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ABSTRACT

Gymnema inodorum (Lour.) Decne, a plant traditionally used in Northern Thailand
for its antidiabetic properties has shown potential as a source of bioactive
compounds with antioxidant activity. Despite its traditional use, the phenolic
profile and specific antioxidant contributions of Gymnema inodorum fractions
remain inadequately characterized. Given the growing interest in identifying plant-
based molecules to combat oxidative stress, further exploration is necessary. This
study aims to explore the antioxidant properties and phenolic profile of column
chromatographic fractionated G. inodorum leaf extract. The ethanolic reflux
extracts of G. inodorum leaves were subjected to column chromatography for the
isolation of bioactive molecules. Total phenolic and flavonoid contents were
assessed using Folin—Ciocalteu and aluminium chloride colorimetric methods,
respectively. Total antioxidant activity was evaluated by employing different
antioxidant assays, including DPPH, ABTS scavenging assay and FRAP assay.
High-Performance Liquid Chromatography (HPLC) with a C18 column was
employed to determine the level of gymnemic acid, while Liquid Chromatography
Quadrupole Time-of-Flight/Mass Spectrometry (LC-QTOF/MS) was used to
identify potential phenolic compounds. The three separated fractions obtained after
column chromatographic separation were designated as Fraction A (fraction 1-4,
eluted with low polarity mobile phase), Fraction B (fractions 5-10, intermediate
polarity), and Fraction C (fractions 11-12, higher polarity) based on UV
absorbance profiles. These fractions exhibited remarkable antioxidant activity,
with total phenolic content of 0.294+0.056, 0.085+0.039, and 0.227+0.041 mg
QE/mL, and total flavonoid content of 0.274 + 0.050, 0.309 = 0.110, and 0.384 +
0.007 mg QE/mL, respectively. Fraction A exhibited the highest DPPH and ABTS
scavenging activity, while fraction C demonstrated significantly higher ferric-
reducing power. HPLC analysis revealed a highest concentration of gymnemic
acid in fraction C (0.393 + 0.003 mg/g) compared to fraction B (0.159 + 0.003
mg/g) and fraction A (0.142+0.000 mg/g). The LC-QTOF/MS phenolic screening

160


https://creativecommons.org/licenses/by-sa/4.0
mailto:*Sakaewan.o@cmu.ac.th%20
https://doi.org/10.34302/crpjfst/SSKR1968

Hassnain et al./ Carpathian Journal of Food Science and Technology, 2026, Special Issue, 160-178

showed seven potential phenolic compounds in fraction A, seven compounds in
fraction B, and four compounds in Fraction C. Pearson correlation analysis using
the individual replicate measurements underlying Table 1 and Table 2 (n = 9)
showed a significant positive correlation between total phenolic content and DPPH
scavenging (r = 0.68, p = 0.044), and significant correlations between total
flavonoid content and DPPH (r = -0.79, p = 0.012), ABTS (r = -0.95, p < 0.001),
and FRAP (r=0.81, p=0.009), suggesting that phenolic and flavonoid compounds
are important contributors to the antioxidant activity of G. inodorum.

1. Introduction

Apocynaceae is a family of plants that
includes the herb Gymnema spp. It is extensively
dispersed in tropical and subtropical areas of
Asia and Africa, and currently, more than 50
species are listed (Gymnema - The Plant List,
2023). Gymnema inodorum, a medicinous plant
locally known as Chiang-da in Northern
Thailand (Dunkhunthod et al., 2021), has a wide
range of therapeutic uses. In northern Thailand,
Chiang-da is mainly used as a vegetable for
cooking and as a key botanical ingredient in
various dishes, undergoing essential preparation
methods like boiling and stir-frying. It is also
air-dried for tea production, especially in the
countryside. Traditionally, it has been used for
treating diabetes and obesity. Because of the
plant’s numerous therapeutic benefits, including
its possible antioxidant action, Ayurvedic
medicine has long been used (Kasote et al.,
2015).

Gymnema. sylvestre, a common Gymnema
species found in Asia has been extensively
researched for its antioxidant and medicinal
properties (Dai & Mumper, 2010). Many studies
have reported the medical usage of this species.
This species is also studied for potential
phytoconstituents, including triterpene saponins
known as gymnemic acids, Gymnemasaponins,
and polyphenols (Ounjaijean et al., 2021).

G. inodorum belongs to the same genus as
G. sylvestre and occupies a same ecological
niche. However, despite being cultivated in
regions same to G. sylvestre, G. inodorum has
received comparatively limited scientific
attention. Previous research has demonstrated
that G. inodorum extract possesses glucose
absorption inhibiting activity, primarily due to
gymnemic acids (Suwan et al., 2022). Further,
G. inodorum leaf extracts contain gymnemic
acid and ginsenosides responsible for anti-
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fungal and antioxidant activity (Jeytawan et al.,
2022). Additionally, G. inodorum has been
investigated  for  phytoconstituents  and
gymnemic acid and is believed as one of the
potential phytochemicals that act as a blood
sugar regulator (Chiabchalard et al., 2010)along
with antimalarial properties (Boonyapranai et
al., 2022). Nuchuchua et al. (2023) studied the

relationship  between phytochemical and
antioxidant activities in G. inodorum leaf
extracts, reporting significant antioxidant

capacity in the crude ethanol extract, with
polyphenolic compounds identified as key
contributors. Similarly, (Haideri et al., 2024)
compared different extraction techniques for G.
inodorum , noting that while the crude extracts
showed promising phenolic profiles, specific
bioactive = compounds  responsible  for
antioxidant activity remained insufficiently
characterized (Cianciosi et al., 2018). These
studies underscore a critical gap: the reliance on
crude extracts limits the identification and
attribution of antioxidant activity to specific
phenolic fractions.

