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Abstract

Aconogonon molle (leaves and stems) and Polygala arillata (roots) were selected for com-
parative investigation based on their ethnomedicinal relevance and their traditional use as
plant ingredients in marcha, as reported by local Limbu community members during field
collection. Methanolic extracts of both species were evaluated under identical experimental
conditions for phytochemical composition, antioxidant activity, a-amylase inhibition, and an-
tibacterial activity. A. molle showed higher total phenolic content (55.36 + 1.16 mg GAE/g)
and total flavonoid content (11.02 + 0.32 mg QE/g) than P. arillata. It also exhibited
stronger antioxidant activity, with a DPPH IC5q of 42.35 + 1.05 pg/mL and FRAP value of
670.94 + 2.50 mM Fe?* /L. A. molle showed moderate a-amylase inhibitory activity (ICsg
= 867.78 ug/mL) compared with acarbose (ICs59 = 26.28 pg/mL) and modest antibacte-
rial activity against Staphylococcus aureus (7.75 mm inhibition zone), while no activity was
detected against Salmonella typhi. P. arillata showed weak DPPH radical-scavenging and
a-amylase inhibitory activities, and its IC5 values could not be determined within the tested
concentration ranges. It also showed no detectable antibacterial activity against either test
organism. Overall, A. molle exhibited stronger biological activities than P. arillata under
the tested conditions. These findings provide comparative baseline information for further
isolation and characterization of bioactive constituents from these ethnobotanically related
medicinal plants.
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1 Introduction logical conditions support a rich diversity of medic-
inal plants. More than 1,900 plant species are

Nepal has diverse landforms and climates, ranging used in traditional healing, reflecting the country’s
from tropical lowlands to alpine regions. These eco- Strong ethnobotanical heritage [1]. Indigenous com-
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munities have long used medicinal plants to manage
infections, inflammation, digestive disorders, and
chronic diseases. This traditional knowledge pro-
vides an important basis for scientific research and
sustainable use of medicinal plant resources [2].

Studies on Nepalese medicinal plants have identified
several classes of bioactive compounds, including
flavonoids, phenolic acids, alkaloids, saponins, and
terpenoids [3,4]. Many of these compounds exhibit
antioxidant, antimicrobial, and enzyme-inhibitory
activities, increasing interest in medicinal plants as
potential sources of bioactive compounds for man-
aging oxidative stress and metabolic disorders.

Diabetes mellitus is a major global health problem.
In Nepal, unhealthy diets, physical inactivity, and
changing lifestyles have contributed to the increas-
ing prevalence of type 2 diabetes [5]. Persistent
hyperglycemia promotes the generation of reactive
oxygen species and oxidative stress, which can dam-
age lipids, proteins, and DNA and contribute to
complications such as cardiovascular disease, neu-
ropathy, and kidney disorders [6].

Antidiabetic medicines, including metformin, sul-
fonylureas, and acarbose, are effective but may
cause adverse effects [7]. Medicinal plants are there-
fore being investigated as complementary sources of
bioactive compounds [8,9]. Polyphenol-rich plant
extracts may reduce oxidative stress and inhibit
carbohydrate-digesting enzymes such as a-amylase
and a-glucosidase, thereby slowing carbohydrate
digestion and postprandial glucose release [10].

Aconogonon molle and Polygala arillata are medic-
inal plants used in traditional practices for fever,
infections, and digestive disorders [11,12]. Dur-
ing field collection, local Limbu informants reported
that both species are used as plant ingredients in
marcha, a traditional starter culture used for alco-
holic fermentation. The reported use of A. molle in
marcha is also consistent with previous ethnobotan-
ical literature [13], whereas the corresponding use
of P. arillata was recorded from local informants
during the present field collection. This shared tra-
ditional use provided the primary rationale for se-
lecting the two species for comparative investiga-
tion.

Previous studies have reported antioxidant pheno-
lic constituents in A. molle and antioxidant and a-
amylase inhibitory activities in P. arillata [12-14].
However, the two species have not been directly
compared under identical extraction and assay con-
ditions, and collection-site information was not
clearly documented in some earlier reports. This
is relevant because phytochemical composition may
vary with geographical location, altitude, climate,
soil conditions, season, plant part, and extraction
method [15-17].

