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ABSTRACT

Prosopis juliflora (P. juliflora) is a widespread phreatophytic tree, which belongs to the Fabaceae family. The goal
of the present study is to investigate the potential anti-cancer effect of P. juliflora leave extracts and to identify its
chemical composition. For this purpose, MCF-7 (breast), HepG2 (liver), and LS-174T (colorectal) cancer cell lines
were cultivated and incubated with various concentrations of P. juliflora leave extracts, and its impact on cell
viability, proliferation, and cell cycle stages was investigated. P. juliflora leave extracts induced concentration-
dependent cytotoxicity against all tested cancer cell lines. The calculated ICso was 18.17, 33.1 and 41.9 pg/ml for
MCF-7, HePG2 and LS-174T, respectively. Detailed analysis revealed that the cytotoxic action of P. juliflora
extracts was mainly via necrosis but not apoptosis. Moreover, DNA content flow cytometry analysis showed cell-
specific anti-proliferative action and cell cycle stages arrest. In order to identify the anti-cancer constituents of P.
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Juliflora, the ethyl extracts were analyzed by liquid chromatography-mass spectrometry. The major constituents
identified in the ethyl extracts of P. juliflora leaves were hydroxymethyl-pyridine, nicotinamide, adenine, and
poly-(methyl methacrylate) (PMMA). In conclusion, P. juliflora ethyl acetate extracts have a potential anti-cancer
effect against breast adenocarcinoma, hepatocellular carcinoma, and colorectal adenocarcinoma, and is enriched
with anti-cancer constituents.
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Figure 1: Graphical abstract
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INTRODUCTION known as mesquite or velvet mesquite or
Ghaf Bahri, and is commonly native to South-

Prosopis juliflora is a widespread plant } .
rosopis julifl p P west United States, Northwest Mexico, and

belonging to the Fabaceae family. It is also
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invasive in many tropical and subtropical re-
gions, including North Africa and the Arab
Gulf region (Abbas et al., 2016). The tree is
approximately 8-12 meter (39 ft.) height, with
a wide trunk up to 1.2 meter (3.9 ft.) diameter
(Valdivia, 1972). The World Health Organi-
zation (WHO) estimated that about 80 % of
humans still depend on herbal medication for
treatment of diseases due to several reasons
including cost, availability and less side ef-
fects compared to synthetic drugs (Ukande et
al., 2019). The genus Prosopis (Fabaceae) in-
cludes 44 species and is considered among the
most damaging invasive species in the world
(Persia etal., 2016). Most of the Prosopis spe-
cies (P. africana, P. alba, P. cineraria, P.
farcta, P. glandulosa, P. juliflora, P. nigra, P.
ruscifolia and P. spicigera) are effectively
used for treatment of several diseases (Persia
et al., 2016), including respiratory, digestive,
urinary and obstetrical affections (Sharifi-
Rad et al., 2019). The P. juliflora contains
phytochemicals rich in alkaloids, phenolic
compounds (Prabha et al., 2014), and flavo-
noids in particular (Diarra et al., 2015; Cata-
rino et al., 2016). Several studies have re-
ported the pharmaceutical activities of P. juli-
flora leaves, such as antibacterial (Catarino et
al., 2016; Dos Santos et al., 2013), antifungal
(Raghavendra et al., 2009), antipyretic (Go-
pinath et al., 2013), antiulcer (Jagan Mohan
Reddy et al., 2014) and antiprotozoal activi-
ties (Garbi et al., 2014). Moreover, other stud-
ies reported the potency of P. juliflora extract
in inhibiting cancer cell growth (Sathiya and
Muthuchelian, 2011). Recent studies have
shown variant cytotoxic potencies of P. juli-
flora extracts against the breast MCF-7 (Gu-
rushidhappa et al., 2018) or the liver/HePG2
(Hassan et al., 2019) cancer cells showing
strong cytotoxic effect. On the other hand, no
study investigated the effects of P. juliflora on
the colorectal cancer cell line, but other
Prosopis species, i.e. P. strombulifera extract
had evidenced cytotoxicity against the colo-
rectal in a dose-dependent manner (Persia et
al., 2016; Cattaneo et al., 2014). Thus, the pre-
sent study aimed to; 1) investigate the poten-

