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Background: Ecballium elaterium is a Mediterranean plant that grows wild in Palestine and is re-
ported to have a wide range of biological activities.  
 
Methods: In the ongoing study, the total phenol content using Folin–Ciocalteu assay, antioxidant 
activity using DPPH assay and anticancer activity using MTT and LDH assays against skin mela-
noma (B16–F1) cell line of the E. elaterium leaf aqueous extract were evaluated.  
 
Results: The estimated phenol content by Folin-Ciocalteu method was equal to 48.5 mg/g in GA 
equivalent. Moreover, the recorded DPPH scavenging power of E. elaterium aqueous extract (27.8 
± 0.13 %) with 66.2 ± 0.41 µg/mL IC50 value. Additionally, the cytotoxic and cytostatic anticancer 
activity of this extract against skin melanoma was determined using MTT and LDH assays. Re-
garding the obtained MTT results, the aqoueus extract from E. elaterium was not significantly 
cytotoxic or cytostatic effective compared to the control, but still a significant difference between 
the extract cytostatic and cytotoxic effect. Furthermore, LDH data showed that this extract signifi-
cantly worked as a cytotoxic and cytostatic agent with no significant difference between its cytotox-
ic and cytostatic activity.  
 
Conclusion: E. elaterium leaf aqueous extract was found to be a possible effective resource for anti-
cancer and antioxidant medications.  

DOI:  10.35192/jjoas-n.v18i1.1916  
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Introduction 
 

Cancer is one of the chronic diseases and is rated as the second 
leading cause of death after cardiovascular diseases (1). The most 
common therapeutic approaches for cancer are surgery, chemothera-
py, radiation therapy, and their combinations (2). Although these 
methods are effective in cancer management, but there are still some 
drawbacks, including anemia, appetite loss, fatigue, and alopecia (3). 
According to that, there is a real need to find safe and potent alterna-
tive therapies. World Health Organization (WHO) statistics pointed 
out that 80 % of medicinal plants are utilized worldwide to treat 
different disorders (4). In this aspect, plants are considered one of the 
most important resources for cancer chemotherapeutic agents (5). So, 
searching for the presence of anticancer agents in these medicinal 
plants has increased in recent years. Several studies reported that 
phenol, flavonoid, and alkaloids exhibited antitumor activity (6-8). 
These phytochemicals are available in several plant species, including 
E. elaterium (L.) A. Rich. (Hence EE) which is a monotypic species of 
the family Cucurbitaceae (9). The common name for this wild plant 
species is squirting or spitting cucumber (10). E. elaterium is widely 
distributed throughout the Mediterranean, including its islands and 
also the Canary Islands and the Azores, the Middle East, eastwards to 
Iran and Azerbaijan, and Europe (11). E. elaterium has been used 
traditionally for therapeutic purposes for some diseases, for example 
sinusitis, liver disorders, rheumatic diseases, and fever. In addition to 
the folkloric use of E. elaterium, there are numerous studies concern-
ing the anti-inflammatory, antimicrobial, cytotoxic, immunomodula-
tory and hepatoprotective effects of this plant species (12-15). The 
anticancer activity of this plant species and its chemical constituents 
has also been explored in prior studies. In the light of reported stud-
ies, E. elaterium extracts and purified compounds showed anticancer 
effect gainst ovarian cancer (16); human stomach adenocarcinoma 

cell line and esophageal squamous cell carcinoma (17); non-small cell 
lung carcinoma cell line (18); human glioblastoma cell line (19); hu-
man osteosarcoma cells (20); breast cancer cells (21); human colonic 
adenocarcinoma and fibrosarcoma cancer cell lines (22); human gas-
tric (MKN-45) and breast (MCF-7) cancer cell lines (23) and  human 
hepatoma (HepG2) cells (24). As far as we know, no previous re-
search has investigated the anticancer effect of the aqoueus extract 
from E. elaterium grown wild in Palestine against skin melanoma 
(B16–F1) cell line. So, this study addresses the anticancer potential of 
this extract, besides the analysis of its antioxidant activity and total 
phenol content.  

 
Methods 

 
Plant Material and Extract Preparation 

 
E. elaterium was collected from West Bank, Palestine and classified 

by plant taxonomist Ghadeer Omar, Department of Biology & Bio-
technology, An-Najah National University, Palestine. Representative 
plant sample was pressed till dry, treated chemically, mounted on 
herbarium sheet, provided with voucher number (1753) and deposit-
ed at An-Najah National University Herbarium.  