Plants' phenolic chemicals have been
reported to be the source of their antioxidant
action (Baba & Malik, 2015). Phenolic
compounds have been extensively researched
due to their non-toxic nature, efficacy at low
concentrations  across  various biological
activities, eco-friendly extraction methods at
low cost, showcase diverse pharmacological
benefits (Gil et al., 2002). They exhibit potent
antioxidants, anti-inflammatory properties, and
robust inhibition against cardiovascular
diseases, cancer, and diabetes (Phanjaroen et al.,
2024). Phytochemicals have been widely
utilized in healthcare and studied for their
antioxidant potential, reactive ability of
compounds to stop the oxidation of free radicals
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(Tiwari et al., 2014). Exploration into extracting
antioxidants from plant tissues has garnered
significant interest due to their natural
availability and cost efficiency. Enhancing
foods, beverages, or medicinal items with
additional antioxidants presents a promising
approach to mitigating the adverse impacts of
oxidative stress (Abu et al., 2017). The limited
prior research on the active polyphenols of G.
inodorum responsible for antioxidant activity
underscores the importance of our current study.

As far as we know, our study is the first to
explore fractions of G. inodorum  extract
because most literature received is of crude
extract. The crude extract provides limited
information about phenols activity and
fractionation is done to enhance the activity of
extract as well as to identify the essential
phenols responsible for higher activity. Hence,
the screening and investigation of the G.
inodorum extract, which bears a resemblance to
the well-known G. sylvestre, along with limited
information on its phenolic profile, becomes
imperative. The detection and measurement of
phenolic compounds in the leaf extract of G.
inodorum can shed light on the compound's
potential health benefits, as phenolic compounds

have considerable antioxidant qualities
(Miliauskas et al., 2004).
Various extraction methods have been

studied for purification of phytoconstituents, but
Gymnema leaf contains various other
compounds, creating difficulty in screening
specific phytochemicals. An additional column
separation technique was applied to overcome
this shortcoming and find targeted polyphenols,
which assisted in screening polyphenols in
Gymnema leaf extract.

The primary objective of this study was to
investigate the phenolic profile and antioxidant
activity of G. inodorum leaf extract. The study
focused on specific column separation technique
for fractionation of crude extract to find out
potential phenolic compounds, for the analysis
of antioxidant capacity, as well as quantification
of the total phenolic compounds, total flavonoid
contents, and gymnemic acid levels. The results
support the plant's potential polyphenols as
specific phytochemical constituents in the
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extract and antioxidant potential, highlighting
the prospective use in pharmaceutical and
nutraceutical applications.

2. Materials and Methods
2.1 Chemicals and reagents

The solvent methanol, chloroform,
acetonitrile, chemicals and gymnemic acid
standard of analytical grade (AR) were obtained
from Sigma Chemical Company (Sig-ma-
Aldrich, St. Louis MO, USA).

2.2. Plant material and preparation of
extract

The shoot and first three pairs of G.
inodorum leaves were harvested from
Sanmahaphon Organic Herbs Community
Enterprise, Chiang-da Garden, Chiang Mai,
Thailand. Subsequently, the leaves were washed
thoroughly under running tap water with to
remove dust and soil particles and rinsed with
distilled water, followed by air-drying at room
temperature under shade conditions. The dried
leaves were ground and sieved through a sieve
shaker using 60-mesh sieve size to yield the
particle size 150 - 250 um. Dried leaves were
powdered, and 10 g was packed into a cellulose
thimble. Next, a 95 percent ethanol solution (100
mL) was added to the thimble at a ratio of 1:10
(w/v). The extraction process was performed
thrice at 80 °C using an automatic Soxhlet
extractor, each running for 2 h. After this
extraction, the resulting solution was subjected
to evaporation using a rotary evaporator to yield
the crude extract. Subsequently, the extract was
desiccated in a chemical hood, reweighed, and
stored at 4°C for further analysis (Gini & Jeya
Jothi, 2018). Based on the same extraction
protocol applied to the same source material and
reported separately (Dewanto et al., 2002), the
corresponding crude ethanol reflux extract yield
was 20.12% (w/w) relative to dry leaf powder.

2.3. Column chromatographic fractionation
of extract

The crude extract was subject to column
chromatography for fraction separation using
slurry method for column packing. 20 g of ‘silica
gel 60° was packed into transparent (80 cm long,
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5 cm diameter) glass column, as a stationary
adsorbent without introducing air bubbles.
Petroleum ether and methanol (2:1) was used as
mobile phase in the column. The column was
passed with mobile phase before adding silica
slurry, and then the mobile phase was gradually
increased to develop a packed solid column.
Subsequently, 2 g of crude extract was added
from top without disturbing the solid phase. Sea
sand with a particle size 0.3 — 0.9 mm was
applied to settle the layers properly, separating
the crude extract and mobile phase. After proper
layer formation between the sample and mobile
phase, stopcock was opened to run the mobile
phase down through column. The mobile solvent
was gradually added to column to develop
gradient elution. Fractions of the extract were
received 4 mL, each with specific time interval.
12 fractions were collected in glass tubes with a
flow rate of 0.99 mL/min (Islam et al., 2023).
Each fraction was scanned and grouped by
similarity of its whole UV-Vis absorbance
profile (Amax ranging ~250-670 nm across
fractions), then later re-checked at 450 nm and
660 nm and pooled into the final 3 fractions
(A=1-4, B=5-10, C=11-12) were passed
through rotary evaporator to remove the organic
solvent, followed by lyophilization to dry for
further analysis.

