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Abstract

The Citrullus colocynthis L is a perennial herbaceous plant belonging to the family Cucurbitaceae. Several
pharmacological investigations have been performed based on the medicinal application of Citrullus
colocynthis. The anticancer and antidiabetic activities of fruit and seed extracts of Citrullus colocynthis have
been studied. Newly developed anticancer/antitumor medications appear to have been developed based on the
extracted chemicals from Citrullus colocynthis due to the high contents of cucurbitacins. The present study
aimed to identify the cytotoxic effect of the crude alcoholic extract of plants of Citrullus colocynthis on the
growth of human hepatocyte carcinoma (Hep-G2). The results of the chemical (preliminary) examination of the
extract indicated that the fruits contain most of the secondary metabolites including Flavonoids, Tannins,
Sapiens, Resins, Amino acids, Glycosides, Terpenes, Alkaloids, and Flavonoids. The toxicological effect of the
crude extract was investigated by using six half dilutions concentrations of 20,10,5,2.5,1.25, and 0.625 pg/m at
three exposure periods of 24,48, and72 h using MTT testing. The toxicological effect of the extract appeared for
all six concentrations in the Hep-G2 cell line. The highest concentration of 20 pug/ml had the highest percentage
inhibition rate with a significant difference (P<0.01) and reached 93.36 +1.61 after 72 h of exposure. While the
lowest concentration of 0.625 pg/ml was recorded rate of inhibition of 23.36 + 2.34 after 24 h of exposure. The
findings of the present study concluded that the Citrullus colocynthis is one of the most promising medicinal
plants which effectively treats cancer through its inhibitory effect and fatal toxicity on cancer cells.
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1. Introduction

Complementary or alternative medicine using
medicinal plants plays a key role in maintaining human
health and improving their life path. Increasing interest
in studying medicinal plants is reflected in the number
of recent publications as they contain a large number of
medically effective ingredients which reflect their great
therapeutic potential, and are distinguished from
chemical drugs by their therapeutic effects as well as
their low side effects (1). Cancer is a leading cause of
death worldwide including a group of diseases in which
cells abnormally multiply and spread to other nearby

tissues (2). Two types of tumors are common in cancer:
benign tumors and malignant tumors. Cancer affects
most tissues and organs of the body such as the breast,
liver, stomach, lung, colon, and skin among which
breast, liver, and lung cancer are the most common
ones in the world (3).

The Citrullus colocynthis L is a perennial herbaceous
plant belonging to the family Cucurbitaceae which is a
semi-arid plant found in Arab countries, along the coasts
of the Mediterranean Sea and Caspian Sea, North Africa,
Turkey, Iran, Afghanistan, India, Pakistan, and Sri Lanka
(4). Citrullus colocynthis L has several designations,
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including bitter apples, bitter cucumbers, or bitter
pumpkins (5) which is used to treat many diseases such
as diabetes, ulcers, asthma, urinary tract infections,
mastitis, jaundice, and cancers (6). Several parameters
such as nutritional facts and data are noticed when
considering the quality of food. The fruit of Citrullus
colocynthis is approved for feeding animals and humans
alongside medicinal applications. The nutritional and
functional properties of the seeds of Citrullus colocynthis
have been investigated by the United States Department
of Agriculture (USDA) which indicates that these seeds
potentially find a place in the food industry. Several
pharmacological investigations have been performed
based on the medicinal application of Citrullus
colocynthis. The anticancer and antidiabetic activities of
fruit and seed extracts of Citrullus colocynthis have been
studied. Newly developed anticancer/antitumor
medications appear to have been developed based on the
extracted chemicals from Citrullus colocynthis due to the
high contents of cucurbitacins. Therefore, the present
study aimed to identify the cytotoxic effect of the alcohol
extract from the fruits of Citrullus colocynthis on the
growth of human hepatocyte carcinoma (Hep-G2)
(Figure 1).

Figure 1. The fruits of the Citrullus colocynthis L

2. Materials and Methods

2.1. Preparation of Plant Materials and Extracts
The crude alcohol extract of the fruit of Citrullus
colocynthis was prepared by adding 50 g of plant
powder to 250 ml of 70% ethanol, and the mixture was
placed on a magnetic stirrer at room temperature for 3

days. Then the mixture was filtered with gauze and
paper (Whatman No.1). The filter was placed in the
incubator for drying. The extract was then distributed
after drying and stored in glass bottles at 4 © C. Then,
0.1 g of dry extract was dissolved in 10 ml of serum-
free RPMI medium when preparing the original extract
(stock). Finally, the required concentrations of
20,10,5,2.5,1.25, and 0.625 pg/ml were prepared after
sterilizing with 0.4 and 0.22 pum filter paper.

