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ABSTRACT  
INTRODUCTION: Malignancy is regarded as a potentially fatal disorder that can impact human health globally. More than 90% 
of all oral cavity malignancies that have been detected are invasive oral squamous cell carcinomas (OSCCs). Patients having OSCC 
still have an extremely poor survival rate, even though medical therapy has advanced significantly. Medicinal plants have been the 
subject of recent scientific research. Capparis spinosa L. (CS) is among the prominent plants found across the Mediterranean region. 
According to phytochemical analysis, CS leaves are considered to be a promising therapeutic plant since they are an essential spring 
of bioactive substances such as flavonoids and phenolic acids. Research has indicated that CS extract exhibits anti-carcinogenic 
properties against numerous forms of cancer.  
OBJECTIVE: The current research was to the evaluation of the anti-carcinogenic effect of the ethanolic extract of CS leaves on 
SCC-4 cell lines contrasted with both the untreated cancer cell lines and Cisplatin treated.  
MATERIALS AND METHODS: This work comprised an in vitro investigation. SCC-4 cell line was separated into 3 groups: group 1 
was considered as negative control (untreated), group 2 was positive control (Cisplatin-treated), and group 3 (treated with CS leaves 
extract). Viability, proliferation and apoptosis assays were performed to evaluate the possible therapeutic effect of the CS leaves 
extract in duration of 48 hours. 
RESULTS: Treating SCC-4 cell line with the extract of CS leaves has shown that the viability effect was in a dose-dependent 
fashion. The IC50 or the half-maximal inhibitory concentration was equal to 176.3µg/ml. Also, CS treatment has elevated the 
apoptotic cells’ percentage and decreased SCC-4 cells proliferation rate in compare to the untreated cancer cell lines and Cisplatin 
action. 
CONCLUSION: the extract of CS leaves may have a prominent anti-cancerous effect on OSCC.  
KEYWORDS: Oral squamous cell carcinoma, Capparis spinosa L., Viability, Proliferation, Apoptosis. 
Running Title: Anti-carcinogenic effect of Capparis spinosa L. on SCC-4. 
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INTRODUCTION 
Over 90% of occurrences of oral cancer are oral 
squamous cell carcinomas (OSCCs), which are 
cancerous tumors with invasive and destructive 
characteristics that originate in the oral mucosa's 
stratified squamous epithelium (1, 2). OSCCs may 
develop as a result number of factors, including the 
tobacco product consumption, alcohol, betel quid 
usage, areca nut and genetic modification (3). 
Currently, nourishment is regarded as a significant 
determinant of the OSCCs growth and spread (4). 

OSCCs may arise within the tongue, the mouth floor, 
the alveolar surface, the buccal mucosa, and the hard 
palate. However, the tongue is the most often 
occurring site of OSCCs and possesses one of the 
poorest prognosis (5). 

Even with the advancement in therapeutic 
approaches to cancer treatment, such as surgery, 
chemotherapy and radiation (6, 7), the mortality and 
morbidity percentages haven’t expressively been 
improved. As a result, oncology researchers have 
turned towards herbal extracts and natural compounds 
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in order to lessen the drugs side effects and increase 
the ability toward reduce proliferation, also to 
stimulate apoptosis in cancer cells (8). 

The genetically programmed cell death or 
apoptosis can be prompted by various stimuli either 
pathologic or physiologic. Apoptosis primarily 
eliminates the altered cells which are harmful or useless 
to any living organism. Apoptotic morphological 
characteristics include cell shrinkage, cytoplasmic 
vacuolation, and condensation of pyknosis or nuclear 
chromatin (9, 10). The apoptosis activation occurs by 
either intrinsic or extrinsic pathway which is mediated 
by a few proteins which are regarded as cancer 
prognostic markers (10). Presently, the connection 
between apoptosis and cancers has attracted much 
attention; hence declined apoptosis is essential for 
cancer progression and is regarded as a vital barrier to 
achieving a fruitful therapy (11).  

