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Phenyl myristate was isolated from Homalium nepalense, which is known for its ther-
apeutic virtues in traditional medicine. However, the study of radical scavenging-
capacity of phenyl myristate is limited by its relatively low abundance in medic-
inal plants. We have studied the isolation, structure-elucidation, and bioactivities
of high-performance thin-layer chromatography validated phenyl myristate from
hydroalcohol-extract of bark of H. nepalense. The chemical structure of phenyl myris-
tate was elucidated by spectroscopic methods. The chromatography was performed
on high-performance thin-layer chromatography aluminum plates coated with silica-
gel 60 F,s,. Determination and quantitation of phenyl myristate were performed
by densitometric-scanning at 254 nm (chloroform-methanol, 9:1, v/v; Rf 0.49). The
method was validated according to International Council for Harmonisation guide-
lines in terms of linearity, specificity, sensitivity, accuracy, precision, robustness, and
stability. Linearity-range of phenyl myristate was 100-500 ng/5 pL. with correlation-
coefficient 72 = 0.9997. Limits of detection and quantitation were 3.35 and 10.17 ng,
respectively. Phenyl myristate showed significant free-radical-scavenging activities in
2,2-diphenyl-1-picrylhydrazyl, oxygen-radical-absorbance-capacity, and ex vivo cell-
based-antioxidant-protection-in-erythrocytes assays. Molecular-docking approach of
phenyl myristate showed effective binding at active sites of human serum albumin
(HSA) with the lowest binding energy (—8.4 kcal/mol) that was comparable with
ascorbic acid (—5.0 kcal/mol). These studies provide mechanistic insight into the
potential free radical scavenging activities of phenyl myristate.
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1  INTRODUCTION

Article Related Abbreviations: AAPH, 2,2’-azobis (2-amidino-propane)
dihydrochloride; CAP-e, cell-based antioxidant protection in erythrocytes;
DCF-DA, 2/,7’-dichlorofluorescein diacetate; DPPH, 2,2-diphenyl-1-
picrylhydrazyl; FL, Fluorescein; ICH, International Council for
Harmonisation; ORAC, oxygen radical absorbance capacity; PDB, protein
data bank; PM, phenyl myristate; QC, quality control; RSC, radical

scavenging capacity.

Natural products-based drug discovery research is an inte-
gral part of lead findings against various pharmacological tar-
gets in life-threatening diseases. The advent of technologies
in the pharmaceutical industries shifted their research from
synthetic drug libraries to natural product drug discovery for
the development of unique lead molecules to treat different
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diseases. In recent, drug development is focused on the syner-
gistic application of computational techniques, ethnopharma-
cological validation, bioassay-guided isolation, biosynthesis,
plant biotechnology, and a wide range of bioactivity screening
models [1,2].

Homalium nepalense (Wall) Benth. (Salicaceae) is a
medicinal plant native to the state of Odisha and Andhra
Pradesh, India. In traditional practices [3], leaf and bark are
used for the treatment of wound healing [4], stomach disorder
[5], puerperal fever [5,6], free radical scavenging, and hepato-
protective activities [7,8]. As this species possess diversified
bioactive compounds; adulterations may cause variability in
the active ingredients and influence the efficacy and safety of
the drug. In recent years, high-performance thin-layer chro-
matography (HPTLC) emerged as a sophisticated analytical
tool in quality control of complex plant matrices due to its
low operating cost, less analysis time, high sample through-
put, and simultaneous determination of several compounds at
nanogram level [9,10]. It also enables to detect compounds
having no UV absorption by post derivatization HPTLC [11].