Therefore, the present study compared the phy-
tochemical composition and biological activities
of A. molle and P. arillata collected from docu-
mented locations in Nepal. Methanolic extracts
were evaluated under identical experimental condi-
tions for phytochemical composition, total phenolic
and flavonoid contents, DPPH and FRAP antioxi-
dant activities, a-amylase inhibition, and antibac-
terial activity. The study provides a standardized
comparison of these traditionally related plants and
new c-amylase inhibitory data for A. molle leaves
and stems.

2 Materials and methods

2.1 Chemicals and reagents

Analytical-grade ethanol, methanol, and dimethyl
sulfoxide (DMSO) were obtained from Thermo
Fisher Scientific, India. Porcine pancreatic a-
amylase, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,4 6-tripyridyl-s-triazine (TPTZ), gallic acid,
quercetin, and ascorbic acid were purchased from
Sigma-Aldrich, USA. Acarbose and neomycin were
obtained from Canvax Biotech, Germany. Mueller-
Hinton agar (MHA) and Mueller-Hinton broth
(MHB) were purchased from HiMedia, Mumbai,
India. Staphylococcus aureus (ATCC 25923) and
Salmonella typhi (ATCC 14028) were obtained
from the Central Department of Chemistry, Trib-
huvan University, Kirtipur, Nepal, and used for
antibacterial assays.

2.2 Selection and collection of plant
materials

Aconogonon molle (D. Don) H. Hara and Polygala
arillata Buch.-Ham. ex D. Don were selected based
on their ethnomedicinal relevance in Nepal [2,12].
During plant collection, informal consultation with
local Limbu community members indicated that
both species are traditionally used as plant ingre-
dients in Marcha, a traditional starter culture for
alcoholic fermentation. This ethnobotanical infor-
mation provided an additional basis for selecting
the two species for comparative investigation.

A. molle was collected from Tehrathum District
(27.12° N, 87.60° E), while P. arillata was col-
lected from Makawanpur District (27.40° N, 85.03°
E) during the flowering season, Figure 1. The col-
lected materials consisted of leaves and stems of
A. molle and roots of P. arillata. Species identi-
fication was based on morphological characteristics
and comparison with descriptions provided in Flora
of Nepal [13] and Flowers of the Himalaya [17,18].

Collected samples were washed with distilled water
to remove surface debris and then shade-dried at
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room temperature to minimize heat-related degra-
dation. The dried materials were ground into a fine

powder using a mechanical grinder and stored in
airtight containers until extraction.

Figure 1: Photographs of the study plants: (A) Aconogonon molle and (B) Polygala arillata.

2.3 Extraction procedure

Methanolic extracts of A. molle (leaves and stems)
and P. arillata (roots) were prepared using cold
percolation. Briefly, 150 g of air-dried powdered
plant material was soaked in 500 mL methanol at
room temperature. The samples were extracted for
five days with occasional shaking and then filtered
through Whatman No. 1 filter paper. Extraction
was repeated three times using fresh methanol until
the solvent became visibly lighter. The combined
filtrates were concentrated under reduced pressure
at 40°C using a rotary evaporator (Heidolph, Ger-
many) at 150 rpm. The concentrated extracts were
air-dried and stored at 4°C until further analysis.

2.4 Phytochemical screening

Preliminary phytochemical screening of A. molle
leaf and stem extract and P. arillata root ex-
tract followed standard procedures [19,20]. Alka-
loids were tested using Dragendorff’s and Mayer’s
reagents. Orange-brown or cream precipitates in-
dicated positive reactions. Flavonoids were tested
using the alkaline reagent test. Yellow coloration
that disappeared after acidification indicated a pos-
itive result. Phenolic compounds and tannins were
tested using ferric chloride solution. Blue, green, or
dark coloration indicated their presence.

Saponins were detected by persistent foam forma-
tion in the froth test. Terpenoids were tested us-
ing the Salkowski test, with a reddish-brown inter-
face indicating a positive reaction. Sterols were
tested using the Liebermann-Burchard reaction,
with blue-green coloration indicating their pres-
ence. Glycosides were tested using the Keller-
Killiani test, where a brown ring at the interface
indicated a positive reaction. Quinones were iden-
tified by red or pink coloration after adding alkali.

Reducing sugars were tested using Benedict’s or
Fehling’s reagent, with a brick-red precipitate in-
dicating a positive reaction.