tial anti-cancer effect of P. juliflora ethyl ac-
etate extract on the human breast, liver and
colorectal cancer cell lines; MCF-7, HepG2
and LS-174T, respectively, and compare the
characteristics of cytotoxic potencies in those
cells with a special reference to the cell cycle
arrest, and 2) identify the chemical constitu-
ents of the plant leaves extract.

MATERIALS AND METHODS

Preparation of ethyl acetate extract of
Prosopis juliflora leaves

The leaves of P. juliflora were freshly col-
lected from mature plants grown in Agbet Da-
laa, Asir region, south-west Saudi Arabia
(17°53.863"N-42°24.429"E) in January. The
collected leaves were dried in an oven at
40 °C until a constant weight was obtained.
The dried leaves were crushed into fine
pieces, and then ground with a mill grinder
into powder form. Ethyl acetate (Friedemann
Schmidt, Parkwood, WA, USA) was used as
organic solvent for extraction of the plant
constituents, as following: a) in a sterile flask,
500 ml of 70 % aqueous ethanol was mixed
with 250 g of the powdered leaves and then
left in water bath at 40 °C for 1 h; b) the mix-
ture was kept on stirrer for 7 days at 18-24 °C
in the dark for thorough maceration; c) the
suspension was filtered using Whatman paper
(Thermo Fisher Scientific, Inc., Waltham,
MA, USA), and then evaporated using a ro-
tary evaporator (Ika, Deutschland, Germany)
to obtain crude ethyl acetate extracts and to
separate the solvent; d) the extract was left at
room temperature (20-26 °C) for complete
evaporation for 5 days. The crude extract
weighed 3.723 g, and the extraction yield was
30 % of the ethyl acetate yield; and finally e)
10 mg of the crude extract was diluted with
100 pl of dimethyl sulfoxide (DMSO) as a
stock solution for bioactivity assays.

Cancer cell lines

Adenocarcinoma (MCF-7), hepatocellu-
lar carcinoma (HepG2), and colorectal cancer
(LS-174T) cell lines were obtained from
American Type Culture Collection (ATCC)
(Manassas, VA, USA). Those cell lines were
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cultured in the specific RPMI-1640 media
containing penicillin (100 U/ml); streptomy-
cin (100 pg/ml), and heat-inactivated fetal bo-
vine serum (FBS; 10 %). The cells were prop-
agated in a humidified cell culture incubator
with 5 % (v/v) CO; at 37 °C.

Cytotoxicity assay

The ethyl acetate extract of P. juliflora
was tested for the cytotoxicity of MCF-7,
HepG2 and LS-174T by using Sulforhoda-
mine-B (SRB) assay (Skehan et al., 1990).
The exponentially growing cells were col-
lected using 0.25 % Trypsin-EDTA and
seeded in 96-well plates as 2000 cells/well.
Cells were treated with the plant extract for 72
h and subsequently fixed with trichloroacetic
acid (TCA; 10 %) at 4 °C for 1 h. After sev-
eral washings with distilled water, the cells
were exposed to 0.4 % SRB for 10 min at
room temperature in a dark place and subse-
quently washed with 1 % glacial acetic acid.
After the plates dried overnight, Tris-HCl was
used to dissolve the SRB stained cells. Color
intensity was measured at 540 nm with a
Spectra-Max® ELISA microplate reader
(Molecular Devices LLC, San Jose, CA,
USA). Finally, the half maximal inhibitory
concentration (ICso) was calculated for the
plant extract against each cell line.