The plant material for the bioactivity study was prepared accord-
ing to Omar et al method (25). Leaves of the plant species were 
washed with water, air dried in shade away from sunlight. After that, 
the dried parts placed in a grinder and crushed to get a fine powder. 
Five grams of the obtained powder were soaked in 100 of mL warm 
and sterile distilled water. The aqueous mixtures were subjected to 
rotary shaking at room temperature for a week. After that, the mix-
tures were centrifuged for 10 min at 4500 rpm. Then, the obtained 
supernatant from leaf extract was filtrated and evaporated by freeze-
drying. 
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Total Phenol Content (TPC)  
 

E. elaterium aqueous extract total phenolic content of was deter-
mined using Folin–Ciocalteu method of Slinkard and Singleton (26) 
with slight modifications as the assay was applied using microplate 
(27). The method was adapted to microplate assay and adjusted to 
small volumes as follows: 20 µL of extract (1000 µg/mL) were mixed 
with 100 µL of Folin-Ciocalteau reagent (1:10 diluted) in a well. After 
that, 100 µL of sodium carbonate (7.5%) was added to each well and 
incubated at 25 °C for 30 min in dark. Then, the absorbance was 
measured using a microplate reader at 765 nm (Labtech, UK). The 
sample was tested in triplicate and a calibration curve with ten data 
points for various concentrations of gallic acid solutions (100-0.195 
µg/mL) was obtained. The total phenolic content was calculated ac-
cording to Singleton and Rossi (28) method and expressed as mg of 
gallic acid equivalents per gram of extract using the following formu-
la: 

 
 
 
 
Where  

C = total phenolic content in mg/g in gallic acid equivalent,   
C1 = concentration of gallic acid established from the standard curve 
in mg/mL, 
 V = volume of extract in mL, and m = the weight of the plant extract 
in g. 

 
 

DPPH Antioxidant activity  
 
 
The free radical assay was tested according to Abdallah et al 

method (29). Briefly, 100 µL of various concentrations of extract in 
methanol (from 50-0.195 µg/mL) were added to 100 µL of 0.01% 
methanolic DPPH solution. The plate was incubated for 30 min in the 
dark at ambient temperature and the absorbance was recorded at 540 
nm using a microplate reader (Labtech, UK). Ascorbic acid at differ-
ent concentrations (50-0.195 µg/mL) was used as standard. The 
DPPH radical scavenging activity (%) was calculated as the following 
formula: 

Where the absorbance of control [DPPH + Methanol without 
sample] and the absorbance of sample [DPPH + Sample (extract/
standard)].  

 
Anticancer Activity  

 
 
Skin melanoma cancer (B16–F1) cell line under study was ob-

tained from ATCC (American Type Culture Collection). The cells 
were cultured and prepared as described in Abdallah et al method 
(27). Liquid Roswell Park Merorial Institute (RPMI) medium supple-
mented with 10% heat-inactivated fetal bovine serum (FBS), 1% peni-
cillin-streptomycin, 1% amphotericin, and 1% L-glutamine was used 
to grown the cells in a CO2 incubator at 37 °C, 95% humidity, and 
5% CO2 in the dark until cell confluence reached 90%. 

 
MTT Assay 

 
 
This assay based on the reduction of a yellow tetrazolium salt (3–

(4,5–dimethylthiazol–2–yl)–2,5–diphenyltetrazolium bromide) (MTT) 
by NAD(P)H–dependent oxido–reductase enzymes to a deep purple 
colored insoluble crystalline formazan (30). The MTT assay in this 
study was done based on the protocol described in the MTT kit 
(Sigma) with modification (27). Initially, control wells containing un 
treated cells in culture were constructed. Then, 100 µL of 5-0.3125 
mg/ml concentrations of the plant species under study were added to 
20,000 cells/100 µL total volume/well for the cytotoxic test and 5,000 
cells/100 µL total volume/well for the cytostatic test. Followed by 24 
and 72 h incubation for cytotoxic test and cytostatic test, respectively. 
Following the incubation period, the media was taken out of each 
well and given a PBS wash. Subsequently, 10 µL of MTT solution (0.5 
mg/mL) and 100 µL of serum-free RPMI medium were added to each 
well, and the mixture was incubated for four hours. After the media 
was removed and the cells were washed, 100 µL of acidic isopropanol 
(0.08N HCl) was added and left on the cells for 15 minutes to dissolve 
the formazan crystals. MTT formazan absorbance was measured in a 

microplate reader (Labtech, UK) at 570 nm. Cell viability was calcu-
lated according to the following formula: 