2.5 Determination of total phenolic
content (TPC)

Total phenolic content was determined using the
Folin-Ciocalteu method [21]. Briefly, 20 uL of ex-
tract or gallic acid standard was mixed with 100
uL of 2N Folin-Ciocalteu reagent and 80 uL of 1
N NaoCOs3 in a 96-well microplate. After incuba-
tion in the dark for 15 min at room temperature,
absorbance was measured at 765 nm using a mi-
croplate reader (Synergy LX, BioTek, USA). Gal-
lic acid was used to prepare the calibration curve.
Results were expressed as milligrams of gallic acid
equivalents per gram of extract (mg GAE/g).

2.6 Determination of total flavonoid
content (TFC)

Total flavonoid content was determined using the
aluminum chloride colorimetric method [22]. Each
well contained 20 uL of extract or quercetin stan-
dard, 120 uL distilled water, 60 uL ethanol, 5 uL
of 10% AICl3, and 5 uL of 1 M potassium acetate.
After incubation for 30 min at room temperature,
absorbance was measured at 415 nm. Quercetin was
used to prepare the calibration curve. Results were
expressed as milligrams of quercetin equivalents per
gram of extract (mg QE/g).

2.7 Antioxidant assays

The antioxidant capacity of the methanolic extracts
was assessed using two complementary in vitro as-
says:
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DPPH radical scavenging assay

The DPPH radical-scavenging assay was performed
according to Brand-Williams et al. (1995) [23].
Both methanolic extracts were initially screened
for DPPH radical-scavenging activity. P. arillata
showed weak activity during preliminary screening
and did not reach 50% inhibition within the tested
concentration range. Therefore, its IC5¢ could not
be determined, and a full concentration-response
analysis was performed only for A. molle.

Equal volumes (100 wpL) of extract at different
concentrations range (10-500 pg/mL) and 0.1 mM
DPPH solution were mixed and incubated in the
dark for 30 min. Absorbance was measured at 517
nm, with ascorbic acid used as the positive control.
DPPH radical-scavenging activity was calculated as

Ag — Ay

100
A,

Scavenging (%) =
where Ay is the absorbance of the control, and Ay
is the absorbance of the test sample.

Ferric reducing antioxidant power (FRAP)
assay

The reducing power of the extracts was analyzed
following Benzie and Strain (1996) [24]. The FRAP
reagent, freshly prepared by mixing acetate buffer
(300 mM, pH 3.6), TPTZ (10 mM in 40 mM HCI),
and FeCl;-6H20 (20 mM), was added to 100 pL of
extract or FeSO,4 standard. After 4 min incuba-
tion at 37°C, absorbance was measured at 593 nm.
Results were expressed as mM Fe (IT) equivalents.

2.8 a-amylase inhibition assay

The a-amylase inhibitory activity was determined
using a colorimetric assay modified from Sudha et
al. in 2011 [25]. Both methanolic extracts were
initially screened for a-amylase inhibitory activ-
ity. P. arillata showed weak inhibition and did not
reach 50% inhibition within the tested concentra-
tion range (up to 2000 ug/mL). Therefore, its ICsq
could not be determined within this range. A full
concentration-response analysis was performed for
A. molle.

For the assay, 50 uL of phosphate buffer (50 mM,
pH 6.9), 10 pL of a-amylase solution (9 U/mL),
and 20 uL of extract were mixed and pre-incubated
at 37°C for 15 min. Then, 20 uL of soluble starch
(0.05%) was added, and the reaction mixture was
incubated for another 15 min. The reaction was
terminated by adding 20 pL of 1 N HCI, followed
by 100 pL of iodine reagent (5 mM Iy and 5 mM
KI). Absorbance was measured at 620 nm using a

multimode reader (Synergy HT, BioTek). Acarbose
was used as the positive control. The percentage in-
hibition was calculated as

Inhibition (%) = A=A 00

A
where A. = Control absorbance and A, = Sam-
ple absorbance. ICsq values were determined using
GraphPad Prism 8.

