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ABSTRACT

Neurada procumbens (Neuradaceae) is an importent plant of the Cholistan desert and is traditionally been
used for the treatment and control of diabetes, fever, inflammations and jaundice. The aim of the current
project is to investigate the bioactive compounds, free radical scavenging capacity and the anti-
inflammatory potential of Neurada procumbens separately for its aerial and floral parts in six different
extracts. The phytochemical profile (total bioactive contents, HPLC polyphenolic quantification), anti-
oxidant (DPPH and FRAP assays), anti-inflammatory (HRBC stabilization) activities of the Aqu, MetOH,
n-But, EtAc, n-Hex, and DCM extracts from the aerial and floral parts of Neurada procumbens were quan-
tified. Based on the current results, the aerial and floral parts of N. procumbens extracts have found to con-
tain a significant amount of active metabolites including polyphenolic compounds such as 2,3 di MeO
benzoic acid, p-coumaric acid, chlorogenic acid, quercetin dihydrate and t-ferrulic acid. The total phenolic
and total flavonoid contents of the plant were found to range from 28.13 to 78.9 GAE mg/g of plant and
17.23 to 68.23 RE mg/g of plant, respectively. DCM and n-But extracts of floral part exhibited compara-
tively higher antioxidant potential in DPPH (ICsq < 100 pg/ml) and FRAP (ICso < 55 pg/ml) assays com-
pared to aerial part. The dichloromethane floral extract demonstrated impressive anti-inflammatory
activity in the hemolytic red blood cell lysis assay, with 83 % protection of HRBC lysis at an ICsg of
469.6 pg/ml (p < 0.01). In vivo, a 300 mg/kg body weight of DCM floral extract reduced carrageenan-
induced paw oedema by 8.51 + 0.35 mm to 7.65 + 0.38 mm, a highly significant difference (p < 0.001).
The toxicity studies revealed that the floral-DCM dose extract was found to be safe up to 2000 mg/kg
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BW, while its lethal dose (LDsg) was found to be 4472.13 mg/kg BW in rats. Due to quite low toxicity
effects, the floral part of the plant could be recommended as a safe pharmacological agent for various

therapeutic applications.

© 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-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Reactive oxygen species (ROS) play a vital role in oxidative stress
(Alam et al. 2021; Hassan et al., 2022; Hussain and Shah 2023) and
can lead to severe diseases including inflammation, diabetes, anae-
mia, ischemia, cancer, cardiovascular and degenerative diseases.
Inflammation is a complicated pathophysiological response of the
body, comprised of a variety of signalling molecules produced by
the activation of mast cells, leukocytes, macrophages and members
of complement system that cause oedema formation at the site of
infection (Amin et al., 2020). Inflammation has the beneficial effects
as it protects the body from chemical, allergens, burns or other nox-
ious stimuli in an acute response (Borquaye et al., 2020). However,
if the inflammation persists in the acute phase for a longer period, it
shifts towards the chronic phase leading to numerous disease com-
plications (Seddighfar et al., 2020). Many synthetic steroidal and
non-steroidal drugs have being employed to alleviate the inflam-
mation and oxidative stress. However, due to high cost of produc-
tion, adverse side effects and lack of accessibility of these
synthetic drugs, the trend for new alternative treatments derived
from medicinal plants have gained more attention (Mohammadi
and Saghaian 2022). Medicinal plants are a rich source of life-
saving drugs due to presence of secondary metabolites having
active compounds of anti-oxidant, anti-bacterial, anti-viral, anti-
inflammatory, anti-hypertensive, anti-carcinogenic, anti-allergic,
anti-mutagenic and cardio- and gastro-protective potentials. These
plant based compounds have a vital role to manage the oxidative
stress by minimizing the production of free radicals and to control
and cure these microbial and inflammatory disease condtions
(Murtaza et al., 2021).