Cell cycle analysis

Effect of the plant extract on the cell cycle
distribution of MCF-7, HepG2 and LS-174T
cells was determined by using the flow cy-
tometry analysis (FCA). The cells were sub-
jected to the pre-determined ICso of the free
media (control) or P. juliflora ethyl acetate
extract-treated media for 48 h. After incuba-
tion, the cells were collected by trypsinization
and washed twice with ice-cold PBS and re-
suspended in 0.5 ml of PBS. Two milliliters
of 60 % ice-cold ethanol were added gently
while vortexing and cells were incubated for
fixation at 4 °C for 1 h. Upon analysis, the
fixed cells were washed and resuspended in 1
ml of PBS containing 50 pg/ml RNase A and
10 pg/ml propidium iodide (PI). After 20 min
of incubation in darkness at 37 °C, the cells

were analyzed for DNA content using FL2
(Aex/em 535/617 nm) signal detector (ACEA
Novocyte™ flow cytometer (ACEA Biosci-
ences Inc., San Diego, CA, USA). About
12,000 events occurred per sample. Cell cycle
distribution was calculated using ACEA
Novo-Express™ software (ACEA Biosci-
ences Inc., San Diego, CA, USA).

Apoptosis assay

Effect of P. juliflora ethyl acetate extract
on apoptosis and necrosis of the studied cell
lines was determined by flow cytometry anal-
ysis using Annexin/V-FITC apoptosis detec-
tion kit, according to the manufacturer’s in-
structions (Abcam Inc., Cambridge Science
Park, Cambridge, UK). Briefly, the different
cell lines were treated with the respective ICsg
of the plant extract for 48 h. Subsequently; the
cells were collected by trypsinization, washed
twice with ice-cold PBS, and re-suspended in
0.5 ml of annexin/V-FITC/PI solution for 30
min in dark according to the manufacturer’s
protocol. After staining at room temperature,
the cells were injected into the ACEA Novo-
cyte™ FCA (ACEA Biosciences Inc., San Di-
ego, CA, USA) and analyzed for FITC and
propidium iodide (PI) fluorescent signals us-
ing FL1 and FL2 detectors, respectively
(Aex/em 488/530 nm for FITC and Aex/em
535/617 nm for PI). About 12,000 events
were acquired and positive FITC and/or PI
cells were quantified by quadrant analysis and
calculated using ACEA NovoExpress™ soft-
ware (ACEA Biosciences Inc., San Diego,
CA, USA). Each treatment was repeated three
times and data represents means = SEM of
three replicates.

Chemical composition of the plant extract
Liquid chromatography-mass spectrome-
try (LC-MS) was used to identify the major
chemical compounds in the crude ethyl ace-
tate extract of P. juliflora leaves. Chromato-
graphic analysis was carried out by reverse
phase elution (Waters Symmetry LC18 col-
umn 250 X 4.6 mm, 5 um) on Agilent 6500
Series Accurate-Mass Quadrupole Time-of-
Flight (Q-TOF; Agilent Santa Clara, CA,
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USA) LC/MS system with Agilent 1200 Se-
ries Diode Array Detector (module G1315B;
detection type: 1024-element photodiode ar-
ray; light source: deuterium and tungsten
lamps; wavelength range 190-950 nm). The
mobile phase consisted of (A) formic acid
(0.1 %, v/v); (B) acetonitrile + 0.1 % formic
acid; gradient (in solvent B): (i) 20 %, from 0
to 20 min, (i1) 95 %, from 20 to 27 min, and
(ii1) 35 %, at 27-30 min of total run time; flow
rate: 0.2 ml/min; injection volume 3 L; ESI
parameters: both negative and positive ion
mode; mass range 100-1200 m/z; spray volt-
age 4 kV; gas temperature 325 °C; gas flow
10 L/min; Nebulizer 40 psi and the mass was
analyzed by using Agilent technologies Mass-
Hunter software.