2.4. Phytochemical Analysis

The fresh fraction extract was analyzed for
detecting phytochemicals, total phenolic content
(TPC) and total flavonoid content (TFC)
through spectroscopy.
2.4.1. Total Phenolic Content

Quantitative analysis of phenolic content
was analyzed wusing the Folin-Ciocalteu
colorimetric method (Jeeno et al., 2022), using
Quercetin as the standard reference. To perform
the analysis, a mixture of 20 puL of G. inodorum
fraction extract and 20 puL of the diluted (10
times in distilled water) Folin-Ciocalteu solution
was prepared. The mixture was combined with
80 pL of 7% NaCOs and 200 uL. of DW. The
plate was observed for any turbidity, and
immediately at 760 nm, the absorbance was
recorded by spectrophotometer to calculate total
phenolic content. The findings were expressed
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in mg of quercetin equivalents (mg QE/g
sample) or milligrams per gram of sample.
2.4.2. Total Flavonoid Content

Total flavonoid content was determined by
using quercetin as standard through colorimetric
assays (Arnao et al., 2001). To perform this, 25
puL  of the sample, blank or various
concentrations of standard solution were added
in a 96-well microtiter plate with 12.5 pL of DW
and 7.5 pL of 7% NaNOs solution. The mixture
was allowed to settle at ambient temperature for
5 min. Afterwards, 10% AICI3 15 pL solution
was added and thoroughly mixed. The plate was
stored for another 5 min at room temperature.
Finally, 27.5 pL of distilled water and 50 puL of
1 M NaOH solution were added and incubated
at room temperature for an additional 5 min. At
510 nm, the absorbance was measured using
water as a reference, and the results were
reported in terms of the amount of quercetin
equivalents per g of sample (mg QE/g sample).
The calibration curve (quercetin, 0.00625-0.4
mg/mL) followed y = 8.346x + 0.217 (R* =
0.952); estimated LOD and LOQ were 0.003 and
0.009 mg/mL. Quercetin was also used as the
TPC calibration standard (Section 4.3.1) to keep
a single reference compound across the phenolic
and flavonoid assays; TPC is therefore
expressed as quercetin equivalents rather than
the more conventional gallic acid equivalents.

2.5. Antioxidant Analysis

The fractions of G. inodorum leaf extract
were evaluated for their potential antioxidant
capacity and free radical scavenging activities.
2.5.1. DPPH Radical Scavenging Activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay was used to assess the free radical
scavenging capabilities of G. inodorum
extracts. The procedure involved creating a
DPPH stock solution in methanol and adding
195 uL of the DPPH solution with 10 uL of G.
inodorum extract in a 96-well micro-titer plate.
After a 30-minute dark incubation period, the
absorbance at 517 nm was obtained using a
SPECTROstar nano microplate reader (BMG
LABTECH) (Chaves et al., 2020).
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2.5.2. ABTS Decolorization Assay

Amao’s described method (Arnao et al.,
2001)was used to evaluate the antioxidant
potential of G. inodorum fraction extract using
ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)] assay. The method involved
preparing a 7mM ABTS reagent using 2,2-
azino-bis-6-sulfonic acid, diammonium salt in
H20 and 2.45 mM of K2S208 (potassium
persulfate), which was kept in dark incubation
for 12 h at room temperature. 80% ethanol was
added to dilute the solution in a 96-well
microtiter plate along with 10 pL of G.
inodorum fraction extract. After a 30-minute
dark incubation at 734 nm wavelength, the
absorbance was measured and reported as the
50% inhibition concentration value, which
reflects the correlation between the % inhibition
of the test sample concentration and ABTS. The
inhibition was measured at 734 nm absorbance,
determined as a percentage and calculated by
comparison with Trolox as a standard reference.
2.5.3. FRAP Assay

The method described by Aljadai (Devi &
Jain, 2014)was used to determine the ferric-
reducing antioxidant power (FRAP) value of G.
inodorum  extract. The process involved
preparing the FRAP reagent by mixing 2.5 mL
of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ)
with 2.5 mL of 20 mM ferric chloride (FeCl3),
40 mM HCI, and 25 mL of 300 mM acetate
buffer at pH 3.6. The G. inodorum fraction
extract was then diluted two times with DW
(distilled water), and ten microliters of the G.
inodorum fraction extract was added with 190
microliters of the FRAP standard reagent in a
96-well microtiter plate for a 30-minute dark
incubation period. Finally, at 593 nm, the
sample's absorbance was observed using a
SPECTROstar nano microplate reader and
calculated by comparison with Trolox as a
standard reference.

2.6. Detection and Quantification of
Gymnemic Acid

The quantification of gymnemic acid was
conducted according to the validated HPLC
method described by Devi and Jain (Devi &
Jain, 2014) and modifications by Kamble et al.