Pakistan has a wonderful number of characteristic plant assets
according to each biological pyramid (Khan et al., 2022). The
Cholistan desert has a variety of desert plants that have been uti-
lized for various therapeutic purposes by local individuals
(Benarba and Pandiella, 2020). Neurada procumbens (Neuradaceae)
commonly known as “Chipri Booti” (Zareen et al., 2018) is one of
the desert plants that has been selected in this study due to its tra-
ditional usage in the treatment of diabetes, jaundice, fever, inflam-
mation and viral infections (Khurshid et al., 2019). Only the floral
part of this plant is already used as a food source and a cooling
agent; locally called as “Thaadal” in summer in the Cholistan
desert. Hence, it could be hypothesized that the plant might con-
tain significant amounts of bioactive compounds, might exhibit
strong antioxidant and anti-inflammatory activities due to its
extensive use as a therapeutic agent and could be safe to be used
in different pharmaceutical applications. Despite the extensive
use of this plant in the desert regions, there is still a lack of scien-
tific evidence regarding its bioactive compounds and the potential
health benefits of this plant. In order to explore its biologically
active compunds, previously in a limited study, the active polyphe-
nols and flavonoids have been investigated from the whole part of
N. procumbens and anti-oxidant and anti-viral activities of only the
methanol extract have been reported (Qureshi et al., 2010). There-
fore, the current project was planned with an aim to extensively
investigate the plant for its bioactive compounds, its free radical
scavenging capacity, anti-inflammatory potentials and the toxicity

effects of N. procumbens extracts. To the best of our knowledge, this
is the first comprehensive study to investigate the aforementioned
compounds and to explore different activities of the plant sepa-
rately for its aerial and floral parts in six different plant extracts.
The results of the current study will provide a significant insight
into the potential and therapeutic applications of the plant.

2. Material and methods
2.1. Plant collection and extraction

The floral and aerial parts of N. procumbens were collected from
the Cholistan desert at Bahawalpur region. The plant was identified
by a taxonomist of department of Botany (voucher number Np-
707). Then both parts were washed, shade dried and ground into
fine powder. The dried powder of aerial and floral parts of the plant
(50 mg each) was separately soaked in each of 500 ml of six differ-
ent solvents: n-hexane, n-butanol, dichloromethane, methanol,
ethyl acetate and aqueous for 72 h. After occasional shaking, each
mixture was filtered and each extract was concentrated by a rotary
evaporator and yield was calculated (Aslam et al., 2021).

2.2. Phytochemical evaluation

The phytochemical screening of extracts was performed by stan-
dard methods as described previously (Mapfumari et al., 2022).

2.3. Total bioactive contents

The total phenolic contents (TPC) of different extracts were
evaluated by Folin-Ciocalteu reagent protocol with slight modifica-
tions and results were expressed as milligrams of gallic acid equiv-
alent (GAE) per gram of extract (mg GAE/g extract). The total
flavonoid contents (TFC) of extracts were determined according
to the previously published method (Akhtar and Mirza, 2015)
and results were presented as equivalent of milligrams of rutin
equivalent (RE) per gram of extract (mg RE/g extract).

2.4. HPLC conditions and polyphenol quantification

The HPLC-PDA quantification of 22 important polyphenolic
compounds were done in MetOH, n-But and DCM extracts of both
aerial and floral parts of plant by using standard protocol of the
Department of Pharmacy, Via deiVestini, Chieti, Italy (Locatelli
et al., 2017).

An HPLC analysis of a plant extract was performed using a
Waters liquid chromatograph equipped with a 600 solvent pump
model and a 2996 photodiode array detector. Separation was
achieved using a C18 reversed-phase packing column (Phenom-
enex, Prodigy ODS (3), 4.6 x 150 mm, 5 pum; Torrance, CA, USA)
thermostated at 30 + 1 °C with a Jetstream2 Plus column oven.
The UV/Vis wavelength was adjusted in the range of 200-
500 nm, and quantitative analyses were attained at the maximum
wavelength of each compound. A 20 pl injection volume was used
and the mobile phase was degassed on-line using a DEGAS Biotech
Compact Model (LabService, Anzoladell’Emilia, Italy). A gradient
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elution was then performed using a mobile phase consisting of
water-acetonitrile (93:7 v:v, 3 % acetic acid). Subsequently, the
concentrations of the objective compounds were assessed applying
the calibration curve.

2.5. Anti-oxidant assay

2.5.1. DPPH revolutionary searching action (RSA)

The anti-oxidant potential of the plant extract was determined
by utilizing their capability to search free radicals of 1,1-diphenyl-
2-picrylhydrazyl (DPPH). Briefly, DPPH and extract with different
concentrations were added to 96 wells microplate, nurtured for
30 min at 37 °C in the dark, the purple colour of the DPPH dye
was reduced into yellow due to its interaction with antioxidant
agent of the plant extract. The optical density at 517 nm (ODs;7)
was recorded (Amin et al.,, 2020; Truong et al., 2019) and RSA
was calculated by following formula:

absorbance of sample

absorbance of control x 100

% RSA = absorbance control —

2.5.2. The FRAP a method for measuring the reducing power of
antioxidants

The FRAP assay was performed to assess the antioxidant poten-
tial of the plant extracts. Briefly, 20 pl of plant extract, 90 pl of
0.2 M phosphate buffer, and 30 pl of 1 % w/v potassium ferri-
cyanide were added to a microplate well and incubated for
20 min at 50 °C. Subsequently, 30 pl of 10 % w/v trichloroacetic
acid and 30 pl of 0.1 % w/v ferric chloride were added, and the plate
was left at ambient temperature for 10 min. Absorbance readings
were obtained at OD5qq, and ascorbic acid assisted as a position
standard (Chaves et al., 2020).