Statistical analysis

The ICso for all cell lines was determined
by EDso plus V1.0 software. All data were ex-
pressed as mean + standard error (SEM) of
three replicates (n = 3). Statistical data were
analyzed by one-way ANOVA and Newman-
Keuls was used as post-hoc test. Graph-Pad

Prism (V5, Co., San Diego, USA) was used
for the statistical analysis. The differences be-

tween groups were considered significant at
*P<0.05.

RESULTS

Cytotoxic and anti-proliferative effects of P.
juliflora extracts against cancer cell lines

The goal of this experiment was to inves-
tigate the anti-proliferative and cytotoxic ac-
tions of P. juliflora leave extract against can-
cer cell lines. This allowed to identify the po-
tential anti-cancer effect of P. juliflora. For
this purpose, MCF-7, HepG2 as well as LS-
174T cancer cells were first incubated for 72
hours with various concentrations (0.01 up to
1000 pg) of P. juliflora ethyl extracts, fol-
lowed by cell viability assay and ICso deter-
mination. Incubation with P. juliflora extracts
showed concentration-dependent cytotoxicity
against all tested cancer cell lines. The calcu-
lated ICso was 18.17, 33.1 and 41.9 pg/ml for
MCF-7, HePG2 and LS-174T, respectively
(Table 1, Figure 2).

Table 1: Half maximal inhibitory concentration (ICso) (ug) for ethyl acetate (E.A.) extract of Prosopis
juliflora against the different human cancer; MCF-7/breast, HepG2/liver and LS-174T/colorectal cell
lines. Effects of the ethyl-acetate extract of the plant against apoptotic and necrotic cell deaths were
also shown. Letters; a, b, denote significant difference at P<0.05.

Human Cancer Cell Lines

MCF-7 HepG2 LS-174T
ICs0 (Hg)
18.4+1.9 33.1+0.6 41.940.2
(el Cy(lzle E.A. Plant Extract vs. Control (Mean + SEM) (n = 3)
Analysis
G0/G1 47.0+0.5° vs. 50.6+0.327 | 51.0+0.6% vs. 42.0+0.7° | 60.9+1.0% vs. 50.3+1.6°
S 30.4+0.4% vs. 27.0+£0.1° | 25.8+0.3" vs. 35.6+1.22 | 25.5+0.6° vs. 30.9+1.52
G2/M 22.6+0.3 vs. 22.4+0.2NS | 23.2+0.4 vs. 22.4+0.8NS | 13.6+0.4° vs. 18.8+0.8?
Pre-G 5.1£0.04 vs. 3.1+1.5N8 0.7+0.1° vs. 1.240.03? | 6.1£0.1 vs. 6.2+0.3NS
FCA Analysis E.A. Plant Extract vs. Control (Mean £ SEM) (n = 3)

Early Apoptosis (%)

0.53%0.1 vs. 0.3740.03NS

0.86+0.1 vs. 0.87+0.04NS

1.441+0.10 vs. 0.92+0.2NS

Late Apoptosis (%)

1.81+0.1 vs. 1.47+0.02NS

3.7140.1 vs. 3.16+0.1NS

6.75+0.93 vs. 5.61+0.3NS

Total Apoptosis (%)

2.3410.2 vs. 1.8440.05NS

4.57+0.2 vs. 4.03+0.1NS

8.1941.03 vs. 6.53+0.5N8

Necrosis (%)

7.66+0.12vs. 2.53+0.1°

3.3640.3? vs. 2.23+0.1°

4.98+0.15 vs. 3.91+0.5N8

Total Death (%)

10.0+0.3? vs. 4.37+0.2°

7.9310.57 vs. 6.26+0.2°

13.17+1.18 vs. 10.44+1.0NS
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Figure 2: Effect of P. juliflora ethyl extracts on the
viability of MCF-7 (A), HePG2 (B) and LS-174T
(C) for breast, liver and colon cancer cell lines, re-
spectively. Cells were exposed to extracts with the
different concentrations for 72 h. Cell viability was
determined after SRB stain. Data were expressed
as mean * SEM for three replicates (n = 3).