The study highlights the isolation, structural elucidation,
and quantification of phenyl myristate (PM) in H. nepalense.
Extensive literature survey revealed that there are no validated
HPTLC methods available for quantification of PM. To the
best of our knowledge, no study concerning the bioactivities
of PM has been reported. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH), oxygen-radical absorbance-capacity (ORAC), and
ex vivo cell-based-antioxidant-protection-in-erythrocytes
(CAP-e) assays were performed. Computational molecular
docking analysis was carried out to get insight into the binding
interactions of the ligands (PM) and oxidative stress-related
protein (human serum albumin, HSA). ORAC assay was
performed to quantify the antioxidant capacity of the drug
towards different oxidants e.g. hydroxyl radicals, peroxyl
radicals, and peroxynitrite. CAP-e assay was performed on
RBC:s as it does not produce ROS and undergo apoptosis. To
our knowledge, this is the first report demonstrating the free
radical scavenging activities of PM.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

All chemicals (analytical grade) and solvents (HPLC grade)
were purchased from SISCO Research Laboratories Mumbai,
India, Himedia Laboratories, India, and Merck India, Mum-
bai, India.

2.2 | Plant material

Bark and leaves of Homalium nepalense (Wall) Benth. (Sali-
caceae) were collected from Banei forest, Sundergarh, Odisha,
India. The species was identified and authenticated by Dr.
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P. C. Panda, Taxonomist, Regional Plant Resource Centre,
Bhubaneswar, India and deposited at our Centre for future ref-
erence (2391/RPRC).

2.3 | Extraction and isolation

Fresh leaves and barks were air dried at room temperature
(25-30°C) and grounded to powder material. Dried materials
(bark and leaf, each 700 g) were defatted with 2.5 L petroleum
ether for 24 h and chlorophyll was removed by chloroform
(2.5 L, 24 h). Then, both extracted materials were treated with
70% hydroalcohol (2.5 x 2 L, 72 h) by maceration in perco-
lator and filtered. The filtrate was evaporated under reduced
pressure in rotary evaporator (R-100, Buchi, Switzerland)
to obtain semisolid mass of hydroalcohol extract of bark
(HNHB; 28.16% w/w) and leaf (HNHL; 23.32% w/w). The
HNHB (180 g) was subjected to silica gel (100-200, mesh)
column chromatography (Borosil, 100 X 5 cm) and eluted
successively by gradient elution method using hexane (100%)
to obtain 30 fractions (F;—F;), 10 mL each) and hexane—
chloroform (95:5-0:100, v/v) to get 200 fractions (F3;—F3(,
10 mL each). The eluted fractions (F;4;—F;7o) from hexane—
chloroform (30:70, v/v, 10 mL each) were pooled into
a single fraction on the basis of same R, values (0.49;
chloroform—methanol, 9:1, v/v), and then dried, purified,
and recrystallized with methanol to obtain yellowish-white
powder (PM, 21.8 mg, 0.0121% with respect to HNHB). The
purity was cross-checked by TLC with a brown colored single
spot visualized at 254 nm (Rf 0.49, chloroform-methanol,
9:1, v/v) and the melting point was recorded.

2.4 | Spectroscopic analysis of isolated
compound PM

Melting point (MP, °C) was determined in capillaries by
using melting point apparatus (SMP-30, Stuart, UK). UV
absorbance was recorded at scanning wavelength (200-
800 nm) by UV-Vis spectrophotometer (UV 1800, Shimadzu,
Japan). IR spectrum was recorded on KBr pellets by FTIR
spectrometer (JASCO 410, Tokyo, Japan). MS spectrum (Agi-
lent 6520 Q-TOF, US) was obtained in ESI (positive mode).
NMR spectra were recorded by Bruker AvIIl HD-300 MHz
(US) operating at 300 MHz ('H) and 75 MHz ('*C) in CDCl,4
with TMS as internal standard and chemical shifts were
reported in O units.