2.2. Cancer Cell Line (Hep-G2)

This cell line was cultured with passage 25 by the
Faculty of Nursing, the University of Babylon,
Babylon, Irag. The cell line was developed on RPMI-
1640 medium supplied with 10% bovine serum. After
complete monolayer formation, cells were treated with
Trypsin-Versene solution to divide them on another
secondary culture.

2.3. Preparation of Cancer Cell Line Medium

The culture medium was prepared according to
Freshney (7) by mixing its components to prepare one
liter of it and sterilizing using 0.22 um filter paper. The
culture medium was then distributed in 200 ml airtight
glass bottles and samples were kept at -20° until use.
Where the steps for tissue culture were performed
under sterile conditions including the addition of 2 ml
of Trypsin-Versene solution, a tissue culture vial of 25
cm?® containing cells was performed after emptying it
from the old culture medium. The vial was then gently
moved and incubated at 37 °C for 15 min to decompose
the adherent cells into single cells, after that
approximately 15 ml of new growth medium (RPMI-
1640) was added to the vial containing the loose cells.
The vial was stirred well and then emptied. The
contents of the vial containing the new culture medium
with the cells were transferred to another new vial so
that the level of the culture medium with the cells was
equal between the two vials in which approximately the
same volume of the culture medium was placed with
the cells. The bottles were incubated for many days at
37°C after writing full information about the type of
cells on them. Then, the secondary culture and the
follow-up were performed.
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2.4. Preparation of Methyl Thiazolyl Tetrazolium
(MTT) dye

The solution was prepared according to the method of
Betancur-Galvis, Morales (8) by dissolving 0.005 g of
dye powder in 1 ml of Phosphate Buffered Saline
(PBS) in a beaker placed on a magnetic stirrer. Then,
the dye was filtered through a 0.22 um filter paper to
remove the blue crystals. The dye was stored under
sterile conditions and in a dark place to prevent
oxidation in the light.

2.5. Detection of the Toxic Effect of Plant Extracts
by MTT Assay

* The suspended cells were prepared by treating the
layer of cells grown in a tissue culture bottle of 50 cm?®
with a solution of Trypsin-Versene and 20 ml of culture
medium containing serum was added. Then, 10% of the
cell suspensions were mixed well and 0.2 ml was
transferred after each well mixing into a pit of a plate
Calibration using Micropipette.

* The container remained in the incubator at 37 ° C
for 12-18 h until the cells adhered to the hole, after
which the old culture medium was removed from the
holes. Then, 0.2 ml of the previously prepared
concentrations of the extract was added with four
replicates for each concentration also to four replicates
for control.

After the exposure time specified for the incubation,
the plate was removed from the incubator. The cells
were washed with prepared phosphate buffer saline
(PBS) after removing the culture medium. Then, 0.1 ml
of MTT stain was added to each hole and left for 3 h.
The contents of the plate in the incubator were
neglected for some time and cells adhered to the
bottom of the hole turned yellow. Finally, 0.1 ml of
DMSO solution was added. The results were read using
an ELISA Microplate Reader at 492 nm.

» The previous steps were performed on the cancer
cell line with three exposure times of 24, 48, and 72 h.

* The growth inhibition percentage was calculated for

each concentration of the extract by calculating the
growth inhibitory rate using the following equation (9-
11).
Inhibition rate (IR) = A- B/ A * 100
Where:
IR= percentage of inhibition rate
A = optical density of control samples
B = optical density of the test samples
2.6. Statistical Analysis

The effect of differences in the parameters of the
study was identified using SAS (2012) and a significant
difference was used to compare the means in this study
by the LSD test.

3. Results

3.1. Detection of Chemical (Primary) to Secondary
Metabolites in the Crude Alcoholic Extract of the
Fruit of Citrullus colocynthis

Table 1 presents the results of the chemical detection
of the effective groups of the alcoholic extract of the
fruit of Citrullus colocynthis which confirm the
presence of many effective compounds including
Saponins, Terpenoids, Flavonoids, Amino Acids,
Phenols, Glycosides, Tannins, Resalosids, Iridoids.
These results are consistent with the findings of many
studies, including Hussain, Rathore (12).