In order to investigate the potential anti-
proliferative effects of P. juliflora extracts
against cancer cells, the aforementioned cell
lines were incubated for 48 hours with the re-
spective 1Cso of P. juliflora extracts. Subse-
quently, the cell cycle phases were analyzed
using DNA content flow cytometry. The plant
leave extract arrested the cell cycle stages and
exerted anti-proliferative effects in the tested
cancer cell lines (Table 1, Figure 3). The ex-
tract significantly decreased the G1-phase cell
population in the MCF-7 with reciprocal in-
crease of the S-phase cells (Table 1, Figure
3A), but those of the later S-phase, were sig-
nificantly decreased in both the HePG2 (Ta-

ble 1, Figure 3B) and the LS-174T cells (Ta-
ble 1, Figure 3C) in response to the plant ex-
tract with reciprocal increase of the G0/Gl
phases compared to their respective controls
(P<0.05). Interestingly, the plant extract also
significantly decreased the G2/M-checkpoint
cells in the LS-174T, indicating a strong anti-
proliferative effect compared to control (Ta-
ble 1, Figure 3C). These results suggest that
P. juliflora extracts induce cell specific anti-
proliferative action.

In order to identify the form of cell death
induced by P. juliflora extracts, the tested
cancer cell lines were incubated for 48 hours
with the respective analysis using Annexin/V-
FITC ICs of the plant extracts. Subsequently,
apoptotic and necrotic cells were differenti-
ated by flow cytometry apoptosis detection
assay. The ethyl acetate extracts of P. juliflora
leaves did not induce significant apoptotic
death in all tested cell lines compared to their
respective controls (Table 2, Figure 4). In
contrast, the plant extract significantly in-
creased the number of necrotic cells and the
total cell death of both the MCF-7 and HePG2
cells population (Table 2, Figure 4A, B)
(P<0.05). Likewise, the plant extract non-sig-
nificantly increased the necrotic cell popula-
tion and total cell death of the LS-174T com-
pared to their controls.

Chemical composition of P. juliflora ethyl
acetate extract

The previous chapter shows that P. juli-
flora extracts have a potential anti-cancer ef-
fect against breast adenocarcinoma, hepato-
cellular carcinoma, and colorectal adenocar-
cinoma cell lines. In order to identify the anti-
cancer constituents of P. juliflora, the chemi-
cal composition of the ethyl extracts was
identified by using the liquid chromatog-
raphy-mass spectrometry (LC-MS). The ma-
jor chemical compounds identified in the
ethyl extracts of P. juliflora leaves were hy-
droxymethyl-pyridine, nicotinamide (NAM;
vitamin B3), adenine, and poly-(methyl meth-
acrylate) (PMMA) (Table 2, Figure 5). In
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conclusion, analysis of P. juliflora crude ex-
tract revealed enrichment of anti-cancer con-
stituents.
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Figure 3: DNA cytometry analysis showing the effects of ethyl acetate extract of Prosopis juliflora on
cell cycle distribution of MCF-7 (A), HePG2 (B) and LS-174T cells (C). Cells were exposed to ethyl
acetate extract for 48 h. The different cell phases were plotted as percentage of total events. Sub-G cell
population was plotted as percent of total events of cells. Data was presented as mean + SEM for three
replicates (n=3). The differences of events from each respective control were considered significant at
*P<0.05.
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Table 2: Chemical compounds identified in ethyl acetate extract of Prosopis juliflora by using the liquid

chromatography mass spectrometry (LC-MS)

