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Portulacaria afra; ment of pain and inflammation. This study aimed to evaluate the phytochemical composition, tox-
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TE/g) in the CUPRAC method. The RP-UHPLC-MS analysis of PAME showed tentative identi-
fication of 101 compounds in the positive mode and 14 compounds in the negative mode of ioniza-
tion while GC-MS profiling gave a total of 15 compounds. The acute oral toxicity study of PAME
revealed the safety and biocompatibility of the extract up to a dose of 5000 mg/kg orally in rats. In-
vitro data revealed that varying concentrations of P. afra significantly (p < 0.05) inhibited heat-
induced BSA denaturation compared to indomethacin in a concentration-dependent manner.
PAME suppressed carrageenan-induced paw edema at the 4th hr with maximum inhibition. The
analgesic efficacy of PAME was determined by the hotplate, writhing method, and tail-flicking
rat models. In the hot plate method, PAME treated groups showed a significant effect
(p < 0.0001). While in the writhing model, the PAME treated groups showed a significant
(p < 0.0001) anti-nociceptive effect at 200 mg/kg and 400 mg/kg compared to the control group.
Similarly, PAME treated groups in the tail flicking model showed a significant (p < 0.001) anti-
nociceptive effect at 200 mg/kg and 400 mg/kg. A dose-dependent increase in latency time (8.78

+ 0.090 at (30 min), 11.39 + 0.005 at (60 min), 12.14 + 0.01 at (90 min) 15.19 + 0.03 at
(120 min), p < 0.0001 was observed, compared to the control group. Similarly, the extract and frac-
tion showed significant inhibitory potential against tyrosinase in in vitro and in-silico studies. Con-
clusively the current study unveiled P. afra as a novel non-toxic source with good total antioxidant-
mediated anti-inflammatory and analgesic potential.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Medicinal plants containing biologically active compounds are
an essential source of therapeutically active products (Altaf
et al., 2019, Stuntar 2020). The world health organization
(WHO) stated in a report that 11 % of the 252 drugs are solely
obtained from a plant source, while several synthetic drugs are
derived from natural sources. Herbal medicines are preferred
over synthetic drugs because they have fewer side effects
(Khursheed et al., 2022). As per the WHO, the inflammatory
process and its linked disorders pose the biggest threat to pub-
lic health, with a continuous rise in the incidence of such dis-
eases expected in the United States over the next 30 years
(Ginwala et al., 2019).

Inflammation is a natural protective response to tissue
damage resulting from physical trauma, toxic chemicals,
microbial agents, or autoimmune disease. Leukocytes, particu-
larly neutrophils, are attracted to the inflammatory center in
response to damage (Dilshad et al., 2022). These cells produce
pro-inflammatory mediators such as tumor necrosis factor
(TNF)-a, interleukin (IL)-1B, and chemokines through the
induction of the nuclear factor-kappa B (NF-KB) pathway.
Prostaglandins are very effective vasodilators and induce an
inflammatory response (Sajid-ur-Rehman et al., 202la,
2021b) and a fever cytokines are endogenous pyrogens that
cause fever and negatively affect the progression of metabolic
dysfunction (Shi et al., 2019). The symptoms of inflammation
are severe pain, swelling, and loss of function in the affected
area (Saleem et al., 2020). Standard anti-inflammatory treat-
ments, such as non-steroidal anti-inflammatory drugs
(NSAIDs) and corticosteroids, treat moderate to severe pain
and inflammation (Nguyen et al., 2020). However, long-term
usage of the NSAIDs inhibits prostacyclin and prostaglandin
E2, causing side effects such as nausea, vomiting, and peptic
ulcer (Steiner and Higgins 2018, Jannat et al., 2022). Inflam-
mation is one of the key contributors to worsening skin infec-
tions. Moreover, tanning and darkening are two prevalent

undesirable skin conditions, and tyrosinase has been identified
as the enzyme associated with these two conditions in humans
(Khursheed et al., 2022). The drug candidates which are hav-
ing anti-inflammatory effects, as well as tyrosinase inhibitory
potential, seem to be a suitable choice for treating skin infec-
tions. Therefore, investigating natural sources particularly,
plant source, is of prime importance. There is a boost increase
observed in exploring plant species for their pharmacological
potential. But still, many species with ethnomedicinal signifi-
cance are unexplored. Our current investigations were fasci-
nated by the ethnomedicinal significance of P. afra, which is
traditionally used in skin disorders associated with some
inflammation. P. afra (Portulacaceae) is a popular medicinal
plant typically utilized in East South Africa for skin infections
and other skin conditions such as ulcers, fungus, blisters,
wounds, dermatitis, scars, lesions, tumors, cysts, and pimples
(De Wet et al., 2013).(Olaokun et al., 2017, Dlova and
Ollengo 2018, Nakamura et al., 2021). The family Portula-
caceae comprises over 20 to 30 genera and about 450 species
found chiefly in tropical and subtropical regions of the world
(Augros et al., 2018). P. afra is an evergreen succulent plant
with thick broad leaves that store water (Iranshahy et al.,
2017). The Shrubs or tiny trees in the genus Portulacaria have
sessile leaves, pale green, pedunculated, inconspicuous pink
blooms, and pink fruit with a diameter of 2 to 6 mm. They also
have a greatly ramified trunk. It is primarily found in Mozam-
bique and the Republic of South Africa (Karimi et al., 2011).
As previously stated, the genus Portulaca contains significant
phytochemicals that have significant potential as therapeutic
candidates for many diseases. Though there has not been much
research into this plant’s potential bioactivities, there’s a gap in
scientific knowledge about its complete potential. Therefore,
this study aimed to evaluate phytochemical composition, tox-
icity, in-vitro and in-vivo anti-inflammatory, analgesic in a rat
model, as well as enzyme inhibitory potential, and in-silico
molecular docking studies of identified phytoconstituents to
validate its folk use.
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2. Materials and methods

2.1. Collection of plant material and preparation of extract

The whole plant was collected in April 2020 from the
Baghdad-ul-Jadeed campus of The Islamia University of
Bahawalpur, Pakistan. First, the plant was identified by tax-
onomist Ghulam Sarwar, Assistant professor in the depart-
ment of Botany, The Islamia University of Bahawalpur,
Pakistan, and voucher number 314 was allotted for future
record and reference. Then, the plant was washed to remove
dust and impurities, followed by shade drying, pulverized,
and stored in a glass jar. Dried powder of a whole plant
(3 kg) was soaked in a hydromethanolic solvent system com-
prising (methanol: water; 80%:20%) for 7 days with occa-
sional stirring at room temperature (Dilshad et al., 2022).
After 7 days, the plant material was filtered and evaporated
under reduced pressure to get methanol extract of P. afra
(PAME). The dried extract was treated with distilled water
to obtain the suspension followed by solvent—solvent fraction-
ation with ethanol which yielded an ethanol fraction of P. afra
(ETPA). The ethanol fraction (ETPA) was dried using a rotary
evaporator (Heidolph, Germany) at 35 °C. The properly dried
PAME and ETPA were stored in an airtight container for fur-
ther analysis.