2.5 | High-performance TLC validation of PM

2.5.1 | Instrumentation

Aluminum foil backed HPTLC silica gel 60 F,5, (10 X 10 cm,
250 mm thickness, Merck, Germany) plates were used as a
stationary phase. Samples (PM, HNHL, and HNHB) were
sprayed on HPTLC plate with Hamilton syringe sample appli-
cator (Linomat 5, CAMAG, Switzerland) under nitrogen gas
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flow and dried on a hot plate (TLC Plate Heater 3, CAMAG,
Switzerland). Chromatograms were developed in twin trough
chambers (20 X 10 cm, CAMAG, Switzerland) and densito-
metry analysis was carried out by CAMAG TLC Scanner 3,
fitted with winCATS Planar Chromatography Manager (ver-
sion 1.14.26, CAMAG, Switzerland).

2.5.2 | Chromatographic condition

Samples were dissolved in methanol (5 pL) and applied on
HPTLC plate by using sample applicator (150 nL/s) as bands
(length 6 mm, distance 25 mm) at 10 mm distance from each
side and bottom of the plates. HPTLC plates developed in twin
trough chamber (chloroform—methanol; 9:1, v/v, 10 mL) to
a distance of 90 mm. Detection and densitometric scanning
were performed by CAMAG TLC Scanner 3 in absorption
mode at 254 nm with the slit dimension (6 X 0.3 mm). Sample
track scanning speed was 20 mm/s and it was performed under
control of winCATS Planar Chromatographic Manager.

2.5.3 | Preparation of solutions

Standard stock solution of PM (100-500 pg/uL) and each
sample of HNHL and HNHB were prepared in HPLC grade
methanol (1 mg/mL) [12].

2.5.4 | Method validation

HPTLC method was validated according to International
Council for Harmonisation (ICH) guidelines for linearity,
specificity, sensitivity, accuracy, precision, robustness, and
stability [10].

2.5.5 | Linearity

Linearity was ascertained by using different concentrations
of PM (100-500 ng/5 pL) in triplicate. SD, coefficient of
determination (rz), slope, and intercept of calibration curves
were estimated to determine linearity. The peak area versus
concentration was plotted to determine regression equation
(y =mx + c¢) and 72 [13].

2.5.6 | Specificity

To verify the specificity method, PM (100 ng/5 uL) and each
sample of HNHL and HNHB (500 ng/5 pL) were applied
on HPTLC plate, developed, and scanned. The specificity of
the experiment was established by comparing retention factor
(Rf), start and end position of PM with samples [12,13].

2.5.7 | Sensitivity

The sensitivity of the method was determined as LOD and
LOQ by applying PM (100-500 ng/5 uL). LOD and LOQ were
calculated based on SD (o) and slope (S) of the calibration
curve in triplicates.

LOD =3.3 x 6/S and LOQ = 10 X o/S (6 = SD of intercept
and S = slope of calibration plot) [12,13].

2.5.8 | Accuracy

Accuracy was determined by calculating recovery of PM in
samples by standard addition method. PM was spiked to 50,
100, and 150% of prequantified sample (500 ng/5 pL) and
their peak area and percentage recoveries were calculated in
triplicates [12,13].

2.5.9 | Precision

Precision was determined as intraday (repeatability) and inter-
day (reproducibility) method. Intraday precision of PM (100-
500 ng/5 uL) was measured on the same day in triplicate. Inter-
day precision of PM of same concentrations was measured as
triplicate for two consecutive days. Results were expressed as
%RSD [12, 13].

2.5.10 | Robustness

Robustness was performed by varying mobile phase com-
position (chloroform—methanol, 8.8:1.2, 9:1, and 9.2:0.8,
v/v), mobile phase volume (10 + 5 mL), elution length
(90 = 5 mm), saturation time (10 + 5 min), and time of TLC
development to scanning (10 + 5 min) for PM (100 ng/5 uL).
Results were expressed as %RSD [12,13].

2.5.11 | Stability

Stability was determined by applying PM (100 ng/5 uL) on
HPTLC plate and the developed plates were scanned at dif-
ferent interval of 0, 2, 4, 6, and 8 h, respectively. Peak areas of
PM at different time intervals were calculated and expressed
as %RSD [14].

