Advances in Pharmacology and Pharmacy 11(2): 156-167, 2023
DOI: 10.13189/app.2023.110207

http://www.hrpub.org

HPLC Profile, Anticancer, Anti-inflammatory and

Antioxidant Activities of Euphorbia inarticulata
Ethanolic Extract

Abdullah A. A. Alghamdi', Nada M. Ali*, Mohammad Mahboob Alam?, Syed Nazreen’, Ali Mahzari*"

'Department of Biology, Faculty of Science, Al Baha University, Al Baha, Saudi Arabia
“Department of Chemistry, Faculty of Science, Al Baha University, Al Baha, Saudi Arabia
*Department of Laboratory Medicine, Faculty of Applied Medical Sciences, Al Baha University, Al Baha, Saudi Arabia

Received September 20, 2022, Revised November 20, 2022; Accepted December 22, 2022

Cite This Paper in the Following Citation Styles

(a): [1] Abdullah A. A. Alghamdi, Nada M. Ali, Mohammad Mahboob Alam, Syed Nazreen, Ali Mahzari , "HPLC
Profile, Anticancer, Anti-inflammatory and Antioxidant Activities of Euphorbia inarticulata Ethanolic Extract,"
Advances in Pharmacology and Pharmacy, Vol. 11, No. 2, pp. 156 - 167, 2023. DOI: 10.13189/app.2023.110207.

(b): Abdullah A. A. Alghamdi, Nada M. Ali, Mohammad Mahboob Alam, Syed Nazreen, Ali Mahzari (2023). HPLC
Profile, Anticancer, Anti-inflammatory and Antioxidant Activities of Euphorbia inarticulata Ethanolic Extract.
Advances in Pharmacology and Pharmacy, 11(2), 156 - 167. DOI: 10.13189/app.2023.110207.

Copyright©2023 by authors, all rights reserved. Authors agree that this article remains permanently open access under the
terms of the Creative Commons Attribution License 4.0 International License

Abstract  Antioxidants, in addition to protection
against oxidative stress, also possess anti-inflammatory
and anticancer potentials. In this work, the ethanolic
extract (EE) of Euphorbia inarticulata has been evaluated

for antioxidant, anti-inflammatory and anticancer activities.

The antioxidant activity showed that EE significantly
scavenges DPPH (ICsp - 54.56 + 2.38 pg/ml) and
H,0,(77.44 + 2.76 pg/ml), whereas ferric reducing
antioxidant power (FRAP) and total antioxidant capacity
(TAC) were found to be 100.93 + 4.15 pg/ml and 46.72 +
3.86 mg gallic acid equi/gm, respectively. The EE
exhibited significant inhibition on COX-1 (ICs,
79.84ug/ml) and protein denaturation (IC5057.6 pg/ml),
compared to indomethacin and diclofenac, respectively.
Furthermore, EE was found to be effective in killing Huh-7
and HeLa cancerous cells with ICs, 104.62 (SI 2.36) and
145.11 pg/ml (SI 1.7), respectively, while doxorubicin
displayed ICsp 0.71 (Huh-7) and 2.63 pg/ml (HeLa),
whereas it was safe on normal MRC-5 cells. The HPLC
analysis showed the presence of ellagic acid, caffeic acid,
gallic acid, syringic acid, cinnamic acid and catechol which
may be responsible for the promising antioxidant,
anti-inflammatory and anticancer potentials exerted by the
ethanolic extract of E. inarticulata. These results conclude
that Euphorbia inarticulata ethanolic extract has
anti-inflammatory and anticancer effects by triggering
oxidative stress.
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1. Introduction

Both inflammation and oxidative stress play essential
triggers in the pathogenesis of chronic diseases,
particularly cancer. Inflammation is a complex reaction in
response to endogenous or exogenous stimuli but
excessive/prolonged inflammation leads to tissue damages
and eventually contributes to the progression of cancer [1].
Furthermore, reactive oxygen species (ROS) propagate
inflammation through the stimulation of proinflammatory
cytokines, IL-1, TNF-a, NF-kB or COX [2]. Therefore,
both inflammation and oxidative stress are linked to each
other and are implicated in the development of cancer due
to the attack of free radicals on proteins and membranes
leading to DNA mutations [3]. Cancer is the chief cause of
the death globally, and the most common treatments are
surgery, chemotherapy, radiotherapy, etc [4]. However,
sequela and cachexia are the major limitations, therefore
natural product-based treatment provides a better
alternative to these treatments [5].

Since time immemorial, medicinal plant has been used
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for various therapeutic purposes. According to WHO,
about 80% of the world population utilized plant extracts
and their active components for their healthcare needs [6].
The therapeutic properties of medicinal plants are mainly
attributed to their flavonoids and phenolic acids content. It
is very well reported that flavonoids or phenolics provide a
protective role against free radical generation, so act as
valuable therapeutic agents in prevention of diseases
triggered by oxidative stress and delay the development of
colon, rectal and stomach cancers [7]. Besides antioxidant
role, flavonoids and phenolics also exert anti-inflammatory
role by blocking of NF-kB and MAPK signaling pathways,
which are responsible for the production of
proinflammatory cytokines like interleukin (IL)-1pB, IL-6,
and tumor necrosis factor alpha (TNF-a) causing cell
apoptosis [8].

Euphorbia inarticulata Schweinf (family Euphorbiaceae;
genus Euphorbia) is a thorny branched, succulent with a
height of 1-2 m high and widely distributed on the foothills
in the south of Saudi Arabia and Yemen [9]. The plants of
the Euphorbiaceae family are found in the moist habitat
and can be herbs, shrubs, trees or lianas [10]. All the plants
of this family often contain irritating milky fluid [11]. The
genus FEuphorbia is reported to contain different
phytoconstituents such as terpenoids, flavonoids, terpenes,
phenolics and tannins [12-15] and possess various
pharmacological ~ potential, such as  antitumor,
anti-inflammatory, antimicrobial, antiviral, antipyretic,
analgesic, anti-HIV and wound healing properties [16-17].
E. inarticulata has not been explored much and scanty
information is available on this plant. To the best of our
knowledge, the antioxidant, anti-inflammatory and
anticancer activities of E. inarticulata have not been
reported till now and this is the first report by our research
group on this plant.

Figure 1.