X RT Measured Chemical MS/MS Fragment Proposed Library
§ (min) m/Z Formula compound score
11 2.05 110.0575 CsH7NO 107.0417, 108.0417, Hydroxy- 28.6
109.0985, 110.0576, methylpyridine
111.1139, 112.1176,
114.0528, 114.0633,
114.0884
19 2.19 123.0519 CsHsN20 120.0533, 121.0252, Nicotinamide 87.3
123.0520 123.1145, (NAM)
124.0555, 125.0936, (vitamin B3)
126.0524, 127.1086
32 2.23 136.0455 CsHsNs 136.0577, 137.0611 Adenine 95.7
2.15 136.0580 136.0578, 137.0610
128 3.03 180.0978  (CsHsO2)n 177.1231, 177.9904, Poly-(methyl 29.2
178.0798, 178.1122, methacrylate)
179.1025, 179.1388, PMMA
180.0619, 180.0977,
181.0806, 181.1543,
182.0770, 182.1132,
183.0612, 183.0744,
183.0966, 183.1343,
184.0904, 185.0756
Figure 4: DNA cy-
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Figure 5: The major chemical compounds of Prosopis juliflora identified by the liquid-chromatography

mass spectrometry (LC-MS)

DISCUSSION

In the present study we report a potential
anti-cancer effect of Prosopis juliflora leave
extract against three types of human cancer
cell lines; MCF-7/breast, HePG2/liver and
LS-174T/colorectal carcinomas. Breast can-
cer, hepatocellular carcinoma (HCC) and col-
orectal cancer (CRC) are frequent metastatic
adenocarcinomas affecting human with
higher mortalities. MCF-7 is widely used for
in vitro breast cancer studies as a human
breast adenocarcinoma with unique proper-
ties (Levenson and Jordan, 1997). MCF-7
cells are fairly large adherent cells, with typi-
cal cell size of 20-25 microns, and their
growth could be inhibited by the tumor necro-

sis factor alpha (TNF alpha) and the antiestro-
gens such as insulin-like growth factor-1
(IGF-1) (Fagan et al., 2017; Venugopal et al.,
2017). There are eight HCC cell lines (Jung et
al.,2012); HepG2 is a human hepatoma of ep-
ithelial-like morphology commonly used in
drug metabolism and hepatotoxicity studies
(Donato et al., 2015). HepG2 cells are charac-
terized by higher rates of proliferation and se-
cretion of a variety of plasma proteins, like al-
bumin, transferrin, fibrinogen, alpha-2 mac-
roglobulin, alpha-1 antitrypsin and plasmino-
gen (Knowles et al., 1980). Colorectal cancer
is the 3™ most common cancer in the world
(Xu et al., 2015). LS-174T was documented
for production of high-molecular-weight mu-
cins (Belley et al., 1996).
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Breast cancer is the most leading cause of
women death due to its serious malignancy
(Siegel et al., 2015) and still remains an incur-
able disease (Jamalzadeh et al., 2017). Sev-
eral studies proposed P. juliflora as a candi-
date anticancer agent (Jamalzadeh et al.,
2017). Based on the plant cytotoxicity and the
present results of ICso on the different cancer
cells, it was clear that the plant leave extract
showed higher cytotoxic specificity against
the breast cancer cell line, MCF-7, rather than
the other cancer cell lines; HePG2 and LS-
174T, of liver and colorectal cancer, respec-
tively. Our results were consistent to recent
study reported that MCF-7 is highly sensitive
to the killing effect of P. juliflora methanol
extract that exerting low ICso; 19.4 pg/ml
(Hassan et al., 2019). The time, order and se-
quence of cell cycle events are monitored by
the checkpoints occurred at the G1/S bound-
ary, S-phase, and G2/M-phases (MacLachlan
et al., 1995). Those checkpoints are control
systems which enable the cell to proliferate
only in response to stimulatory signals as
growth factors with serving the genetic infor-
mation and hereditary among generations
(Pucci et al., 2000). They are activated by the
DNA damage growth arrest at the mitotic
spindle and so allow the cell to repair the dam-
age and resume the cell cyclicity, but if the
damage could not be repaired, the cell under-
goes apoptosis (Pucci et al., 2000). When
DNA is damaged, cell cycle checkpoints indi-
cate the proper execution of the cycle events
in different pathways, as; a) blocking the cell
entry into mitosis that is denoted by G2/M
phase arrest (Taylor and Stark, 2001), b) pre-
venting DNA duplication as referred by S-
phase arrest (Taylor and Stark, 2001). How-
ever, the cell cycle arrest and apoptotic path-
ways depend on the cell type and the anti-
cancer agent (Habtemariam, 2020). There-
fore, the ability of the different cancer cell
lines; MCF-7, HePG2 and LS-174T, to re-
lease the mitochondrial or nucleic intrinsic
factors in response to the tested plant extracts’
compounds was variable in sensitivity. Ethyl
extract of the P. juliflora leaves inhibited the
cell growth and proliferation at G1, S- or

