the develop-
ment of insulin resistance. These oxidative stress effects
may contribute to the development of diabetes complica-
tions [3]. DM is also linked to obesity as insulin resis-

large amounts of fast food, from which obesity is fre-
quently observed [4].

In a global report on diabetes by the International
Diabetes Federation in 2021 [5], an estimated 537 million
adults are living with diabetes, which shows a substantial
increase compared to the record of 151 million diabetes
cases in 2000. In the Philippines, DM is predicted to dou-
ble more than double, affecting 7.8 million individuals
by 2030. This poses a serious threat to the individual’s
health and also to the healthcare system since it has no
cure but can only be managed and controlled. Treatments
include injections and oral antidiabetic medications such
as metformin, acarbose, and sulfonylureas, however, these
therapies can lead to serious health complications [6]. With

105




ScienceRise: Pharmaceutical Science

Ne 2(54)2025

this dilemma, a search for a safer and more effective med-
ication grows restless. This led researchers to study plants
in the pursuit of discovering such a cure.

Most plants have been utilized in the field of medi-
cine due to their medicinal properties. Many medicinal
plants possess pharmacological activities which is a poten-
tial source for novel treatment strategies [7]. And in this
study, we evaluated the antidiabetic, antioxidant, anti-obe-
sity, and antiglycation activities of the combined each
methanol and hexane leaf extracts of the following plants:
Clitoria ternatea “blue ternate”, Ficus septica “lagnob”,
Heliotropium indicum “clepante”, Costus igneus “insulin
plant”. This would establish a treatment strategy that can
potentially ameliorate the obesity-diabetes nexus and
thereby provide more effective and affordable treatment or
prevention of this health challenge. The plants selected for
this study were chosen due to their strong folkloric value
and wide distribution throughout the region. Their tradi-
tional use in local medicine highlights their cultural signif-
icance and potential therapeutic properties, while their
widespread availability ensures relevance and accessibility
for further research and practical applications.

2. Planning (methodology) of research

The methodology includes the following in vitro
assays to assess the biological activity of CoM:

1. Evaluate the potential of CoM as an antidiabetic
agent and its antioxidant capacity by conducting a glucose
adsorption determination assay and an in vitro glucose
diffusion test and by assessing its iron chelating reducing
ability and H,O, radical scavenging activity, respectively.

2. Assess the anti-obesity capacity of CoM through
a pancreatic lipase assay and antiglycation potential via a
congo red assay and its ability to inhibit the formation of
AGEs using the BSA-Glucose and BSA-MGO model
systems.

3. Materials and methods

3. 1. Sample preparation

Collection and Identification.

The fresh leaves of C. ternatea and F. septica, and
aerial parts of H. indicum were collected from Barangay
San Manuel of Lala, Lanao del Norte, while the leaves of
C. igneus were collected from Phase 1 Tipanoy, Iligan
City, Lanao del Norte. The collected plants were identi-
fied and authenticated by Prof. Jaime Guihawan of the
Biological Sciences, MSU-IIT.

Extraction and solvent partitioning.

The air-dried (room temperature) plant samples
(=100-grams each) were pulverized, soaked in 400-mL
ethanol for 3-days and concentrated under vacuo using
rotary evaporator (40 °C). The crude ethanolic extracts
were then partitioned with methanol:hexane (1:1) to yield
the crude methanol and hexane extracts. To obtain the
methanol-soluble combo extract, a uniform amount (=1.0-
gram) of each of the individual crude methanol ex-
tracts (semi-dried) was mixed to obtain and evaporated
to dryness under the fumehood at 37 °C. The resulting
combined extract (CoM) was then appropriately stored in
the fridge for further analysis.
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3. 2. Evaluation of the antidiabetic activity of
the plant combo

Glucose adsorption capacity determination.

A volume of ImL of plant combo extracts (25, 50,
and 100 ppm) was added to 4mL of glucose solution in
two concentrations (2500 and 5000 ppm). The mixtures
were incubated in a water bath at 37 °C for 6h. After in-
cubation, 1 mL sodium carbonate and 1 mL picric acid
were added to each test tube. The solution was then heat-
ed for 20 minutes at a nearly boiling point (~70—80 °C),
cooled at room temperature, and the glucose content was
read at 567 nm. A calibration curve of the standard glu-
cose solutions was made. The concentration of bound
glucose was calculated using the following formula [8]:

Glucose bound = ﬁ, (1)
G

2

where G, is the concentration of glucose in the initial
solution; G, is the concentration of glucose after 6 h.

In vitro glucose diffusion of plant combo sample.

A 25 mL of glucose solution (10 mM) and the 2.5 mL
samples of plant combo extracts (100-ppm) were dialyzed in
dialysis bags against 200 mL of distilled water at 37 °C in a
shaker water bath. The glucose content in the dialysate was
determined after 3 hours using a glucose oxidase peroxi-
dase diagnostic kit. A control test was carried out without a
sample. Glucose dialysis retardation index (GDRI) was
calculated using the following formula [9]:

GDRI=2s | Q)

[

where D is the concentration of the dialysate containing
the sample (CoM), and D, is the concentration of the di-
alysate with no treatment of the sample.

3. 3. Antioxidant activity evaluation of the
plant combo

Determination of reducing ability of iron chelators.

The reducing ability of the iron chelators was deter-
mined using the method of Oyaizu [10] with a slight mod-
ification. An aliquot of the plant combo extract (25, 50, 75,
100 ppm) was added to test tubes containing 1.25 mL of
phosphate buffer (200 mM, pH 6.6) and 1.25 mL of 1 %
potassium ferricyanide [K ,Fe(CN)]. The mixtures were
incubated in a water bath at 50 °C for 20 min and cooled
rapidly on ice, followed by the addition of 1.25 mL of 10 %
trichloroacetic acid (TCA) to stop the reaction. The super-
natant was then obtained from the previous solution and
added with distilled water and FeCl, (0.1 %) allowed to
stand for 10 min at room temperature after which the ab-
sorbance was taken at 700 nm. An absorbance at 700 nm,
which is due to the formation of Perl’s Prussian blue potas-
sium ferrocyanide-ferric complex, is a measure of the re-
ducing ability of the chelator. Increasing absorbance at
700 nm indicates an increase in reductive ability.

H,0, radical scavenging activity.