Euphorbia inarticulata plant

2. Materials and Methods

2.1. Chemicals

Bovine serum albumin (BSA), Folin reagent, sodium
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diclofenac, dimethyl sulfoxide (DMSO), and trypan blue
dye were procured from Sigma-Aldrich (St. Louis, MO,
USA). Fetal Bovine serum, DMEM, HEPES buffer
solution, L-glutamine, gentamycin and 0.25%
Trypsin-EDTA were obtained from Lonza (Belgium).

2.2. Extraction

E. inarticulata was collected from Albaha region
(Madarah), Saudi Arabia and authenticated by Dr. Haider
Abdalgadir, Chemotaxonomist, Biology Department,
Albaha University. The extraction was performed
according to our reported work [18] and stored at 4°C until
further use.

2.3. Estimation of Total Phenolic (TPC) and Total
Flavonoid Content (TFC)

Total phenolic content (TPC) was estimated using the
Folin—Ciocalteu colorimetric method [19] and total
Flavonoid Content (TFC) was measured by using
colorimetric method according to Nurcholis et al. [20].

2.4. Estimation of Total Tannin Content and Total
Talkaloid Content

The total tannins content was evaluated using
Broadhurst and Jones method [21] and total alkaloids
content was determined according to method of Ates ef al
[22].

2.5. Antioxidant Activity

The plant extract antioxidant activity was performed at
Regional Center for Mycology and Biotechnology, at
Al-Azhar University, Egypt.

2.5.1. DPPH Radical Scavenging Activity

The DPPH assay was carried out according to the
reported method [23] and the ICsy was calculated using
Graphpad Prism software (San Diego, CA. USA).

2.5.2. Hydrogen Peroxide Radical (H,0O,) Scavenging
Activity

The assay was carried out according to the reported
method [24] and the ICsy was calculated using Graphpad
Prism software (San Diego, CA. USA).
2.5.3. Ferric Reducing Antioxidant Power (FRAP)

The assay was carried out according to the method by
Oyaizu (1986) [25].
2.5.4. Total Antioxidant Capacity (TAC) Assay

The assay was carried out according to the method by
Prieto et al. [26].
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2.6. Anti-inflammatory Activity

2.6.1. Albumin Denaturation Assay

The assay was performed based on the procedure
described by Williams et al [27] with diclofenac sodium as
a reference drug.

2.6.2. In vitro COX-1 Inhibition Assay

The assay was performed using a COX 1 inhibitor
screening assay kit (catalog number k548, Biovision, USA)
according to the manufacturer’s instructions.

2.7. Anticancer Activity

The anticancer activity was evaluated on two
mammalian cell lines, Huh-7 cells (Hepatocellular) and
HeLa (Cervical) which were obtained from the American
Type Culture Collection (ATCC, Rockville, MD) whereas
MRC-5 (Normal human Lung fibroblast cells), were
obtained from VACSERA Tissue Culture Unit, Egypt. It
was performed according to previously published work [28]
using doxorubicin as a positive reference drug.
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2.8. HPLC Analysis

It was done by HPLC-(Agilent 1100) according to the
method described by Lin et al [29].

3. Results and Discussion

3.1. Phytochemical Analysis

The ethanolic extract was evaluated for total phenolic,
total flavonoid, total tannin and total alkaloid content and
the results are shown in Figure 2. It was observed that the
ethanolic extract possesses 32.06 = 2.78 mg/gm total
flavonoid content whereas significantly higher total
phenolic content of 75.13+4.09 mg/gm. Also, the total
tannin and total alkaloids contents were 1.89+0.27 mg/g
and 3.15+0.41 mg/g, respectively. It can be noted that the
ethanolic extract was found to be richer in phenolics than
flavonoid, tannin and alkaloids. It is also supported from
HPLC that the phenolics such as syringic acid, gallic acid,
ellagic acid and cinnamic acid may be contributing to the
higher phenolic content of the ethanolic extract.

TTC TAC

Classes of compounds

total flavonoid cotent (TFC), total phenolic content (TPC), total tannin content (TTC), total alkaloid content (TAC); data are shown in triplicate

Figure 2. Phytochemical analysis of ethanolic extract (EE) of E. inarticulata



Advances in Pharmacology and Pharmacy 11(2): 156-167, 2023 159

3.2. HPLC Analysis

The ethanolic extract (EE) of E. inarticulata was
analyzed by HPLC to identify the tentative
phytoconstituents  responsible for the antioxidant,
anti-inflammatory and anticancer potentials of the
ethanolic extract. Table 1 and Figure 3 show the structure,
retention time, concentration and the reported biological
activities of the phytoconstituents present in ethanolic
extract as analyzed by HPLC-(Agilent 1100). It was found
that ellagic acid (10.09 pg/mg) was found to be the highest
followed by cinnamic acid (9.86 pg/mg) and syringic acid
(5.14 pg/mg), while benzoic acid was found to be the least
in the extract.

3.3. Antioxidant Activity

The antioxidant activity of the ethanolic extract has been
evaluated using DPPH, H,0,, FRAP and TAC assays
(Table 2). DPPH converts into a diamagnetic molecule
(stable) upon accepting an electron or hydrogen radical.
Antioxidant reacts with stable DPPH free radical (blue)

and converts it into a,0-diphenyl-B-picrylhydrazine
(yellow color). The scavenging of DPPH radical by
ethanolic extract increased with increasing concentration
and was observed to be 94.62 + 0.58 at 1000ug/mL with
ICso - 54.56 + 2.38 pg/ml, while standard drug ascorbic
acid displayed 1Cso - 9.73 £ 0.71 ug/ml (Table 2). The
highest DPPH scavenging of the ethanolic fraction might
be attributed to its hydrogen donating ability. Also, the
hydrogen peroxide scavenging (H,0,) capacity and FRAP
of the ethanolic extract was dose dependent and increased
with increasing concentration. The ethanolic extract
scavenge 91.23+ 0.58 % hydrogen peroxide radical,
whereas its ferric reducing antioxidant power was found to
be 88.74 + 1.82 % at 1000 pg/mL. Furthermore, the ICs, of
H,0, scavenging and FRAP of the ethanolic extract were
found to be 77.44 £2.76 pg/ml and 100.93+4.15 pg/ml,
respectively while ascorbic acid exhibited ICsy 12.52 +
0.84 pg/ml (H,O, scavenging) and 26.67 £ 1.23 pg/ml
(FRAP). Additionally, TAC of the ethanolic extract was
46.72 + 3.86 mg gallic acid equivalent per gram, while the
standard drug, ascorbic acid displayed 69.84 + 3.98 mg
gallic acid equivalent per gram.
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Figure 3. HPLC chromatogram of ethanolic extract of E. articulata
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Table 1. Chemical compounds in the ethanolic extract of E. inarticulata as analyzed by HPLC
S. No Compound name Structure RT Conc.(pg/mg) Reported biological activities
OH