2.2. Chemical composition

2.2.1. Determination of polyphenolic contents

2.2.1.1. Total phenolic contents (TPC). The total phenolic con-
tents in PAME and ETPA were determined using the Folin-
Ciocalteu approach (Ahmad et al., 2022). The serial dilutions
of gallic acid of 10 pg/mL, 20 pg/mL,40 pg/mL, 60 pg/mL,
80 pg/mL, 100 pg/mL, and 200 pg/M1 were prepared in metha-
nol. In 1 ml of Eppendorf tube, 100 pL of plant extract solu-
tion was poured, followed by 100 pL of Folin-Ciocalteu
reagent. The solution was mixed, and then 0.4 ml of 300 uM
sodium carbonate (Na,COs3) solution was added and incu-
bated for 2 h. 100 ml from every test mixture was added to a
96-microtiter plate, and the absorbance at (A = 765 nm) was
measured. TPC was measured in milligrams of gallic acid
equivalent per gram of dry extract (mg GAE/g of dried
extract).

2.2.1.2. Total flavonoid contents (TFC). The total flavonoid
contents in PAME and ETPA were determined using the
aluminum chloride colorimetric method (Ahmad et al.,
2022). The extract solution of each fraction (I mg/ml) was
prepared in methanol. Similarly, serial dilutions of 100 pg/
mL, 200 upg/mL, 400 pg/mL, 600 upg/mL, 800 pg/mL,
1000 pg/mL, and 200 pg/mL, were prepared in methanol.
I ml sample solution (1 mg/mL), 3 ml distilled water,
200 pL of 5% NaNO, solution, and 200 pL (10% AICl;)
solution were poured into a test tube and anequal volume
of 2 ml of (1 M) sodium hydroxide (NaOH) solution. After
5 min, 2.4 ml of distilled water was mixed. The solution’s
absorbance was taken at (A = 510 nm) with an IRMECO
U2020 UV-visible spectrophotometer. TFC was expressed
in mg quercetin equivalent per gram of dry extract (mg
QE/g dry extract).

2.2.2. Reversed phase-Ultra performance liquid
chromatography-mass spectrometry (RP-UHPLC-MS)
analysis

The secondary metabolites in the PAME were identified using
conventional RP-UHPLC-MS analysis according to the previ-
ously established protocols (Arshad et al., 2021) with little
modifications. The column parameter was Agilent Eclipse
XDB-Cl18Narrow-bore,150 mm x2.1 mm, 3.4-pm (P/N
930991-903), column temperature: 25°C, autosampler temper-
ature: 4°C, Flow rate: 0.5 ml/minutes, Solvents: A — 0.1% for-
mic acid in the water, B-0.1% formic acid in acetonitrile,
Injection volume: 1.0uL, sample analysis: U-ESI-E-XDB-
C18-NB-MS-20(30) Positive Polarity U-ESI-E-XDB-C18-
NB-MS-20(30) negative polarity, the total run time was
30 min. The mode of analysis of methanolic extract was posi-
tive and negative, Vcap 4000 V, and 3500 V respectively. The
fragmented voltage, skimmer, OCT 1 RF Vpp, drying gas, gas
temperature, Nebulizer, 125 V, 65 V, 750 V,10 L/min, 300C,
and 45 psig, respectively. The range of mass to charge ratio
(m/z) minimum was 100 to a maximum of 3200 in both modes.
The reference ions for positive mode were used in the following
range 121.0508, 922.0097 to negative mode 119.03632,
966.000725. The acquisition rate (spectra/s), acquisition time
(ms/spectrum), and transients/spectrum were obtained at
1.03, 973, and 9632. The data was processed with Agilent mass
hunter qualitative analysis B.07.00.

2.2.3. Gas chromatography-mass spectroscopy (GC-MS)
analysis

The PAME was investigated by GC-MS, Agilent (6890 series
and Hewlett Packard, 5973 ground sensor). Blown barriers
were removed on an HP5SMS column (30 m length & 250 pm
diameter,0.25 pm film thickness). The apparatus includes an
HP-5MS ultra-inert capillary non-polar column with dimen-
sions of 30 mm 0.24 mm ID 0.24 pm film. Helium was
employed as the carrier gas, with a flow rate of 1.0 ml/min.
The injector was set to 255 °C, and the oven temperature
was set to (50 °C) for 5 min, then gradually increased to
(250 °C) at the rate (of 100 °C/min), and lastly to 3000 °C
for 10 min at (70 °C/min). The constituents were identified
using data from the NIST library, and the % composition
was calculated using GC peak regions (Ahmed et al., 2022a,
2022b; Aziz et al., 2022).

2.3. In vitro biological profiling

2.3.1. In-vitro determination of antioxidant potential

The antioxidant potential of PAME and ETPA were evaluated
by using DPPH (2,2 diphenyl-1-picrylhydrazyl), ABTS (2,2
azinobis 3-ethylbenothiazoline-6-sulfonic acid), ferric reducing
antioxidant power (FRAP) and cupric reducing antioxidant
capacity (CUPRAC) as per the standard protocols described
by (Basit et al., 2022a, 2022b, 2022c). Results were expressed
in milligrams of Trolox equivalent per gram of dry extract
(mg TE/g DE).

