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Abstract

Background: Alectra parasitica subsp. chitrakutensis, a holoparasitic plant endemic to India, is traditionally used for rheuma-
tism, edema, and leukoderma. However, scientific validation of its medicinal claims remains limited.

Objectives: This study aimed to quantify key phenolic compounds using reverse-phase high-performance liquid chromatog-
raphy (RP-HPLC) and evaluate the anti-edematous potential of the plant through in vitro antioxidant and anti-inflammatory
assays.

Materials and Methods: The rhizomes were collected and subjected to physicochemical and phytochemical analyses.
RP-HPLC was employed to quantify key phenolic compounds. Additionally, in vitro assays including 2,2-diphenyl- | -picryl-
hydrazyl (DPPH), oxygen radical absorbance capacity (ORAC), ferric reducing power assay (FRAP), lipid peroxidation, and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), anti-protease, and protein denaturation were performed to
assess biological activities relevant to edema.

Results: RP-HPLC analysis revealed the presence of four phenolic compounds; gallic acid (1.40 £ 0.08 pg mg~') was in abun-
dance. The extract demonstrated strong antioxidant activity (DPPH IC;,: 32.29 pg mL='; ABTS ICy: 41.05 ug mL~'; ORAC:
210,404.3 pmol g' ASE equivalents; lipid peroxidation ICs: 31.46 ug mL~') and a dose-dependent increase in ferric reducing
capacity. Anti-inflammatory potential was confirmed through anti-protease (IC;,: 89.92 pg mL™') and protein denaturation
(ICsp: 53.86 pg mL™') assays.

Conclusion: This study scientifically validates the traditional use of A. parasitica in managing edema by demonstrating its abil-
ity to mitigate oxidative stress and inflammation, two key factors contributing to edema. Its rich polyphenolic content, along
with significant antioxidant and anti-inflammatory activities, positions it as a promising candidate for further development as
a plant-based therapeutic agent.
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Introduction scale-like leaves. This plant is typically found in association
with Vitex negundo L., apparently parasitizing its roots

Alectra parasitica subsp. chitrakutensis (M.A. Rau) K.K. (Rau, 1961).
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The species is traditionally valued by local communities
for its wide range of medicinal uses, particularly in the man-
agement of edema. It is commonly administered in the form
of powder mixed with honey, which has shown noticeable
benefits in reducing edematous swellings (Bedi, 1967). In
addition to its anti-edematous effects, the plant is also used to
support digestion, relieve gas, promote bile flow, and treat
conditions such as blood disorders, fever, constipation, intes-
tinal worms, leprosy, rheumatism, leukoderma, paralysis, and
as a general tonic (Bedi, 1967).

Literature suggests the presence of steroids, triterpenes,
alkaloids, saponins, glycosides, phenolics, flavonoids, and so
on (Sharma et al., 2016). Metabolites such as naringenin,
ouabagenin, convallatoxin, genipin, bartsioside, deoxypodo-
phyllotoxin, and strigolactones have also been documented
(Patil, 2020), along with the carotenoid azafrin, which
remains the only compound isolated and structurally charac-
terized so far (Agrawal et al., 2014). The whole extract of
A. parasitica had anti-cancerous (Patil, 2020), anti-bacterial
(Saxena & Vyas, 1993), anti-microbial (Kakpure & Rothe,
2016), and anti-diabetic (Ranjana et al., 2023).

Edema is a pathological increase in interstitial fluid vol-
ume resulting from dysregulation of homeostatic mechanisms
controlling transcapillary fluid exchange, systemic water bal-
ance, and electrolyte distribution across physiological com-
partments. It primarily arises due to an imbalance between
capillary filtration and lymphatic drainage, mediated by
inflammatory responses, oxidative stress, and alterations in
vascular permeability (Levenbrown & Costarino, 2019).
Polyphenols are well known for their antioxidant and anti-
inflammatory effects, making them valuable as adjuvant ther-
apeutic agents. They scavenge reactive oxygen species
(ROS), inhibit proinflammatory enzymes such as cyclooxy-
genase (COX) and lipoxygenase (LOX), and modulate key
signaling pathways like nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) and mitogen-activated
protein kinase (MAPK), thereby reducing oxidative stress
and the production of inflammatory mediators at the molecu-
lar level (Hussain et al., 2016).

Despite its traditional use in managing edema, scientific
validation of anti-edematous activity remains limited.
Therefore, the present study aims to: (a) quantify the phenolic
compounds, namely, gallic acid, ascorbic acid, protocatechuic
acid, and caffeic acid, in the methanolic extract of 4. para-
sitica through reverse-phase high-performance liquid chro-
matography (RP-HPLC)-PDA, and (b) validate its
anti-edematous activity through in vitro assays.