Determination of the H,O, scavenging activity of
the iron chelators was performed according to the meth-
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od of Ruch et al. [11]. In a phosphate buffer (pH 7.4), a
solution of hydrogen peroxide (40 mM) was prepared.
The concentration of hydrogen peroxide was determined
by absorption at 230 nm using a spectrophotometer. 1 mL
of the hydrogen peroxide solution will be added with the
iron chelators (500 pL each at 25, 50, 75, and 100 ppm). A
reading against a black solution of phosphate buffer not
containing hydrogen peroxide was done after 10 minutes
to determine the absorbance of hydrogen peroxide
at 230 nm. The percentage of hydrogen peroxide scav-
enged by the iron chelators and standard compounds (Vi-
tamin C) were calculated using the following formula:

A.—A
Percent Scavenging (%) = CA 5x100%, (3)

C

where A4 is the absorbance of the control, and 4 is the
absorbance of the sample.

3. 4. Evaluation of the anti-obesity activity of
the plant combo

Porcine pancreatic lipase inhibition.

The plant combo sample’s porcine pancreatic li-
pase (PPL, type II) inhibitory activity was measured us-
ing p-nitrophenyl butyrate (p-NPB) as a substrate. The
method used for measuring pancreatic lipase activity was
modified from that previously described by [12, 13]. PPL
stock solutions (1 mg/mL) were prepared in a 0.1 mM
potassium phosphate buffer (pH 6.0) and the solutions
were stored at —20 °C. To determine the lipase inhibitory
activity, the extracts (25, 50, 75, 100 ppm) or Orli-
stat (same concentrations) as a positive control were
pre-incubated with PPL for 1 h in a potassium phosphate
buffer (0.1 mM, pH 7.2, 0.1 % Tween 80) at 30 °C before
assaying the PPL activity. The reaction began by adding
0.1 pL NPB as a substrate, all in a final volume of 100 pL.
After incubation at 30 °C for 5 min, the amount of p-ni-
trophenol released in the reaction was measured
at 405 nm. The activity of the negative control was exam-
ined with and without an inhibitor. The inhibitory activ-
ity (I) was calculated according to the following formula:

Inhibitory activity (7 %)= %, @

where 4 is the activity without an inhibitor, and 4, is the
activity with an inhibitor.

3. 5. Antiglycation activity evaluation

Congo red binding assay.

To preliminarily assess if CoM could potentially
prevent protein tertiary structure modifications, a dye-
based binding assay was utilized. This assay was performed
based on a published method by [14]. Briefly, three groups:
non-glycated (BSA only), (BSA (10 mg/mL), and D-glu-
cose (90 mg/mL) in the absence or presence of CoM were
prepared. All solutions were dissolved in 0.2-M phosphate
buffer saline (pH 7.4) containing 3.0 mM sodium azide. The
final volume of the incubation was 1.8-mL. Glycated groups
were incubated at 60 °C for 1 day to accelerate the reaction.

Non-glycated group was not incubated. After incubation,
half of the samples were added to 0.5-mL Congo red solu-
tion (75 uM) in phosphate buffer saline-ethanol 10 % (v/v).
The other half was then used for background correction.
Absorbance readings were recorded at 530 nm by a UV-Vis
spectrophotometer. Similar assays were conducted this time
using 60 mM MGO instead of glucose.

BSA4-glucose model system.

In a phosphate buffer (pH 7.4), BSA (10 mg/mL) and
glucose (90 mg/mL) were dissolved separately. In a test tube,
0.5 mL of CoM (25, 50, 75, and 100 ppm) were mixed with
0.5 mL BSA and 0.5 glucose solution. 0.5 mL of amino-
guanidine (AG) solution (I mol/L) mixed with 0.5 mL of
BSA and 0.5 mL of glucose were used to prepare a positive
control. A volume of 0.3 NaN; (0.01 %) was added to the test
solution to prevent microbe development. A negative control
was prepared in the same manner using 0.5 mL PBS. The
tubes were capped and incubated at 37 °C for 7 days in a
dark, temperature-controlled incubator. The fluorescence
intensity was read after incubation [15].

BSA-MGO model system.

BSA (2 mg/mL) and MGO (40 mg/mL) were dis-
solved separately in phosphate buffer (pH 7.4). The same
procedure with BSA-Glucose Model was performed, but
the incubation time was extended to 12 days.

3. 6. Phytochemical Analysis

Total phenolic content (TPC).

The total phenolic content was determined spec-
trophotometrically according to the Folin-Ciocalteu col-
orimetric method [16, 17]. Gallic acid (20, 40, 60, 80, 100,
120 ppm) solutions were used as the standards. A 500 pL
of sample (100 ppm) or each standard solution was added
with 250 uL Folin-Ciocalteu reagent and 750 pL of
20 % Na,CO,. Then the solution mixture was diluted up
to 5 mL and incubated for 20 minutes at 40 °C water bath.
After incubation, the absorbance was measured using a
UV-Vis spectrophotometer at 733 nm. The total phenolic
content of the CoM extract was calculated using the Gal-
lic acid calibration curve. The results were expressed as
Gallic acid equivalent (GAE) mg/g extract.

Total flavonoid content (TFC).

The total flavonoid content was determined using
the Aluminum Chloride colourimetric method [18] with
some modifications. Quercetin (20, 40, 60, 80, 100,
120ppm) solutions were used as standards. Briefly, a vol-
ume of 500 pL. sample (100 ppm) or each standard solu-
tion was added with 1.5 mL methanol, 0.1 mL 10 % AICI,,
and 0.1 mL of IM CH,COONa. The solutions were dilut-
ed up to 5 mL and incubated in a dark room at ambient
temperature for 1 hour. The absorbance was recorded
at 420 nm. The total flavonoid content of the CoM ex-
tract was estimated using the quercetin calibration curve.
The results were expressed as milligram quercetin equiv-
alent per gram sample (mg QE/ g sample).

3. 7. Statistical analysis

Results were expressed as mean+standard error of
the mean from »=3 or more independent trials. Data eval-
uation was carried out using GraphPad Prism 9.5.1 (for
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macOS). For analyses that involved only two indepen-
dent conditions, a two-tailed unpaired t-test was used.
One-way analysis of variance (ANOVA) was performed
on analyses involving more than two conditions, and
when results showed a significant difference (p<0.05),
Post-hoc (Dunnett and Tukey’s test) was performed.