OH Antioxidant [30]

1 Catechol 42 3.22 Anti-inflammatory [31]
Anticancer [32]

O_ OH

Antioxidant[33]

2 Syringic acid 5.1 5.14 Anti-inflammatory [33]
\o o/ Anticancer [33]

H
o

[ Antioxidant [34]

3 Cinnamic acid OH 7.0 9.86 Anti-inflammatory[34]
Anticancer [35]

o

HO N Antioxidant [36]

4 Caffeic acid OH 8.0 1.24 Anti-inflammatory [37]
Anticancer [38]
Antioxidant [39]

5 Gallic acid 9.8 2.33 Anti-inflammatory [40]
Anticancer [39]
Antioxidant [41]

L Anti-inflammatory [41]

6 Ell d 12.8 10.09

agic act Anticancer [41]

N Anti-inflammatory [42]

B 1 .
7 enzoic acid é 5 0.56 Anticancer [43]
Table 2. Antioxidant activity (ICsy) of ethanolic extract of E. inarticulata
Extract DPPH (pg/ml) H,0, (pg/ml) FRAP (pg/ml) TAC (mgGAE/g)
ethanolic 54.56 +2.38 77.44 £2.76 100.93 £4.15 46.72 +3.86
Ascorbic acid 9.73£0.71 12.52+0.84 26.67 +1.23 69.84 +3.98

Results are mean of three experiments + SD.

It has been reported that different species of Euphorbia
such as Euphorbia hirta Euphorbia wallichii, Euphorbia
antisyphilitica possess strong antioxidant potential [44, 45].
The antioxidant power of the ethanolic extract might be
due to polyphenols such as catechol, syringic acid, gallic
acid, ellagic acid, cinnamic acid and caffeic acid as

confirmed from HPLC analysis. Ellagic acid (EA) is a
polyphenol and chemically known as
2,3,7,8-tetrahydroxy-chromeno [5,4,3-cde]-chrom
ene-5,10-dione. It is reported that the antioxidant potential
of ellagic acid is due to scavenging of reactive hydrogen
peroxide, lowering of oxidative stress marker like
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malondialdehyde (MDA), nitric oxide (NO), increase in
antioxidant enzyme level, i.e. catalase (CAT), superoxide
dismutase (SOD). In addition, inhibition of these cytokines
with the help of nuclear factor-kappa B (NF-kB) and
cyclooxygenase 2 (COX-2) increases in nuclear factor,
erythroid 2-related factor 2 (Nrf-2) protein expression
[46,47]. Caffeic acid (CA) is a 3,4-dihydroxycinnamic acid
that scavenges the peroxyl radicals more efficiently than
trolox and exert antioxidant activity by the formation of
o-quinone radical generated by the reaction of antioxidant
and free radical present in the medium and is associated
with many signaling pathways such as mitogen-activated
protein kinase (MAPK), NF-kB, 5-lipooxygenases which
occur in the manner of development of several diseases
[48]. Cinnamic acid is a strong free radical scavenger that
directly scavenges reactive oxygen species (ROS) by
alleviating the low density lipoprotein oxidation [49].
Syringic acid (chemically known as
4-hydroxy-3,5-dimethoxy benzoic acid) is a naturally
occurring which acts as a free radical scavenger by
hampering oxidative stress markers, inhibiting low density
lipoprotein (LDL) oxidation and NADPH oxidase [33].
Gallic acid, a polyphenol with three hydroxyl groups is a
free radical scavenger and strong antioxidant and that
provides protection against acute and chronic oxidative
stress [50]. It is suggested that the presence of these
polyphenols in the ethanolic extract of E. inarticulata is
responsible for the significant antioxidant potential of this
extract.

3.4. Anti-inflammatory Activity

The anti-inflammatory activity of ethanolic crude
extract was performed by COX-1 and albumin
denaturation  inhibitory = method (Table 3). A

100 -
90 4
80 -
70 -
60 -
50 4
40
30 A
20 A
10 4
0

D H S N H D
S P B P,S RN

EE

COX-1 Inhibition %

Results are the mean of three experiments + SD.
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cyclooxygenase enzyme (COX) is a mechanism-based
assay to detect inhibitors of inflammation by measuring
COX-1 enzyme activity which is responsible for
prostaglandin synthesis and a key factor in inflammation
and pain. The COX-1 inhibitory results of ethanolic extract
are described in Figure 4. From the results, it was observed
that the extract showed 76.49% inhibition on COX-1
enzyme and ICsy 79.84 pg/ml, while the standard drug,
indomethacin displayed 97.68% COX-1 inhibition and
1Cs0 0.85 pug/ml.

It is well correlated that protein denaturation occurs with
the inflammatory responses leading to inflammatory
diseases. Therefore, compounds with potential to inhibit
protein denaturation signify its ability as anti-inflammatory
agents. Hence, the ethanolic extract has also been tested for
protein denaturation inhibition assay and the result is
presented in figure 5. The ethanolic extract showed
significant inhibition on albumin denaturation with 81.74%
and ICso of 57.6 ug/ml, compared to Diclofenac which
exhibited 96.87 % albumin denaturation inhibition and
ICsp 0f 4.66 pg/ml.