Cell Viability (%) = (Treatment Absorbance /(Control Absorb-
ance) × 100% 

 
 

LDH Assay  
 
 
This assay based on the measurement of lactate dehydrogenase 

(LDH) activity (30). The LDH assay in this study was done based on 
the protocol described in the LDH kit (Roche) with modification (27). 
Initially, the high (maximum LDH release), low (spontaneous LDH 
release) and background (LDH activity in the assay medium) controls 
were constructed. Then, 100 µL of 5-0.3125 mg/mL concentrations of 
the plant species under study were added to 20,000 cells/100 µL total 
volume/well for the cytotoxic test and 5,000 cells/100 µL total 
volume/well for the cytostatic test. Followed by 24 and 72 h incuba-
tion for cytotoxic test and cytostatic test, respectively. Following the 
incubation period, 100 µL/well supernatant was carefully taken out 
and put into the appropriate wells of a new microplate. Subsequently, 
100 µL of the recently prepared reaction mixture consisting of the dye 
and catalyst solutions was added. After 30 min incubation at room 
temperature in dark, the absorbance of the samples at 490 nm was 
measured using a microplate reader (Labtech, UK). The resulting 
values were calculated according to the following formula: 

Cytotoxicity (%) = (A Treatment– A Low control)/(A High con-
trol – A Low control) × 100% 

 
 

Statistical analysis  
 
 
For antioxidant and anticancer analysis, the concentration giving 

50% inhibition or cell viability or cytotoxicity (IC50) was calculated 
by non-linear regression. Moreover, one-way ANOVA was applied to 
identify if a remarkable distinction could be found between the vari-
ous studied extract concentrations compared to the control in both 
MTT and LDH cytotoxic and cytostatic assays (P value < 0.05 was 
considered significant and P value > 0.05 was not considered signifi-
cant). In addition to that, one-way ANOVA was applied to find out if 
there is a significant difference between extract cytotoxic and cytostat-
ic activity in MTT and LDH assays (P value < 0.05 was considered 
significant and P value > 0.05 was not considered significant). 

 
 

Results  
 
 

Total Phenol Content and Antioxidant Results 
 
Total phenolic content of E. elaterium aqueous extract was calcu-

lated from the regression equation of calibration curve: (y = 0.0069x + 
0.0696), R2 = 0.9994 and expressed in gallic acid equivalents per gram 
dry extract weight. The obtained results revealed that E. elaterium 
aqueous extract contain 48.5 ± 0.33 mg/g in GA equivalent. Moreo-
ver, the DPPH scavenging power of E. elaterium aqueous extract 
(27.8 ± 0.13 %) is around the third of the scavenging power of ascor-
bic acid (94.6 ± 0.73 %) at 50 µg/mL concentration, Figure 1. It is 
noted that, the IC50 value for this aqueous extract was 66.2 ± 0.41 µg/
mL and for ascorbic acid was 0.25 ± 0.06 µg/mL. 

Figure 1. Percentage of DPPH inhibition activity of the aqueous extract from E. 
elaterium and ascorbic acid. 
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Anticancer Activity Results 
 
MTT Assay Results 
 

E. elaterium aqueous extract showed more cytostatic effect than 
cytotoxic one against B16–F1 cell line at all examined concentrations 
(5, 2.5, 1.25, 0.525 and 0.3125 mg/mL), Figure 2. The cell viability for 
cytotoxic and cytostatic experiments at low concentration 0.3125 mg/
mL reached around 36.25 ± 0.23% and 26.11 ± 0.19% respectively. 
Furthermore, the calculated IC50 values are 6.85 mg/mL for cytotox-
ic experiment and 24.23 mg/mL for cytostatic one, Table 1. These 
values reflected the reduction of B16–F1 cells viability to 27.19 ± 
0.21% in cytotoxic experiment and 19.68 ± 0.17% in cytostatic one at 
5 mg/mL concentration of E. elaterium aqueous extract with nontox-
ic effect. Regarding the obtained P values (1.77 and 2.72) > 0.05, the 
aqoueus extract from E. elaterium was not significantly cytotoxic or 
cytostatic effective compared to the control. However, there was a 
significant difference between the extract cytostatic effect when com-
pared to the cytotoxic effect (P value = 0.0008 < 0.05). 

Figure 2. E. elaterium aqueous extract cytotoxic and cytostatic effect on B16–F1 cell 
line at different concentration by MTT assay. 
 