2.6 | Free radical scavenging studies

2.6.1 | 2,2-Diphenyl-1-picrylhydrazyl assay

of PM

Free radical scavenging potential of PM, HNHB, and HNHL
were assessed by DPPH assay. DPPH (0.1 mM, 1 mL) was
mixed with each sample (PM, HNHB, and HNHL, 1 mg/mL,
2 mL) and kept for 20 min in dark. After incubation,
absorbance was measured at 517 nm in microplate reader
(Synergy HIMF, BioTek, USA). Ascorbic acid was used
as the standard drug and results were expressed as ICsg
(ug/mL) [7].

2.7 | Oxygen-radical absorbance-capacity
assay of PM

ORAC assay was performed by following the method [8]. Flu-
orescein (FL, 78 nM, 50 uL) and PM (50 pL) were taken in a
microplate and incubated at 37°C for 15 min (Synergy HIMF,
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BioTek, USA). Then, AAPH (221 mM, 25 uL) was added and
fluorescence was recorded (excitation 485 nm and emission
520 nm) at 1 min interval for 30 min in a microplate reader
(Synergy HIMF, BioTek, USA). The net area under the curve
(AUC) was calculated by subtracting the AUC of antioxidant
with AUC of blank. Trolox (20 uM) was used as standard
drug.

AUC for standard/PM =

(0.54F,/Fy+Fy /By + e e oo F,/Fy) x5 (1)

2.8 | Cell-based-antioxidant-protection-in-
erythrocytes assay of PM

CAP-e assay was performed with the approval of the
Institutional Animal Ethics Committee (Regd. No.
1807/GO/R/S/15/CPCSEA) of the Centre, and conducted
according to the guidelines of the CPCSEA, New Delhi,
India [8]. One milligram of each PM, HNHB, and HNHL was
mixed with 0.9% saline (5 mL) at physiological pH. RBCs
(Wistar albino rats) were washed twice in physiological
saline and treated with different dilutions of PM, HNHB, and
HNHL. RBCs untreated with test samples were considered
as negative control, whereas RBCs with standard oxidizing
agent were considered as positive control. Oxidative damage
was initiated by adding AAPH and the degree of oxidant
damage was recorded with the decrease in fluorescence
intensity (FI) of 2,7-dichlorofluorescein diacetate (DCF-DA)
dye, by measuring in a microplate reader (Synergy HIMF,
BioTek, USA). Trolox was taken as a reference drug and ICs,
of PM, HNHB, and HNHL were calculated (ug/mL).

FI = (FImax - Flsample)/(FIsample - FIuntreated) 2

2.9 | Molecular docking studies of PM

AutoDock Vina (version 1.1.2) was used to predict the ligand—
protein binding mode interaction. Receptor structure (human
serum albumin, HSA; PDBID: 2BXK) was retrieved from
protein data bank (PDB). The protein optimization for dock-
ing was performed by removing all water molecules and
polar hydrogen atoms were added to the refined model using
AutoDock Vina (version 1.1.2). MGL tool software was used
to generate PDBQT, partial charge (Q), and atom type (T)
files and its 3D visualization. The structure of ascorbic acid
was retrieved from PubChem while structure of PM was con-
structed in 2D and converted to 3D by using ChemDraw
(Ultra 8.0.3). Further, energy minimization was performed
through MM2 force field (RMSD = 0.001, maximum num-
ber of steps = 10 000 using conjugate gradient method) and
Hartree-Fock method (3—21 as basis set) using GAMESS (ver-
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sion 12.0) to obtain the initial conformation of PM. The grid
with a grid space (1 and 28 1°\) in each of the x, y, and z dimen-
sion was prepared around the active site of the receptor (bind-
ing site of the co-crystallized ligand indomethacin). The dock-
ing complex stability was measured on the basis of interaction
energy [15,16].