Table 3. Anti-inflammatory activity (ICsy) of ethanolic extract of E.
inarticulata

Anti-inflammatory activity

COX-1 Inhibition, ICsy (ng/mL)

Extract 79.84 £4.98

indomethacin 0.85+0.03

Albumin denaturation inhibition, ICs (ng/mL)

Extract 57.6 £2.79
diclofenac 4.66 £0.39
100 -
90 A INDOMETHACIN
=
=
2
=
=
=
=
3
(o}
(6]

S PP D D N D DO H D
Q.Q 'Q.} Q‘? ° %9 «‘b '\6’@ n;\'} &{:’\W‘,‘Q&Q?@QQ

Concentration (pg/ml)
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Figure 4. Dose response curve of COX-1 inhibition of the ethanolic extract (EE) of E. inarticulata
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Figure 5. Dose response curve of protein denaturation inhibition of the ethanolic extract (EE) of E. inarticulata

Inflammation is a defensive reaction to exert protection
in response to external stimuli or tissue damage. Compared
to literature, Fuphorbia hirta is widely used in traditional
medicine across many cultures for the treatment of various
inflammatory disorders. E. hirta extract is a promising
source for arthritis by down regulating the levels of
inflammatory mediators and up regulating the cytokines
involved in antiinflammation [51], and possessed
anti-inflammatory effects on neonatal asthmatic rats with
inflammation [52]. Basu et al reported that E.
bicolor latex extract markedly decreased orofacial
mechanical allodynia in rats via reduction in ROS, and
proinflammatory cytokines [53]. Upadhyay et al published

that E. hirta methanolic down regulated the
pro-inflammatory cytokine production in RAW246.7
macrophages and possessed a significant

anti-inflammatory effect both in vitro and in vivo [54]. In
addition to these, gallic acid is a promising
anti-inflammatory agent and could block the expression of
inflammatory mediators such as interleukin IL-1B, tumour
necrosis factor-a (TNF-a), induce Nitric Oxide Synthase
(INOS) and COX-2 which are triggered by NF-kB as well
as regulate TLR4/MyDS88/TRIF signaling pathways
leading to reduction in inflammatory responses [55].
Ellagic acid modulates the proinflammatory cytokines
expression as well as causes a significant decrease in
COX-2 level, vascular endothelial growth factor (VEGF)
and TNF-a by suppressing the protein synthesis of NF-kB
[41].

Syringic acid is reported to exhibit an anti-inflammatory
effect by regulating the different types of genes responsible
for inflammation. It regulates the expression of
inflammatory genes such as Tlr4, Myd88, NF-kB, TNF-a
and IL-6 found in liver, downregulates expression of
lipogenic genes such as PPAR-y, Fasn and Cides, up
regulates the fatty acid genes like PPAR-a, Cptl and Cpt2
and suppresses inflammatory cells and markers
(interleukins) in blood serum and inhibits TNF-a and
enhances IFN-y levels in alveolar fluid of the lungs [56].

Caffeic acid exert anti-inflammatory activity by
suppressing AP-1 inauguration by repression of related
upstream signaling cascade enzymes, together with
interleukin-1 receptor-associated kinases, IRAK1, IRAK4,
TAK1, MKK4/7, and c-jun kinase enzyme (JNK) [37],
whilst it inhibits interleukin 6 (IL-6) and TNF-a to case
inflammation responses by blocking the phosphorylation
of IkB and IkB kinase in rheumatoid arthritis [57].
Catechol shows anti-inflammatory activity by inhibiting
PL2 binding in the active site, cyclooxygenase &,
lipooxygenase, reducing LPS stimulated NO production
and suppressing iINOS gene expression at protein and
mRNA level [31]. It is therefore evident that presence of
ellagic acid, gallic acid, cinnamic acid, caffeic acid,
catechol and syringic acid in the ethanolic extract of
E.inarticulata is  responsible for the promising
anti-inflammatory effect which might be due to the
inhibition of COX, NO, TNF-qa, lipooxygenase, iNOS or
other inflammatory mediators or cytokines.

3.5. Anticancer Activity

The anticancer potential of the ethanolic extract of E.
inarticulata was carried out by MTT assay on two
mammalian cancer cell lines, Huh-7 cells (Hepatocellular)
and HeLa (Cervical), which were obtained from the
American Type Culture Collection. Doxorubicin was used
as a positive reference control (Table 4). The result of
anticancer activity is presented in figure 6. It can be
observed that the ethanolic extract showed a significant
inhibition dose dependently on the viability of Huh-7 and
HeLa cells, compared to the reference drug, doxorubicin.
The ethanolic extract was effective in killing the Huh -7
and HeLa cancerous cells with 1Csy 104.62 + 2.74 having
selectivity indexes 2.36 and 145.11 + 6.21pg/ml with
selectivity index 1.7, respectively, while doxorubicin
displayed inhibition with ICs,0.71 £ 0.06 (Huh-7) and 2.63
+ 0.45 pg/ml (HeLa).
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Table 4. Cytotoxicity of ethanolic extract of E. inarticulata against Huh-7 and HeLa cancerous cells

Extract HELA Huh-7
ICso (ng/ml) Selective index ICso (ng/ml) Selective index
ethanolic 145.11 £6.21 1.7 104.52 £2.74 2.36
Doxorubicin 2.63+0.45 - 0.71 £ 0.06 -
) EE 120 - EE
120 Huh-7 HELA
100 + 100 & -
e P
> 80 f?.‘ 80 -
£ 60 - 2 60
b= >
T 40 - T 40 A
o (&}
20 - 20 -
0 ey — — 0 A r — A A F— A A A A A
O H H H H M O O O O O H O O ) O O H H
S PSS PP c o q“ QPSP m P PSS
T 4T v A S @ & 0@ L S NS & o q’@ 0:@ Q@
Concentration {pglml] Concentration (ug/ml)
HelLa
Huh-7 120
120 4 Doxorubicin Doxorubicin
100 ¢ 100 4
o ®
3; 80 A > 80 4
3 60 2 60 1
S >
3 3 v
20 1 20 4
0 T 0 T T
S W o S &
RO K R@,‘b S «@ e.": &@ QDG?&‘::@QQ&@ & e Q@N@,‘e -';@«@.3:5,.,"";1." &“@@@m oS
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Concentration (pg/ml)

Concentration (pg/ml)

Results are mean of three experiments + SD. Doxorubicin: positive control.