2.3.2. In-vitro anti-inflammatory activity through inhibition of

high-temperature bovine serum albumin denaturation test

The heat-induced bovine serum albumin (BSA) assay was
employed to assess anti-inflammatory potential with minor
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modification (Naz et al., 2017). The reaction was completed
comprising different concentrations (100, 200, 300, and
500 pg/mL) of plant extract and standard drug indometha-
cin (NSAID) 1% of the total w/v BSA, and phosphate-
buffered saline (PBS, pH 6.4), with PBS serving as the control.
The solution mixtures were incubated at 37 °C for 20 min
before being raised to 70 for 5 min. After cooling, absorbance
at 660 nm was measured with a UV-visible spectrophotometer
(Shimadzu Double Beam UV-2600, Germany). The control
indicates total protein denaturation (100%). The following
% inhibition of BSA denatured proteins was calculated:

%inhibition = 100 x [1 — (A2/A1)]

Whereas,

A1l = Control absorbance,

A2 = test sample absorbance.

Compounds reducing protein denaturation by more than
20% over a range of doses in the egg albumin protein denatu-
ration experiment were deemed to have anti-inflammatory
characteristics. They could be helpful in medication
development.

2.3.3. Tyrosinase inhibition activity

The volume of 19 uL of 0.9 M potassium phosphate buffer
having pH 6.7 and 39 pL extract/fraction solution (1 mg/
mL) was mixed. Tyrosinase enzyme 38 pL (200 units/mL)
was added and incubated for 15 min. The substrate L-DOPA
100 pL was added to the incubated mixture. This solution
was further incubated for 20 min at room temperature. The
absorbance was measured at 450 nm with a BioTek synergy
HT microplate reader. The same procedure was adopted for
negative control by adding 40 pL of buffer solution instead
of extract/fraction. Kojic acid was used as the standard com-
pound in tyrosinase inhibition activity (Ahmed et al., 2022a,
2022b).

2.4. In-vivo toxicological evaluation

2.4.1. Experimental animals

Wistar albino rats weighing (80—100 g) were kept in the Phar-
macology & Physiology research laboratory animal house at
IUB Punjab, Pakistan. All animals used in the study were
housed in  polycarbonate cages that  measured
(47 x 34 x 18 cm®). The typical conditions of temperature
and humidity 25 + 2 °C, 50-55%, respectively, and exposure
to a 12-hour light/dark cycle, were kept throughout the study.
The rats were fed conventional animal food and given free
access to water. To reduce animal stress, acclimatized to the
test environment for one week before the trial began. All
methodologies were approved by the Pharmacy Animal Ethics
Council in the Faculty of Pharmacy, IUB Punjab, Pakistan,
with authorization number PAEC22/73. They complied with
the UK Animals (Scientific Procedures) Act 1986s ethics and
guidelines (Basit et al., 2022a, 2022b, 2022c¢).

2.4.2. Acute oral toxicity study

The safety profile of PAME was evaluated using OECD 425
criteria with minor modifications previously reported by
(Yaseen et al., 2020). In brief, five healthy female albino rats
(nulliparous and non-pregnant) were fasted overnight before

receiving a single oral dose of PAME at a concentration of
5000 mg/kg orally. Initially, one rat was dosed and examined
for up to four hours for any signs of toxicity, such as skin irri-
tation, changes in general behavior, and eye lacrimation,
before being observed again after 24 h. If there were no harm-
ful symptoms, the same dose was administered to four more
rats monitored once daily for 14 days (OECD 2008). Rats were
examined on days 0, 7, and 14, and the percentage change in
body mass was calculated. Animals were slaughtered at the
end of the experiment, and blood was collected for biochemical
and hematological analysis. On day 14, all the animals were
executed with ketamine (350 mg/kg). All rats’ body weight
was measured, blood was obtained for biochemical and hema-
tological analysis, and major organs were removed for
histopathological investigation (Yaseen et al., 2020).

2.5. In vivo pharmacological profiling

2.5.1. Acute anti-inflammatory activity

The anti-inflammatory potential of methanol extract (PAME)
of P. afra was assessed using carrageenan-induced paw edema
which was modified somewhat from a previously published
approach (Basit et al., 2022a, 2022b, 2022c). The animals were
divided into five groups (n = 6) Group:1 (control group) was
treated with distilled water (5 ml/kg distilled water, i.p). Group
2 (standard group) received indomethacin (15 mg/kg, i.p) half
an hour earlier, groups 3, 4, and 5 received PAME extract at
100 mg/kg,200 mg/kg, and 400 mg/kg (orally) respectively.
After 1 h of dosing, all groups were injected with a subcuta-
neous injection of carrageenan (0.1 ml, 1%) into the right hind
paw. The paw diameter difference was measured using a digital
Vernier caliper (Mitutoyo, Japan). The increase in paw diam-
eter was considered a sign of inflammatory induction. Before
carrageenan administration, the starting volume (V1) was
assessed, and the following injection volume (V2) was mea-
sured at 0.5, 1, 2, and 4 h. The previously reported formula
was used to compute the % inhibition of paw edema (Javed
et al., 2020).

Percentage Inhibition VContml mean Vtrcatcd mean X 100

VComml Mean

2.5.2. Anti-nociceptive potential of Portulacaria afra

The analgesic activity of PAME was measured by using vari-
ous tests; tail immersion test, hot plate method, and acetic
acid-induced writhing test.

2.5.2.1. Tail immersion method. The tail immersion (tail flick)
experiment was carried out according to the methodology pub-
lished by (Aziz et al., 2019). To assess the analgesic activity of
PAME, a total of 36 rats (80-100 g) were divided into five
groups. Groupl (control group) was treated with distilled
water (5 ml/kg DW) while group 2 (standard group) received
tramadol (30 mg/kg, p.o), groups 3, 4, and 5 received PAME
(p-o) at 100 mg/kg,200 mg/kg, and 400 mg/kg respectively.
The baseline reaction time of each group was recorded post-
treatment by dipping the tail ends of the mice (last 1-2 cm)
in hot water at (55 = 1) °C. The flick reaction of rats was cal-
culated, i.e., the time required (in seconds) to remove it from a
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hot water source, and the findings were compared with
the control group. To protect the rats, a latency interval of
15 s was established as the cut-off point. The latent time of
the tail-flick reflex was assessed before 30, 60, and 90 min of
medication and extract delivery.