2.6. In-vitro anti-inflammatory activity

The HRBC membrane stabilization method was used to assess
the anti-inflammatory potential of aerial and floral extracts of N.
procumbens. Collected blood was mixed in a 1:1 ratio with Alsever
solution and centrifuged for 10 min at 3000 rpm. The packed cells
were washed with iso saline solution and a 10 % cell suspension
was prepared. Serial dilutions of the extracts (4000, 2000, 1000,
500 and 250 pg/ml) were prepared and 1 ml of PBS, 2 ml of hypos-
aline, and 0.5 ml of HRBC suspension were added to each concen-
tration. It was incubated at 37 °C for 30 min, centrifuged at
3000 rpm for 20 min and haemoglobin contents of the supernatant
solution were estimated at 560 nm. Diclofenac was used as a stan-
dard reference (Truong et al., 2019) and the percentage (%) protec-
tion was calculated as:

OD sample

0D control 100

% protection = 100 —

2.7. In vivo acute toxicity assay

At animal residence constitutes of the experimental center of a
Pharmacy Department, which is portion of the, Faculty of Phar-
macy as well as Alternative Medicine of The Islamia University of
Bahawalpur, albino rats including two very different sexes having
body weights varying from 170 to 250 g were kept. The creatures
were raised in typical different laboratories with a 12 h light/dark
cycle, a temperature of 22 °C, as well as a moisture of 35 to 60 per-
cent. They also had free availability to a regular meal with bever-
age. The Pharmacy Animal Ethics Committee (PAEC) of the
Department of Pharmacy, The Islamia University of Bahawalpur
(PAEC/20/18, Dated: 15-09-2020) gave its moral blessing to all
animal experiments and medical interventions.
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The rats were grouped among six sections with four animals
another to evaluate the acute lethality of the plant’s floral-DCM
extraction. According to the actual experiment, the animals being
denied food but not water for an extended period. Utilizing typical
OECD recommendations, 0.5, 1, 2, 3, 4 and 5 g/kg body mass of the
extraction were orally provided to every other group. The only
thing given to the comparison group was pure, purified water to
drink. Several variables studied tracked for 48 h following decen-
tralized autonomous, and a lethal dosage (LDso) was computed.
(Ugwah-Oguejiofor et al., 2019).

2.8. In vivo anti-inflammatory activity

The anti-inflammatory ability of the effective remove was
assessed in the Albino rats considering among 200-250 g of each
sex as earlier depicted (Jisha et al., 2019). Five animals were
assigned in every one of the 6 categories, which included the rats.
The usual controlled study, group I, did not have any oedema. As
both negative and positive treatments, groups II and III received
the usual medication diclofenac (15 mg/kg BW) and normal saline
(5 ml/kg) to produce or alleviate oedema, accordingly. N. procum-
bens DCM solutions were given intraperitoneal injection to the rats
in sections 1V, V, and VI at doses of 100 mg/kg BW, 200 mg/kg BW,
as well as 300 mg/kg BW, accordingly. Following 30 min of dosage
delivery, 0.1 ml of carrageenan (1% solution in normal saline solu-
tion) being injected into the planters tissue of the right hind paw of
every rat to cause swelling. At 1 h, 2 h, 3 h, then 4 h post-
carrageenan infusion, the length of every rat’s foot was assessed
using a digital vernier in accordance with the recommended
technique.

2.9. Statistical analysis

A mean as well as a standard deviation of the mean (SEM) of
three independent measurements are used to show the data. With
the use of SPSS 20, one-way variation assessment (ANOVA) was
used to compare various interventions. With the use of GraphPad
Prism, ICso was determined. A statistically meaningful level was
established at p 0.05.3.

