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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 (IC50 = 54.56 ± 2.38 µg/ml) and 
H2O2(77.44 ± 2.76 µg/ml), whereas ferric reducing 
antioxidant power (FRAP) and total antioxidant capacity 
(TAC) were found to be 100.93 ± 4.15 µg/ml and 46.72 ± 
3.86 mg gallic acid equi/gm, respectively. The EE 
exhibited significant inhibition on COX-1 (IC50 
79.84µg/ml) and protein denaturation (IC5057.6 µg/ml), 
compared to indomethacin and diclofenac, respectively. 
Furthermore, EE was found to be effective in killing Huh-7 
and HeLa cancerous cells with IC50 104.62 (SI 2.36) and 
145.11 µg/ml (SI 1.7), respectively, while doxorubicin 
displayed IC50 0.71 (Huh-7) and 2.63 µg/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. 

Keywords  Euphorbia inarticulata, Antioxidant, 
Anti-inflammatory, Anticancer, HPLC 

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-α, 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)-1β, IL-6, 
and tumor necrosis factor alpha (TNF-α) 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 Euphorbia 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 

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 4ᵒC 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 et 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 IC50 was calculated using 
Graphpad Prism software (San Diego, CA. USA). 

2.5.2. Hydrogen Peroxide Radical (H2O2) Scavenging 
Activity 

The assay was carried out according to the reported 
method [24] and the IC50 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. 

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. 

 

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 
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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 μg/mg) was found to be the highest 
followed by cinnamic acid (9.86 μg/mg) and syringic acid 
(5.14 μg/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, H2O2, 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 α,α-diphenyl-β-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 1000μg/mL with 
IC50 = 54.56 ± 2.38 µg/ml, while standard drug ascorbic 
acid displayed IC50 = 9.73 ± 0.71 µg/ml (Table 2). The 
highest DPPH scavenging of the ethanolic fraction might 
be attributed to its hydrogen donating ability. Also, the 
hydrogen peroxide scavenging (H2O2) 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 μg/mL. Furthermore, the IC50 of 
H2O2 scavenging and FRAP of the ethanolic extract were 
found to be 77.44 ±2.76 µg/ml and 100.93±4.15 µg/ml, 
respectively while ascorbic acid exhibited IC50 12.52 ± 
0.84 µg/ml (H2O2 scavenging) and 26.67 ± 1.23 µg/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. 

 

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.(μg/mg) Reported biological activities 

1 Catechol 

OH
OH

 

4.2 3.22 
Antioxidant [30] 

Anti-inflammatory [31] 
Anticancer [32] 

2 Syringic acid 

OO
OH

O OH

 

5.1 5.14 
Antioxidant[33] 

Anti-inflammatory [33] 
Anticancer [33] 

3 Cinnamic acid OH

O

 

7.0 9.86 
Antioxidant [34] 

Anti-inflammatory[34] 
Anticancer [35] 

4 Caffeic acid OH

O

HO

HO

 

8.0 1.24 
Antioxidant [36] 

Anti-inflammatory [37] 
Anticancer [38] 

5 Gallic acid 

HO
OH

O OH

OH

 

9.8 2.33 
Antioxidant [39] 

Anti-inflammatory [40] 
Anticancer [39] 

6 Ellagic acid 

O

O

HO
OH

O

OH
OH

O

 

12.8 10.09 

Antioxidant [41] 
Anti-inflammatory [41] 

Anticancer [41] 
 

7 Benzoic acid 

O OH

 

15 0.56 
Anti-inflammatory [42] 

Anticancer [43] 

Table 2.  Antioxidant activity (IC50) of ethanolic extract of E. inarticulata 

Extract DPPH (μg/ml) H2O2 (μg/ml) FRAP (μg/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 

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 IC50 79.84 µg/ml, while the standard drug, 
indomethacin displayed 97.68% COX-1 inhibition and 
IC50 0.85 µg/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 IC50 of 57.6 µg/ml, compared to Diclofenac which 
exhibited 96.87 % albumin denaturation inhibition and 
IC50 of 4.66 µg/ml. 

Table 3.  Anti-inflammatory activity (IC50) of ethanolic extract of E. 
inarticulata 

 Anti-inflammatory activity 

 COX-1 Inhibition, IC50 (μg/mL) 

Extract 79.84 ± 4.98 

indomethacin 0.85 ± 0.03 

 Albumin denaturation inhibition, IC50 (μg/mL) 

Extract 57.6 ± 2.79 

diclofenac 4.66 ± 0.39 

 

 
Results are the mean of three experiments ± SD. 

Figure 4.  Dose response curve of COX-1 inhibition of the ethanolic extract (EE) of E. inarticulata 
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Results are the mean of three experiments ± SD. 

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, Euphorbia 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-α (TNF-α), induce Nitric Oxide Synthase 
(iNOS) and COX-2 which are triggered by NF-kB as well 
as regulate TLR4/MyD88/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-α 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-α 
and IL-6 found in liver, downregulates expression of 
lipogenic genes such as PPAR-γ, Fasn and Cides, up 
regulates the fatty acid genes like PPAR-α, Cpt1 and Cpt2 
and suppresses inflammatory cells and markers 
(interleukins) in blood serum and inhibits TNF-α and 
enhances IFN-γ 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-α to ease 
inflammation responses by blocking the phosphorylation 
of IκB and IκB 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 iNOS 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-α, 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 IC50 104.62 ± 2.74 having 
selectivity indexes 2.36 and 145.11 ± 6.21µg/ml with 
selectivity index 1.7, respectively, while doxorubicin 
displayed inhibition with IC50 0.71 ± 0.06 (Huh-7) and 2.63 
± 0.45 µg/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 

 IC50 (µg/ml) Selective index IC50 (µg/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 - 

 

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 CC50 of 246.45 ± 7.49 µg/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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Data is in triplicate ± SD 

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 et al reported the 
promising anticancer effect E. terracina 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 H2O2 
and O2 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].  

IC50 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 (IC50 = 54.56 ± 2.38 
µg/ml) and H2O2 radical(77.44 ± 2.76 µg/ml), whereas 
FRAP and TAC of the ethanolic extract were found to be 
100.93 ± 4.15 µg/ml and 46.72 ± 3.86 mg gallic acid 
equi/gm, respectively. The extract exhibited significant 
inhibition on COX-1 enzyme with IC50 79.84µg/ml and 
protein denaturation with IC50 of 57.6 µg/ml, compared to 
standard drugs, indomethacin and diclofenac. Furthermore, 
the anticancer activity of the extract against Huh-7 cells, 
HeLa and MRC-5 exhibited that ethanolic extract was 
effective in killing the Huh -7 and HeLa cancerous cells 
with IC50 104.62 ± 2.74 having selectivity indexes 2.36 and 
145.11 ± 6.21µg/ml with selectivity index 1.7, respectively 
while doxorubicin displayed inhibition with IC50 0.71 ± 
0.06 (Huh-7) and 2.63 ± 0.45 µg/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. 
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