2.5.2.2. Hot plate method. The hot-plate test was performed
with minor modifications as described by (Sajid-ur-Rehman
et al., 2021a, 2021b). Before beginning the experiment, all
(36) rats (80—-100 g) were divided into five groups (n = 6).
Group one (control group) was treated with distilled water
(5 ml/kg DW per. oral), while group 2 (standard group)
received tramadol (30 mg/kg per. oral). While group 3, 4,
and 5 were treated with methanol extract (PAME) of (p.o)
at 100 mg/kg, 200 mg/kg, and 400 mg/kg, delivered 30 min
before the hot plate test, respectively. The medication and
plant extract were dissolved in distilled water. The results were
recorded after 30 min of dose administration to the individual
groups. The reflexes of all groups, such as lapping, shaking,
and leaping away from a hot surface (50 =+ 2°C), were
recorded before and after the therapy at 30, 60, 90, and
120 min. To avoid paw injury, 25 s was set as the cut-off time.

2.5.2.3. Acetic acid-induced writhing method. The acetic acid-
induced writhing experiment was carried out by the protocols
published with minor modifications (Basit et al., 2022a, 2022b,
2022c). Before beginning the experiment, all the rats (80—100 g)
were fasted for 30 min and divided into five groups (n = 6).
Group 1 was treated with distilled water (DW) 5 ml/kg while
group 2 received diclofenac sodium 15 mg/kg (p.o) group 3,
4, and 5 received methanol extract (PAME) of (p.o) at
100 mg/kg, 200 mg/kg, and 400 mg/kg respectively. The med-
ication and plant extract were dissolved in distilled water.
After 40 min of diclofenac and plant extract dosing,1% acetic
acid (10 ml/kg, i.p.) was given to produce an abdomen con-
striction in all treated groups. The number of abdominal con-
strictions was recorded over 30 min after 5 min of acetic acid
delivery and shown as an average mean.

2.6. Molecular docking analysis

The chemical compounds obtained from the results of GC-MS
analysis were subjected to molecular docking with some anti-
tyrosinase targets to validate the in-vitro and in-vivo results.
The docking analysis used the crystal structures of the tyrosi-
nase protein targets from the protein data bank (PDB). Polar
hydrogens were inserted into the protein. Water, inhibitors,
and extra chains were removed from the protein and then con-
verted into the PDBQT format. To analyze their potential
against the proteins, the ligands were taken from PubChem.
The ligands were input into Open Babel and used the PyRx
application to reduce their energy. The compounds were then
transferred to PDBQT format for further investigation. The
grid box is then constructed in the desired dimensions. Finally,
the Discovery studio visualized the interactions.

2.7. Statistical analysis

Results were represented as mean + SEM (n = 6). Two-way
ANOVA followed by a Tukey’s test was performed using

Graph Pad Prism (San Diego, CA, USA) software. P-
value < 0.05 was considered statistically significant.

3. Result and discussion
3.1. Phytochemical composition

The plant source has served as the front-line contributor in the
provision of therapeutic alternatives to conventional therapeu-
tic agents and lead compounds for the developement of novel
drug candidates. Plants have a plethora of chemical con-
stituents, which play an important role in their pharmacologi-
cal effects. Therefore, investigating the phytochemical profile
of plant species is of prime significance (Basit et al., 2023,
Wairata et al., 2022). In the current investigations, the chemi-
cal composition of P. afra was evaluated through the determi-
nation of the phenolic and flavonoid contents, GC-MS, and
LC-MS analysis. The selection of a suitable solvent is a key
step in the extraction process of natural (Ahmad et al.,
2019). In the current investigation, the hydromethanolic sol-
vent system comprised of 80% methanol and 20% water was
applied for the extraction. The extract obtained was fraction-
ated with ethanol. The extended polarity index of the hydro-
alcoholic solvent system makes it a suitable solvent for the
extraction of natural products (Basit et al., 2022a, 2022b,
2022¢). PAME showed a significant quantity of TPC
(280 + 1.5 mg GAE/g) and TFC (200 + 1.12 mg QE/g), while
ETPA showed a relatively lower quantity of TPC (163.25 + 2.
50 mg GAE/g) and TFC (159.21 £+ 2.22 mg QE/g), respec-
tively (Fig. 1A and 1B). The results of our study are in corre-
lation with previous reports on the polyphenolic
quantification of P. afra (Dlova and Ollengo 2018).

For a more in-depth evaluation of the chemical composi-
tion, PAME was subjected to RP-UHPLC-MS analysis using
the positive and negative modes of ionization. A total of 101
chemical compounds were identified in the positive mode while
14 compounds were identified using the negative mode of ion-

300 283.050 150
A 13261 B
111.22
~ 200 100
3 g
£ 153.655 =
: %
o o
3 8
H
= 100 E’ 50
0 0
PAME ETPA PAME ETPA
Fig. 1 Polyphenolic contents in P. afra. (A): total phenolic

contents (mg GAE/g extract), (B): total flavonoid contents (mg
QE/g extract).
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ization. The detailed tabulated results and chromatograms of
RP-UHPLC-MS analysis are provided in the supporting infor-
mation (Table 1S-2S and Fig. 1S-4S). Identification of the
compounds was based on the default spectral library with
the instrument and metlin database search (Arshad et al.,
2021, Basit et al., 2022a, 2022b, 2022c).