3. Results
3.1. Phytochemical investigation

Preliminary phytochemical investigations of both aerial and flo-
ral parts of N. procumbens showed the abundance of phenols, flavo-
noids, tannins, terpenoids, coumarins and quinines in MetOH, n-
But, EtAc and DCM extracts, while the the maximum amount of
sterols and steroids were observed in n-Hex extracts (Table 1). In
terms of total bioactive contents, the TPC and TFC of aerial and flo-
ral extracts ranged from 28.19 to 127.13 GAE mg/g and 33.20-
78.23 RE mg/g of extract, respectively (Table 2). In case of floral
extracts, the promising amount of TPC was observed in MetOH
(78.14 + 0.91 GAE mg/g) and DCM (68.23 + 1.98 GAE mg/g)
extracts, while the significant amount of TFC was calculated in
DCM (68.23 + 0.78 RE mg/g) and MetOH (67.21 + 2.34 RE mg/g)
extracts. In the aerial part, the maximum TPC was observed in
DCM (65.50 + 1.38 GAE mg/g of extract) and MetOH (61.34 = 1.3
4 GAE mg/g) extracts, followed by EtAc (58.90 + 2.16 GAE mg/g)
extract. However the significant mount of TFC was observed in
MetOH (57.42 + 2.43 RE mg/g) and DCM (54.13 + 1.83 RE mg/g)
extracts. The trend of TPC in different extracts of aerial part was
as follows: DCM > MetOH > EtAc > n-But > Aqu > n-Hex, while
the trend of TFC in different extracts was MetOH > DCM > n-But >
EtAc > Aqu > n-Hex. Likewise, in the floral part, the trend of TPC in
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Table 1
Preliminary phytochemical screening of N. procumbens extracts.
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Preliminary N. procumbens N. procumbens

phytochemical (Aerial parts) (Floral parts)

tests Aqu  MetOH n-But  EtAc  n-Hex ~ DCM  Aqu MetOH n-But  EtAc n-Hex  DCM
Molisch + + + + - ++ + + + — + +
Benedict + + + _ _ _ _ + + _ + +
Barfoed + - + _ _ _ _ + + _ 4 4
Ninhydrin - - - — _ _ + + _ _ _ _
Terpenoid ++ + ++ ++ + ++ + +++ ++ ++ + +++
Salkowski + ++ + + + + + + + ++ + +
Saponins ++ ++ + + - ++ + ++ + + + ++
Libermann + + + ++ + ++ + ++ + + ++ +
Phenols ++ ++ + ++ - ++ ++ +++ ++ ++ - +++
Flavonoids ++ ++ ++ ++ - ++ + 4+ ++ ++ - .
Anthocyanin / betacyanin - - - - - - - - - - _ _
Coumarins ++ - - + - - - - - - -

Sterols ++ - - - - _ _ _ ++ + ++ +
Quinines - ++ - - ++ - - - _ _ _
Cardiac glycosides + + + = + ++ ++ - ++ - ++
Fats | Oils - - + + ++ + - - ++ + ++ ++
Steroids - - ++ + ++ + - - ++ + + +
Tannins + ++ + ++ ++ ++ ++ +++ + ++ + +++

The terpenoids, phenols, flavonoids and tannins were found in all extracts while increased quantity was observed in MetOH, n-But and DCM extracts of both aerial and floral
parts of N. procumbens. +=slightly present, ++=moderately present, +++=strongly present, -=absent. Aqu = aqueous; MetOH = methanol, n-But = n-butanol, EtAc = ethyl acetate,

n-Hex = n-hexane, DCM = dichloromethane.

Table 2
Extraction yield and total bioactive contents (TPC & TFC) and DPPH potential of N. procumbens extracts.
N. procumbens Plant extract Extraction yield (%) TPC TFC (93
(GAE mg/g extract) (RE mg/g extract) (ng/ml)
Aerial Aqu 4.42 3713+ 1.12 27.85 + 0.96 33130+ 1.21
MetOH 3.53 61.34+1.34 57.42 +2.43 111.20 £ 2.34
n-But 3.20 51.80 + 1.17 47.38 +1.91 137.20 £ 2.76
EtAc 2.50 58.90 + 2.16 42.18 £+ 1.87 237.10 £ 2.29
n-Hex 2.10 28.19 + 1.21 17.23 £0.75 -
DCM 1.98 65.50 + 1.38 54.13 + 1.83 110.00 £ 2.89
Floral Aqu 5.60 63.23 +1.21 48.65 + 1.92 149.30 £ 1.61
MetOH 5.20 78.14 + 0.91 67.21 +2.34 99.10 + 2.01
n-But 3.20 57.80 + 0.21 58.80 + 0.81 97.10 £ 0.91
EtAc 4.10 63.32 + 1.63 52.23 + 1.96 123.20 + 0.63
n-Hex 2.70 33.20 + 1.07 37.80 + 0.65 643.40 + 2.19
DCM 3.10 68.23 + 1.98 68.23 + 0.78 86.10 £ 0.21
Ascorbic acid - - - 17.32 £0.18