Figure 6. Dose response curve of the % cell viability of the ethanolic extract (EE) of E. inarticulata on Huh-7 (colon) and HeLa (cervical) cells

Furthermore, to assess the safety of the ethanolic
extracts on normal human cells, the toxicity was also
carried out on MRC-5 (Normal human Lung fibroblast
cells) which was obtained from VACSERA Tissue Culture
Unit (Egypt).Interestingly, the extract did not cause

toxicity to the normal cells, as compared to control cells,
and showed CCsy of 246.45 + 7.49 pg/ml (Figure 7),
suggesting that the ethanolic extract had a cytotoxic effect
on tumour cells exclusively and harmless to normal cells.
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Figure 7. Dose response curve of the % cell viability of the ethanolic extract (EE) of E. inarticulata on normal MRC-5 cells

Cancer is defined as an abnormal growth and
proliferation of cells that has the ability to invade other
body parts. Plant extracts or the derived polyphenols have
emerged as an excellent source in mutation of
transcriptional factors and proteins involved in apoptosis
pathways through various mechanisms. Previous studies
showed that Euphorbia species are traditionally used in
folk medicine particularly in the cancer treatment which is
due to the presence of tetracyclic triterpene alcohol, euphol,
an anticancer agent [58]. Jannet ef al reported the
promising anticancer effect E. ferracina and E. paralias
extracts by inducing apoptosis in leukemic cancer [59],
Euphorbia tirucalli extract inhibited cells production and
division, and upregulation of Bax and caspase-8 involved
in apoptosis in breast cancer cells [60] whereas E. rigidus
methanolic extract possessed cytotoxic activity on HepG2
hepatocellular carcinoma cells [61].

Polyphenols such as Gallic acid exhibit anticancer
properties due to its ability to regulate oxidative stress,
modulate ROS at the cellular level and could cause
autoxidation, leading to an increase in the level of H,0,
and O, in cancer cells and could induce BIK-BAK/BAK
mediated apoptosis in human oral (SCC-4) cancer cells
[62]. It is reported that syringic acid exhibits an
antiproliferative effect via NF-kB-DNA binding, cell cycle
arrests and apoptosis in colon cancer, suppression of the
mTOR/AKT signaling pathway [63], downregulates the
expression of Cdk4 and 6enzymes while upregulates p19,
p21 and p27 expression involved in cell cycle. Furthermore,
the Bax, Bak, Bim, caspase which are proapoptotic genes
whereas Bcl2, cIAP-1, c-IAP-2 and FLIP, antiapoptotic

genes are upregulated and downregulated, respectively by
syringic acid [33].

ICsy values are the concentrations that cause 50%
inhibition in the growth of cancer cells. Data is in triplicate
+ SD; doxorubicin: positive control

The inhibitory effects of Catechol were seen on the
ERK2/c-Myc signaling axis in lung carcinoma [32] and
could suppress the proliferation of pancreaticcancer cells
by reducing the expression of EMT-related proteins and
enhancing the chemo- and radio-sensitivity by targeting
AMPK/Hippo signaling [64].

Cinnamic acid has been reported to cause anticancer
activity in lung, melanoma and breast cells by the
inhibition of DNA synthesis and histone deacetylase,
production of interleukins 8 and suppression of NF-kB
activation [65]. Ellagic acid can inhibit cancer cell growth
by regulation of metalloproteinases, VEGF expression and
induction of apoptosis, suppress cancer cell proliferation
by increasing the caspase-3 activity, downregulating Bcl-2,
decreasing the activity of telomerase and PI3K signaling
pathways [66]. The underlying anticancer mechanism of
gallic acid, cinnamic acid, ellagic acid, catechol, syringic
acid and caffeic acid which are present in the ethanolic
extract might be responsible for the significant anticancer
activity exerted by the extract.

4. Conclusions

In the present work, the ethanolic extract of Euphorbia
inarticulatahas has been evaluated for antioxidant,
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anti-inflammatory and anticancer activities. The
antioxidant activity showed that the ethanolic extract
significantly scavenges DPPH radical (ICs,-54.56 + 2.38
pg/ml) and H,O, radical(77.44 + 2.76 pg/ml), whereas
FRAP and TAC of the ethanolic extract were found to be
10093 + 4.15 pg/ml and 46.72 + 3.86 mg gallic acid
equi/gm, respectively. The extract exhibited significant
inhibition on COX-1 enzyme with ICsy 79.84pug/ml and
protein denaturation with ICsoof 57.6 pg/ml, compared to
standard drugs, indomethacin and diclofenac. Furthermore,
the anticancer activity of the extract against Huh-7 cells,
HelLa and MRC-5 exhibited that ethanolic extract was
effective in killing the Huh -7 and HeLa cancerous cells
with ICs, 104.62 + 2.74 having selectivity indexes 2.36 and
145.11 £ 6.21pg/ml with selectivity index 1.7, respectively
while doxorubicin displayed inhibition with ICsy 0.71 +
0.06 (Huh-7) and 2.63 + 0.45 ug/ml (HeLa) while it was
safe on normal MRC-5 cells. The HPLC analysis showed
the presence of polyphenols such as gallic acid, ellagic acid,
caffeic acid, syringic acid, cinnamic acid and catechol
which may be responsible for the promising antioxidant,
anti-inflammatory and anticancer potentials exerted by the
ethanolic extract of E. inarticulata. These findings suggest
that ethanolic extract could be potential anti-inflammatory
and anticancer agents by triggering oxidative stress. The
present work is the first report of the anticancer,
anti-inflammatory and antioxidant potential of E.
inarticulata extract which could be a potential source in the
treatment of deadly disease like cancer and chronic
inflammatory diseases. The phytochemical investigation of
the extract is under way which may lead to potent bioactive
components that can be used as anticancer and
antiiflammatory leads in drug development and might
provide a better alternative in the treatment of cancer and
inflammation.

Acknowledgments

The authors are thankful to Al Baha University for
providing the financial support (grant number 5/1441) and
the necessary facilities required for this work.

REFERENCES
[1] Suematsu M, Suzuki H, Delano FA, Schmid-Schonbein
GW. The inflammatory aspect of the microcirculation in
hypertension: oxidative stress, leukocytes/endothelial
interaction, apoptosis, Microcirculation 2002, Vol.9, 259.
DOI: 10.1038/sj.mn.7800141

Forman HJ, Zhang H. 2021. Targeting oxidative stress in
disease: promise and limitations of antioxidant therapy.
Nature Reviews Drug Discovery 2021, Vol.20, 689-709.
https://doi.org/10.1038/s41573-021-00233-1

Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB.

(5]

(6]

[7]

[12]

[13]

(14]

165

Reactive oxygen species in inflammation and tissue injury.
Antioxidants and Redox Signalling 2014 Vol. 20, 1126.
doi: 10.1089/ars.2012.5149.

Almalki ASA, Nazreen S, Malebari AM, Ali NM,
Elhenawy AA, Alghamdi AA, Ahmad A, Alfaifi SYM,
Alsharif MA, Alam MM. Synthesis and biological
evaluation of 1,2,3-triazole tethered
thymol-1,3,4-oxadiazole derivatives as anticancer and
antimicrobial agents. Pharmaceuticals 2021, Vol. 14, 866.
doi: 10.3390/ph14090866.