4. Results

4. 1. Quantitative phytochemical screening

To determine the possible phytoconstituents present
in CoM, a quantitative analysis on both total phenolic and
flavonoid compounds was employed. As depicted in Ta-
ble 1, the CoM pharmacological properties demonstrated
above might be attributed to this class of secondary metab-
olites, which could potentially act as antioxidants, thereby
sequestering reactive species that contribute deleterious
effects to the optimum functions of some important bio-
molecules such as protein and DNA.

Table 1
Estimated Total Phenolic Compounds,
TPC (GAE mg/g sample) and Total Flavonoids
Compounds, TFC (QE mg/g sample) of CoM

Extract | TPC (GAE mg/g sample) | TFC (QE mg/g sample)
CoM 11.29+2.10 5.83+0.03

Note: data are presented as mean+SEM (n=3).

4. 2. Antidiabetic capacity of CoM

Glucose adsorption capacity.

The glucose adsorption capacities of CoM were de-
termined using glucose solutions of two concentrations
(2500- and 5000-ppm). The concentration of glucose that is
adsorbed may be correlated with the hypoglycemic action of
the extract. As expected, more glucose bound was detected
when a higher concentration of glucose was used implicat-
ing the adsorption capacity of CoM. The combo was effec-
tive at the concentration range (25-, 50-, 100-ppm) em-
ployed with almost similar (p>0.05) capacities as depicted
in Fig. 1. These exhibited adsorption capacities of CoM may
be related to the dietary fiber content of the sample, as it has
been determined that both soluble and insoluble fibers are
shown to adsorb glucose [19].

100
90 T
80
70

60

% Glucose Bound

50

2500 PPM Glucose 5000 PPM Glucose
®25 PPM W50 PPM w100 PPM

Fig. 1. The percent glucose bound of CoM in glucose at
various concentrations (25, 50, and 100 ppm)
(ns; Tukey’s test)
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All concentrations of CoM showed no significant
difference in 2500 and 5000 ppm glucose. Hence, the
percent glucose bound of all the concentrations, from 25
to 100 ppm, are consistent. This indicates that at low
concentrations, the glucose adsorption capacity of CoM
is already similar to that of the higher concentration. The
extract’s ability to adsorb glucose in the intestinal lumen
may have the ability to reduce the postprandial rise in
blood glucose levels [20].

In vitro glucose diffusion of the plant combo.

The inhibitory activity of CoM on glucose dif-
fusion was determined by performing an in vitro glu-
cose diffusion system where the retardation of glucose
to the dialysate was observed. The movement of glu-
cose diffusion across the dialysis membrane was mon-
itored after 3 hours of incubation, which mimics the
physiological time of digestion. The retardation of
glucose diffusion can be attributed to the inhibition of
a-amylase, an enzyme involved in the digestion of
glucose, which results in the inhibition of the release
of glucose from the starch. This inhibition of a-amy-
lase by plant extracts might be due to several factors,
including the presence of inhibitors in fibres, the con-
centration of fibres, starch, and enzyme interaction by
the existing fibres in the plant sample, which results in
a decrease in the accessibility of starch to the enzyme,
and also the adsorption of enzyme on fibres. Reported
from other studies that a decrease in a-amylase activi-
ty also led to a decrease in carbohydrate digestion and
low levels of postprandial glucose levels [21, 22]. The
glucose diffusion retardation (Fig. 2) of 100 ppm CoM
was determined to be a ratio of 1.82+0.06 relative to
the control, 1.00+0.00. Student’s t-test was performed
between the control and 100 ppm COM, and it has
been determined that the values are statistically differ-
ent (**p<0.01). This indicates that after 3 hours of in-
cubation, the glucose concentration of the dialysate
containing the combo sample is higher than that of the
dialysate containing the control. Hence, CoM exhibit-
ed no glucose diffusion retardation after 3 hours of
incubation. To properly monitor the diffusion rate of
glucose to the dialysate, time interval dialysate absor-
bance monitoring is recommended.

2 r * %
1.8
16
14
12

1t
0.8
0.6
04
0.2

0

GDR ratio Relative to the Control

Control CoM

Fig. 2. In vitro glucose diffusion retardation of CoM
relative to the control (100 ppm). (»p<0.01; t-test,
**p<0.01, wrt control)
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4. 3. Antioxidant Activity of CoM

Metal chelating activity.

Molecular species such as proteins, lipids, and
nucleic acids, are damaged by oxidative stress, which
develops as a result of an imbalance between free radical
generation and antioxidant defenses [23]. Antioxidants
can be defined as reducing agents capable of inhibiting
the oxidation of another molecule and thus neutralizing a
free radical by donating an electron. The Fe*'/ferricya-
nide complex is reduced to the ferrous form in the pres-
ence of reductants, such as antioxidant compounds. As a
result, the formation of Perl’s Prussian blue at 700 nm
can be used to monitor Fe?* [24]. All concentrations of
CoM exhibited a dose-dependent manner of reducing
ability although not as good compared to the positive
control, ascorbic acid (Fig. 3). CoM at 100 ppm showed
the highest reducing ability of 0.100+0.001, followed by
75, 50, and 25 ppm with reducing abilities of 0.085+0.006,
0.081£0.005, and 0.069+0.002, respectively. Ascorbic
acid at 100 ppm exhibited areducing power of 0.191+0.025.
The results showed a linear relationship between the con-
centration and reducing ability; as the concentration in-
creases, the reducing ability also increases. One-way
ANOVA was performed and a significant difference of
p<0.0001 was observed. Post-hoc: Tukey’s test was done
with respect to the Ascorbic acid (100-ppm). All concen-
trations of the sample except for 100 ppm have a signifi-
cant difference of ****p<0.0001, while 100 ppm CoM
has a significant difference of ***p<0.001. While it is
true that CoM possesses Fe*'-reducing ability, it is still
far inferior compared to the reducing activity of Ascorbic
acid, especially at 100 ppm.

0.25

0.20 I
o

0.15 |
o Q
a5
g'g edkedk
S g 010 *kdk
53
ES

0.05 |

0.00

CoM Ascorbic Acid
u 25 PPM =50 PPM

Fig. 3. The reducing power of CoM and Ascorbic acid (+) at
various concentrations (25—-100 ppm) (in terms of absorbance)
(»<0.0001; one-way ANOVA, ***p<0.001, ****p<0.0001, wrt

Ascorbic Acid (100 ppm); Tukey’s test)

Radical scavenging activity.