The maximum yield was obtained from Aqu and MetOH floral extracts of N. procumbens. While maximum TPC and TFC were recorded in MetOH and DCM floral extracts of the
plant. Data (mean + standard error of mean) is the mean of three repetitions. GAE = gallic acid equivalent, RE = rutin equivalent, Aqu = aqueous, MetOH = methanol, n-But = n-
butanol, EtAc = ethyl acetate, n-Hex = n-hexane, DCM = dichloromethane, TPC = total phenolic contents, TFC = total flavonoid contents. According to the DPPH assay,floral
extracts showed better scavenging potential compared to aerial extracts. While among the floral extracts, maximum scavenging potential was observed by DCM extract with

least ICsg, followed by n-But and MetOH extracts.

different extracts was MetOH > DCM > EtAc > Aqu > n-But > n-Hex,
while the trend of TFC in different extracts was DCM > MetOH > n-
But > EtAc > Aqu > n-Hex.

3.2. HPLC-PDA polyphenolic quantification

In HPLC-PDA polyphenolics quantification, the p-coumaric acid,
chlorogenic acid, quercetin dihydrate, sinapinic acid and t-ferulic
acid were quantified in n-But extract, while syrengic acid, 2,3 di
MeO benzoic acid, quercetin dihydrate and t-ferulic acid have been
quantified in DCM aerial extract. While in case of floral extracts, 2,3
di MeO benzoic acid, p-coumaric acid, chlorogenic acid, quercetin
dihydrate and t-ferulic acid were identified and quantified in the
n-But floral extract and quercetin dihydrate, p-hydroxybenzoic
acid, p-coumaric acid, vanillic acid and harpagoside were majorly
quantified in DCM floral extract (Table 3 & Fig. 1) (see Figs. 2a
and 2b).

3.3. Anti-oxidant activity

Accoring to DPPH assay, the floral extract has shown more scav-
enging potential as compared to aerial extracts. Among floral
extracts, the maximum percentage of radical scavenging assay
(RSA) was shown by DCM and n-But extracts with significant least
ICsp at 86.1 pg/ml and 97.1 pg/ml, respectively followed by MetOH
extract with ICso of 99.3 pg/ml. The trend of DPPH scavenging
activity of N. procumbens floral extracts was DCM > n--
But > MetOH > EAc > Aqu > n-HexX. In case of aerial extracts, the
maximum anti-oxidant potential was given by DCM and MetOH
extracts with significant least ICsg < 112 pg/ml. The DPPH scaveng-
ing activity of N. procumbens aerial extracts was ranked as
DCM > MetOH > n-But > EtAc > Aqu > n-Hex (Table 2). According
to antioxidant potential by FRAP assay, the floral extract also
shown strong reducing power as compared to aerial extracts.
Among the floral extracts, n-But and DCM extracts exhibited the
strongest reducing power, even better than ascorbic acid at
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Table 3
HPLC-PDA polyphenol quantification of N. procumbens extracts.
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Plant part Extract RT (min) Compounds identified Concentration (pg/mg) Compound class
Aerial n-But 13.969 Chlorogenic acid 0.47 £ 0.03 Phenolic acid
20.521 p-coumaric acid BLQ Phenolic acid
23.076 Sinapinic acid BLQ Phenolic acid
25.284 t-ferrulic acid BLQ Phenolic acid
35.549 Quercetin dehydrate BLQ Flavonoid
DCM 17.850 Syrengic acid BLQ Phenolic acid
24.851 t-ferrulic acid BLQ Phenolic acid
29.104 2,3 di Meo Benzoic acid 0.28 £ 0.02 Phenolic acid
37.718 Quercetin dihydrate BLQ Flavonoid
Floral n-But 12.451 Chlorogenic acid 0.40 + 0.03 Phenolic acid
21.142 p-coumaric acid BLQ Phenolic acid
25.791 t-ferrulic acid BLQ Phenolic acid
28.163 2,3 di MeOBenzoic acid 0.42 + 0.02 Phenolic acid
35.998 Quercetin dihydrate BLQ Flavonoid
DCM 12.719 p-hydroxy benzoic acid BLQ Phenolic acid
15.197 p-coumaric acid BLQ Phenolic acid
21.150 Vanillic acid 0.22 £ 0.01 Phenolic acid
37.921 Quercetin dihydrate 0.42 +0.03 Flavonoid
42.964 Harpagoside BLQ Flavonoid