2.10 | Statistical analysis

Analysis of analytes was performed in triplicate. Results were
expressed as mean = SD. Statistical comparison of results was
performed at P < 0.05 by one-way analysis of variance (one-
way ANOVA) followed by Dunnett’s multiple comparison test
using GraphPad software (Prism 7).

3 | RESULTS AND DISCUSSION

3.1 | Structural elucidation of PM

The isolated compound PM was obtained as yellowish-white
powder (21.8 mg, 0.0121% with respect to HNHB). The
purity was cross-checked by TLC with a brown colored single
spot visualized at 254 nm (Rf 0.49, chloroform—methanol,
9:1, v/v) and the melting point was recorded at 78-79°C
(Figure 1A). UV spectrum with absorbance maxima was
recorded (CH;OH), A, at 254 nm indicated the presence of
CeHj group in the structure (Figure 1C). IR spectrum showed
absorption at 1228 (C—Oygeien)s 1463.72 (C=Cyeiepn ), 1698.67
(aromatic C—Hyoepy)> and 2916.48 cm™! (C=0y\cp,)- Molec-
ular mass was determined by ESI-HRMS (positive mode)
and showed molecular ion peak at m/z 305.17 [M+H]*
with base peak at m/z 212.0193 [C;,H,;0, 100%]*. Other
intense mass fragmentation ion peaks appeared at m/z 197.18
[C;3Hp,O]%, 183.17 [Cj,HpO0l%, 169.15 [C;H,,01,
155.14 [C,oH,gO]", 141.12 [CyH,(O]", 127.1 [CgH,,0]",
113.09 [C;H,;,0]%, 99.07 [CcH;(Olt, 85.06 [CsHgO]™,
71.04 [C,H(O]", 57.03 [C3H,O]*, and 43.01 [C,H,0]"
(Figure 1B). "H-NMR spectrum of PM was analyzed by the
aid of heteronuclear multiple-bond correlation spectroscopy
(HMBC). Signals for methyl protons appeared as singlet at 5y
0.89 (H-1, s). The characteristic signals for methylene protons
showed at 8y 1.18-1.54 and aromatic protons signals at 5y
7.20-7.28. BC-NMR spectrum showed signal for methyl
carbon at - 14.1 and methylene carbon signals appeared
at 8- 29.1-33.5. Carbonyl carbon showed characteristics
signal at 8- 172.3; whereas aromatic carbon signals appeared
at 8- 121.5-151.4. A critical observation of the HMBC
correlation between aromatic proton H-2" and H-6 (84 7.20)
with C-14 (8. 172.3) revealed the presence of carbonyl group
(C=0) in PM (Supporting Information Table S1). Based on
spectroscopic data, isolated compound was identified as PM
or phenyl tetradecanoate (Figure 1A) and reported first in
H. nepalense.
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FIGURE 1 (A) Structure of PM. (B) Mass fragmentation pattern of

200-800 nm and absorbance maxima (A,

3.2 | HPTLC study of PM

3.2.1 | Optimization of chromatographic
conditions

The improved separation and resolution of bands of PM,
HNHL, and HNHB on HPTLC plates were obtained
(chloroform—methanol; 9:1, v/v). HPTLC fingerprint patterns
were quantitated accurately by recording Ry value (0.49)
of isolated drug PM at absorbance maxima of 254 nm

PM. (C) UV absorption spectrum of PM (500 pug/mL) scanned at

) of PM and solvent (MeOH) recorded at 254 nm and 203 nm respectively

(Figure 2A, B, and D-F). From the chromatographic patterns,
PM was passed the chemical test and validated by HPTLC
(Supporting Information Table S2).