Hydrogen peroxide (H,0O,) is frequently used as an
experimental source of oxygen-derived free radicals. It
breaks down quickly into oxygen (O,) and water (H,0),
and it may also produce hydroxyl radicals (OH). H,O, it-
self is not that reactive, but when it produces OH radicals,
lipid peroxidation, and DNA damage may occur [25]. Mol-
ecules that could scavenge H,O, may provide a therapeutic
role by preventing the formation of another harmful spe-

cies such as hydroxyl radical. The concentrations of the
hydrogen peroxide in the sample and ascorbic acid were
read at 230 nm, and their percent H, O, scavenging activi-
ties were calculated and presented in Table 2.

Table 2
The percent H,O, radical scavenging activity of CoM
and Ascorbic acid (+) at different concentrations
(25-100 ppm) (p<0.0001; one-way ANOVA, *p<0.05,
**p<0.01, wrt Ascorbic Acid (100 ppm); Tukey’s test)

. % Scavenging activity
Concentration, PPM -
CoM Asc. acid (+)
25 57.86+8.29%* 53.46+6.84
50 29.64+6.73%* 77.47+6.54
75 40.454+4.48%* 78.90+£5.76
100 40.73+7.27%%* 92.18+1.90

175 PPM =100 PPM

Note: Data are presented as mean+SEM (n=3)

All concentrations of CoM exhibited H,0, scav-
enging activity with 25 ppm being the best scavenger
with a percent H,O, scavenging activity of 57.86+8.28 %,
and this is followed by 100 and 75 ppm with almost sim-
ilar activity of 40.73+7.28 % and 40.45+4.48 %, respec-
tively. On the other hand, 50 ppm CoM exhibited the
lowest activity with 29.64+6.73 %.

4. 4. Anti-obesity activity of the plant combo

Pancreatic lipase is a crucial digestive enzyme in-
volved in both the metabolism and absorption of tri-
glycerides to monoglycerides and free fatty acids. If li-
pase enzyme is inhibited, the total cholesterol
concentration is reduced in the body. This provides
potential methods for treating obesity [26].

Orlistat, a medication sold over the counter, is
the industry standard for the treatment of obesity.
While it’s known as a weight loss treatment, it causes
some gastrointestinal tract (GIT) side effects which
include diarrhea, abdomen cramps, liquid stools,
flatulence, and oily stools [27]. With that being said,
a search for a better treatment for obesity with lesser
side effects from plants, which are naturally avail-
able and could potentially be cheaper, is important.
CoM, when compared to the positive control, shows
comparable inhibitory activity on PPL (Fig. 4). All
concentrations exhibited a relatively high PPL inhi-
bition (%) with 75 ppm being the best with a percent
inhibition of 52.13+7.16 %, the inhibitory activities
of CoM at other concentrations follow close with
values 49.064+26.74, 51.04+21.75, and 48.14+13.27 for
25, 50, and 100 ppm, respectively. It can be noted
from the results, as well as from the figure above, that at
the lowest concentration, 25 ppm, PPL inhibition is higher
compared to the highest concentration, 100 ppm. While
these data are close to each other, it is still safe to say that
there is already a significant inhibitory activity even at low
concentrations of CoM. ANOVA was performed and it
was determined that CoM and Orlistat have no significant
difference. Hence, the % PPL inhibitory activity of CoM is
consistent with Orlistat.
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90.0 r
80.0
70.0 r
60.0 -
50.0
40.0 +
30.0 -
20.0 -
10.0

0.0

% PPL Inhibition

CoM Orlistat (+)

m25PPM =50PPM =75PPM =100 PPM

Fig. 4. The percent PPL inhibitory activity of CoM and
Orlistat at various concentrations (25-100 ppm)
(ns; Tukey’s test)

4. 5. Antiglycation potential of CoM

Congo red binding assay.

The Congo red binding assay can be used to deter-
mine the extent of protein secondary structure modifica-
tion. Congo red binds to a protein’s B-sheet structure and
exhibits a specific absorption at 530 nm. The hydropho-
bic regions between antiparallel B-strands provide a site
for the Congo red dye to bind to. Congo red staining is
performed to determine whether CoM possesses a pro-
tective ability on the secondary structure of BSA [28].

The protective activity (Fig. 5) of the CoM was deter-
mined by comparison of detected absorbances of samples
with that of the glycated blank. The absorbances relative to
control (ARC) were calculated and used as the basis of the
protective activity. An ARC lower than the glycated ratio, 1,
indicates that there is a protective activity that prevents the
CR from being glycated. 100 ppm CoM has an ARC
0f 0.92+0.09, while 25 ppm CoM has an ARC of 0.99+0.04.
The positive control, AG, on the other hand, has an ARC
of 0.87+0.07. Dunnet’s test was performed, and no signifi-
cant difference was observed. Hence, there is a consistent
inhibitory activity between the sample and positive control.

17

uGLY =25 ppm CoM =100 ppm CoM = AG (+)

1.05

1

Absorbance
Relative to Control
e 4
o 54 ©
(3.} o a

o
)

0.75

Fig. 5. The absorbance relative to the control of CR,
CR-CoM complex (25 ppm and 100 ppm), and CR-AG
complex at A=530 nm (ns; Dunnet’s test, wrt AG)

On BSA-glucose model system.

The formation of advanced glycation end prod-
ucts (AGEs) is inhibited by antiglycating agents by pre-
venting glucose from forming adducts to biomolecules
such as proteins, lipids, and/or DNA. The pathophysiolo-
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gy of aging, diabetes, and other chronic diseases are
thought to be influenced by increased rates of AGE for-
mation in tissue proteins during hyperglycemia, oxida-
tive stress, or inflammation [29].

In this experiment, bovine serum albumin, or
BSA, was used as a model protein. The BSA-glucose
model was used as the final stage of AGE formation. The
solution was incubated for 7 days because it is the physi-
ological time for the glucose to form adducts to the BSA.