2.9 Antimicrobial activity

The antimicrobial activity of the extracts was evalu-
ated using the agar well diffusion method according
to CLSI (2018) [26,27]. Mueller-Hinton agar plates
were inoculated with S. aureus (Gram-positive) and
S. typhi (Gram-negative) bacterial suspensions (10%
CFU/mL). Wells (6 mm diameter) were filled with
50 pL of extract solution. Neomycin and DMSO
served as positive and negative controls, respec-
tively. Plates were pre-diffused for 30 min and incu-
bated at 37°C for 24 h. Antimicrobial activity was
expressed as the diameter of the zone of inhibition
(mm).

2.10 Statistical analysis

All experiments were performed in triplicate, and
results are presented as mean + standard error
of the mean (SEM). IC5¢ values were determined
by nonlinear regression analysis using Graph Pad
Prism 8.0, while descriptive statistics were per-
formed using Python (version 3.12.3).

3 Results and discussion

3.1 Phytochemical composition

Phytochemical screening revealed the presence of
alkaloids, glycosides, terpenoids, saponins, sterols,
phenolic compounds, and reducing sugars in both
species, whereas flavonoids, tannins, and quinones
varied between them (Table 1). A. molle exhib-
ited a broader phytochemical profile than P. ar-
illata. Although P. arillata showed only a weak
positive reaction for flavonoids during qualitative
screening, the quantitative assay confirmed their
presence (8.95 + 0.20 mg QE/g). This difference
may reflect the greater sensitivity of the aluminum
chloride spectrophotometric method compared with
qualitative color-based tests.

The phytochemical profile of A. molle is consis-
tent with previous reports describing phenolic com-
pounds and flavonoids in this species and related
Polygonaceae plants [28]. Likewise, the detection
of alkaloids and saponins in P. arillata agrees with
previous reports on Polygalaceae species [29, 30]
and with Subba and Chemjong [13], who also re-
ported these constituents in P. arillata. Differences
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in phytochemical profiles among studies may arise
from geographical origin, altitude, climate, soil con-
ditions, plant part, developmental stage, extrac-
tion solvent, and extraction method [19,31]. These
factors may partly explain variations between the
present findings and earlier reports.

Overall, both extracts contained several classes of
secondary metabolites with potential biological rel-
evance. A. molle showed a broader qualitative phy-
tochemical profile, together with higher phenolic
and flavonoid contents and stronger antioxidant ac-
tivity in the present study. However, the contribu-
tion of individual phytochemicals to these biological
activities requires further investigation.

Table 1: Results of phytochemical analysis

S.N. Phyto- P. arillata A. molle

chemicals

Flavonoids Trace (+) +
Alkaloids + -
Glycosides
Phenolic
compounds
Terpenoids
Sterols
Saponins
Tannins -
Quinones
Reducing
sugar

11 Volatile Oils

"4+" = present; "-" = absent.

= © w1 o ot U O
+ + v+
L e e s ol +

+ +
+

3.2 Total phenolic and flavonoid con-
tents (TPC and TFC)

A. molle showed significantly higher total pheno-
lic content (55.36 + 1.16 mg GAE/g) and total
flavonoid content (11.02 £+ 0.32 mg QE/g) than P.
arillata (26.38 £ 1.53 mg GAE/g and 8.95 + 0.20
mg QE/g, respectively) (Figure 2; p < 0.001 and
p < 0.01, respectively).

Phenolic compounds and flavonoids can contribute
to antioxidant activity through hydrogen donation,
electron transfer, and metal chelation [32,33]. The
higher TPC and TFC of A. molle therefore suggest
a greater abundance of polyphenolic constituents in
its methanolic extract.

The present results differ from those reported by
Subba and Chemjong [13] for P. arillate collected
from Panchthar at an elevation of 3000-6000 ft.
They reported a higher TPC (44.27 + 2.97 mg
GAE/g) but a lower TFC (5.99 £+ 1.00 mg QE/g)
than the values obtained in the present study (26.38

+ 1.53 mg GAE/g and 8.95 + 0.20 mg QE/g, re-
spectively). Such differences may be associated
with geographical origin, altitude, plant part, cli-
mate, soil conditions, harvest season, solvent sys-
tem, and extraction method, all of which can influ-
ence the phytochemical composition of medicinal
plants [19,31].