3.2.2 | Linearity

Linearity was performed by using different concentrations
of PM (100-500 ng/5 puL) and calibration curve was plotted
between peak areas and concentrations. Under optimized
conditions, linear regression analysis displayed good linear
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B 3D-densitometry chromatogram of PM,
HNHL and HNHB at 254 nm

16000 c
Calibration curve of Phenyl myristate (PM)

at 254 nm

y=8.5389x + 9074.1
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FIGURE 2 (A)HPTLC fingerprint analysis of HNHL and HNHB at 254 nm. (B) 3D Densitometric chromatogram of PM, HNHL, and HNHB
at 254 nm. (C) Calibration curve of PM. (D) HPTLC chromatogram of PM at 254 nm. (E and F) HPTLC chromatogram of HNHL and HNHB at
254 nm respectively. HNHB-H. nepalense hydroalcohol extract of bark, HNHL-H. nepalense hydroalcohol extract of leaf

relationship with respect to concentration and peak area of
PM (Figure 2C).

3.2.3 | Specificity

Specificity was investigated by analyzing the chromatograms
of HNHL and HNHB at peak start, middle, and at peak end

under optimized conditions. The peak of R;0.49 was matched
exactly with the corresponding Ry 0.49 of PM at 254 nm
(Figure 2A). The results showed that there were no interfer-
ing bands and impurity within same R; values of HNHL and
HNHB, thus the method was found to be specific (Figure 2A
and B).
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3.2.4 | Sensitivity

Sensitivity of the study was expressed as LOD and LOQ.
LOD and LOQ were calculated by SD and slope of calibra-
tion curve of PM (Figure 2C) and were found to be 3.35 and
10.17 ng/5 uL at 254 nm, respectively. Thus, the method was
sufficiently sensitive for a precise determination at nanogram
level (Supporting Information Table S2).

3.2.5 | Accuracy

Accuracy was calculated by recovery studies and validated by
standard addition of PM at three different concentrations (50,
100, and 150 ng) in HNHL and HNHB. The average recover-
ies were found to be 90.14 and 95.61% in HNHL and HNHB,
respectively, and the results indicate that the proposed method
was accurate (Supporting Information Table S3).

3.2.6 | Precision

Precision was determined by measuring intraday (1 day) and
interday (two consecutive days) variation in peak area and
%RSD were calculated. The values of %RSD of PM at five
different concentrations (100-500 ng/5 pL) were found to be
<1 for intraday (0.011-0.015) and interday (0.013-0.018) at
254 nm confirmed the precision of the method (Supporting
Information Table S3).

3.2.7 | Robustness

Robustness was achieved with the composition (chloroform—
methanol; 8.8:1.2, 9:1, and 9.2:0.8, v/v), volume (10 £ 5 mL),
and elution length (90 = 5 mm). The optimized time for TLC
chamber saturation and TLC development to scanning was
10 + 5 min. The robustness of PM was varied slightly through
its R;0.49 + 0.05 at 254 nm. The %RSD values for peak area
were <1.0 indicated the highly robust nature of the developed
method (Supporting Information Table S3).

3.2.8 | Stability

To determine stability of PM, chromatogram was developed
at 0, 2, 4, 6, and 8 h and peak area was calculated at
each time interval. At 0 h, mean peak area was found to
be 9920.36 + 1.244 whereas at 8 h, mean peak area was
9869.56 + 1.524. Thus, the results indicated that PM was sta-
ble under typical processing and storage conditions of analyt-
ical procedure (Supporting Information Table S3).

3.3 | Free radical scavenging activities
3.3.1 | 2,2-Diphenyl-1-picrylhydrazyl activity
of PM

Free radical scavenging activities of HNHB, HNHL, and PM
were measured by the decrease in absorbance of DPPH solu-
tion at 517 nm. ICs( values of HNHB and HNHL were found

to be 101.2 and 120.89 pg/mL, respectively; whereas the iso-
lated drug PM was reported at 25.98 ug/mL and found com-
parable to the standard drug ascorbic acid (17.73 ug/mL;
Figure 3A and B). Free radicals produced by DPPH were
dose dependently and significantly (P < 0.001) inhibited by
PM. The free radical scavenging activity was due to the bind-
ing of PM (at C-14) to DPPH radicals to form a stable prod-
uct (2,2-diphenyl-1,1-tridecanyl picrylhydrazine; Figure 3C).
The underlying reaction mechanism indicates single electron
transfer (SET) mechanism of PM to neutralize DPPH free rad-
ical and thus, it may be explored as a therapeutic agent in free
radical-induced diseases [17].