Presented in Fig. 6 is the percent inhibition of
CoM at increasing concentrations of 25, 50, 75, and
100 ppm. Positive results were found in the investigation
of the sample’s antiglycation properties: 25 ppm with
21.67+9.45 %; 50 ppm with 43.29+6.68 %; 75 ppm with
55.19£7.47 %; 100 ppm with 72.23+2.71 %. It can be seen
that as the concentration increases, the inhibitory activity
on AGE formation of CoM also increases.

The positive control, AG, showed the highest in-
hibitory activity of 76.29+12.25 %. Data showed that
25 ppm CoM has a significant difference with AG (+).
The remaining concentrations showed no significant dif-
ference wrt AG (+). This indicates that all concentrations
of CoM, except 25 ppm, have anti-AGEs formation abili-
ty comparable to AG. This positive effect might be at-
tributed to the inhibition of dicarbonyl intermediates’
conversion to AGEs.
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Fig. 6. The percent inhibition of CoM at various
concentrations (25-100 ppm) and AG (+) in the BSA-
Glucose model system (p<0.01; One-way ANOVA,

**p<0.01, wrt AG (+); Dunnet’s test)

In Fig. 7, the percent inhibitory activity of CoM is
presented. All concentrations of CoM exhibited an inhibito-
ry activity with 100 ppm having the highest percent inhibi-
tion with a value of 55.46+13.43 %. 75, 25, and 50 ppm fol-
lowedwithpercentinhibitionof37.65+4.41 %,32.70+10.50 %,
and 31.84+12.34 %, respectively. The positive control, AG,
exhibited a percent inhibitory activity of 83.18+3.29 %. Sta-
tistical analysis (one-way ANOVA) was performed and a
significant difference (p<0.05) was observed. 100 ppm
CoM exhibited comparable activity to the positive control,
AG, where it has no significant difference. The other con-
centrations (25, 50, and 75 ppm) have shown a significant
difference with AG (*p<0.05), indicating a difference in the
inhibitory activities. Hence, the highest concentration of
CoM (100 ppm) has a significant inhibitory activity on
AGEs formation in the BSA-MGO system, which is the
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middle stage of the formation of oxidative cleavage product,
and this proposes good antiglycation properties.
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Fig. 7. The percent inhibition of CoM at various
concentrations (25-100 ppm) and AG in the BSA-MGO
model system (p<0.05; One-way ANOVA, *p<0.05, wrt

AG (+); Dunnet’s test)

5. Discussion

Plants remain a valuable source of bioactive com-
pounds with considerable therapeutic potential. With on-
going scientific advancements, the integration of tradition-
al knowledge and modern research methodologies holds
great promise for the discovery and development of novel
plant-based medicines. To the best of our knowledge, this
study is the first to report the combined effects of the ex-
tracts used. Nonetheless, a limited number of previous
studies have highlighted certain pharmacological proper-
ties of these individual extracts. For instance, extracts
from Clitoria ternatea flowers have demonstrated antibac-
terial, antioxidant, anti-inflammatory, cytotoxic, and anti-
diabetic properties [30]. The plant contains various bioac-
tive constituents, including alkaloids, glucosides,
flavonoids, saponins, and tannins [31]. However, most
studies to date have focused exclusively on the flowers,
with little to no investigation into the potential therapeutic
properties of the leaves. This study, therefore, aims to ex-
plore the medicinal potential of Clitoria ternatea leaves.
H. indicum has been reported to exhibit a wide range of
biological activities, including antimicrobial, antioxidant,
antiviral, anti-inflammatory, antitumor, gastroprotective,
and antihyperlipidemic effects [32]. However, studies in-
vestigating its antidiabetic potential remain limited. F. sep-
tica has a long-standing history of use in various tradition-
al medicinal systems. It is known to contain several
therapeutic compounds and exhibits a range of pharmaco-
logical activities, including analgesic, antifungal, diuretic,
and laxative effects [33]. Extracts of C.igneus have
demonstrated antidiabetic activity both in vitro and in
chemically induced diabetic rat models using agents such
as alloxan, dexamethasone, and streptozotocin [34].

In this study, the antidiabetic, antioxidant, an-
ti-obesity, and antiglycation properties of the combina-
tion (CoM) of C. fernatea, F. septica, H. indicum, and
C. igneus methanol (polar) extracts were assessed using
different functional assays. The antidiabetic activity of
CoM was determined using two assays, namely glucose
adsorption capacity and in vitro glucose diffusion retar-

dation. In glucose adsorption capacity determination,
results showed that CoM extracts may have phytoconstit-
uents that could be potentially effective antihyperglyce-
mic agents. For in vitro glucose diffusion retardation as-
say, the diffusion of glucose to the dialysate is monitored
to simulate the effect of fiber on the rate at which glucose
is adsorbed in the gastrointestinal tract. After 3 hours of
incubation, results showed that CoM was not capable of
adsorbing glucose. The reason for this could be the lack
of dialysate monitoring at time intervals, which could
have given a more accurate glucose diffusion rate.

In antioxidant tests, all samples in both the determi-
nation of iron-reducing capabilities and H,0O, scavenging
activity showed relatively good activity compared to the
positive Ascorbic acid. In iron reducing assay, 100 ppm of
the sample showed the highest activity among all concentra-
tions of CoM with a power of 0.100+0.0001 (***p<0.001,
wrt Asc. acid (100-ppm)), while in H,O, scavenging activity
test, 25 ppm showed the highest scavenging percentage of
57.86+8.28 % (*p<0.05, wrt Asc. Acid (100-ppm)). This
observation provides a good prospect for the antioxidant
potential of CoM.

Porcine pancreatic lipase inhibition assay was
performed to assess the anti-obesity potential of CoM.
Orlistat was used as a positive control due to its estab-
lished weight loss capabilities. All concentrations showed
relatively high percent PPL inhibition. 75 ppm CoM ex-
hibited the highest percent inhibition, 52.13+7.16 %. Data
showed that all concentrations have no significant differ-
ence compared to the positive, Orlistat, which indicates
that the inhibitory activity of the sample is similar to the
inhibitory activity of the positive.