The higher phenolic and flavonoid contents of A.
molle were accompanied by stronger DPPH and
FRAP activities in the present study. This pat-
tern suggests a possible contribution of polyphe-
nolic constituents to its antioxidant activity, al-
though a statistical correlation was not established.
Polyphenols have been reported to interact with a-
amylase through non-covalent interactions, which
can alter enzyme activity and reduce starch hydrol-
ysis [34]. Therefore, the moderate a-amylase inhi-
bition observed for A. molle may partly be asso-
ciated with its polyphenolic constituents; however,
this mechanism was not directly investigated in the
present study.

3.3 Antioxidant activity (DPPH and
FRAP assays)

The antioxidant activity of the methanolic extracts
was evaluated using DPPH radical-scavenging and
ferric reducing antioxidant power (FRAP) assays.
In the DPPH assay, A. molle showed an IC5q value
of 42.35 £ 1.05 pg/mL, which was significantly
higher (p < 0.05) than that of ascorbic acid (31.14
+ 2.45 pg/mL) (Figure 3). Thus, A. molle was less
potent than the reference antioxidant but showed
considerable radical-scavenging activity. In con-
trast, P. arillata showed less than 20% inhibition
at the highest tested concentration (500 pg/mL);
therefore, its IC5¢ could not be determined within
the tested concentration range.

The antioxidant activity of A. molle is consis-
tent with previous phytochemical studies report-
ing quercetin, quercetin glycosides, gallic acid,
chlorogenic acid, and other phenolic constituents
in this species [29]. Several of these compounds
have shown strong DPPH radical-scavenging activ-
ity, suggesting that phenolic constituents may con-
tribute to the antioxidant activity observed in the
present study. Antioxidant constituents have previ-
ously been reported from both the leaves and flow-
ers of A. molle [12,28].

Differences between the present results and earlier
reports may arise from geographical origin, altitude,
climate, plant part, harvest season, extraction sol-
vent, and extraction conditions, which can influ-
ence the accumulation and recovery of secondary
metabolites [19,31]. The present study examined
methanolic extracts of A. molle leaves and stems
collected from a documented location in Nepal. Dif-
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ferences in plant material and collection conditions ously reported antioxidant values.

may therefore partly explain variation from previ-

Total Phenolic (TPC) and Flavonoid (TFC) Contents of Methanolic Extracts

501

*** (TPC, p<0.001)
40+

30¢F

Content (mg/g dry extract)

10f

A. molle

** (TFC, p<0.01)

mmm Total Phenolic Content (TPC)
mm Total Flavonoid Content (TFC)

P. arillata

Figure 2: Total phenolic content (TPC) and total flavonoid content (TFC) of methanolic extracts of
A. molle and P. arillata, expressed as mg GAE/g and mg QE/g dry extract, respectively. Error bars
represent the standard error of the mean (SEM; n = 3). Statistical significance was determined using an
independent-samples t-test (p < 0.05; P < 0.05, *; P < 0.01, **; P < 0.001, ***),

DPPH Radical Scavenging Activity (ICso)
50 *(p = 0.030)

40

1Cso0 (pg/mL)

20

10

A. molle Ascorbic acid

Figure 3: DPPH radical scavenging activity (ICso)
of the methanol extract of A. molle compared with
the reference antioxidant, ascorbic acid. Error bars
indicate the standard error of the mean (SEM,
n = 3). Statistical significance was determined us-
ing an independent-samples t-test (p < 0.05).

The FRAP assay showed a similar pattern. A.
molle exhibited significantly higher ferric reducing
antioxidant power (670.94 £ 2.50 mM Fe?* /L) than
P. arillata (160.07 £ 1.04 mM Fe?* /L) (p < 0.001)

(Figure 4). This pattern was consistent with the
higher total phenolic and flavonoid contents ob-
served in A. molle. Polyphenolic compounds can
act as electron donors and contribute to the reduc-
tion of Fe3* to Fe?* [21,29].

Overall, A. molle showed higher phenolic and
flavonoid contents together with stronger DPPH
and FRAP activities than P. arillata. This pattern
suggests a possible association between polypheno-
lic content and antioxidant activity. However, no
statistical correlation analysis was performed be-
cause only two plant species were evaluated and a
DPPH IC5; value could not be determined for P.
arillata. The relationship should therefore be re-
garded as a descriptive association rather than a
quantitative correlation.