Table 1. IC50 values (mg/mL) and P values of the E. elaterium aqueous extract on 
B16–F1 cell line at cell density of 20,0000 cell/well (cytotoxic) and 5000 cell/well 
(cytostatic) using the MTT assay.  

* P ≤ 0.05 is significant 
 

LDH Assay Results 
 

LDH assay was carried out to emphasize the MTT assay results. 
The obtained results provided that the percentage of B16–F1 cell 
death at a high concentration of 5 mg/mL reached 75.88 ± 0.99% for 
the cytotoxic experiment and 73 .88 ± 0.78% for the cytostaic one 
(Figure 3). In this case, an almost similar cytotoxic and cytostatic 
effect at 5 mg/mL concentration was obtained. Apart from this, E. 
elaterium aqueous extract was not cytotoxic effective at the other 
studied concentrations (2.5, 1.25, 0.525 and 0.3125 mg/mL). These 
LDH data support the previous MTT data, as E. elaterium aqueous 
extract works as a cytostatic agent rather than a cytotoxic one. In the 
LDH experiment, the recorded IC50 values were 3.12 mg/mL for the 
cytotoxic experiment and 2.88 mg/mL for the cytostatic one (Table 
2). These data showed that this extract significantly worked as a cyto-
toxic and cytostatic agent (P values of 0.022 and 0.009, respectively). 
Also, there was no significant difference between the extract cytotoxic 
activity and the cytostatic one (P value = 0.8 > 0.05). 
 
Discussion 
 

Pharmacological studies have demonstrated that E. elaterium 
fruits, leaves, seeds and rhizomes have anticancer activities against 
numerous cancer cell lines (15,17,22,23,31). Considering this phar-
macological activity and the traditional uses of this wild plant spe-
cies, this investigation was carried out to highlight the anticancer 
potential of E. elaterium leaves aqueous extract against skin melano-
ma cancer (B16–F1) cell line. Regarding research results, E.  

Figure 3. E. elaterium aqueous extract cytotoxic and cytostatic effect on B16–F1 cell 
line at different concentration by LDH assay. 
 
Table 2. IC50 values (mg/mL) and P values of the E. elaterium aqueous extract on 
B16–F1 cell line at cell density of 20,0000 cell/well (cytotoxic) and 5000 cell/well 
(cytostatic) using the LDH assay.  

* P ≤ 0.05 is significant 
 

elaterium leaf aqueous extract may be a source for the develop-
ment of new therapeutic remedies. MTT assay recorded data provid-
ed that this crude extract exhibited cytostatic activity rather than 
cytotoxic activity without significant value. Whereas LDH assay data 
showed that E. elaterium leaf aqueous extract worked as a cytostatic 
and cytotoxic remedy. This contradiction between MTT and LDH 
results can be explained by the nature of each assay. The former 
MTT assay is based on the conversion of MTT by NAD(P)H- de-
pendent oxido–reductase enzymes in the mitochondria. While the 
later LDH assay is based on the release of lactate dehydrogenase 
enzyme into the culture medium after cell membrane damage (32). 
Compared to LDH, MTT assay appears to be more sensitive in de-
tecting early toxicity (32). Besides that, it was reported that the differ-
ence between cytotoxicity assays also depends on the used test agent 
(33). In addition to that, the difference in response to certain chemi-
cal compounds could be due to different uptake mechanisms by each 
cell line and to the levels of glutathione in each cell line (32). In this 
aspect, the reported anticancer results in the running research 
showed a little difference with other studies on E. elaterium leaf ex-
tracts on other cell lines. For example, the cytotoxic activity of E. 
elaterium leaf extract showed cytotoxic activity on MDA-MB-468 cell 
line (IC50 264 µg/mL) and did not show significant cytotoxicity on 
MCF7 and MDA-MB-468, and a normal cell line (HDF) in the range 
of 25-1000 µg/mL (15). It was reported in the literature that the 
leaves of this plant species contain many bioactive compounds, in-
cluding phenols, flavonoids such as rutin (phytomelin) and triterpe-
noids (cucurbitacins), tannins and alkaloids (34).  