164

For the detection of gymnemic acid, 10 mg of
the crude gymenema extract was dissolved in 50
mL of a 50% (V/V) methanol solution for
chromatographic analysis. To this solution, after
adding 10 mL of 11% KOH, heated under reflux
for one hour in a boiling water bath before being
cooled. After that, 9 mL of 12 N hydrochloric
acid (HCIl) was mixed and refluxed for another
hour in the water bath. After lowering the
temperature, the solution was mixed with 50%
(V/V) methanol marked 100 mL final volume
and further subjected to analyzation with HPLC
(Shimadzu LC, Kyoto, Japan). The percentage
of gymnemic acid was calculated using the
sample's area under the curve, and it was
compared to the standard value of deacyl
gymnemic acid. Because gymnemic acid lacks a
readily available analytical reference standard,
deacyl gymnemic acid was used for calibration,
consistent with the method of Devi and Jain
(Bajpai et al., 2016); gymnemic acid content
reported in this study is therefore expressed as
deacyl gymnemic acid equivalents.
Chromatography was conducted using LC
systems, HPLC with analytical C18 column
(250 x 4.60 mm i.d. x 5.0 pum), mobile phase
consisting of (A) Acetonitrile solution and (B)
Type 1 water (50:50) at 30°C column
temperature, a flow rate of 2.0 mL/min, and
detected at the wavelength of 218 nm. Deacyl
gymnemic acid was used as a standardization
concentration (3.91-500 pg/mL), and a duplicate
sample was injected along with 20 pl of the
sample solution to perform the HPLC estimation
(Manthey, 2000). Because gymnemic acid was
quantified against a deacyl gymnemic acid
standard, in accordance with Devi and Jain
(Pietta, 2000), all gymnemic acid concentrations
reported in this study are expressed as deacyl
gymnemic acid equivalents. The standard
injection series (40—-80 pL) gave a linear peak-
area response (R? = 0.993) across the validated
range.

2.7 Characterization of Active
Phytochemicals
The characterization of active

phytoconstituents from G. inodorum leaf extract
fractions was performed by a quadrupole time-
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of-flight mass spectrometer, following the
method described by Chiwat (Zhang et al.,
2015). Initially, the collected fractions were
dissolved in methanol, followed by cleaning
with dispersive C18 SPE. Before analysis, the
solution was filtered through HPLC micro-
filters (0.22 pm). Further analysis was
conducted by utilizing the series of Agilent 1290
Infinity II in conjugation with a 6546 LC-
QTOF/MS apparatus with resolution 1.3 Da and
3 ppm accuracy of m/z determination. The LC
conditions involve the use of a ZORBAX
Eclipse Plus C18 column Shimadzu (HPLC-
UV) with an injection quantity of 10 pL, a flow
rate of 0.2 mL/min, and a mobile gradient
system starting with a mixture of 95% water (1%
formic acid) and 5% acetonitrile, gradually
increasing to a final composition of 95%
acetonitrile. Chromatographic separation was
achieved through mass spectrometry conditions
that include a positive mode electrospray
ionization (ESI) probe, a nebulizer pressure of
20 psi, a flow rate of 7 L/min of N2, a capillary
temperature of 300°C, a flow rate of 8 uL/min, a
mass-to-charge ratio range of 50-1000 m/z, a
capillary voltage of 4500 V, and a temperature
of 280°C dry heater. The phenolic compounds
were identified using the database EMBL — EBI
(Bajpai et al., 2016).

3. Results and Discussion
3.1. Results

The preliminary screening of ethanol reflux
extract based on Thin Layer Chromatography
(TLC) indicated active compounds in the G.
inodorum leaf extract. The active compounds in
the extract were separated on the TLC plate and
compared with the Rf values of employed
standards (Quercetin, Gallic Acid, Caffeine, and
Trolox). The column  chromatographic
fractionation of crude extract yielded 12
fractions in the best-suited solvent system of
TLC as a mobile phase and silica gel as a
stationary phase. Solvent-system screening
identified ethyl acetate:methanol:water (10:1:1)
as the system giving the clearest separation on
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silica gel, with Rf values of 0.93—0.975 (two
spots) for the extract, 0.93—0.97 for quercetin,
and 0.812 for gallic acid; caffeine remained at
the origin (Rf = 0) under this system, visualized
with wvanillin sulfuric acid spray. The 12
fractions were assessed by using a 218 nm UV
spectrophotometer and produced 3 pool
fractions based on UV absorbance values.
Newly named as Fraction A (fraction 1 - 4 of
column chromatography), Fraction B (fraction 5
— 10), and Fraction C (fraction 11 — 12). TLC
screening prior to column chromatography
tested seven mobile-phase systems on the
ethanol reflux extract against Quercetin, Gallic
acid, and Caffeine standards, visualized with
vanillin—concentrated H2SO4 spray; ethyl
acetate:methanol:water (10:1:1 v/v/v) gave the
cleanest multi-spot resolution (sample Rf =
0.93-0.98; Quercetin Rf = 0.93-0.97; Gallic
acid Rf = 0.81) and was used to select the
mobile-phase polarity range for the column
gradient.

The phenolic and flavonoid content of the
three fractions derived from the leaf extract of
G. inodorum were examined. Total phenolic
content revealed that fraction A has the highest
at 0.294 + 0.056 mg QE/mL, followed by
fraction C (0.227 + 0.041 mg QE/mL) and
fraction B (0.085 £ 0.039 mg QE/mL), as shown
in (Table 1).

The analysis of total flavonoid content in the
fractions of G. inodorum found that fraction C
has the highest flavonoid content at 0.384 =+
0.007 mg QE/mL, followed by fraction B and A
(0.309 £+ 0.110 mg QE/mL, 0.274 + 0.050 mg
QE/mL), respectively (Table 1). The statistical
analysis showed significant differences (p<
0.05) among fractions for phenolic, flavonoid,
and antioxidant activities. Summing the
individual fraction yields in Table 1 gives a total
recovery of 63.94% (w/w) of the crude extract
mass loaded onto the column, with the
remainder attributable to material retained on
the column and losses during evaporation and
lyophilization.
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Table 1. The total phenolic and flavonoid content and percent yield of the G. inodorum leaf
extract fraction.