Table 1. The results of chemical detection in the crude
alcoholic extract of the fruit of Citrullus colocynthis

Chemical Group Results

Alkaloids +
Amino Acids
Flavonoids
Terpenes
Phenols
Tannins
Iridoid glycosides
Resins
Saponins
Glycosides

S e

(+) the presence of the active substance
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When the Hep-G2 cell line was treated with different
concentrations of the crude alcoholic extract of the plant
for exposure time of 24, 48, 72 h to test the toxicity of
the plant extract towards the cancer cells, the results
indicated that inhibition was observed in cell
proliferation at the six concentrations. This inhibition
increases with increasing concentration and exposure
time. Table 2 and figures 2 and 3 show that the extract
has an inhibitory effect on the cancer cell vitality (Hep-
G2) for all concentrations with significant differences

from the control group, where the highest rates of cell
growth inhibition reached at a concentration of 20 pug/m
and for all exposure times of 42, 48, 72 h were 54.58 +
2.30%, 80.39 + 0.74 %, and 93.36 + 1.61 %, respectively
with high significant differences with probability level
P<0.01. When the lowest percentage of growth
inhibition of Hep-G2 cells appeared at the lowest
concentration of 6.25 pg/m for an exposure time of 24 h,
the percentage of inhibition was 23.36 +2.34 % which is
called the dose and time-dependent phenomenon.

Table 2. The effect of alcoholic extract of the fruit of Citrullus colocynthis on the growth of human Hepatocellular cancer (Hep-G2) cell
line during exposure times of 24, 48, and 72 h

Mean + SE

Conc. (ug/ml) > h 28 h > h LSD value
0.625 23.36 +2.34° 28.55 +0.86° 38.84 +0.55% 5.10 **
1.25 27.30 £1.79° 35.20 £1.63° 52.51 +1.592 5.81 **
25 34.39 +0.29° 40.23 +£1.28° 57.79 +0.66° 2.94 **
5 40.09 +0.39° 57.43 £1.10° 70.38 +1.98° 4.61 **
10 43.68 £1.67°¢ 68.04 +0.63° 87.25 +2.622 6.35 **
20 54.58 +2.30° 80.39 +0.74° 93.36 +1.61° 5.80 **
LSD value 5.19 ** 3.39 ** 5.14 ** ---

Figure 2. (A) The effect of crude alcoholic extract of Citrullus colocynthis on (Hep-G2) of 20 ug/mL, (B) compared to control (without

extract) in (Hep-G2) cell line, after exposure for 72 h

100 7°

W24hr. m48hr. mW72hr.

inhibition Rate (IR)

€:0.625 'C:1:25

C:2:5 C:5 C:10 C:20
Conc. (ug/ml) and Time

Figure 3. The effect of alcoholic extract of the fruit of Citrullus Colocynthis on the growth of human Hepatocellular cancer (Hep-G2)

cell line
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4. Discussion

Studies have proven that modern medicine reduces
the risk factors for cancer and continues research into a
few secondary effects of treating diseases. Accordingly,
natural products were used, which were of increasing
importance as they have preventive and therapeutic
effects for cancer with no side effects (13). The present
study reinforced the findings of many researchers in
various studies about the anti-cancer activity of plant
extracts, and this effect mainly depends on the
concentration, the type of extract, and the sensitivity of
cancer cells (14).

The fruits of Citrullus colocynthis contain effective
compounds which inhibit the growth and kill tumor
cells by affecting the physiological state of these cells,
and some of these compounds also stop the life cycle of
cancer cells at a certain stage and prevent their
multiplying (15).

Mechanisms by which some secondary metabolites of
plant extracts are involved include the stimulation of
cancer cells to apoptosis (16), where cancer cells have
unique characteristics that their natural counterparts
lack, as they are characterized by opportunism, ability
to invade, spread, and hyper-need, as well as on the
occurrence of changes in their proteins and surface
antigens. Also, the permeability of cancer cell
membranes facilitates the random and irregular entry of
compounds into them which negatively affects these
cells and their response to the anti-substances to which
they are exposed (17). Also, some factors, genes, or
proteins in cancer cells are different from those in
normal cells and can be the target of the secondary
metabolic compounds affecting cancer cells, including
the enzyme Telomerase which is found in the cancer
cells and perpetuates the production of DNA (18). It
also inhibits the enzyme of Topoisomerase and stops
the growth of the cancer cell to enter the stage of
programmed death (19).