G2/M phases in HePG2 and LS-174T, but not
the MCF-7.

Natural products extracted from plants
could provide novel anticancer drugs (Shahali
et al., 2018). Likewise, our study presents the
invasive plant; Prosopis juliflora, as a natural
source of anticancer chemical compounds, i.e.
hydroxy = methylpyridine,  nicotinamide
(NAM), adenine and poly-(methyl methacry-
late) (PMMA). All of those major compounds
involved in P. juliflora were approved as an-
ticancer agents in several studies. The cyto-
static or cytotoxic properties of the hydroxy-
methylpyridine were recently investigated by
several studies (Radko et al., 2019). Nicotin-
amide (NAM), the amide form of niacin (i.e.
vitamin B3, endogenous metabolite) plays a
major role in the metabolic pathway for pro-
duction of nicotinamide adenine dinucleotide
(NAD") (Gasperi et al., 2019). NAM further
was found to arrest the cancer microenviron-
ment by suppression of cancer associated fi-
broblasts (CAF) proliferation through in-
creasing the cellular oxidative stress in vitro
(Hassan et al., 2020). Adenine is a purine de-
rivative synthesized in human liver and also
found in brewer’s yeast and vegetables (Lai et
al., 2019) and detected in P. juliflora. 1t is
pharmacologically used in several biological
processes like cellular respiration, deoxyribo-
nucleic acid (DNA) in protein synthesis and
also as a component of the former nicotina-
mide (Lai et al., 2019). Recently, adenine was
strongly approved for inhibition of growth
and proliferation of the colorectal cancerous
cells through apoptotic and autophagic path-
ways of cell death (Lai et al., 2019). Poly-me-
thyl methacrylate (PMMA) is a biocompati-
ble polyester with high resistance to chemical
hydrolysis, high drug permeability and safety
(Khan et al., 2019). Furthermore, PMMA par-
ticles inhibited the cancer cell viability in
highly selective and dose-dependent manner
through nucleus condensation, augmentation
and so disintegration (Siegel et al., 2015). The
HePG2 and LS-174T could be more sensitive
to nicotinamide rather than those of MCF-7,
and the later cells were more responsive to the
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antiproliferative agent poly-(methyl methac-
rylate) PMMA detected in the P. juliflora
leaves extract.

CONCLUSION

As per our knowledge, this is the first re-
search report comparing the effects of ethyl
acetate extract of Prosopis juliflora leaves on
three types of human cancer cell lines; MCF-
7/breast, HePG2/liver and LS-174T/colorec-
tal carcinomas. The present study showed that
ethyl acetate extract of P. juliflora leaves ex-
erted higher cytotoxic effect on MCF-7 rather
than HepG2 and LS-174T showing antiprolif-
erative effects in different pathways through-
out the cell stages. Furthermore, necrosis and
increased total cell death were the most prom-
inent effect detected with variant degrees of
significance in the tested cells.
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