By HPLC quantification, 5 polyphenols were identified with maximum quantity of chlorogenic acid in n-But aerial extract when compared to standard library of 22
polyphenols. In DCM aerial extracts, 4 polyphenols were identified with inceased level of 2,3 di Meo Benzoic acid. In n-But floral extract, chlorogenic acid and 2,3 di Meo
Benzoic acid were found maximium in 5 identified polyphenols. In DCM floral extracts, among the 5 identified polyphenols, vanillic acid and quercetin dihydrate were

quantified in maximum amount. RT = retention time, BLQ = below limit of quantification.
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Fig. 1. Key polyphenolic metabolites extracted in high (%) yield.

1000 pig/ml, followed by EtAc and MetOH floral extracts with sig-
nificant reducing ability. The trend of reducing power by N.
procumbens floral extracts was n-But > DCM > EtAc > MetOH > n-
Hex > Aqu (Fig. 3a). In case of aerial extracts, DCM and n-But

extracts showed reducing power more than ascorbic acid at
1000 pg/ml. The reducing power of N. procumbens aerial extracts
was ranked as DCM > n-But > EtAc > MetOH > Aqu > n-Hex
(Fig. 3b).
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3.4. Anti-inflammatory activity

The floral extracts have shown better protection of HRBCs lysis
in a dose dependant manner as compared to aerial extracts. Among
these floral extracts, DCM extract shown the maximum activity at
the concentration of 4000 pg/ml with 83.75 % protection (ICso
469.6 pg/ml) against HRBC lysis in a hypotonic solution. The over-
all trend of in vitro anti-inflammatory activity of N. procumbens flo-
ral and aerial extracts was: DCM > MetOH > EtAc > n-But > Aqu > n-
Hex (Table 4).

3.5. Anti-inflammatory potential in carrageenan induced rat paw
edema model

At 1 h post-carrageenan induction, the inflammatory control
group (-ve control group) showed a marked rise in inflammation
compared to normal rats group, peaking at 4™ h before declining
to baseline levels at 5% h. The standard drug diclofenac (15 mg/
kg BW) significantly reduced paw inflammation at 2" h (16.72
%), 3" h (24.90 %) and 4™ h (29.00 %), compared to -ve control
group (p < 0.001). The DCM floral extract displayed significant
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the strongest reducing power and least ICso. The values are represented as Mean + SEM of triplicate in each group. The results are analyzed using one-way ANOVA and ICso
was calculated by Graph Pad Prism. Ascorbic acid was used as a standard drug (positive control).
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Table 4

In vitro Anti-inflammatory activity of N. procumbens extracts by HRBC membrane stabilization method.
Aerial % of protection ICs5o Floral % of protection ICso
Part (ng/ml) part (pg/ml)
Aqu 31.82 + 1.48 - Aqu 55.91 + 0.50 3321.0 £ 1.00
MetOH 66.00 + 0.50 1903.0 £ 1.04 MetOH 77.20 + 0.60 1089.0 + 1.18
n-But 43.75 + 0.65 - n-But 67.45 + 0.85 1636.0 £ 0.85
EtAc 60.00 + 0.16 2427.0 + 0.98 EtAc 79.56 + 0.76 1147.0 £ 1.24
n-Hex 22.75 + 0.50 - n-Hex 47.40 + 0.80 -
DCM 68.33 + 0.46 1787.0 £ 1.16 DCM 83.75 + 0.45 469.6 + 0.784**
Diclofenac 86.15 + 0.45 369.30 * 0.87 Diclofenac 86.15 + 0.45 369.30 * 0.87

The stabilization effect on human red blood cells membrane (HRBC) was evaluated by aerial and floral extracts at different concentrations. The maximum stabilization effect
was observed by floral extracts, wherein DCM extract showed maximum protective effect on membrane with significantly low (P < 0.01) ICs. The ICsy values calculated by
Graph pad prism and analysed by two-way ANOVA are presented as Mean * SEM of three independant observations in each group. **=P < 0.01. Aqu = aqueous,
MetOH = methanol, n-But = n-butanol, EtAc = ethyl acetate, n-Hex = n-hexane, DCM = dichloromethane extract.

anti-inflammatory activity, with maximum effects at 3" h (18 %-
22 %; p<0.01) and 4™ h (22 %-27 %; p < 0.001). All three concen-
trations of DCM extract (100 mg/kg BW, 200 mg/kg BW and
300 mg/kg BW) had shown significantly reduced paw oedema
(p < 0.005, p < 0.01 and p < 0.001), respectively. Among all doses
of DCM extract, the optimal concentration was 300 mg/kg BW that
was providing maximum inhibition (p < 0.001) of about 27.4 %
(Table 4 & Fig. 4).