The commonly used spectroscopic technique, GC-MS, is a
reliable tool for investigating volatile components in plant
extracts. For the first time, the PAME was examined by using
Gas Chromatography-Mass Spectrometry (GC-MS). A total
of 15 compounds were identified and results were summarized
in (Table | & Fig. 2). The major compounds were benzene,1,3-
dimethyl-7-propylidene (1.26%), ethylbenzene (5.99%), P-
xylene (41.65%)-O-Xylene (17.92%), heneicosane (1.64%),
phenol,2,4-bis (1,1-dimethyleth (2.42%), hexadecanoic acid
methyl ester (2.74%),7,9-ditert-butyl-1-oxaspiro, deca-6,9-
diene-2,8-dione (1.51%), methyloctadeca-9,12-dienoate
(1.33%), 9,12,15-octadecatrienoicacid (1.67%), coprosten-3-
onesemicarbazone (8.27%). Numerous publications about
the antibacterial activity using various plant extracts that indi-
cate the presence of heneicosane by GC-MS analysis have
been reported. The 9, 12, 15-Octadecatrienoic acid was another
anti-inflammatory component in a hydro-methanol extract of
P.afra (Guerrero et al., 2017). The hexadecanoic acid methyl
ester was a major compound in the hydro-methanol extract
which has antioxidant, antidiabetic (Ahmadi et al., 2021),
and anti-inflammatory properties, as well as the potential to
lower blood cholesterol (Kaizal and Hussein 2019). The com-
pound was also reported by (Belakhdar et al., 2015) (Asghar
et al., 2011; Metwally et al., 2020). Our results are consistent
with earlier findings on the same genus that were published
by (Alu’datt et al., 2019). Phenol, 2, 4-bis (1, 1-dimethyl ethyl)
have antimicrobial (Salini et al., 2014), antifungal (Rangel-
Sanchez and Castro-Mercado, 2014), antioxidant (Ajayi

et al., 2011), antitumor activity (Yogeswari et al., 2012) 7, 9-
di-tert-butyl-1-oxaspiro (4,5) deca-6, 9-diene-2, 8-dione have
also been reported to possess anti-mineralocorticoid activity
which is used primarily as a diuretic and antihypertensive. This
compound is also reported by (Rao et al., 2016). Heneicosane
has shown antibacterial activity reported by (Vanitha et al.,
2020). No reports on P. afra chemical profiling of hydro-
methanol extract by GC—MS have been publicly disclosed.

3.2. Antioxidant potential of Portulacaria afra

Antioxidant compounds obtained from phytoconstituents are
acquiring acceptance as a substitute for synthetic antioxidants
(Basit et al., 2022a, 2022b, 2022c). Because natural antioxidant
compounds are generally safer than conventional antioxidants.
Plants with potent antioxidant compounds may be evaluated
for reducing hazardous oxidation in food ingredients or med-
ications used to treat chronic diseases, i.e. cancer, diabetes, and
myocardial infection (Salaj et al., 2021). That is why there is
intense interest in exploring plant sources for their antioxidant
potential. In this study, PAME and ETPA were evaluated for
antioxidant potential using already established methods,
namely DPPH, FRAP, ABTS, and CUPRIC. The PAME
showed the highest antioxidant potential through ABTS and
CUPRIC methods (93.16 + 0.05, 90.88 + 0.67 mg TE /g
dry extract) followed by FRAP and DPPH methods (80.45 +
0.20, 65.58 £+ 1.3 mg TE/g dry extract respectively (Fig. 3).
While ETPA also showed higher antioxidant potential through
the CUPRIC and FRAP method (462 + 1.44 mg TE/g, 420.
00 + 2.1 mg TE/g extract) followed by DPPH and ABTS
method (312.40 = 1.2 mg TE/g, 182.08 + 1.9 mg TE/g). This
plant’s antioxidant capability rectify the polyphenolic quantifi-
cation study, because the strong correlation between antioxi-
dant power and polyphenolic compounds is well established

Table 1 GC-MS analysis of PAME extract (compound identification was based on the NIST library).

Peak RT Area  Compounds Molecular Similarity Molecular Chemical Class

number (min) Formula Index mass

Peak —1 3.07 5.99 Ethylbenzene CgHp 97 106.16 Aromatic
hydrocarbon

Peak —2 3.13 41.65 1,4-Dimethylbenzene CgH o 97 106.16 Aromatic
compounds

Peak —3 3.37 17.92 o-Xylene CgHo 90 106.16 Alkanes

Peak —4 10.19 1.64 Heneicosane Cy1Hyy 91 296.6 Fatty acids

Peak —5 10.43 2.42  Phenol,2,4-bis(1,1-dimethylethyl)-, C,7H;3¢ 90 278.5 Phenol

phosphite

Peak —6 11.29 0.72 1-Hexadecene C¢H;3,Br 98 224.42 Phenol

Peak —7 12.63 1.46 Heptacosane C,y7Hs6 98 380.7 Alkenes

Peak —8 13.50 0.74 Dichloroacetic acid C7H34 98 128.94 Monocarboxylic
acid

Peak —9 15.06 2.74 Hexadecanoicacid, methyl ester C3H3605 91 270.5 Ester

Peak —10 15.11 1.51 7,9-ditert-butyl-1-oxaspiro[4.5]deca-6,9- C17H»403 99 276.4 Cyclic ketone

diene-2,8-dione

Peak —11 17.26 1.33  methyloctadeca-9,12-dienoate C19H3405 96 2934 lineolic acids

Peak —12 17.35 1.67 9,12,15- Octadecatrienoic acid CigH300; 93 278.4 fatty acid

Peak —14 23.42 8.27 1-Coprosten-3-one semicarbazone C,gH47N;0 97 441.7 Imines derivatives

Peak —15 32.96 10.34 1,3-Bis(trimethylsilyl)benzene C1,H»,Si, 95 222.47 Aromatic
compound

R.t: retention time.
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(Lekouaghet et al., 2020, Ahmad et al., 2022). The findings of
the current study are in correlation with previous reports on
the antioxidant capacity determination of the plant, which
have postulated low results in the DPPH method (Khanyile
et al., 2021; Olaokun et al., 2017). Total antioxidant data
showed that PAME and ETPA have a high potential for
antioxidant action that might help to prevent inflammation
and pain caused by free radicals.

3.3. In-vitro enzyme inhibition

3.3.1. Tyrosinase inhibition assay

Tyrosinase is a therapeutically important enzyme involved in
the melanogenesis process, and its inhibitors reduce skin
hyperpigmentation, a common cause of the highly undesirable
result of skin darkening (Ciganovic et al., 2019). PAME and
ETPA were tested using standard Kojic acid against the tyrosi-
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Fig. 4 Tyrosinase inhibitory potential of P. afra. PAME:
methanol extract of P.afra, ETPA: ethanol fraction of P. afra,
KA: kojic acid.

nase enzyme. The tyrosinase inhibition activity of PAME was
found higher than ETPA as shown in Fig. 4. The species
melanin-reducing ability also corrects the species’ historic use
in numerous skin conditions (De Wet et al., 2013). P. afra
has positive antimicrobial effects, which validate its applica-
tion to treat skin disorders. The plant leaves are the most fre-
quently used to treat skin disorders (Nciki et al., 2016).