Materials and Methods

Reagents

Marker compounds ascorbic acid (=97%), protocatechuic
acid (>97%), caffeic acid (>97%), and gallic acid (>95%)
were procured from Sigma—Aldrich (USA). The reagents,

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), bovine serum
albumin (BSA), casein, and buffers were procured from MP
Biomedicals (India). The solvents, methanol, water, acetoni-
trile, glacial acetic acid, and sodium acetate, were HPLC
grade (SRL Laboratories Ltd., India).

Plant Material and Extraction

The sample (rhizome) was collected from the Kamtanath hill
area, Chitrakoot (Latitude: 25°09'09"N; Longitude: 80°51'17"E).
The plant was identified, authenticated, and a herbarium speci-
men was prepared and deposited in the CSIR-NBRI, Lucknow
herbarium (LWG 110866). The methanol extract was prepared
for further analysis (Chaudhary et al., 2024).

Pharmacognosy of A. parasitica

The physicochemical parameters, including moisture content,
ash values (total ash, water-soluble ash, acid-insoluble ash),
and extractive values (water-soluble extractive, ethanol-solu-
ble extractive, and hexane-soluble extractive), were assessed
according to the Ayurvedic Pharmacopeia of India
(Anonymous, 2009). The quantitative estimation of different
phytochemicals, namely, total tannin content (Horwitz &
Latimer, 1975), total phenolic content (Bray & Thorpe, 1954),
and total flavonoid content (Ordonez et al., 2006), was ana-
lyzed as per standard protocols using a UV-spectrophotometer
(Shimadzu, UV-1800, Japan).

Quantification of Phenolic Compounds through
RP-HPLC-PDA

Preparation of Standard and Sample Solutions

The stock concentration of reference markers (Figure S1),
namely, ascorbic acid, gallic acid, protocatechuic acid, and
caffeic acid, was freshly prepared at a concentration of 1 mg
mL~! in HPLC-grade methanol. On the day of analysis, stock
solutions were diluted further, and a working solution of
0.1 mg mL™! was prepared. A working solution of plant
extract was prepared at a concentration of 10 mg mL™!, and
before analysis, working solutions were filtered through a
0.22 um Millipore membrane filter (USA).

Instrumentation and Chromatographic Condition

The separation and quantification of phenolic compounds
were done on an RP-HPLC system of Waters (USA). The
separation of metabolites was achieved on a C;3 RP-HPLC
column (4.6 x 250 mm internal diameter, 5 um particle size),
supplied by SunFire (USA). For the separation of phenolic
compounds, the mobile phase consisting of 0.01 M sodium
acetate (pH 3 by adding glacial acetic acid) (A) and acetoni-
trile (B) was used. Elution was carried out in an isocratic
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manner (65:35 v/v; A:B), with a flow rate of 0.7 mL min™!,
thermostated at 35°C for a total run time of 17 min. The injec-
tion volume was 10 pL for all analytes. Identification of peaks
was done by comparing the retention time (R,) of standard
peaks and the R, of sample peaks, along with the spectral
information provided by the photodiode array (PDA) detector
operated over the range of 190—400 nm.

Validation of Anti-edematous Activity

The anti-radical activity of plant extract was assayed by DPPH
radical scavenging assay (Duh & Yen, 1997), oxygen radical
absorbance capacity (ORAC) (Prior et al., 2003), ferric reduc-
ing power assay (FRAP) (Oyaizu, 1986), lipid peroxidation
assay (Ohkawa et al., 1979), and ABTS radical scavenging
assay (Re et al., 1999). Different concentrations of methanolic
extract were used and compared with ascorbic acid, which is
the positive control in the above assays. Further, in vitro prote-
ase inhibition and protein denaturation assay of the methanolic
extract of the sample were performed according to the standard
protocols (Kakade, 1969; Sakat et al., 2010). Aspirin is used as
a positive control, and ICs, values were calculated.

Statistical Analysis

The experiments were performed in triplicate and the results
were expressed as mean value + standard deviation (SD)
using XLSTAT (2010).