The antiglycation potential of CoM was assessed
using three assays, namely Congo red assay, BSA-glu-
cose, and BSA-MGO models. Glycation is defined as
the formation of adducts of sugar to the biomolecules
which negatively affect the intracellular and extracellu-
lar structures and functions of cells. This forms AGEs,
which accumulate and further cause adverse effects on
the cells.97 Congo red assay showed that both high and
low concentrations (25- and 100-ppm) of CoM possess
inhibitory activity. Statistical analysis showed that CoM
and AG have no significant difference, indicating that
they have similar activities. Both BSA-glucose and
BSA-MGO showed that 100 ppm CoM has the highest
percent inhibition with a percentage of 72.23+2.71 %
and 55.46+13.43 % for BSA-glucose and BSA-MGO,
respectively. The percent inhibition of the positive con-
trol, AG, in BSA-glucose and BSA-MGO systems are
76.29+12.25 and 83.18+3.29, respectively. Dunnet’s test
with control showed that there is a significant differ-
ence of p<0.01 for BSA-glucose and p<0.05 for BSA-
MGO. These assays show that there is a greater inhibi-
tion in BSA-glucose, which is the final stage of AGE
formation, than in the BSA-MGO model which rep-
resents the middle stage of formation of oxidative cleav-
age product. This effect might be caused by blocking
free radicals, which would reduce oxidative stress and
the reduction of the production of reactive carbonyl and
dicarbonyl groups can help inhibit the glycation func-
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tions. The phytoconstituents in the CoM may serve as
valuable source of therapeutic agents, playing a crucial
role in promoting health and combating various diseas-
es. These naturally occurring bioactive compounds de-
tected including phenolics and flavonoids contribute to
the promising pharmacological properties of these
plants that are deemed beneficial in the management of
type 2 diabetes, obesity, and other oxidative-driven
diseases. Phenolic compounds and flavonoids are
known for their strong antioxidant properties, which
help neutralize free radicals and prevent oxidative
stress-related diseases, they possess anti-inflammatory
and immune-modulating effects, making them benefi-
cial for conditions like cardiovascular diseases, neuro-
degenerative disorders, antimicrobial and anticancer
properties [35-37].

Overall, the combination of different plant ex-
tracts can serve as both preventive or therapeutic agents
for oxidative stress-driven metabolic disorders. With the
data obtained, plant components in this combo through
further evaluation could be utilized for something bene-
ficial to people suffering from T2D and its complications
as the search for natural medications for the mentioned
disease continues; this can be developed into a cheap al-
ternative to T2D medicines with further research. In
conclusion, this study can serve as an additional resource
for combinatory studies of plant extracts and their bene-
ficial properties all the while looking into the effects of
each component extract and the synergistic effects might
have in the combo solution.

Practical relevance. Given the potential benefits
of the combined extracts, our findings suggest that they
may serve as an effective and accessible alternative rem-
edy for managing blood sugar levels. However, to ensure
their safety and efficacy, comprehensive toxicity studies
must be conducted.

Research limitations. This study acknowledges
certain limitations and strongly recommends further
investigations using more physiologically relevant cel-
lular or animal models of type 2 diabetes and obesity to
enhance the translational value of the findings. Addi-
tionally, it would be worthwhile to explore the potential
interactions between individual phytoconstituents with-
in the extract, particularly how the presence of one
compound may influence the biological activity of an-
other. Understanding these synergistic or antagonistic
effects could provide deeper insights into their mecha-
nisms of action and optimize their therapeutic potential.
Importantly, despite their potential, the development of

“combo” as a source of plant-based medicine should take
into consideration the standardization, toxicity and
safety concerns.

Prospects for further research. The data from
this study provides few avenues for further investigation
to translate and maximize the potential of the “Combo”
crude extracts into viable therapeutic products which
may include but not limited to the identification and iso-
lation of specific bioactive compounds responsible for
pharmacological effects via integration of bioassays with
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metabolomics, understanding how the crude extracts ex-
ert their effects at the molecular and cellular level by us-
ing more advanced omics approach, and importantly to
further document and validate more underexplored me-
dicinal plants.

6. Conclusion

Type 2 diabetes remains a global health epidemic,
affecting millions worldwide. The disease is closely
linked to oxidative stress, which contributes to protein
glycation and obesity. This study investigates the antidi-
abetic, antioxidant, anti-obesity, and antiglycation prop-
erties of CoM. The results demonstrate that CoM shows
promise in several key areas: it enhances glucose ad-
sorption and diffusion, binds and reduces iron, scaveng-
es hydrogen peroxide, inhibits pancreatic lipase activity,
and prevents the formation of advanced glycation
end-products. These findings suggest that CoM may
effectively inhibit factors that contribute to the develop-
ment and progression of T2DM. While further study
and characterization are necessary, the plants analyzed
in this study may contain promising molecular candi-
dates for pharmaceutical research and development.
Moving forward, developing a standardized CoM for-
mulation is highly desirable, as it could provide syner-
gistic effects, thereby enhancing its therapeutic poten-
tial in both integrative and traditional medicine.
Additionally, rigorous evaluation of the CoM formula-
tion using relevant cellular and animal models for vari-
ous pharmacological conditions is strongly recommend-
ed to validate its efficacy and safety.

Conflict of Interest

The authors declare that they have no conflict of
interest in relation to this research, whether financial,
personal, authorship or otherwise, that could affect the
research and its results presented in this article.

Funding

This project was performed with funding from
Department of Science and Technology — Philippine
Council for Health Research and Development through
Undergraduate Thesis Grant in Natural Products, and
DOST-Science Education Institute.

Data availability
Data will be made available on reasonable request.

Use of artificial intelligence

The authors confirm that they use artificial intelli-
gence technologies for proofreading and refining the
structure. All data and analysis were verified and con-
ducted by the authors.

Acknowledgments

Department of Science and Technology — Philip-
pine Council for Health Research and Development and
Department of Science and Technology — Science Educa-
tion Institute, Philippines.