3.4. Toxicity evaluation

The treatments with herbal drugs may cause serious concerns
about their toxicity profiles in the absence of scientific data
(Basit et al., 2022a, 2022b, 2022c). So, the toxicity of herbal
drugs needs to be assessed in the animal model to assure their
safety profile for human use. The acute toxicity was performed
according to OECD guidelines on albino rats. On the oral
administration of PAME at a dose of 5000 mg/kg to albino
rats, no significant weight variation and changes in the behav-
ioral pattern were observed in the body weight of animals
when treated groups were compared with the control group
of animals Table 3S and 4S. Similarly, no difference in the
hematological parameters was observed in the animals of the
treated group as shown in Table 2. The treated and control
groups presented no significant changes in serum concentra-
tions of bilirubin, urea, creatinine, alkaline phosphate, and
protein at the dose of 5000 mg/kg orally. Moreover, no abnor-
mality was observed in the histopathological examination of
the vital organ after treatment with oral administration of
PAME at 5000 mg/kg (Fig. 5 and Table 5S). The result of
the study was mentioned in the following Table 3. These find-
ings indicated that P. afra is non-toxic and biocompatible,
making it suitable for usage as medicine.

3.5. Anti-denaturation effect of PAME

The protein denaturation test is an in vitro approach com-
monly applied for assessing the anti-inflammatory potential
of natural products (Marrelli et al., 2022). In this, we evaluated
PAME for the anti-denaturation effect on heat-induced denat-
uration of bovine serum albumin (BSA). The findings revealed
that varying concentrations of PAME showed inhibition of

Table 2  Effect of PAME (5000 mg/kg) on the hematological
profile of rats.

Hematological Control Treated group 5000 mg/kg/
parameters group 2ml

WBC (uL) 6.61 =+ 1.1 4.0 £ 0.19
RBC (uL) 547 £ 1.3 4.85 £ 3.1
HGB 113 £23 103 + 0.8
HCT (%) 36.1 £ 2.1  36.1 +£ 3.2
MCYV (fl) 66.0 £ 1.3 62.1 = 1.8
MCH (pg) 20 + 2.7 21.2 + 3.1
MCHC g/dl 313 £ 1.8 342 = 1.1
PLT (uL) 926 £ 0.7 392 £ 34
LYM% 470 £ 22 122 + 0.18
M*D% 152 £ 45 41 £ 2.1
NEUT% 37.8 £ 37 33 £ 23
LYM (uL) 3.1 £ 019 0.5 + 0.21
MXD (uL) 1.0 £ 23 0.2 £ 043
NEUT (pL) 2.5 £ 2.7 40.5 + 0.76
RDW-SD (fl) 41.7 £ 1.8 40.5 = 0.68
RDW-CV % 185 £ 1.76 18.6 = 1.3
PDW (fl) 144 £ 3.01 119 = 12
MPV (f) 10.4 £ 0.98 8.8 £ 0.15
P-LCR % 31.1 £ 0.64 194 £ 0.19
PCT % 096 £ 2.5 0.34 + 0.64

All values are expressed as mean = SD., (n = 6).

heat-induced denaturation of BSA compared to standard
indomethacin. As shown in Table 4. PAME and indomethacin
inhibited heat-induced denaturation of BSA in a dose-
dependent manner with an ICsq value of 475.23 + 3.25 pg/m
L for PAME (P < 0.05) and standard indomethacin showed
inhibition with an ICsq value of 377.10 + 3.11 pg/mL. These
findings indicated that PAME extract has an anti-
inflammatory property.

3.6. Effect of PAME on carrageenan-induced paw edema

The carrageenan-induced paw edema model is a commonly
used preclinical model for assessing the anti-inflammatory
properties of plant extracts (Piva et al., 2021). Carrageenan
is a potent molecule that promotes the production of pro-
inflammatory and inflammatory mediators (leukotrienes, pros-
taglandins, bradykinin, histamine, and TNF (Posadas et al.,
2004, Javed et al., 2020). Edema caused by carrageenan takes
place in two stages. The first phase is primarily non-phagocytic
edema lasting 1 to 1.5 h, preceded by a late stage lasting 2 to
6 h with enhanced edema induction. The first phase is marked
by increased secretion of inflammatory mediators of inflamma-
tion and serotonin. In contrast, the second phase is defined by
excessive production of cyclooxygenase, which causes an
increase in the initiation of prostaglandins and reactive species,
thereby activating inflammation through further overexpres-
sion of inflammatory cells such as interleukins and cytokines
(Basit et al., 2022a, 2022b, 2022c). Prostaglandins are the pri-
mary cause of acute inflammation. Even though both the
cyclooxygenase and lipoxygenase pathways are essential in
the inflammatory process (Nunes et al., 2021). In the current
investigation, the carrageenan (1%) was injected subcuta-
neously in the right hind paw of control, standard and drug-
treated rats. The PAME presented an anti-inflammatory effect
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Fig. 5 Micrographs of histopathological examination of vital organs of treated and control rats in oral toxicity evaluation of PAME.

Table 3 Effect of PAME (5000 mg/kg) on the biochemical
parameters of rats.