One important chemotherapeutic medication 
that is frequently used in the treatment of OSCC is cis-
diamminedichloroplatinum (II), sometimes referred to as 
cisplatinum or Cisplatin. It is regarded as the first-
generation anti-cancer agent (12-15). The action method 
of Cisplatin is through a cross-linkage formation with the 
purine bases on DNA to produce DNA adducts that 
interfere with DNA repair mechanisms via P53 signaling 
induction (16). Accordingly, both cell cycle arrest and 
repair apoptosis occur (16, 17). Some patients do not 
respond to Cisplatin treatment owing to the malignancy's 
chemical resistance and rapid progression. Numerous 
other adverse effects have also been reported, such as 
nephropathy and severe renal injuries, digestive toxicity, 
auto-toxicity, neuropathy, myelo-suppression and 
vascular injury (18-20).  

Capparis spinosa L. (CS) is a part of the 
perennial plants family which has about 250 different 
species  commonly applied for ornamental, culinary  
and cosmetics along with both medicinal and 
pharmaceutical purposes (21, 22). CS bears large white 
to pinkish-white flowers  and  rounded fleshy leaves 
(21). Generally, CS is among the most abundant 
aromatic plants that can be grown anywhere on slopes, 
rocky and stony, and to the dry zones’ basin and they 
are well-adapted, (21). Moreover, CS wild species are 
found in the Mediterranean countries extending as far 
as the North African great desert to the western and 
central Asian dry regions (23, 24).  

Due to their different biological activities, 
diverse parts of CS such as roots, leaves, fruits, and even 
buds are known for their health-enhancing properties 
including anti-rheumatism, anti-arthritis, anti-
inflammatory, anti-oxidant, anti-anemia, hepato-
protective, anti-mutagenic and anti-carcinogenic (25). 
CS leaves are regarded as an excellent source of 
numerous flavonoids and phenolic substances such as 
quercetin, catechin, coumarin, chlorogenic acid, caffeic 

acid, luteolin, rutin, ferulic acid, kaempferol, syringic 
acid, resveratrol and vanillic acid (26). Previous 
literature has indicated that phytochemicals exert anti-
cancer action via modifying the different activities 
(Kinases Tyrosine), receptors in the expression of the 
genes which control both apoptosis and cellular 
proliferation (27, 28). 

The effect of the ethanolic CS extract has been 
evaluated by several researchers on various cell line types 
such as hepatocellular carcinoma cell line (HepG2) (29), 
cervix carcinoma cell line (Hela), osteosarcoma cell line 
(Saos) breast cancer cell lines (MCF7) (30), epithelial 
cervical cancer cell line (HeLa) (31), cancer cells derived 
from fibroblast cell-2 (28), human gastric cancer cell line 
cells (SGC-7901) (32) and colon carcinoma (HT-29) 
(33). Despite these studies, the exact mechanism via 
which CS toxicity in tumor cells occurs is not well 
understood. Furthermore, it is currently unknown how 
well CS leaf extract may work on OSCC.  

This research’s objective was to assess the 
anti-carcinogenic effect of the CS leaves ethanolic 
extract on the SCC-4 cell line through evaluating the 
cellular viability, cellular proliferation and apoptosis. 
The null hypothesis denotes that ethanolic CS leaves 
extract has no role in the treatment of OSCC. 
 