As noted during the literature search, the polar extracts of E. 
elaterium are less studied compared to the non-polar ones. Based on 
the previous finding, terpenes and volatiles, along with flavonoids, 
phenolics and sugars, can all be found in E. elaterium leaves (35). 
The most powerful chemicals that have been widely screened for 
their anticancer activity in several studies are cucurbitacins that are 
proven to be found in the leaves and fruits of E. elaterium (36,37). 
This class of triterpenoids is derived from the cucurbitane skeleton 
and is found primarily in the Cucurbitaceae family (38). There are 
several types of cucurbitacins, but the one that proved to be a con-
stituent of E. elaterium leaves is cucurbitacin D (39). A large number 
of existing studies in the broader literature have demonstrated the 
anticancer activity of cucurbitacin D (18,24,40-42). In addition to 
that, elaborated experiments showed the anticancer mechanism of 
action of cucurbitacin D including its ability to reduce tumor growth 
and metastasis, induce apoptosis, cause cell cycle arrest at the G1/S 
phase, interfere with the cell cycle regulatory proteins, prevent phos-
phorylation of some proteins, induce intracellular ROS production, 
activate caspases, and inhibit some signaling pathways (18.40,42). 

 It seems that the antiproliferative activity of E. elaterium leaves 
is lower than that of fruit juice.  

  Cytotoxic Cytostatic 
IC50 (mg/mL) 6.85 ± 0.058 14.23 ± 0.082 
P value 1.77 2.72 

  Cytotoxic Cytostatic 
IC50 (mg/mL) 3.12 ± 0.067 2.88 ± 0.053 
P value 0.022 0.009 
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This could be explained by the fact that cucurbitacins, potent 
cytotoxic agents are highly available and accumulated in E. elaterium 
fruit (31). Moreover, previous data supports the presence of cucur-
bitacin E in E. elaterium leaves that exhibits a marked effect on pro-
liferation of several cell lines, including melanoma, which go along 
with our finding (43).  As noted in several studies, the other bioactive 
compounds, phenols, flavonoids, tannins and alkaloids, have been 
shown to have anticancer activities. Primarily, phenol anticancer 
activities are correlated to the control of carcinogenesis and have 
been identified to affect all stages of cancer progression (44). The 
amount of total phenol in this experiment is approximately 48.5 ± 
0.33 mg/g in GA equivalent. This is compatible with previous experi-
ments results in which the leaf polyphenol content of E. elaterium 
water extract is a round 46.84 ± 2.5 mg/g in GA equivalent, for meth-
anol extract 39.97 ± 0.01 mg/g in GA equivalent and for methanol-
water extract 48.22 ± 7.5 mg/g in GA equivalent (15,45-46). In the 
same way, flavonoids limit tumor proliferation, angiogenesis and 
metastasis and enhance apoptosis (47). Likewise, tannins cause prolif-
eration inhibition, apoptosis induction, invasion suppression and 
angiogenesis inhibition (48). Also, alkaloids demonstrated anti-
proliferation and anti-metastasis activity (49). Generally speaking, the 
current study showed that the anticancer activity of leaf extract is 
lower than that obtained from fruit extracts against several cell lines 
as shown in previous studies (15,45-46). This may depend on the 
variation of types and concentrations of phytochemical constituents. 
Such phytochemicals as mentioned previously, exhibited several 
mechanisms in the fight against cancer. Depending on that, further in
-depth gene expression analysis is required to understand the altera-
tion effect of E. elaterium aquoxes extract on genetic pathways that 
are associated with cell survival, hormone responses, and cancer pro-
gression (50). Altogether, the presence of some of these photochemi-
cals may explain the antioxidant power of the E. elaterium leaf aque-
ous extract estimated in this study. Although the obtained antioxi-
dant IC50 value (66.2 ± 0.41 µg/mL) is lower than that of methanol-
water extract with IC50 value (39.6 µg/mL), it is still higher than that 
of E. elaterium leaves methanol extract (1.15 mg/mL) as provided in 
previous research (15,46). Considering the presence of phenolic com-
pounds in the extract that was used in this investigation, the cytotox-
ic activity may be related to phenolic compound antioxidant and pro-
oxidant effects, depending on their concentration and free radical 
source (51, 52). On top of the previous information, it is worth men-
tioning that the fruit extract of E. elaterium considered toxic, while 
the E. elaterium leaf extract is less toxic or may be safe (53).  

 
Conclusion   

 
E. elaterium leaf aqueous extract was found to be a possible re-

source for anticancer and antioxidant medications. So, additional 
studies are required to purify and analyze the essential phytochemi-
cals that are responsible for such biological activity. Also, further 
biological evaluation is needed to explore the in vivo effect of E. ela-
terium leaves using different extract types. The research findings sup-
port the traditional use of wild-growing plants in Palestine for the 
treatment of several diseases. 
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