Samples Total Phenolic Content (mg Total Flavonoid Content o, vield (W/w)
QE/mL) (mg QE/mL)
Fraction A 0.294 £ 0.056* 0.274 + 0.050° 12.60
Fraction B 0.085 £ 0.039¢ 0.309 +0.110% 39.93
Fraction C 0.227 +0.041° 0.384 £ 0.007* 11.41
* - - *
I £ E
= *  0.50- I 0.8
= (<2} -
F 0.6 £ g':g_ g 0.7 | T
=] = < 0.6
E 0.5 £ 0.474 2
=y £ 0.46-] 2 0.5
= 0.4 S 0.45- 8 0.4-
S 0.3 2 0.44- € 0.3
£ ol D 0.43- 2 424
2 S 0.42- X
3 0.1 S 0.41- = 0.1
B oo ? 0.40- © 0.0- .
z 00T Il E A B C E A B C
& Fractions < Fractions L Fractions
(a) (b) (c)

Figure 1. The bar graph shows the antioxidant activities of 3 different pool fractions (A, B, and C):
(a) DPPH radical scavenging activity, (b) ABTS radical scavenging activity, and (c) Ferric reducing
antioxidant activity. The statistical significance were determined using one-way ANOVA, followed by
Duncan’s multiple range test at p < 0.05 and represented by star marks. The Star marks represent the
significant mean difference between the fractions (A; fraction 1 - 4 of column chromatography, B;
fraction 5 — 10, C; fraction 11 — 12). Data are expressed as mean = SD (n = 3).

Total phenolic content was quantified using
the Folin-Ciocalteu method and expressed as mg
quercetin equivalents (QE) per milliliter of
extract (mg QE/mL). Total flavonoid content
was measured using a colorimetric method and
also expressed as mg quercetin equivalents (QE)
per milliliter of extract (mg QE/mL). Statistical
significance (p < 0.05) was assessed using one-
way ANOVA followed by Duncan’s multiple
range test. Results are presented as mean + SD
(n = 3) for total phenolic content, total flavonoid
content, and % yield (w/w) with distinct
superscript letters (a,b,c) to highlight significant
differences.

The antioxidant activity of the three
fractions received from the leaf extract of G.
inodorum was assessed by employing DPPH,
ABTS, and FRAP assays. In the DPPH assay, it
was observed that fraction A exhibited the most
pronounced antioxidant activity (71.25 £+ 3.15
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mg TE/mL), followed by fraction B (31.57 +
6.42 mg TE/mL), with the lowest activity
observed in fraction C (27.92 + 3.64 mg
TE/mL). Summing the percent yields of
Fractions A, B, and C (12.60%, 39.93%, and
11.41% w/w, respectively) gives a total recovery
of 63.94% (w/w) of the crude extract loaded
onto the column.

Likewise, the ABTS assay yielded results
indicating that fraction A displayed the highest
radical scavenging activity (95.45 + 0.89 mg
TE/mL), closely followed by fraction B (93.46
+ 143 mg TE/mL), whereas fraction C
demonstrated activity of a comparable
magnitude (87.29 + 0.45 mg TE/mL).

Conversely, the assessment of reducing
properties using the FRAP assay unveiled that
fraction C exhibited the most robust antioxidant
activity (2.97 +0.25 mg TE/mL). In comparison,
fractions B and A also demonstrated
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considerably lower ferric ion reducing power concentration at 0.3933 + 0.003 mg/g, followed
(2.65 + 0.26 mg TE/mL and 0.85 + 0.14 mg by fractions B and A at 0.1591 + 0.003 mg/g and
TE/mL, respectively) (Figure 1). The three 0.1417 = 0.000 mg/g, respectively (Table 2).
fractions were analyzed through HPLC with The HPLC-C18 chromatogram in Figure 2
C18 column to quantify the Gymnemic acid shows the extract's standard and gymnemic acid
level. After analyzing the sample, fraction C peaks.

showed the highest gymnemic acid

uV uV
10000 s g \ k=l
< o 1500, <
-2 — 2
£ g
2 2
5 d
5000-] <) 1000+ §®
) [
N 00 L ) -
A APDAMWGT o e ..ot IPDAMukil
o T
2.50 275 3.00 325 350 3.75 250 275 300 3.25 350 35
min min
1 PDA Multi 1/ 254mm 4nm 1 PDA Muli 1 /254nm 4om
(a) (b)
uy uV
- ) ]
1500 3 1500- 3
2 2
5 s 5
=] a =
! E
oo e wol R &
- . s {
500- —/__\_ 500- H / \
e L IPDAMuli| T 44— _..- - 1PDA Muli |
T T T T 1
250 275 300 325 350 175 250 275 300 325 350 375
min min
1 PDA Mulii | / 254nm 4nm | PDA Mulii 1 / 254nm 4nm
()

Figure 2. HPLC-UV chromatograms of gymnemic acid. Figure (a) shows the chromatogram of a
gymnemic acid standard at 100 pg/mL. Figure (b), (c), and (d) display gymnemic acid content in
fractions A, B, and C, respectively. All analyses were performed at a detection wavelength of 218 nm,
matching the method used for gymnemic acid detection in Section 3.6. The presence of distinct peaks in

each fraction shows isolation and quantification of gymnemic acid, indicating variability in
concentration across the fractions.

Table 2. The gymnemic acid concentration in fraction of G. inodorum leaf extract.