Field and Schley (20) also found that the alcoholic
extract of fruits of the Citrullus colocynthis has
effective therapeutic effects for many cancers,

including liver and breast cancer (Mcf-7) in humans.
The linoleic acid in alcoholic extracts increases tumor
suppressor genes that regulate Estrogen (21). Another
study demonstrated that alcoholic extract of Citrullus
colocynthis suppresses the growth of cancer cells in
colon cancer due to its antioxidants, including
Flavonoids (Isosaponarin, Isovitexin, and isoorientin 3-
O-methyl ether) (22).

Citrullus colocynthis has attracted the attention of
researchers for treating cancer due to having
Cucurbitacin and its derivatives which strongly inhibit
several types of cancer by influencing pathways such as
Janus kinase (JAK)/signal transducers and activators of
transcription (STATs), Wnt (integrated or int-1.)
signals, and the pathway of Mitogen-Activated Protein
Kinase (MAPK) which play an important role in
regulating the immune system. Cucurbitacin has been
shown to inhibit cancer growth via a wide range of
mechanisms, including proapoptosis, induction of
autophagy, cell cycle arrest, inhibition of cancer
invasion, and migration, and also modulate multiple
intracellular  signaling pathways (23). Bourhia,
Messaoudi (24) found that Citrullus colocynthis had
toxic effects on two types of cancer lines, colon
adenocarcinoma (HT-29) and breast cancer (MDA-
MB-231) in humans as the chemical compounds found
in bitter melon extracts such as ethylbenzene,
tetrachloroethylene act alone or in a possible synergy
with other substances found in the plant to have a toxic
effect on HT-29 and MDA-MB-231 cells.

Authors' Contribution

Study concept and design: Z. A. A. M.

Acquisition of data: I. H. A.

Analysis and interpretation of data: L. H. S.

Drafting of the manuscript: I. H. A.

Critical revision of the manuscript for important
intellectual content: L. H. S.

Statistical analysis: Z. A. A. M.

Administrative, technical, and material support: Z. A.
A. M.



1394 Sagban et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1389-1395

Ethics

The study protocol were approved by the ethics
committee of the University of Kerbala, Kerbala, Iraqg.

Conflict of Interest

The authors declare that they have no conflict of
interest.

References

1. Fakhri S, Moradi SZ, Farzaei MH, Bishayee A,
editors. Modulation of dysregulated cancer metabolism by
plant secondary metabolites: A mechanistic review.
Seminars in cancer biology; 2020: Elsevier.

2. Colditz GA, editor. Encyclopedia of cancer and
society. Sage Publications; 2007 Sep 12.
3. Fattahi S, Ardekani AM, Zabihi E, Abedian Z,

Mostafazadeh A, Pourbagher R, et al. Antioxidant and
apoptotic effects of an aqueous extract of Urtica dioica on
the MCF-7 human breast cancer cell line. Asian Pac J
Cancer Prev. 2013;14(9):5317-23.

4, Pravin B, Tushar D, Vijay P, Kishanchnad K.
Review on Citrullus colocynthis. Int J Res Pharm Chem.
2013;3(1):46-53.

5. Amamou F, Bouafia M, Chabane-Sari D, Meziane
RK, Nani A. Citrullus colocynthis: a desert plant native in
Algeria, effects of fixed oil on blood homeostasis in Wistar
rat. J Nat Prod Plant Resour. 2011;1:1-7.

6. Mukherjee A, Patil SD. Effects of alkaloid rich
extract of Citrullus colocynthis fruit on Artemia salina and
human cancerous (MCF-7 and HEPG-2) cells. J Pharma
Sci Tech. 2012;1:15-9.

7. Freshney RI. Culture of animal cells: a manual of
basic technique and specialized applications: John Wiley &
Sons; 2015.

8. Betancur-Galvis LA, Morales G, Forero J, Roldan J.
Cytotoxic and antiviral activities of Colombian medicinal
plant extracts of the Euphorbia genus. Mem Inst
Oswaldo Cruz. 2002;97(4):541-6.