Results and Discussion

Quality Control of A. parasitica

The rhizome of A. parasitica contains a moisture content of
0.66% = 0.01. Total ash was highest, that is, 7.74% = 0.15, fol-
lowed by water-soluble and acid-insoluble ash. Extractive val-
ues were assessed by the cold maceration method in three
solvents, namely, water, ethanol, and hexane, and phytocon-
stituents present within the crude drug were estimated qualita-
tively based on their polarity. The data suggest that extractive
value in water was higher than that of ethanol (1.81% + 0.08)
and hexane (0.15% =+ 0.01). The total flavonoid, phenolics, and
tannin content in the extract was 0.02% =+ 0.001, 0.03% +
0.002, and 0.1% =+ 0.03, respectively. These physicochemical
and phytochemical parameters are graphically represented in
Figure S2. These parameters provide crucial information for
evaluating the quality of the crude drug; however, the results
were different than previous literature (Sharma et al., 2016;
Soni & Sikarwar, 2011) and possibly due to variation in sam-
pling, that is, collection site, time of collection, and so on.

RP-HPLC Quantification of Phenolic Compounds

The developedtxt chromatogram (Figure 1) suggests the pres-
ence of ascorbic acid, gallic acid, protocatechuic acid, and

caffeic acid, which were eluted at retention times (R,) of 4.09
+0.05,5.84+0.06,9.12+£0.03, and 12.77 + 0.06 min, respec-
tively (Figure 1A). The presence of standards in the sample
was confirmed by matching the absorption spectra
(190-400 nm) of standards with samples at their respective
R,, and quantification was done at absorption maxima of 254
nm (Figure 1) for targeted metabolites. In the test extract, gal-
lic acid (1.40 = 0.08 ug mg™') was found to be the highest,
followed by ascorbic acid, caffeic acid, and protocatechuic
acid, 0.49 + 0.04 ug mg™', 0.39 + 0.04 ug mg™!, and 0.15 £
0.02 pg mg™!, respectively. The value indicates that the plant
is a rich source of polyphenolics, inheriting various pharma-
cological properties such as antioxidant, anti-inflammatory,
hypoglycemic, anti-tumor, anti-microbial, and neuroprotec-
tive activities (Chaudhary et al., 2024), and so on. The method
for the quantification of phenolic compounds was validated
(Misra et al., 2023) as per ICH guidelines.

Validation of Anti-edematous Property

Edema in the central nervous system (CNS) is often driven by
oxidative stress and inflammation, leading to disrupted cel-
lular processes and tissue damage. Free radicals and hypoxia
can impair sodium—potassium adenosine triphosphatase
(Na*—K*-ATPase), a key enzyme for cellular transport, mak-
ing it highly susceptible to damage from oxidative stress and
lipid peroxidation. This impairment can result in brain edema
by weakening tight junctions and compromising the blood—
brain barrier (BBB) (Toklu & Tiimer, 2015). Additionally,
oxidative stress can activate nuclear factor (NF-kB), which
upregulates proinflammatory cytokines and adhesion mole-
cules, contributing to pulmonary edema and cerebral edema
(Himadri et al., 2010; Sarada et al., 2008). Phenolic com-
pounds have demonstrated significant antioxidant, anti-
inflammatory, and anti-edematous properties. They reduce
the expression of proinflammatory cytokines (e.g., interleu-
kin-1 [IL-1], interleukin-6 [IL-6], and tumor necrosis factor-
alpha [TNF-a]), enzymes like cyclooxygenase-2 (COX-2),
and cell adhesion molecules (e.g., intercellular adhesion mol-
ecule-1 [ICAM-1] and vascular cell adhesion molecule-1
[VCAM-1]), which are involved in vascular permeability and
fluid accumulation, thus alleviating inflammation-induced
edema. In addition, these compounds also reduced edema and
decreased IL-1P levels and myeloperoxidase (MPO) activity,
indicating potent anti-inflammatory and anti-edematous
potential in ear edema models (Dos Santos et al., 2019).
Therefore, the validation of anti-edematous activity of the
plant extract is strongly supported by the results of in vitro
antioxidant and anti-inflammatory assays.

In the DPPH radical scavenging assay, plant extract
showed 5.33%—77.33% inhibition at concentrations ranging
from 10 to 50 ug mL™!, and the ICs,, value was 32.29 pg mL!.
The yielded regression equation was found to be linear
(y = 1.6867x — 4.4667) with a statistically significant regres-
sion coefficient (R?) of 0.95. The ICs, value of ascorbic acid
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Figure 1. RP-HPLC Chromatogram of Mixture of Marker Compounds (Ascorbic Acid (1), Gallic Acid (2), Protocatechuic Acid (3) and
Caffeic Acid (4)) (A) and Sample (B).