Fractions Gymnemic Acid (mg/g)
Fraction A 0.1417 £ 0.000°
Fraction B 0.1591 £ 0.003°
Fraction C 0.3933 + 0.003*

The concentration of gymnemic acid was determined using HPLC technique, with quantified using authentic standard
and expressed as milligrams per gram of extract. The statistical significance was at p < 0.05 expressed as mean + SD (n = 3)
denoted by different superscript letters (a, b, ¢) within the column.
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Phenolic compounds were screened in
fractions of G. inodorum leaf reflux extract by
LC-QTOF/MS. The LC-QTOF/MS analyses
revealed phytochemical compounds in fractions.
From the LC-QTOF/MS result for each fraction,
the compounds were analyzed for active
phenolic compound screening and the database
EMBL — EBI and ChemSpider by Royal Society
of Chemistry was used to authenticate the
compounds. Fraction A contained the phenolic
compounds Bufotalinin, Erysothiopine,
Schisanhenol B, Zhebeiresinol, Kanzonol P, &-
[(2Z)-3,6-Dimethyl-2-hepten-1-yl]-5,7-
dihydroxy-2-(4-hydroxyphenyl)-2,3-dihydro-
4H-chromen-4-one, and Toyocamycin based on
tentative database matching; other potential
antioxidants listed include fatty acids and drugs.

The fraction B of G. inodorum leaf reflux
extract contained seven phenolic compounds,
including Erysothiopine, Schisanhenol B,
Kanzonol P, Fluocinolone, Bufotalinin,
Chamuvaritin and Tomentolide A among the

active compounds. The 6 H Reflux extract of G.
inodorum leaf, fraction C, screened for four
potential phenolic compounds, namely 2,2-
Dimethyl-3,4-bis(4-methoxyphenyl)-2H-1-
benzopyran-7-ol acetate, Clausarinol, 8-Deoxy-
11,13-dihydroxygrosheimin, and Eudesmin.
The catalog of these phenolic compounds is
mentioned in Table 3. The Phenolic compounds
in a fraction of G. inodorum leaf identified by
LC-QTOF/MS, and Figure 3  shows
chromatograms for LC-QTOF/MS of phenolic
compounds. Compounds with a database mass
difference greater than 10 ppm or a matching
score below 85% are flagged here as lower-
confidence annotations pending confirmation
with authentic reference standards or MS/MS
fragmentation, consistent with  accepted
metabolomics reporting standards; several Table
3 entries (mass differences of 18-23 ppm) fall
into this range.

Table 3. The Phenolic compounds in a fraction of G. inodorum leaf identified by LC-QTOF/MS

Peak Retention

Mass Diff Matching

Sample Mass [M+H]+ Formula
No Time (db/ppm) Score (%) Compound
Fraction A 1 1548 41420 415.2123 1.01 97.57% C24H3006 Bufotalinin
2 13.65 407.10 425.1368  18.03 96.67% Ci19H21NO-S Erysothiopine
3 14.11  386.17 387.1805 1.01 95.54% C22H2606 Schisanhenol B
4 13.65  280.09 281.1021 1.01 85.66% Ci4H1606 Zhebeiresinol
5 13.66  368.16 369.1698 1.00 83.60% C22H240:5 Kanzonol P
6 15.48  396.19 397.2010 1.01 82.43% C24H230:5 8-[(22)-3,6-Dimethyl-2-
hepten-1-yl]-5,7-dihydroxy-2-
(4-hydroxyphenyl)-2,3-
dihydro-4H-chromen-4-one
7 13.47  291.09 309.1315 18.04 82.22% Ci2H13N504 Toyocamycin
1 13.65 407.10 425.1368  18.03 96.67% CisH21NO5S Erysothiopine
FractionB 2 14.03  386.17 387.1812 1.01 94.48% C2H2606 Schisanhenol B
3 13.66  368.16 369.1698 1.00 83.60% C22H240:5 Kanzonol P
4 14.03  412.17 413.1777 1.00 82.57% C21H26F206 Fluocinolone
5 1548 41420 415.2123 1.01 81.92% C24H3006 Bufotalinin
6 15.85  452.16 453.1682 1.00 80.18% C29H2405 Chamuvaritin
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7 14.49  402.14 425.1369  22.99 79.90% CasH220s Tomentolide A
Fraction C 1 15.87 41420 437.1931 2299 98.00% C24H3006 Clausarinol

2 14.06  386.17 409.1627  22.99 91.51% C22H2606 Eudesmin

3 15.87  430.17 453.1669  22.99 87.85% C27H260:5 2,2-Dimethyl-3,4-bis(4-

methoxyphenyl)-2H-1-
benzopyran-7-ol acetate

8-Deoxy-11,13-

4 1548  280.13 281.1388 1.00 85.47% Ci5H2005 dihydroxygrosheimin
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Figure 3. Phenolic compounds LC-QTOF/MS analysis in fractions of G.inodorum extract, operated
under the following parameters: ionization mode [positive], ionization source [Dual AJS ESI], and
collision energy [0]. Mass measurements were conducted with high resolution and accuracy 1.3 Da,
3ppm respectively, ensuring precise determination of molecular masses (a) LC-QTOF/MS analysis of
fraction A phenolic compounds; (b) LC-QTOF/MS analysis of fraction B phenolic compounds; (c) LC-

QTOF/MS analysis of fraction C phenolic compounds.

3.2 Discussion

This investigation studied different methods
for determining the antioxidant potential,
screening phenolic compounds, and analyzing
the gymnemic acid level using other compound
extraction laboratory techniques. Column
chromatography and thin-layer chromatography
have been used to detect and separate active
compounds in the extract (Abeyrathne et al.,
2022). Our results suggest that column
separation is a good technique for obtaining the
active compound in the extract. Interestingly,
preliminary thin-layer chromatography results
were similar for column separation, which
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facilitated selecting the solvents for the best
separation of fractions.