ScienceRise: Pharmaceutical Science Ne 2(54)2025

References

1. DeFronzo, R. A. (2009). From the Triumvirate to the Ominous Octet: A New Paradigm for the Treatment of Type 2 Diabetes
Mellitus. Diabetes, 58 (4), 773—795. https://doi.org/10.2337/db09-9028

2. Cho, N. H., Shaw, J. E., Karuranga, S., Huang, Y., da Rocha Fernandes, J. D., Ohlrogge, A. W., Malanda, B. (2018). IDF
Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Research and Clinical Practice,
138, 271-281. https://doi.org/10.1016/j.diabres.2018.02.023

3. Kamalakkannan, N., Prince, P. S. M. (2006). Rutin improves the antioxidant status in streptozotocin-induced diabetic rat
tissues. Molecular and Cellular Biochemistry, 293 (1-2), 211-219. https://doi.org/10.1007/s11010-006-9244-1

4. Kawser Hossain, M., Abdal Dayem, A., Han, J., Yin, Y., Kim, K., Kumar Saha, S. et al. (2016). Molecular Mechanisms of
the Anti-Obesity and Anti-Diabetic Properties of Flavonoids. International Journal of Molecular Sciences, 17 (4), 569. https://doi.org/
10.3390/ijms 17040569

5. International Diabetes Federation. IDF Diabetes Atlas. Available at: https://diabetesatlas.org/idfawp/resource-files/2021/07/
IDF_Atlas_10th_Edition 2021.pdf Lat accessed: 04.05.2022

6. Saxena, A., Vikram, N. K. (2004). Role of Selected Indian Plants in Management of Type 2 Diabetes: A Review. The Journal
of Alternative and Complementary Medicine, 10 (2), 369-378. https://doi.org/10.1089/107555304323062365

7. Efferth, T. (2007). Willmar Schwabe Award 2006: Antiplasmodial and Antitumor Activity of Artemisinin — From Bench to
Bedside. Planta Medica, 73 (4), 299-309. https://doi.org/10.1055/s-2007-967138

8. Ou, S., Kwok, K., Li, Y., Fu, L. (2001). In Vitro Study of Possible Role of Dietary Fiber in Lowering Postprandial Serum
Glucose. Journal of Agricultural and Food Chemistry, 49 (2), 1026—1029. https://doi.org/10.1021/;f000574n

9. Adiotomre, J., Eastwood, M., Edwards, C., Brydon, W. (1990). Dietary fiber: in vitro methods that anticipate nutrition and
metabolic activity in humans. The American Journal of Clinical Nutrition, 52 (1), 128—134. https://doi.org/10.1093/ajen/52.1.128

10. Oyaizu, M. (1986). Studies on products of browning reaction. Antioxidative activities of products of browning reaction pre-
pared from glucosamine. The Japanese Journal of Nutrition and Dietetics, 44 (6), 307-315. https://doi.org/10.5264/eiyogakuzashi.44.307

11. Ruch, R. J., Cheng, S., Klaunig, J. E. (1989). Prevention of cytotoxicity and inhibition of intercellular communication by
antioxidant catechins isolated from Chinese green tea. Carcinogenesis, 10 (6), 1003—1008. https://doi.org/10.1093/carcin/10.6.1003

12. Kim, Y. S., Lee, Y. M., Kim, H., Kim, J., Jang, D. S., Kim, J. H., Kim, J. S. (2010). Anti-obesity effect of Morus bombycis root
extract: Anti-lipase activity and lipolytic effect. Journal of Ethnopharmacology, 130 (3), 621-624. https://doi.org/10.1016/j.jep.2010.05.053

13. Zheng, C.-D., Duan, Y.-Q., Gao, J.-M., Ruan, Z.-G. (2010). Screening for Anti-lipase Properties of 37 Traditional Chinese
Medicinal Herbs. Journal of the Chinese Medical Association, 73 (6), 319-324. https://doi.org/10.1016/s1726-4901(10)70068-x

14. Miroliaei, M., Khazaei, S., Moshkelgosha, S., Shirvani, M. (2011). Inhibitory effects of Lemon balm (Melissa officinalis, L.) ex-
tract on the formation of advanced glycation end products. Food Chemistry, 129 (2), 267-271. https://doi.org/10.1016/j.foodchem.2011.04.039

15. Ni, M., Song, X., Pan, J., Gong, D., Zhang, G. (2021). Vitexin Inhibits Protein Glycation through Structural Protection, Meth-
ylglyoxal Trapping, and Alteration of Glycation Site. Journal of Agricultural and Food Chemistry, 69 (8), 2462-2476. https://doi.org/
10.1021/acs.jafc.0c08052

16. Folin, O., Ciocalteu, V. (1927). On tyrosine and tryptophane determinations in proteins. Journal of Biological Chemistry,
73 (2), 627-650. https://doi.org/10.1016/s0021-9258(18)84277-6

17. Sanchez-Rangel, J. C., Benavides, J., Heredia, J. B., Cisneros-Zevallos, L., Jacobo-Velazquez, D. A. (2013). The Folin—Cio-
calteu assay revisited: improvement of its specificity for total phenolic content determination. Analytical Methods, 5 (21), 5990. https://
doi.org/10.1039/c3ay41125g

18. Shraim, A. M., Ahmed, T. A., Rahman, M. M., Hijji, Y. M. (2021). Determination of total flavonoid content by aluminum
chloride assay: A critical evaluation. LWT, 150, 111932. https://doi.org/10.1016/j.1wt.2021.111932

19. Adiotomre, J., Eastwood, M., Edwards, C., Brydon, W. (1990). Dietary fiber: in vitro methods that anticipate nutrition and
metabolic activity in humans. The American Journal of Clinical Nutrition, 52 (1), 128—134. https://doi.org/10.1093/ajen/52.1.128

20. Mary Shoba Das, C., Gayathri Devi, S. (2015). In Vitro Glucose Binding Activity of Terminalia Bellirica. Asian Journal of
Pharmaceutical and Clinical Research, 8 (2), 320-323.