Alam MM, Malebari AM, Nazreen S, Neamatallah T,
Almalki ASA, Elhenawy AA, Obaid RJ, Alsherif MA.
Design, synthesis and molecular docking studies of thymol
based 1,2,3-triazole hybrids as thymidylate synthase
inhibitors and apoptosis inducers against breast cancer
cells. Bioorganic and Medicinal Chemistry 2021, Vol.38,
116136. doi: 10.1016/j.bmc.2021.116136.

Khan MA, Bouyahya A, Hachlafi NEL, El-Menyiy N,
Akram M, Sultana S, Zengin G, Ponomareva L, Shariati
MA, Ojo OA, Dall’Acqua S. Anticancer properties of
medicinal plants and bioacive compounds against breast
cancer: A review on recent investigations. Environmental
Science and Pollution Research International 2022, Vol.29,
24411-24444. doi: 10.1007/511356-021-17795-7.

Long J, Guan P, Hu X, Yang L, He L, Lin Q, Luo F, Li J,
He X, Du Z, Li T. Natural Polyphenols as targeted
modulators in colon cancer: Molecular mechanisms and
Applications. Frontiers in Immunology 2021, Vol.12,
635484. doi: 10.3389/fimmu.2021.635484.

Zhao H, Wu L, Yan G, Chen Y, Zhou M, Wu Y, Li Y.
Inflammation and tumor progression: signaling pathways
and targeted intervention. Signal Transduction Target
Therapy.2021,Vol.6,1-46.https://doi.org/10.1038/541392-0
21-00658-5

Lavranos JJ, Bilaidi AS, Notes on the succulent flora of
North East Africa and Southern Arabia, Part III., Cact.
Succ. Journ. (us), 1971, Vol.43, 204.
https://www.plantdiversityofsaudiarabia.info/Biodiversity-
Saudi-Arabia/References/Literature.htm.

Jassbi AR. Chemistry and biological activity of secondary
metabolites in Euphorbia from Iran. Phytochemistry 2006,
Vol.67, 1977. doi: 10.1016/j.phytochem.2006.06.030.

Shi QW, Su XH, Kiyota H. Chemical and pharmacological
research of the plants in genus Euphorbia. Chemical
Reviews 2008, Vol.108, 4295. doi: 10.1021/cr078350s.

Noori M, Chehreghani A, Kaveh M. Flavonoids of 17
species of Euphorbia (Euphorbiaceae) in Iran. Toxicology
and Environmental Chemistry 2009, Vol.91, 631-641.
https://doi.org/10.1080/02772240802389936

Patil SB, Naikwade NS, Magdum CS, Review on
phytochemistry and pharmacological aspects of Euphorbia
hirta Linn., Asian Journal of Pharmaceutical Research and
Health care 2009, Vol.1(1), 113-133.
https://www.semanticscholar.org/paper/REVIEW-ON-PH
YTOCHEMISTRY-AND-PHARMACOLOGICAL-OF-B
p-Sm/1a541c09532dal1a374cc1796b1fa7783af44457.

Demirkiran O, Topeu G, Hussain J, Ahmad VU,
Choudhary MI. Structure elucidation of two new unusual
monoterpene glycosides from Euphorbia decipiens, by 1D
and 2D NMR experiments. Magnetic Resonance in



166

[15]

[17]

[19]

[21]

(22]

(23]

(24]

HPLC Profile, Anticancer, Anti-inflammatory and Antioxidant Activities of Euphorbia inarticulata Ethanolic Extract

Chemistry 2011, Vol.49, 673-677. doi: 10.1002/mrc.2795.

Fokialakis N, Melliou E, Magiatis P, Harvala C, Mitaku S.
Composition of the steam volatiles of six Euphorbia spp.
from Greece, Flavour Fragrance Journal 2003, Vol.18, 39.
https://doi.org/10.1002/1j.1148

Ahmed S, Yousaf M, Mothana RA, Al-Rehaily AJ. Studies
on wound healing activity of some euphorbia species on
experimental rats. African Journal of Traditional and
Complementarty Alternative Medicine 2016, Vol.13,
145-152. doi: 10.21010/ajtcam.v13i5.19.

Gil T-Y, Kang S-C, Jin B-R, An H-J. Euphorbia hirta Leaf
Ethanol  Extract  Suppresses TNF-o/IFN-y-Induced
Inflammatory Response via Down-Regulating JNK or
STAT1/3 Pathways in Human Keratinocytes. Life 2022,
Vol.12, 589. doi: 10.3390/1ife12040589.

Alghamdi MD, Nazreen S, Ali NM, Amna T. ZnO

Nanocomposites  of Juniperus  procera and Dodonaea
viscosa Extracts as Antiproliferative and Antimicrobial
Agents. Nanomaterials 2022, Vol.12, 664. doi:
10.3390/nano12040664.

Baek SH, Cao L, Jeong SJ, Kim HR, Nam TJ, Lee SG.
The Comparison of Total Phenolics, Total Antioxidant,
and Anti-Tyrosinase Activities of Korean Sargassum
Species. Journal of Food Quality 2021, Vol.2021, 1-7.
https://doi.org/10.1155/2021/6640789

Nurcholis W, Putri DNS, Husnawati H, Aisyah SI,
Priosoeryanto BP. Total flavonoid content and antioxidant
activity of ethanol and ethyl acetate extracts from
accession of Amomum compactum fruits. Annals of
Agricultural Science 2021, Vol.66, 58-62.
https://doi.org/10.1016/j.a0as.2021.04.001

Broadhurst RB, Jones WT. Analysis of condensed tannins
using acidified vanillin. Journal of Science and Food
Agriculture. 1978, Vol.29, 788.
https://doi.org/10.1002/jsfa.2740290908

Ates MT, Yildirim AB, Turker AU. Enhancement of
alkaloid content (galanthamine and lycorine) and
antioxidant activities (enzymatic and non-enzymatic)
unders salt stress in summer snowflake (Leucojum
aestivum L.) South African Journal of Botany 2021,
Vol.140, 182-188.https://doi.org/10.1016/j.sajb.2021.04.01
6

Lahare RB, Yadav HS, Bisen YK, Dashahre AK.
Estimation of Total Phenol, Flavonoid, Tannin and
Alkaloid Content in Different Extracts of Catharanthus
roseus from Durg District, Chhattisgarh, India. Scholar
Bulletin 2021, Vol.7, 1-6. DOI:
10.36348/sb.2021.v07i01.001

Ruch RJ, Cheng ST, Klauring JE. Prevention of
cytotoxicity and inhibition of intercellular comunication by
antioxidant catechins isolated from chinese green tea.
Carcinogenesis 1989,  Vol.10, 1003-1008.  doi:
10.1093/carcin/10.6.1003.