Biochemical Parameters Control Treated group 5000 mg/
group kg

Liver Test

ALT(U/L) 65 £ 0.14 70 £ 1.9

AST (U/L) 328 £ 0.19 332 £ 25

ALT(U/L) 336 + 0.64 340 £ 1.3

Bilirubin 0.1 £ 0.18 02 £ 12

Albumin 4.3 + 0.13 4.2 £+ 0.15

Renal Function Test

Blood urea (mg/dl) 52 £ 1.7 55+ 13

Serum Creatinine(mg/ 0.5 £ 0.45 0.6 £ 1.1

dl)

Serum Electrolyte

Sodium (Na) 138 + 1.76 135 + 0.18

Potassium (k) 119 £ 1.34 109 £ 1.9

Glucose Report

Blood glucose 44 + 1.76 43 +£ 1.3

(Random)

All values are expressed as mean + SD., (n = 6).

in a dose-dependent manner at 100, 200, and 400 mg/kg. The
effect was assessed after 1 h, 2 h, 3 h, and 4 h. PAME, showed
percentage inhibition of 11.87 %, 38.22%, and 42.53 % respec-
tively. At 200 mg/kg, PAME unveiled an anti-inflammatory
effect. After 1 h, the percentage inhibition was 14.56%, com-
parable to the standard indomethacin. In contrast, after the
2nd, 3™and, 4th, hour PAME exhibited anti-inflammatory
activity greater than standard, and PAME displayed the per-
centage inhibition extract was 14.56 %, 37.82%, 52.73%,
54.26% (p < 0.05), respectively. At 400 mg/kg, PAME showed
anti-inflammatory effects 2nd and 3rd-hour. After the 2nd-
hour, the percentage inhibition was 34.60% (p < 0.05), which
is greater than the standard. At the 3rd, and 4th-hour, percent-

Table 4 Anti-denaturation effect of PAME.

Sample Concentration (g/ Inhibition IC50 (ug/mL)
mL) (%)

MPA extract 100 221 + 0.08 475.23 + 3.25
200 2475 + 1.15
400 42.23 + 2.51
600 55.96 + 3.37

Indomethacin 100 10.7 £ 0.76 377 £ 3.11
200 30.57 + 1.28
400 52.35 £ 2.01
600 78.71 + 3.78

All the values were expressed as mean + SEM, ICsy 50 % inhi-
bitory concentration, and BSA bovine serum albumin.

age inhibition was observed in the range of 51.63% to 57.16
(p < 0.05), which is also greater than standard (8) shows the
results of the in-vivo anti-inflammatory activity (Fig. 6).
PAME showed significant anti-inflammatory effects might be
due to high antioxidant potential and phytoconstituents iden-
tified in PAME through GCMS, i.e. methyloctadeca-9,12-
dienoat (Krishnamoorthy and Subramaniam 2014), 9,12,15-
Octadecatrienoic acid (Kumar et al., 2010), 1,3-Bis
(trimethylsilyl) benzene (Mou et al., 2013), Hexadecanoic acid
methyl ester (Sympli 2021). Our results align with the previous
findings (Petropoulos et al., 2016) on the genus of P. oleracea
L.

3.7. Anti-nociceptive potential of PAME

Plants are preferably regarded as rich sources that have
assisted in the discovery of valuable analgesics such as mor-
phine and aspirin. Existing pain medications, such as NSAIDs,
can cause side effects. As a result, isolating novel anti-
nociceptive chemicals, mainly from plants, can be advanta-
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Table 5 The binding scores and interactions of the examined five compounds against Tyrosinase.

Compound name

Binding affinity

Amino Acids Types of Interaction

(KJ/mol)
Standard —6.4 SER:394 Conventional hydrogen bond
Kojic acid HIS:215, HIS:381 Pi-Pi Stacked
Phenol,2,4-bis(1,1-dimethylethyl)-, phosphite —6.7 ARG:131, GLU:140, VAL:129 Conventional hydrogen bond
1 9,12,15- Octadecatrienoic —-5.1 ARG:131, GLU:140, VAL:129 Conventional hydrogen bond

J9-ditert-butyl-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione —6.9

1-Coprosten-3-one semicarbazone -7.9

LUU:136
GLN:240
LYS:233
SER:245, ARG:131, SER:243

Pi-Sigma

Conventional hydrogen bond
Carbon hydrogen bond
Conventional hydrogen bond
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ns

rIS

(Paw size(mm)
i

N
1

Jw il ||

mEm Control Distilled Water (5Sml/kg)
— MPA (100 mg/kg)
—

MPA (200 mg/kg)
1 MPA ( 400mg/kg)
mm Standard(Indomethacin)

B k3

1 e e ok Sk N

1 " ok ok ok ke !

***ﬁ :uk

Time (hou r)

Fig. 6 Anti-inflammatory potential of methanol extract of P. afra and data was mentioned as the Mean = SEM of six animals in each
group. The results were analyzed by Two-way ANOVA followed by the Tukey test), < 0.001 (***), and P < 0.05 (*) as compared to the

control.

geous in pain management and risk (Chandan et al., 2021). In
the current study, the PAME was investigated for peripheral
and central analgesic effects. The anti-nociceptive potential
was evaluated by the hot plate, tail immersion, and acetic
acid-induced writhing method in rats. The hot plate and tail
immersion tests are sensitive acute pain tests used to determine
analgesic responses. The abdominal writhing test is used to
investigate peripheral action (Bahmani et al., 2014).

3.7.1. Hot-plate method

The hot plate methods could screen for centrally-acting anal-
gesics (Rajamanickam and Rajamohan 2020). In the current
study, the analgesic activity PAME of was determined using
the hot plate method with modifications (Javed et al., 2020).
The tramadol was used in the dose of (30 mg/kg) as the stan-
dard drug. Compared to the control group, the standard drug
tramadol produced a significant (p < 0.0001) anti-nociceptive
effect at all observational events, with a prominent effect at
90 min and 120 min of treatment. Furthermore, PAME after
30, 60, 90, and 120 min showed significantly increased time

(p < 0.0001) at 200 mg/kg and 400 mg/kg after oral adminis-
tration to the treated rats when compared to the control group,
as shown in Fig. 7. Our results were supported by previous
findings (Ghauri et al., 2021).

3.7.2. Acetic acid-induced writhing method

The acetic acid-induced writhing reflex methodology is a fre-
quently established approach for assessing the peripheral anal-
gesic effect of any plant sample, with acetic acid serving as the
primary pain inducer in a mouse model (Bhuiyan et al., 2020).
The reflex is thought to be triggered by abdominal mast cells
and prostaglandin mechanisms (Ahmed et al., 2022a, 2022b).
Acetic acid enhances the release of inflammatory markers
and prostaglandins when administered intraperitoneally (i.p)
(Shaheen et al., 2022). The release of these inflammatory medi-
ators causes more abdominal tightness or pain (Krylova et al.,
2019). In the current study, the analgesic activity of PAME
was determined using the acetic acid-induced writhing model.
The control and treated groups received orally 100 mg/kg,
200 mg/kg, and 400 mg/kg PAME before 1 h the injection of
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group.