3.4 | Oxygen-radical absorbance-capacity
assay of PM

Free radical scavenging potential in terms of fluorescence
quenching effect of HNHB, HNHL, and PM were evaluated
by ORAC assay. It is based on principle of inhibition of in
situ generated peroxy free radical that is responsible for dam-
aging fluorescent compound (fluorescein) with the decrease
its fluorescent intensity (FI) and increase the rate of fluo-
rescent decay. Net AUC of PM, HNHB, and HNHL were
54.35 + 0.54, 42.3 + 0.81, and 32.85 + 0.66, respectively;
whereas net AUC of trolox was 61.15 + 0.69. PM was found
to be comparable to trolox (Figure 3D). The underlying reac-
tion mechanism is the step by step sequence of elementary
reactions of PM towards the ability to scavenge peroxyl rad-
ical (generated by thermolysis of AAPH). On thermolysis
of AAPH, amidinopropane radicals were formed and reacted
with O, to form peroxy amidinopropane radicals, which were
further reacted with fluorescein to exhibit maximum FI. How-
ever, PM (at C-14) react with peroxy amidinopropane radicals
to form a stable product (tridecanyl amidinopropyl peroxide)
and thus reduced the chemiluminescence intensity of fluores-
cein sodium (Figure 3F).

3.5 | Cell-based-antioxidant-protection-in-
erythrocytes assay of PM

The cellular protection ability of PM, HNHB, and HNHL
were measured to access the formation of peroxyl radicals
generated inside and outside RBCs with the reaction of AAPH
(peroxyl radical generator) and DCF-DA (fluorescent probe).
ICs, values were found to be 41.61 + 0.65, 82.37 + 0.56,
and 100.64 + 1.26 pg/mL for PM, HNHB, and HNHL,
respectively; whereas ICs, of trolox was 37.5 + 0.67 pg/mL
(Figure 3E). PM was found comparable with trolox. Ex vivo
cellular mechanism to protect cell membranes and lipopro-
teins was based on the long alkyl chain of PM covalently
or non-specifically adsorbed on RBC surface and scavenge
the peroxy amidinopropane (generated from thermolysis of
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FIGURE 3 (A)DPPH free radical scavenging activity of PM and ICy, was found to be 25.98 ug/mL. (B) Comparative in vitro DPPH free
radical scavenging studies of AA, PM, HNHB, and HNHL. Results were in triplicate and values were expressed as mean + SD. ***Statistically
significant difference between AA and samples (PM, HNHB, and HNHL) were performed at P < 0.05 by one-way analysis of variance (ANOVA)
followed by Dunnett’s post-test. (C) Represents proposed reaction mechanism of PM toward scavenging of DPPH free radical in which PM reacts

with DPPH to form stable product (2,2-diphenyl-1,1-tridecanyl picrylhydrazine). (D) Represents area under curve (AUC) in oxygen radical
absorbance capacity (ORAC) assay of HNHB, HNHL, and PM with net AUC 42.3 + 0.81, 32.85 + 0.66, and 54.35 + 0.54, respectively, and were
comparable to net AUC of standard drug trolox (61.15 + 0.69). (E) Ex vivo cell-based antioxidant protection (CAP-e) assays of HNHB, HNHL, and
PM with ICs, values 82.37 + 0.56, 100.64 + 1.26, and 41.61 + 0.65 pg/mL, respectively, and were comparable to standard drug trolox (ICs,

37.5 + 0.67 ug/mL). (F) represents proposed reaction mechanism of PM toward scavenging of peroxyamidino propane radicals generated by

thermolysis of 2,2'-azobis-(2-amidino-propane)dihydrochloride (AAPH) in which PM reacts with peroxy amidinopropane radicals to form stable

product (tridecanyl amidinopropyl peroxide). HNHB-H. nepalense hydroalcohol extract of bark, HNHL-H. nepalense hydroalcohol extract of leaf

AAPH) radicals to form stable product (tridecanyl amidino-
propyl peroxide).