9. Abdul-Majeed M. Induction and characterization of
SU99 plasmacytoma cell line and its effects on mice
immune response: Ph. D. Thesis, College of Science, AL-
Nahrain University, Iraqg; 2000.

10. Kareem SH, Naji AM, Taqgi ZJ, Jabir MS.
Polyvinylpyrrolidone  loaded-MnZnFe204  magnetic
nanocomposites induce apoptosis in cancer cells through
mitochondrial damage and P53 pathway. J Inorg

Organomet Polym Mater. 2020;30(12):5009-23.

11. Khashan KS, Jabir MS, Abdulameer FA. Carbon
Nanoparticles prepared by laser ablation in liquid
environment. Surf Rev Lett. 2019;26(10):1950078.

12. Hussain Al, Rathore HA, Sattar MZ, Chatha SA,
Sarker SD, Gilani AH. Citrullus colocynthis (L.) Schrad
(bitter apple fruit): A review of its phytochemistry,
pharmacology, traditional uses and nutritional potential. J
Ethnopharmacol. 2014;155(1):54-66.

13. Wang H, Oo Khor T, Shu L, Su Z-Y, Fuentes F,
Lee J-H, et al. Plants vs. cancer: a review on natural
phytochemicals in preventing and treating cancers and their

druggability. Anticancer  Agents Med Chem.
2012;12(10):1281-305.
14, Jordan M. Mechanism of action of antitumor drugs

that interact with microtubules and tubulin. Curr Med
Chem Anticancer Agents. 2002;2(1):1-17.

15. Gao S, Yu B-P, Li Y, Dong W-G, Luo H-S.
Antiproliferative effect of octreotide on gastric cancer cells
mediated by inhibition of Akt/PKB and telomerase. World
J Gastroenterol. 2003;9(10):2362.

16. Rajabi S, Maresca M, Yumashev AV, Choopani R,
Hajimehdipoor H. The most competent plant-derived
natural products for targeting Apoptosis in cancer therapy.
Biomolecules. 2021;11(4):534.

17. Mohsenzadeh S, Najafi L, Amirghofran Z, Khosravi
AR. Cytotoxic activity of Isatis campylocarpa, an Iranian
endemic plant, on human cancer cell lines. J Cell Mol Res.
2009;1(1):51-6.

18. Thelen P, Wuttke W, Jarry H, Grzmil M, Ringert R-
H. Inhibition of telomerase activity and secretion of
prostate specific antigen by silibinin in prostate cancer
cells. J Urol. 2004;171(5):1934-8.

19. Chen LL, Holden JA, Choi H, Zhu J, Wu EF, Jones
KA, et al. Evolution from heterozygous to homozygous
KIT mutation in gastrointestinal stromal tumor correlates
with the mechanism of mitotic nondisjunction and
significant ~ tumor progression. Mod Pathol.
2008;21(7):826-36.

20. Field CJ, Schley PD. Evidence for potential
mechanisms for the effect of conjugated linoleic acid on
tumor metabolism and immune function: lessons from n— 3
fatty acids. Am J Clin Nutr. 2004;79(6):1190-8.

21. Wang L-S, Huang Y-W, Sugimoto Y, Liu S, Chang
H-L, Ye W, et al. Conjugated linoleic acid (CLA) up-
regulates the estrogen-regulated cancer suppressor gene,
protein tyrosine phosphatase y (PTPy), in human breast
cells. Anticancer Res. 2006;26(1A):27-34.



Sagban et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1389-1395 1395

22. Bourhia M, Bouothmany K, Bakrim H, Hadrach
S, Salamatullah AM, Alzahrani A, et al. Chemical
Profiling, Antioxidant, Antiproliferative, and
Antibacterial Potentials of Chemically Characterized
Extract of Citrullus colocynthis L. Seeds. Separations.
2021;8(8):114.

23. Samuel A. Cucurbitacins and its anticancer
property: a review. Himal J Health Sci. 2019:17-23.

24. Bourhia M, Messaoudi M, Bakrim H, Mothana RA,
Sddiqui NA, Almarfadi OM, et al. Citrullus colocynthis
(L) Schrad: Chemical characterization, scavenging and
cytotoxic activities. Open Chem. 2020;18(1):986-94.