21. Ou, S., Kwok, K., Li, Y., Fu, L. (2001). In Vitro Study of Possible Role of Dietary Fiber in Lowering Postprandial Serum
Glucose. Journal of Agricultural and Food Chemistry, 49 (2), 1026—1029. https://doi.org/10.1021/£000574n

22. Poovitha, S., Parani, M. (2016). In vitro and in vivo a-amylase and a-glucosidase inhibiting activities of the protein extracts
from two varieties of bitter gourd (Momordica charantia L.). BMC Complementary and Alternative Medicine, 16(S1). https://doi.
org/10.1186/s12906-016-1085-1

23. McCord, J. M. (2000). The evolution of free radicals and oxidative stress. The American Journal of Medicine, 108 (8),
652-659. https://doi.org/10.1016/s0002-9343(00)00412-5

24. Chung, K.-T., Wong, T. Y., Wei, C.-I., Huang, Y.-W., Lin, Y. (1998). Tannins and Human Health: A Review. Critical Reviews
in Food Science and Nutrition, 38 (6), 421-464. https://doi.org/10.1080/10408699891274273

25. Bhatti, M. Z., Ali, A., Ahmad, A., Saeed, A., Malik, S. A. (2015). Antioxidant and phytochemical analysis of Ranunculus
arvensis L. extracts. BMC Research Notes, 8 (1). https://doi.org/10.1186/s13104-015-1228-3

26. Vangoori, Y., Dakshinamoorthi, A., Kavimani, S. (2019). Prominent Pancreatic Lipase Inhibition and Free Radical Scav-
enging Activity of a Myristica fragrans Ethanolic Extract in vitro. Potential Role in Obesity Treatment. Maedica — A Journal of Clinical
Medicine, 14 (3). https://doi.org/10.26574/maedica.2019.14.3.254

113




ScienceRise: Pharmaceutical Science Ne 2(54)2025

27. Chaput, J.-P., St-Pierre, S., Tremblay, A. (2007). Currently Available Drugs for the Treatment of Obesity: Sibutramine and
Orlistat. Mini-Reviews in Medicinal Chemistry, 7 (1), 3—10. https://doi.org/10.2174/138955707779317849

28. Klunk, W. E., Jacob, R. F., Mason, R. P. (1999). Quantifying Amyloid -Peptide (AP) Aggregation Using the Congo Red-Afp
(CR-ApB) Spectrophotometric Assay. Analytical Biochemistry, 266 (1), 66-76. https://doi.org/10.1006/abio.1998.2933

29. Lima, M., Baynes, J. W. (2013). Glycation. Encyclopedia of Biological Chemistry. Academic Press, 405-411. https://doi.org/
10.1016/b978-0-12-378630-2.00120-1

30. Jeyaraj, E. J., Lim, Y. Y., Choo, W. S. (2020). Extraction methods of butterfly pea (Clitoria ternatea) flower and biological
activities of its phytochemicals. Journal of Food Science and Technology, 58 (6), 2054-2067. https://doi.org/10.1007/s13197-020-04745-3

31. Torres, R. C., Parcon, Ma. R. V., Esmundo, H. J. N., Canillo, D. C. P., Ramil, C. C. (2022). Antioxidant activity and phy-
tochemical constituents of Philippine Clitoria ternatea flowers as a potential therapeutic agent against infectious diseases. Issues in
Biological Sciences and Pharmaceutical Research, 10 (2). https://doi.org/10.15739/ibspr.22.003

32. Fayed, M. A. A. (2021). Heliotropium; a genus rich in pyrrolizidine alkaloids: A systematic review following its phytochem-
istry and pharmacology. Phytomedicine Plus, 1 (2), 100036. https://doi.org/10.1016/j.phyplu.2021.100036

33. Cajuday, L. A., Membreve, D. M. S., Montealegre, M. V., Serrano, J. E., Baldo, D. E. (2020). In Vitro Antidiabetic, Anti-
obesity and Antioxidant Activities of Selected Endemic Plants from Mount Mayon and Mount Albay, Philippines. International Journal
of Biosciences, 16 (3), 635-648. http://dx.doi.org/10.12692/ijb/16.3.635-648

34. Jayasri, M. A., Gunasekaran, S., Radha, A., Mathew, T. L. (2008). Anti-diabetic effect of Costus pictus leaves in normal and
streptozotocin-induced diabetic rats. International Journal of Diabetes and Metabolism, 16 (3), 117—122. https://doi.org/10.1159/000497662

35. Ibrahim, S. R. M., Bagalagel, A. A., Diri, R. M., Noor, A. O., Bakhsh, H. T., Mohamed, G. A. (2022). Phytoconstituents and
Pharmacological Activities of Indian Camphorweed (Pluchea indica): A Multi-Potential Medicinal Plant of Nutritional and Ethnome-
dicinal Importance. Molecules, 27 (8), 2383. https://doi.org/10.3390/molecules27082383

36. Chagas, M. do S. S., Behrens, M. D., Moragas-Tellis, C. J., Penedo, G. X. M., Silva, A. R., Gongalves-de-Albuquerque, C. F.
(2022). Flavonols and Flavones as Potential anti-Inflammatory, Antioxidant, and Antibacterial Compounds. Oxidative Medicine and
Cellular Longevity, 2022, 1-21. https://doi.org/10.1155/2022/9966750

37. Pathak, M. P.,, Pathak, K., Saikia, R., Gogoi, U., Patowary, P., Chattopadhyay, P., Das, A. (2023). Therapeutic potential of
bioactive phytoconstituents found in fruits in the treatment of non-alcoholic fatty liver disease: A comprehensive review. Heliyon, 9 (4),
e15347. https://doi.org/10.1016/j.heliyon.2023.e15347

Received 11.03.2025

Received in revised form 14.04.2025
Accepted 22.04.2025

Published 30.04.2025

Aaron L. Degamon, Master of Science in Chemistry, Department of Chemistry, Mindanao State University —
Iligan Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

Misshell L. Lavilla, Master of Science in Chemistry, Department of Chemistry, College of Natural Sciences and
Mathematics, Mindanao State University-Main Campus, Lanao del Sur, Philippines, 9700

Orlie B. Basalo, Master of Science in Chemistry, Department of Chemistry, Mindanao State University — Iligan
Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

Nesyl Mae O. Butong, Bachelor of Science in Chemistry, Department of Chemistry
Mindanao State University — [ligan Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte,
Philippines, 9200

Danical Necole P. Cabural, Bachelor of Science in Chemistry, Department of Chemistry, Mindanao State University —
Iligan Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

Maria Angelika M. Villarosa, Bachelor of Science in Chemistry, Department of Chemistry, Mindanao State
University — Iligan Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

Anelyn P. Bendoy, PhD in Chemistry, Department of Chemistry, Mindanao State University — Iligan Institute of
Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

Charlie Jr A. Lavilla*, PhD in Biomedical Science, Department of Chemistry, Mindanao State University — Iligan
Institute of Technology, Bonifacio ave., Tibanga, Iligan City, Lanao del Norte, Philippines, 9200

*Corresponding author: Charlie Jr A. Lavilla, e-mail: charliejr.lavilla@g. msuiit.edu.ph

114