3.4 «-amylase inhibition

The methanolic extract of A. molle showed
concentration-dependent a-amylase inhibition,
with an ICso value of 867.78 pg/mL (Figure 5).
Acarbose showed substantially stronger inhibitory
activity, with an ICsq value of 26.28 pg/mL. These
results indicate that A. molle had moderate «-
amylase inhibitory activity but was considerably
less potent than the reference inhibitor. In con-
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trast, P. arillata showed less than 20% inhibition
at the highest tested concentration (2000 pg/mL);
therefore, its IC5g could not be determined within
the tested concentration range.

The moderate a-amylase inhibition of A. molle may
partly be associated with its phenolic and flavonoid
constituents. Polyphenols have been reported to
interact with a-amylase through non-covalent in-
teractions, which can alter enzyme activity and re-
duce starch hydrolysis [35]. However, the active
compounds and their interactions with a-amylase
were not investigated in the present study. There-
fore, this mechanism should be considered a plau-
sible explanation rather than a confirmed mode of
action.

Overall, the results provide preliminary evidence of
a-amylase inhibitory activity in the crude methano-
lic extract of A. molle. Tts relatively high ICsq
compared with acarbose indicates modest potency.
Further studies involving isolation of active con-
stituents, enzyme kinetic analysis, and in vivo eval-
uation are required before conclusions can be drawn
regarding its potential role in glycemic control.

90+

='26.28 jug/mL’

80

e
S

70

60

50

a-Amylase inhibition (%)
\
\

40t

30r

1Cs0 range (A. molle)
ICso range (Acarbose)
—$— A. molle

~i- Acarbose

FRAP Antioxidant Activity of Plants
*6% (p = 1.374e-06)

700

600

v
o
=

400 -

FRAP (mM Fe?*/L)

w
=]
o

2001

1001

A. molle P. arillata

Figure 4: FRAP antioxidant activity of methanol
extracts of A. molle and P. arillata expressed in
mM Fe(II) /L. Error bars represent the standard er-
ror of the mean (SEM, n = 3). Statistical analysis
was performed using an independent-samples t-test
(p < 0.001).

In-vitro a-Amylase Inhibition Activity of Plant Extract and Acarbose

102

103

Concentration (pg/mL)

Figure 5: In vitro a-amylase inhibition by the methanol extract of A. molle compared with the standard
inhibitor acarbose. Data are presented as mean + SEM (n = 3). Vertical dashed lines with shaded
bands represent ICso values and ranges (867.78 pg/mL for A. molle and 26.28 pg/mL for acarbose).

3.5 Antibacterial activity

The methanolic extract of A. molle produced a
7.75 mm inhibition zone against S. aureus (Ta-
ble 2). Neither plant extract showed detectable
activity against S. typhi. Neomycin produced a
19.5 mm inhibition zone under the same condi-
tions (Figure 6). The smaller inhibition zone of A.

molle indicates modest antibacterial activity com-
pared with neomycin. This activity may be as-
sociated with phenolic and terpenoid compounds,
which have been reported to affect bacterial mem-
branes and other cellular processes [29]. However,
the mechanism was not investigated in the present
study.



Bimala Subba et al./ BIBECHANA 23 (3) (2026) 116-125

123

Figure 6: Antimicrobial activity of methanol ex-
tracts of P. arillata and A. molle against Staphylo-
coccus aureus. (1) P. arillata, (2) DMSO (negative
control), (3) neomycin (positive control), and (4) A.
molle. Clear inhibition zones around the wells in-
dicate bacterial growth suppression, with A. molle
exhibiting moderate activity relative to the stan-
dard antibiotic neomycin.

Table 2: Values of zone of inhibition for antimi-
crobial activity of methanol extracts of P. arillata
and A. molle against Staphylococcus aureus and
Salmonella typhi

Zone of Zone of
inhibition inhibition
(mm) (mm)
S. aureus S. typhi
P. arillata
(50 pg/mL) - -
A. molle
(50 pg/mL) 7.75 -
Neomycin
(10 pg/mL) 19.5 19.5

The absence of activity against S. typhi may be
related to the outer membrane of Gram-negative
bacteria, which can reduce the entry of many
plant-derived compounds [36]. This explanation re-
mains plausible rather than confirmed. A previous
Nepalese study also reported no antibacterial activ-
ity of methanolic P. arillata extract against S. typhi
under similar conditions [12].

These findings should be considered preliminary.
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