Various phenolic classes of Apocynaceae
family have attracted significant interest due to
their  physiological roles, encompassing
activities such as scavenging free radicals,
preventing mutations, inhibiting carcinogenesis,
and reducing inflammation (Brand-Williams et
al., 1995). The antioxidative efficacy of phenolic
compounds is primarily due to their redox
properties, enabling them to function as
reducing agents, hydrogen donors, quenchers of
singlet oxygen, and potential metal chelators (L.
Yu et al., 2002).
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The column chromatographic fractionation
of G. inodorum leaf extract has successfully
resolved the critical limitations associated with
raw, unfractionated crude extract. Standard
crude extractions, such as ethanol reflux, yield
highly complex mixtures where pigments and
lipids remain co-extracted (Wu et al.,
2006),(Cianciosi et al., 2018). These compounds
form a dense matrix that physically encapsulates
active phenolics, thereby limiting their kinetic
rate of free radical scavenging (Nuchuchua et
al., 2024). Further, based on the results, a
notably elevated concentration of phenolic
compounds was detected in the fractions of
column separation reflux extract obtained from
the leaves of G. inodorum . This finding could
provide a scientific basis for the extensive
historical utilization of this plant in traditional
folk medicine practices as well as evidence for
high antioxidant activity.

The antioxidant activities of the
phytochemical compounds are essential to
scavenging free radicals and have a beneficial
effect against oxidative-related
disorders(Benzie & Strain, 1996) . Many studies
have reported that plant extracts' bioactive
compound possesses a strong antioxidative
capacity, possibly enhancing human health
(Huang et al., 2005). The DPPH assay has been
employed for radical scavenging activity that
revealed the antioxidant activity of each
fraction. This assay revealed that the separation
of fractions via column chromatography showed
increased radical scavenging activity of the
DPPH radical, which may indicate an increased
ability of purified compounds in fractions to
donate hydrogen ions (Nwozo et al., 2023). This
kinetic pathway is highly favored by less polar,
highly mobile phenolic acids and lipophilic
flavonoids, which were concentrated in Fraction
A. Therefore, it may be postulated that fraction
A of G. inodorum leaf extract contains higher
potent DPPH and ABTS radical scavenging
activity due to abundant  purified
phytochemicals that reduce the radical due to
their hydrogen-reducing ability. However,
fractions B and C have lower scavenging of
DPPH and ABTS radicals, which may be due to
the compound's light affinity, temperature, and
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solubility of extracts in the solvent system,
which were reported factors for affecting the
capacity of compounds to quench the radical
(Srinuanchai et al., 2019).

The antioxidant capacity test by ABTS assay
(Haideri et al., 2024) revealed that fraction A has
high ABTS+ radical scavenging, the same as the
standard at the highest 1 mg/mL concentration.
This indicated the capability of active
compounds in our extract to scavenge free
radicals, indicating the potential presence of
specific phenolic compounds within our extract
with in vitro antioxidant activity relevant to
oxidative damage associated with free radicals,
pending confirmation of therapeutic efficacy in
vivo.

The FRAP assay measures the antioxidative
capacity of an antioxidant by its reaction with a
ferric tripyridyltriazine (Fe3+-TPTZ) complex,
resulting in the formation of a colored ferrous
tripyridyltriazine (Fe2+-TPTZ) product (L.-H.
Yu et al., 2004). FRAP assay does not involve
free radicals but measures the reduction of a
ferric tripyridyltriazine complex to its ferrous
form via single electron transfer mechanism.
Based on the FRAP assay results, conversely,
fraction C has reported the highest antioxidant
activity than fractions A and B, opposite to
DPPH and ABTS results. This divergence likely
reflects the different reaction chemistries of the
assays: DPPH and ABTS are radical-scavenging
assays that respond preferentially to the
lipophilic, hydrogen-donating phenolics and
flavonoids concentrated in the less polar
Fraction A, whereas FRAP measures single-
electron-transfer reducing power, which favors
the more polar, hydrophilic constituents
enriched in Fraction C - consistent with Fraction
C also showing the highest TFC and gymnemic
acid content in this study (Table 1 and Table 2).
FRAP involves the reduction of a ferric ion to its
ferrous form by electron donation from these
reducing agents, rather than the hydrogen-atom
or electron transfer to a stable free radical
measured by DPPH/ABTS (L.-H. Yu et al,,
2004). Our results are supported by a previous
study on G. inodorum for high antioxidant
activity in crude extract (Wang et al., 2020).
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The gymnemic acid levels quantified across
the three fractions (Table 2) were markedly
higher than the 0.0194 mg/g reported in a
previous study, irrespective of extraction
method (Srinuanchai et al., 2019), supporting
the applied method for separation of active
compounds in G. inodorum  leaf extract.
Furthermore, the extraction method's efficiency
is bolstered by the determination of gymnemic
acid levels.