Oxidative stress is believed to play a role in diabetes,
inflammation, hepatotoxicity, and neurodegenerative dis-
eases. The previous report of free radical scavenging and hep-
atoprotective activities of H. nepalense is thus supported with
result of the current investigation of PM made through DPPH,
ORAC, and CAP-¢ assays [7,8]. Traditional uses of the bark of
H. nepalense toward the treatment of oxidative stress-related
wound healing and stomach and liver disorder may be justi-
fied through free radical scavenging studies [4,5,8]. It may,
therefore, be claimed that the species contains important bio-
logical macromolecules such as PM, which is a free radical
scavenger that contributes to hepatoprotective activities.

3.6 | Molecular docking studies of PM

Molecular docking studies were performed to investigate
the potential interactions between this biological macro-
molecule PM and human serum albumin (HSA) active sites
residues. The active site of HSA was surrounded by amino
acid residues Leu 198, Leu 457, Glu 450, Phe 206, Leu
481, Leu 347, Ala 210, Phe 211, Trp 214, Ser 202, Arg
484, and Ser 454. The active site residues showed dif-
ferent tendencies to interact with PM and provide stabil-

ity to complex by forming hydrogen bond, Van der Waals,
and hydrophobic interactions. Binding pattern of ascorbic
acid (magenta), PM (brown) to the co-crystallized ligand
indomethacin (yellow) was evidenced (Figure 4). It is appar-
ent that indomethacin bound with HSA by hydrogen bond-
ing as well as hydrophobic interactions while ascorbic acid
showed hydrogen bonding with HSA and PM bound to
the active site (Phe 206, Leu 481, Leu 347, Ala 210, Phe
211, Trp 214, Ser 202, Arg 484, and Ser 454) of HSA by
hydrophobic interactions owing to its long hydrocarbon chain
(Figure 4). Further, a comparison of the binding energies
of PM (—8.4 kcal/mol) and ascorbic acid (—5.0 kcal/mol)
showed that PM have more affinity toward oxidative stress-
related protein (HSA) than ascorbic acid and may be used as
a potent antioxidant drug [16].

4 | CONCLUDING REMARKS

A new HPTLC densitometric method was developed for the
analysis of PM in H. nepalense and validated according to
ICH guidelines in terms of linearity, specificity, sensitivity,
accuracy, precision, robustness, and stability. The proce-
dure is simple, rapid and inexpensive in comparison with
other analytical methods. The data could be used as a QC
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FIGURE 4 Insilico molecular docking study of PM with human serum albumin (HSA). (A) Structure of HSA receptor protein. (B) 2D
Diagram of ligand (PM)-receptor (HSA) interaction. (C) 3D Diagram of ligand (PM, ascorbic acid, indomethacin)-receptor (HSA) interaction. PM

(brown), ascorbic acid (magenta), and indomethacin (yellow)

standard. In vitro (DPPH, ORAC) and ex vivo (CAP-¢) studies
concluded that PM is an important biological macromolecule
in H. nepalense has free radical scavenging potential whereas
the results of molecular docking analysis showed efficient
binding of PM to HSA an oxidative stress-related protein.
Based on the results of in vitro, ex vivo, and in silico studies,
further investigations are warranted in in vivo model to
establish the cellular mechanism and pathway of PM to
combat oxidative stress associated diseases like hepatotox-
icity, diabetes, inflammation, apoptosis, cardiovascular, and
neurological diseases.
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