MATERIALS AND METHODS 
Ethanolic CS leaves Extract and Cisplatin Preparation  
Matruh region (280 Km west of Alexandria) was the 
selected region for collecting the CS leaves. Botanical 
identification and authentication for the collected CS 
plants was performed by the Department of Botany and 
Microbiology, Faculty of Science, Alexandria 
University. Then, for 25–30 days, plants were 
dehydrated at a temperature between 30 and 40°C.  
Afterwards, plants were converted into fine powder.  
The dried plant powder (100 g) was then extracted using 
90% v/v ethanol by a soxhlet device (40mm ID, with 
500 ml round bottom flask). The crude extract was then 
filtered and concentrated at around 40°C with less 
pressure (34). Then, the sterilized extract was used by 
the autoclave. The Cisplatin vials (1 mg/mL) were 
purchased from  CiplaMed (a pharmaceutical company)  
by Mylan.  
Cell line and Analysis  
The SCC-4 cell lines were obtained from ATCC 
(American Type Culture Collection) and it was 
prepared from the primary culture of tongue SCC of a 
male patient who was 55 year old. Then, the cells were 
grown in Dulbeco’s Modified Eagle’s Medium 
(DMEM) at pH =7.2. A 10% fetal bovine serum (FBS) 
and 1% antibiotics (penicillin/ streptomycin) in 95% 
air and 5% CO2 were used in a humidified 
environment at 37°C. all these procedures were done 
at Alexandria, Faculty of Medicine at the Center of 
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Excellence for Research in Regenerative Medicine and 
its Applications, CERRMA.  

To initiate the experiment, the SCC-4 cell line 
was separated into 3 groups; Group 1 negative control (no 
treatment), group 2 positive control (Cisplatin-treated), 
and group 3 (extract-treated). 
In each group, the percentage of SCC-4 cells viability, 
proliferation and apoptosis were assessed. The 
researcher conducted each test 3 times and the mean 
value was taken from the 3 trials in order to guarantee 
the results’ accuracy. 
Cell Viability Analysis for the Determination of the 
half-maximal inhibitory concentration 

A total of 5,000 SCC-4 cells per well were 
planted in 96 well plates. The following day, SCC-4 
cells were subsequently exposed to the following CS 
leave extract concentrations: 1000, 500, 250, 125, 
62.50, 31.25, 15.625, 7.813 µg g/mL and (40, 20, 10, 
5, 2.5, 1.25, 0.625, 0.313 µg/ml of Cisplatin. After 48 
hours, each well received an addition of the MTT (3- 
[4, 5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide) reagent and they were incubated at 37°C for 
4 hours. The cell supernatant was discarded and the 
formazan precipitates were dissolved in 100 µl 
dimethyl sulfoxide (DMSO). A spectrophotometer 
(ELISA reader, Infinite F15 TECAN, Switzerland) 
was used for measuring the absorption rate at 570 nm 
wavelength. The values of half-maximal inhibitory 
concentration (IC50) were calculated by means of 
GraphPad Prism software (version 6.0).  
Proliferation Analysis by Flow Cytometry 
In a 6-well plate, cells were deposited and allowed to 
develop overnight. Following treatment with the 
ethanolic CS leaves extract (176.3µg/ml) and Cisplatin 
(12.4 µg/ml), the cells were incubated for 48 hours and 
then rinsed with phosphate-buffered saline (PBS). The 
cells were fixed in 0.5 ml of 95% frozen methanol 
for 1 hour. The cells were then treated with PBS and 
allowed to incubate for 1 hour with an anti-Ki67 
antibody labeled with Alexa Fluor 488. Next to the 
period of incubation, the cell pellet was re-suspended 
in 0.5 ml of PBS after the cells were cleaned with 
PBS and the supernatant was discarded, and 
measured on a BD (Becton-Dickinson) FACS 
(Fluorescence-activated cell sorting) Calibur flow 
cytometer (BD Bioscience, Heidelberg, Germany). A 
minimum of 10,000 events were acquired for Ki67 
determination. Data were analyzed using BD 
CellQuest Pro Software, version 5.1 (BD Biosciences, 
San Jose, CA, USA). 
Apoptosis Analysis by Flow Cytometry 
The Annexin V-FITC Apoptosis Detection Kit / 
Propidium Iodide (PI) were employed in accordance 
with the protocol of the manufacturer. To summarize 
this, both the floating cells and the harvested cells were 
mixed together, washed twice with cold PBS, and 