3.6. In vivo acute toxicity studies

No toxicity signs were recorded in rats after the oral adminis-
tration of 0.5-2 g/kg BW doses. However, at the doses of 4 g/kg
and 5 g/kg, the animals showed toxicity symptoms with 25 %
and 100 % mortality within 2-3 h post-administration, respec-
tively. Thus, the median lethal dose (LDso) was found to be
4472.13 mg/kg BW in rats (Table 5).
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Fig. 4. In vivo anti-inflammatory potential of N. procumbens DCM-floral extract. Carrageenan induced inflammation was treated with various concentrations of DCM floral
extract and compared with negative (untreated group) and positive (standard drug / diclofenac) controls. The reduction in the paw oedema was analyzed by measuring the
paw size (mm) at a time interval of 1 h post-induction. All three concentrations of DCM extract (100 mg/kg BW, 200 mg/kg BW and 300 mg/kg BW) showed significant
reduction in paw oedema (p < 0.005, p < 0.01 and p < 0.001), respectively. The values are represented as Mean + SEM of triplicate readings in each group and the results were

analyzed by using one-way Analysis of Variance. DCM = dichloromethane.

Table 5
In vivo acute toxicity testing of N. procumbens DCM floral extract.

Extract dose Toxicity signs Mortality LDso

(mg/kg BW) (%) (mg/kg BW)
500 None 0 447212
1000 None 0

2000 None 0

3000 Jerks, fits, writhing 0

4000 Coma, convulsion, salivation 25

5000 Convulsion and expired 100

Six groups of rats were administered with different doses of DCM floral extract.
Toxicity signs were observed from the dose of 3000 mg/kg BW. Hence, according to
the OECD guidlines, this plant belongs to the the toxicity class-5 (low toxicity class
having LD50 < 5000 mg/kg BW). LDsy is lethal dose that cause 50 % mortality on
animal trial.

4. Discussion

In the current era, due to extensive application of medicinal
plants for the cure of different diseases in the developing countries,
the plants were investigated and a number of phytochemicals have
been extracted having anti-oxidant and anti-inflammatory poten-
tials (Achakzai et al., 2021). In the current study, six different
(Aqu, MetOH, n-But, EtAc, n-Hex, DCM) extracts separately from
aerial and floal parts of N. procumbens were prepared and subjected
to phytochemical evaluation and HPLC quantifications and then
each extract was tested for its anti-oxidant and anti-
inflammatory potential. Since, the extract yield and phytochemical
extraction from the same plant highly depend on the nature of the
solvent used. It is widely accepted that the varying levels of activity
exhibited by extracts of the same plant are a result of the differing
concentrations of phytochemicals present, which is dependent on
the solvent utilized (Alam et al., 2020).

Preliminary investigations of aerial and floral parts of the plant
have confirmed the abundance of phytochemicals in all extracts,
except the least quantity of these compounds was found in n-
Hex extract (Table 1). The results were found to be in accordance

with the previous studies, wherein the maximum phenolic con-
tents were also quantified in MetOH, DCM and n-But extracts of
B. ciliata, C. grata and C. viticella plants (Alam et al., 2020). In the
same context, maximum phenolic contents in the MetOH, DCM
and n-But extracts were observed by previous studies (Gomes
et al., 2019). The compounds like coumaric acid, chlorogenic acid,
epicatechin, benzoic acid, t-ferulic acid and gallic acid were quan-
tified in MetOH, DCM and n-But extracts. According to several
studies, coumaric acid, catechin, epicatechin, benzoic acid, t-ferulic
acid and gallic acid are found to be potent anti-oxidant and anti-
inflammatory agent(s) (Okafor et al., 2022; Sun et al., 2023). The
antioxidant system provides a defensive role by various mecha-
nisms including single electron transfer, donation of hydrogen
and metal ion chelation. The hydroxyl group found in these
polyphenolic compounds play a vital role in the therapeutic and
pharmaceutical chemistry. Since, it is a key factor in biological
activities like anti-microbial, anti-viral, anti-oxidant, insecticidal,
anti-chlorotic, anti-parasitic and hypoglycemic reactions
(Zulhendri et al., 2021).