1% acetic acid (10 ml/kg i.p). A significant nociceptive effect
was observed in the control-treated group (distilled water
5 ml/kg). The number of writhing was (64.50 + 1.5). While
the standard group treated with diclofenac sodium (15 mg/
kg) showed a marked decrease in abdominal constriction (21.
5 £ 0.50). The PAME treated groups showed significant
anti-nociceptive effect 200 mg/kg, 400 mg/kg (30.5 £+ 0.01,
p < 0.0001, 27.50 £ 1.5p < 0.0001) respectively when com-
pared to control group (Fig. 8).

3.7.3. Tail immersion method

The tail immersion method was used for peripheral analgesic
activity (Aziz et al., 2019). The approach was preferred
because of its great selectivity for opioid-derived analgesics
(Bhuiyan et al., 2020). This pain model can be produced by
submerging the animals’ tails in hot water or applying radiant
heat to a tiny surface of the tail. Immersion of the tail in hot
water leads to a rapid and linear rise in the temperature, which

80
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No of writhin
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Fig. 8 Analgesic Potential of P. afra using Acetic Acid-Induced
Writhing Method The data was mentioned as Mean + SEM of six
animals in each group. The results were analyzed by Two-way
ANOVA followed by the Tukey test), < 0.001 (***) and P < 0.05
(*) as compared to the control.

might cause a sudden tail twitch and pull back the entire body
(Tekulu et al., 2020). The tail-flick model is noteworthy
because the efficient analgesic produced in this model is highly
linked to treating actual pain in the human body (Sharma
et al., 2017).

In the current investigation, the analgesic activity of PAME
was determined using the tail immersion method. In the cur-
rent examination group 1 (Control group) was treated with
(5 ml/kg, DW, p.o) while the group:2 was treated with tra-
madol (30 mg/kg p.o) group 3,4,5 received (100 mg/kg,
200 mg/kg, 400 mg/kg orally per body weight). The standard
drug had a significant effect (p < 0.0001) during all time inter-
vals (30,60,90,120 min) when compared to the control group.
The treated groups showed significant anti-nociceptive effects
at 200 mg/kg and 400 mg/kg (22.24 £+ 0.090 ***p < 0.0001)
(Fig. 9).

A considerable dose-dependent increase in latency time (8.
78 + 0.090***at (30 min),11.39 £ 0.005***at (60 min),
12.14 + 0.01 ***p at (90 min) 15.19 £ 0.03 ***p at
(120 min) p < 0.0001 respectively when compared to the con-
trol group. While at 120 min, the given dose of 400 mg/kg per
oral showed comparable effects to the standard latency time in
the tail immersion method, suggesting that the extracts have a
central anti-nociceptive effect. Our findings are consistent with
previous findings on purslane reported by (Lobina et al., 2021).
It is clear from the reported data that supraspinally mediated
analgesic activity is mediated by L, k receptors, whereas spinal
analgesic action is mediated by & x p opioid receptors (Angst
and Clark, 2006). The peripheral pain feeling is caused by a
localized inflammatory response caused by the release of
arachidonic acid from tissue phospholipids via the COX path-
way (Sajid-ur-Rehman et al., 2021a, 2021b).

3.8. Molecular docking analysis

The computational technique of molecular docking is cur-
rently widely used in drug development. Docking gives the
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Fig. 10 Docking of Phenol,2,4-bis (1,1-dimethylethyl)-Phosphite 2d (G), 3d (H) with tyrosinase.

advantage of evaluating the binding affinity of protein binding
complexes. In the present study, the chemical components
from GCMS, as well as indicating the kind of interaction of
the research compounds at the enzyme or receptor’s location
via particular critical interactions (Chandak et al., 2014). PyRx
is a virtual screening tool that performs flexible multiple ligand
docking analyses within protein binding sites (Borges et al.,
2018). A total of fifteen compounds docked against tyrosinase
(PDB: 401Z). The hydrogen bond is important in protein—li-
gand interactions, and other hydrophobic interactions, such

as alkyl, and pi alkyl, provide persistent binding of ligands
to proteins (Chen and Oezguen 2016). The other two com-
pounds, Phenol, 2,2'-methylenebis, and 7,9-ditert-butyl-1-
oxaspiro [4.5] deca-6,9-diene-2,8-dione have —7.7 and —7.1
binding affinities while Phenol, 2,2’-methylenebis has two
hydrogen bonds with CYS A:41 and GLN A:42 while 7,9-
ditert-butyl-1-oxaspiro [4.5] deca-6,9-diene-2,8-dione has
hydrophobic interactions with different amino acids. Phenol,
2,2'-methylenebis, and 7,9-ditert-butyl-1-oxaspiro [4.5] deca-
6,9-diene-2,8-dione have —7.2 and —6.6 binding affinities with
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Fig. 12 Docking of 7,9-ditert-butyl-1-oxaspiro [4.5] deca-6,9-diene-2,8-dione 2d, 3d 2d (K), 3d (L) with tyrosinase.

COX-2 while Phenol, 2,2’-methylenebis showed hydrogen
bond but 7,9-ditert-butyl-1-oxaspiro [4.5] deca-6,9-diene-2,8-
dione showed alkyl interaction (Table 5 and Figs. 10-12).

4. Conclusion

The studies performed provides greater insight into the chem-
ical composition and pharmacological potential of P. afra. The
GC-MS and RP-UHPLC-MS analysis presented the tentative
identification of functionally bioactive constituents in PAME.
Both PAME and ETPA showed significant antioxidant poten-
tial. An acute oral toxicity study revealed the biocompatibility

and safe nature of the extract. PAME showed dose-dependent
inhibition of carrageenan-induced paw edema in the rat. Sim-
ilarly, PAME also showed a significant antinociceptive effect
in abdominal constriction assay, hot plate methods, and tail
immersion methods. The in vitro evaluation of the tyrosinase
inhibition potential of PAME and ETPA. The in vitro anti-
tyrosinase results were rectified by in silico molecular docking
studies of the selected compounds from the GC-MS profile.
Overall, the findings encourage the use of P. afra as a thera-
peutic alternative in the traditional system of remedies and
warrant further investigation on the isolation of bioactive con-
stituents and their pharmacological profiling.
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