The current study has shown that the
fractions of G. inodorum leaf extract contains
high concentrations of phenols and flavonoids as
active compounds; thus, it is inferred that these
active compounds are responsible for high
antioxidant activity (Montoro et al., 2018). The
correlation between antioxidant activity and
total phenolic contents of G. inodorum extract
is consistent in several reports. The antioxidant
activity of fractions revealed that the fractions
have higher activity as compared to crude
extract. The previous study (Barker, 2019) has
published 0.13506 mg TE/g as the highest
DPPH antioxidant activity for Gymnema
inodorum leaf extract, which is lower in
comparison to the activity of our fractionated
extracts. Furthermore, the fractionation showed
better activity for FRAP and ABTS as compared
to crude extract. Moreover the results showed
the connection between the total phenolic
contents of the fractions of G. inodorum leaf
extract and the antioxidant activity as assessed
by the DPPH or ABTS assay. The findings
demonstrated a direct relationship between total
phenolic levels and either DPPH or ABTS
radical scavenging activity. Both the DPPH and
ABTS tests indicated the high antioxidant
capacity of the fractions with high total phenolic

contents. Therefore, the fractions of G.
inodorum leaf extract have considerable
phenolic  compounds  with  antioxidant

properties. Compared with previously reported

crude G. inodorum extracts, the
chromatographic fractions demonstrated
enhanced antioxidant activity, suggesting

enrichment of active phenolic constituents
through fractionation.

Interestingly, LC-QTOF/MS analysis results
supported that fractions with higher phenolic
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compound contents showed greater antioxidant
activity. There may be a relationship between
phenolic  compounds and  bioactivity,
particularly in terms of scavenging free radicals,
as evidenced by the higher quantities of these
compounds found in fractions with increased
antioxidant activity. Nonetheless, a thorough
statistical analysis that definitively establishes
this association can support the study's
conclusions even more and call for further
investigation in the future. The difference in
concentration of phenolics and flavonoids was
reported by other Gymnema studies (Haideri et
al., 2024). Moreover, the screened active
phenolic compound, Schisanhenol B was found
in Schisandra chinensis and magnolia vine or
five-flavor berry, which were the new active
phenolic compounds in G. inodorum leaf
extract, an aspect not reported in the previous
study. These active compounds have been
shown to have an antioxidative effect in human
low-density lipoprotein (Montoro et al., 2018).
Among the identified phenolic compounds,
Zhebeiresinol a phenolic lignan has potential
health benefits, including antioxidant and anti-
inflammatory properties (Barker, 2019). The
compound Fluocinolone has been studied for
treating localized psoriasis (L.-H. Yu et al.,
2004). Furthermore Eudesmin is found in LC-
QTOF/MS result, which is natural phenolic
lignan having specific antioxidant and anti-
inflammatory potential (Barker, 2019), while
Clausarinol, Chamuvaritin and Tomentolide A
seemed to be a new compounds with limited or
no prior study. The identification of
Tomentolide A in fraction B is considered
tentative because the matching score (79.90%)
is comparatively lower than other compounds.
The consumption of this plant may play a vital
role due to active phenolic compounds for
various disease treatments such as diabetes,
hyperglycemia, @ and  premature  aging.
Nevertheless, additional antioxidant potential in
vivo models and various antioxidant
mechanisms  should be comprehensively
studied.

Pearson and Spearman correlations were
computed across the three fraction-level means
(TPC, TFC, DPPH, ABTS, FRAP, and
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gymnemic acid; Figure 4). With only n = 3 and gymnemic acid (Pearson r = 0.97) and
fractions, none of these correlations reach between ABTS and gymnemic acid (r = —0.98),
statistical significance (all p > 0.1) and the while TPC and DPPH showed a moderate
coefficients should be read as exploratory only. positive association (r = 0.69), consistent with
The strongest associations were between TFC the positive association reported in the Abstract.

Pearson Correlation Heatmap
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Figure 4. Pearson correlation heatmap across TPC, TFC, DPPH, ABTS, FRAP, and gymnemic acid,
computed from the three fraction replicates level means (n = 9). using true Trolox/quercetin-equivalent
concentrations.

PCA biplot: phytochemical/antioxidant profile
by fraction (n=9 replicates)
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Figure 5. PCA biplot of TPC, TFC, DPPH, ABTS, and FRAP (standardized, n=9 replicate readings).
Points are individual replicates colored by fraction; arrows show variable loadings

PC2 (23.7%)
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Principal Component Analysis (PCA) on the
same five standardized variables (Figure 5)
shows the three fractions separating cleanly
along two components explaining 98% of total
variance (PC1 = 74.2%, PC2 = 23.7%): PC1 1is
driven by TFC/FRAP loading positively against
DPPH/ABTS/TPC loading negatively,
separating Fraction C (high TFC/FRAP) from
Fractions A and B (high TPC/DPPH/ABTY).

4. Conclusion

In conclusion, the fractions of extract of the
plant G. inodorum showed significant
antioxidant activity and phenolic compounds.
This suggests the presence of additional
beneficial active phenolic compounds within the
plant extract, indicating further potential effects
that could be beneficial from its use. The
different level of antioxidant activity observed
from each fraction are probably due to variation
of active phytochemicals. Fraction A exerted the
highest radical scavenging capacity as well as
highest total phenolic content. The study
supported that phenolic compounds may be
responsible to antioxidant capacity of G.
inodorum leaf extract. Our findings further
indicate that the column chromatography
technique is capable of providing effective
purification for these active compounds.
Moreover, the results of this study have
promising implications across various fields.

Primarily, the endorsement of conventional
medical approaches is substantiated by the
identification of numerous phenolic components
in the leaf extract of G. inodorum , coupled with
their correlation to potent antioxidant activity.
This implies that G. inodorum may have
therapeutic relevance for oxidative stress-related

disorders, pending confirmation in vivo.
Moreover, this investigation illuminates
neglected phytochemical compounds,

prompting additional re-search to unveil the
concealed therapeutic potential of this locally
edible plant. Utilizing column chromatography
for their purification offers promise in isolating
and studying these valuable compounds.
Nonetheless, future research focusing on
characterization and identification of active
compounds, and its health effect especially
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through in-vivo models and clinical studies, is
imperative to translate these findings into
practical applications for human health.
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