Oyaizu M. Studies on products of browning reaction:
Antioxidative activities of products of browning reaction
prepared from glucosamine. Japan Journal of Nutrition
1986, Vol.44, 307-315. DOI: 10.5264/eiyogakuzashi.44.30
7

Prieto P, Pineda M, Aguilar M. Spectrophotometric

(27]

[33]

[35]

quantitation of antioxidant capacity through the formation
of a phosphomolybdenum complex: specific application to
the determination of vitamin E. Analytical Biochemistry
1999, Vol.269, 337-341. doi: 10.1006/abio.1999.4019.

Williams LA, O’Connar A, Latore L, Dennis O, Ringer S,
Whittaker JA, Conrad J, Vogler B, Rosner H, Kraus W.
The in vitro anti-denaturation effects induced by natural
products and non-steroidal compounds in heat treated
(immunogenic) bovine serum albumin is proposed as a
screening assay for the detection of anti-inflammatory
compounds, without the use of animals, in the early stages
of the drug discovery process. West Indian Medical
Journal 2008, Vol.57, 327-331. https://pubmed.ncbi.nlm.ni
h.gov/19566010/

Almalki ASA, Nazreen S, Elbehairi SEI, Asad M, Shati
AA, Alfaifi MY, Alhadhrami A, Elhenawy AA, Alorabi
AQ, Asiri AM, Alam MM. Design, synthesis, anticancer
activity and molecular docking studies of new
benzimidazole derivatives bearing 1,3,4-oxadiazole
moieties as thymidylate synthase inhibitors. New Journal
of  Chemistry 2022, Vol.46, 14967. DOI:
10.1039/d2nj01980a

Lin YL, Chen YL, Liang YC, Lin JK. Composition of
Polyphenols in fresh Tea Leaves and Associations of their
Oxygen Radical Absorbing Capacity with
Antiproliferative Actions in Fibroblast Cells. Journal of
Agriculture and Food Chemistry 1996, Vol.44, 1387-1394.
https://doi.org/10.1021/j1950652k

De La Cruz JP, Ruiz-Moreno MI, Guerrero A,
Loépez-Villodres JA, Reyes JJ, Espartero JL, Labajos MT,
Gonzalez-Correa JA. Role of the catechol group in the
antioxidant and neuroprotective effects of virgin olive oil
components in rat brain. Journal of Nutrition and
Biochemistry 2015, Vol.26, 549-555. doi:
10.1016/j.jnutbio.2014.12.013.

Zheng LT, Ryu GM, Kwon BM, Lee WH, Suk K.
Anti-inflammatory effects of catechols in
lipopolysaccharide-stimulated microglia cells: Inhibition
of microglial neurotoxicity. European Journal of
Pharmacology 2008,  Vol.588, 106-113. doi:
10.1016/j.ejphar.2008.04.035.

Lim DY, Shin SH, Lee MH, Malakhova M, Kurinov I, Wu
Q, Xu J, Jiang Y, Dong J, Liu K. A natural small molecule,
catechol, induces c-Myc degradation by directly targeting
ERK2 in lung cancer. Oncotarget 2016, Vol.7,
35001-35014. doi: 10.18632/oncotarget.9223

Cheemanapalli S, Ramgopal M, Ramanjaneyulu G,
Anuradha CM, Kumar CS. Syringic acid (SA) — A Review
of Its Occurrence, Biosynthesis, Pharmacological and
Industrial Importance. Biomedicine and Pharmacotherapy
2018, Vol.108, 547-557. doi: 10.1016/j.biopha.2018.09.06
9.

Pontiki E, Hadjipavlou-Litina D. Multi-Target Cinnamic
Acids for Oxidative Stress and Inflammation: Design,
Synthesis, Biological Evaluation and Modeling Studies.
Molecules 2019, Vol.24, 12. doi: 10.3390/molecules24010
012.

Niero ELO, Machado-Santelli GM. Cinnamic acid induces
apoptotic cell death and cytoskeleton disruption in human
melanoma cells. Journal of Experimental and Clinical
Cancer Research 2013, Vol.32, 31. doi:


https://doi.org/10.1155/2021/6640789
https://doi.org/10.1016/j.aoas.2021.04.001
https://doi.org/10.1016/j.sajb.2021.04.016
https://doi.org/10.1016/j.sajb.2021.04.016
https://doi.org/10.1016/j.sajb.2021.04.016
https://doi.org/10.1021/jf950652k

[36]

[37]

[39]

[40]

[41]

[42]

[44]

[45]

Advances in Pharmacology and Pharmacy 11(2): 156-167, 2023

10.1186/1756-9966-32-31

Deshmukh R, Kaundal M, Bansal V.S. Caffeic acid
attenuates oxidative stress, learning and memory deficit in

intra-cerebroventricular streptozotocin induced
experimental dementia in rats. Biomedicine and
Pharmacotherapy 2016, Vol.81, 56-62. doi:

10.1016/j.biopha.2016.03.017.

Yang WS, Jeong D, Yi YS, Park JG, Seo H, Moh SH,
Hong S, Cho JY. IRAK1/4-Targeted Anti-Inflammatory
Action of Caffeic Acid. Mediators of Inflammation 2013,
Vol.2013, 518813. doi: 10.1155/2013/518183.

Min J, Shen H, Xi W, Wang Q, Yin L, Zhang Y, Yu Y,
Yang Q, Wang ZN. Synergistic Anticancer Activity of
Combined Use of Caffeic Acid with Paclitaxel Enhances
Apoptosis of Non- small-Cell Lung Cancer H1299 Cells in
Vivo and in Vitro. Cell. Physiology Biochemistry 2018,
Vol.48, 1433-1442. doi: 10.1159/000492253.