The promising anti-oxidant potential in these extracts may also
be due to the presence of polyphenols or phenolic substituents. The
abundance of polyphenols and flavonoids in DCM, MetOH and n-
But floral extracts of N. procumbens gives a strong anti-oxidant
potential to the plant. Additionally, the existence of terpenoids
and flavonoids like luteolin, xanthone and xanthonoids in DCM,
MetOH and n-But extracts also gives the anti-oxidant potential to
the plant. It has been reported that polyphenol and flavonoids
compounds give radical scavenging potential to plants, due to their
abilities of hydrogen donation and chelating activity of metal ion
(Khatib et al., 2021). Interestingly, the DPPH antioxidant activity
of the n-But extract was found to be two-fold higher than what
was reported earlier. The presence and richness of TPC/TFC in
DCM, n-But and MetOH floral extracts also gives potent anti-
oxidant potential to these extracts (Zengin et al., 2023). In FRAP
assay, the reducing ability of the compound is also considered to
be the characteristic of anti-oxidant potential. In this activity, the
Fe™® are converted to Fe™? by capturing the electrons released by
the test compound (Chaves et al., 2020). The n-But and DCM aerial
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extracts showed the strongest scavenging potential in DPPH assay
and also showed the highest reducing power similarly in the FRAP
assay. In the same context, previous studies have also reported the
correlation between the reducing power and TFC of plant extracts,
representing the involvement of flavonoids in the reducing action
(Khatib et al., 2021; Wani et al., 2020). The reducing capacity is
usually due to the presence of reductones in the plant that employ
anti-oxidant potential by donating the hydrogen atom and break-
ing of free radical chain (Kumar et al., 2017).

There is also a strong correlation between anti-oxidant and
anti-inflammatory potentials. The presence of phenolic com-
pounds prompted us to investigate their in vitro and in vivo anti-
inflammatory potential since both pathways are interlinked. In
vitro anti-inflammatory assays demonstrated that various aerial
and floral extracts had a marked stabilizing effect on the hypo-
tonicity-induced lysis of human red blood cells (HRBCs). This effect
was attributed to the inhibition of lysozyme, a bactericidal
enzyme, and b-glucuronidase; an acid protease, both of which
are released extra-cellularly by neutrophils and are involved in tis-
sue inflammation. (Lekouaghet et al., 2020). The lysosomal mem-
brane of activated neutrophils is analogous to the erythrocyte
membrane, suggesting that extracts which stabilize the erythro-
cyte membrane may also be capable of stabilizing the lysosomal
components of stimulated neutrophils (Winer et al., 2020). The
DCM floral parts exhibited significant in vitro anti-inflammatory
potential like that of several studies reporting anti-inflammatory
effects of different plants extracts through RBC membrane stabi-
lization (Amini et al., 2021). In case of in vivo studies, the sequence
of inflammation progression and regression as observed in the cur-
rent study is also previously reported (Yang et al., 2020). In the cur-
rent study, all doses of DCM floral extract of N. procumbens showed
a dose-dependent anti-inflammatory potential due to its anti-
oxidant activity caused by polyphenols and flavonoids in the
extracts, hence rendering the plant a strong anti-inflammatory
agent. For the selection of an optimal dose, the toxicity effects of
different doses of the plant have been tested in rats and found
the LDsq at <2000-5000 mg/kg BW by DCM floral extract, thus,
the plant belongs to low toxicity class as per OECD guidelines.
Many other plants also belong to this class due to their LDsq of
<2000 mg/kg BW (Ugwah-Oguejiofor et al., 2019). Hence, it could
be the reason that flowers of N. procumbens are typically used by
the desert nomads for the treatment of fever, inflammation and
other infections, as they might quite well aware of the safe dose
and toxicity effects of the plant due to their life long personal
experiences.

5. Conclusions

In conclusion, the current study has established the medicinal
importance of N. procumbens through its complete phytochemical
profiling and confirmed the presence of various active metabolites
having strong anti-oxidant and anti-inflammatory activities. The
study provides the therapeutic and pharmacological basis for the
traditional applications of the plant due to its least toxicity effects
and hence, strongly recommends that the floral part of the plant
could be recommended as a safe pharmacological agent for various
therapeutic applications.
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