Note: RP-HPLC: Reverse-phase high-performance liquid chromatography.
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is 2.72 pg mL~! and was significantly different from the test
extract. The ABTS radical scavenging activity of the plant
extract was estimated at five different concentrations, ranging
from 10 to 50 ug mL™!, and the effect was concentration
dependent, that is, inhibition increases with an increase in
concentration. The ICy, of the plant extract was 41.05 pg
mL~!, with a regression equation, y = 1.3867x — 6.9333, and
a regression coefficient (R?) of 0.97. In comparison, the 1Cs,
of the positive control (ascorbic acid) was 0.82 pg mL™! and
was statistically insignificant compared to the sample. In the
FRAP assay, data indicate that with an increase in concentra-
tion (100-500 pg mL™"), absorbance of the sample also
increases, with a regression coefficient (R?) of 0.96 and the
regression equation, y = 934.58x — 33.382. In comparison, an
increase in concentration (100-500 ug mL™), the absorbance
of the control also increases, with a regression coefficient (R?)
0f 0.9987 and the regression equation, y = 64.056x — 2.7196,
and was statistically insignificant to the sample. The ORAC
value of the extract was 210,404.3 umol g! ascorbic acid
equivalent (ASE), indicating a promising antioxidant poten-
tial of the plant extract. In lipid peroxidation assay, ICs, was
recorded at 31.46 ng mL™', with a regression coefficient (R?)
of 0.96 and a regression equation, y = 1.7676x — 5.6154.
Whereas, the 1C5, of the positive control was 27.02 pg mL™!
and was insignificantly different from the plant extract. These
results are comprehensively illustrated in Figure S3.
Inflammation is a primary driver of edema, particularly in
conditions involving tissue damage and increased vascular
permeability. Inflammation is characterized by edema and
accumulation of leukocytes, accompanied by necrosis. The
ability of electrolytes to produce necrosis was found to
increase with the valence of their basic ion, and in this respect
was in accord with their ability to denature proteins (Opie,
1962). The anti-protease activity of the plant extract increases
with increasing concentration, with an IC; of 89.92 ug mL-!
and a regression coefficient (R?) of 0.98, indicating its ability
to inhibit proteolytic enzymes like neutrophil elastase. These
enzymes are known to degrade extracellular matrix compo-
nents, leading to tissue inflammation and edema (Fujie et al.,
1999). The plant extract’s anti-protease activity is compara-
ble to aspirin, which had an ICs, value 0f49.99 ug mL-!. This
suggests that the mechanism of action of the plant extract
may be similar to those drugs, exerting potent anti-edematous
effects. Moreover, in protein denaturation assay, the 1Cs,
value was 53.86 pg mL-! with a regression coefficient (R?) of
0.96, further corroborating the extract’s anti-inflammatory
potential. These findings are comprehensively illustrated in
Figure S4. Denatured proteins can act as antigens, triggering
inflammatory responses that exacerbate edema. By inhibiting
this process, the plant extract may reduce inflammation and
the associated fluid accumulation in tissues. In this study, in
vitro anti-radical and anti-inflammatory assays were selected
because free radicals and inflammatory mediators are the two
primary factors responsible for edema, and curbing these
kinds of intermediates will cumulatively address the issue. A

previous study on anti-edematous activity of Andrographis
paniculata justifies the present study (Lin et al., 2009). In
vivo studies have demonstrated that brain edema can be pre-
vented by the administration of protease inhibitors such as
ulinastatin or aprotinin. These inhibitors not only reduce the
activity of proteases but also decrease brain edema and the
breakdown of the BBB. The observed anti-protease activity
of the plant extract in the present study suggests that it could
exert similar protective effects against edema. Additionally,
the increase in brain glutathione levels (BGL) activity in
edematous brains is reduced by protease inhibitors, further
supporting the role of anti-protease activity in preventing
edema (Yamaguchi, 1989).

Conclusion

This study provides comprehensive in vitro validation of A.
parasitica subsp. chitrakutensis for its traditional use in
edema. The extract was found rich in polyphenolic com-
pounds with proven antioxidant and anti-inflammatory prop-
erties. It demonstrated significant free radical scavenging,
lipid peroxidation inhibition, and anti-protease activities,
mechanisms closely associated with edema reduction. The
rationale for conducting antioxidant and anti-inflammatory
assays to validate anti-edematous property lies in the fact that
oxidative stress and inflammation are key contributors to the
development of edema. Future studies should focus on in vivo
validation, identification of bioactive constituents, and eluci-
dation of molecular pathways involved.
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