Gao J, Hu J, Hu D, Yang X. A Role of Gallic Acid in
Oxidative Damage Diseases: A Comprehensive Review.
Natural Product Communications 2019, Vol.14, 1.
https://doi.org/10.1177/1934578X19874

Bai J, Zhang Y, Tang C, Hou Y, Ai X, Chen X, Zhang Y,
Wang X, Meng X. Gallic acid: Pharmacological activities

and molecular mechanisms involved in
inflammation-related diseases Biomedicine and
Pharmacotherapy = 2021, Vol.133, 110985.  doi:

10.1016/j.biopha.2020.110985.

Sharifi-Rad J, Quispe C, Castillo CMS, Caroca R,
Lazo-Velez MA, Antonyak H, Polishchuk A, Lysiuk R,
Oliinyk P, De-Masi L. Ellagic Acid: A Review on Its
Natural Sources, Chemical Stability, and Therapeutic
Potential. Oxidative Medicine and Cellular Longevity
2022, Vol.2022, 3848084. doi: 10.1155/2022/3848084.

Chen JJ, Cho JY, Hwang TL, Chen IS. Benzoic Acid
Derivatives, Acetophenones, and Anti-inflammatory
Constituents from Melicope semecarpifolia. Journal of
Natural  Products 2008, Vol.71, 71-75. doi:
10.1021/np0704349.

Anantharaju PG, Reddy BD, Padukudru MA, Chitturi MK,
Vimalambike MG, Madhunapantula SRV. Naturally
occurring benzoic acid derivatives retard cancer cell
growth by inhibiting histone deacetylases (HDAC). Cancer
Biology and Therapy 2017, Vol.18, 492-504. doi:
10.1080/15384047.2017.1324374.

Romeo I, Vallarino G, Turrini F, Roggeri A, Olivero G,
Boggia R, Alcaro S, Costa G, Pittaluga A. Presynaptic
Release-Regulating  Alpha2  Autoreceptors:  Potential

Molecular Target for Ellagic Acid Nutraceutical Properties.

Antioxidant 2021,
10.3390/antiox10111759.

Vol.10, 1759. doi:

Hosseinzadeh A, Mehrzadi S, Siahpoosh A, Basir Z,
Bahrami N, Goudarzi M. The ameliorative effect of ellagic
acid on di-(2-ethylhexyl) phthalate-induced testicular
structural alterations, oxidative stress, inflammation and
sperm damages in adult mice. Reproductive Biology and
Endocrinology 2021, Vol.19, 146-157.
https://doi.org/10.1186/s12958-021-00830-0

[46]

[48]

[49]

[53]

[56]

167

Wang Y, Kaur G, Kumar M, Kushwah AS, Kubra A,
Kainth R. Caffeic Acid Prevents Vascular Oxidative Stress
and Atherosclerosis against Atherosclerogenic Diet in Rats.
Evidence Based Complementary and Alternative Medicine
2022, Vol.2022, 8913926. doi: 10.1155/2022/8913926.

Eleni Pontiki E, Hadjipavlou-Litina D, Litinas K,
Geromichalos G. Novel Cinnamic Acid Derivatives as
Antioxidant and Anticancer Agents: Design, Synthesis and
Modeling Studies. Molecules 2014, Vol.19, 9655-9674.
doi: 10.3390/molecules19079655.

Dludla PV, Nkambule BB, Jack B, Mkandla Z, Mutize T,
Silvestri S, Orlando P, Tiano L, Louw J, Mazibuko-Mbeje
SE. Inflammation and oxidative stress in an obese state
and the protective effects of gallic acid. Nutrients 2018,
Vol.11, 23. doi: 10.3390/nu11010023.

Zhou D,Yang Q, Tian T, Chang Y, Li Y, Duan LR, Li H,
Wang SW. Gastroprotective effect of gallic acid against
ethanol-induced gastric ulcer in rats: involvement of the
Nrf2/HO-1 signaling and anti-apoptosis role. Biomedicine
and Pharmacotherapy 2020, Vol.126, 110075. doi:
10.1016/j.biopha.2020.110075.

Li Y, Zhang L, Wang X, Wu W, Qin R. Effect of Syringic
acid on antioxidant biomarkers  andassociated
inflammatory markers in mice model of asthma. Drug
Development Research 2019, Vol.80, 253-261. doi:
10.1002/ddr.21487.

Wang W, Sun W, Jin L. Caffeic acid alleviates
inflammatory response in rheumatoid arthritis fibroblast
like synoviocytes by inhibiting phosphorylation of I kappa
B kinase alpha/beta and I-kappa B alpha. International
Immunopharmacology 2017, Vol48, 61-66. doi:
10.1016/j.intimp.2017.04.025.

Lin ML, Chen SS. Activation of casein kinase II by gallic
acid induces BIK-BAX/BAK-Mediated ER
Ca++-ROS-Dependent apoptosis of human oral cancer
cells. Frontiers in Physiology 2017, Vol.8, 761. doi:
10.3389/fphys.2017.00761.

Pei J, Velu P, Zareian M, Feng Z, Vijayalakshami A.
Effects of Syringic Acid on Apoptosis, Inflammation, and
AKT/mTOR Signaling Pathway in Gastric Cancer Cells.
Frontiers in Nutrution 2021, Vol.14, 788929. doi:
10.3389/fnut.2021.788929.

Moon JY, Ediriweera MK, Ryu JY, Kim HY, Cho SK.
Catechol enhances chemo - and radio - sensitivity by
targeting AMPK/Hippo signaling in pancreatic cancer cells.
Oncology Reports 2021, Vol45, 1133-1141. doi:
10.3892/0r.2021.7924.

Abu Almaaty AH, Elgrahy NA, Fayad E, Abu Ali OA,
Mahdy ARE, Barakat LAA, El Behery M. Design,
Synthesis and Anticancer Evaluation of Substituted
Cinnamic Acid Bearing 2-Quinolone Hybrid Derivatives.
Molecules 2021, Vol. 26, 4724.
https://doi.org/10.3390/molecules26164724.

Wang Y, Ren F, Li B, Song Z, Chen P, Ouyang L. Ellagic
acid exerts antitumor effects via the PI3K signaling
pathway in endometrial cancer. Journal of Cancer 2019,
Vol.10, 3303-3314. doi: 10.7150/jca.29738.


https://doi.org/10.1177/1934578X19874174

	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions
	Acknowledgments
	REFERENCES