finally re-suspended in a binding buffer at a final 
density of 106 cells/ml. Annexin V- FITC(5 μl)  and PI 
(5 μl) were added to 100 μL of the cell suspension that 
contains 105 cells. This cell suspension was mixed by 
gentle vortexing and then 15 min of incubation at 37 
C0 in a dark area. Consequently, 400 μl of binding 
buffer was added and cells were immediately 
measured by flow cytometry utilizing a FACS Calibur 
type (BD Bioscience, Heidelberg, Germany). 
Afterward, it was analyzed by the BD CellQuest Pro 
Software, version 5.1 (BD Biosciences, San Jose, CA, 
USA).  
Statistical Analysis 
The obtained outcomes were analyzed by means of 
IBM Statistical Package for Social Sciences (SPSS), 
version 20 (SPSS Inc., Chicago, IL, USA). For 
pairwise group comparisons, the post-hoc Tukey test 
was employed. The P-values that were significant at P 
≤ 0.05. 
 
RESULTS 
Viability Assay 
For 48 hours, SCC-4 cells were subjected to different 
concentrations of both ethanolic extract of CS leaves 
and Cisplatin. Their cellular viability was evaluated 
through an MTT assay. The IC50 value for ethanolic 
extract of CS leaves and Cisplatin were respectively: 
176.3µg/ml and 12.04µg/ml (Figure 1 a, b). The 
ethanolic extract inhibitory effect on cellular 
proliferation reeled a decrease in the cellular viability 
percentage in a dose-dependent pattern.  

The examination of phase contrast inverted 
microscope as well as the MTT findings have 
demonstrated that SCC-4 cells in the control group with 
malignant properties, almost cells with prickle and 
spindle profiles with enhanced ratio of nuclear cytoplasm 
and prominent daughter cells (Figure 2a). On the other 
hand, the positive control of SCC-4 cells (Cisplatin-
treated) displayed significant morphological alterations in 
comparison to the untreated SCC-4 cells. The cells shrank 
in size and were rounded out, lacking their capability to 
adhere to each other (Figure 2b). However, for 48 hours, 
CS leaves-treated cells also exhibited modifications such 
as cell detachment and nuclear size decline, the cells 
became more rounded.  Moreover, a decreased number of 
cells were noticed (Figure 2c).  
Flow Cytometry Proliferation Assay  
Cells were treated with Alexa Fluor 488-conjugated 
anti-Ki67 antibody in order to track the proliferation 
prompted by both CS leaves extract and Cisplatin by flow 
cytometry for 48 hours (Figure 3 a, b, c). The cellular 
proliferation percentage was expressively alleviated in 
the group treated with CS leaves (50.13 ± 0.82%) 
compared to the untreated one (97.34 ± 0.43%) and the 
Cisplatin group (78.62 ± 1.16%) (Table 1).   
Flow Cytometry Apoptosis Assay  
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Annexin V-FITC / PI assay was performed to assess 
the percentage of both apoptosis and necrosis. For 48 
hours, cell lines were treated with 176.3 µg/ml of 
ethanolic CS leaves extract and with Cisplatin 
concentration of 12.04μg/mL (Figure 4 a, b, c). 

In the studied groups, the OSCC-4 cells 
treated with the ethanolic extract of CS leaves group 
showed a significant elevation in the total apoptosis 
percentages (26.04 ±1.17%) and necrosis percentages 
(19.59 ±0.68%) in comparison with the Cisplatin 
group; total apoptosis (17.06 ±o.45%) and necrosis 
(10.58 ± 0.14%) and untreated total apoptosis (2.08 
±0.63%) and necrosis (0.87 ±0.14%) (Table 2).  

 
Figure 1: Line graph showing the viable cell 
percentage of ethanolic CS leave extract (a) and 
Cisplatin (b) with different doses. The IC50 values 
(representing the lowest toxic doses) detected at 48 
were 176.3µg/ml and 12.04µg/ml respectively. 
 

 
Figure 2: Inverted light microscope photomicrographs 
showing the morphology of the cells of the untreated 
group (a), Cisplatin-treated group (b) extract treated 
group(c). 
 

 
Figure 3: Flow cytometry scatter for Alexa Fluor 488-
conjugated anti-Ki67 antibody staining to evaluate the 
proliferative status of SCC-4 cells in the different 
studied groups. a) untreated cells b) cells treated with 
Cisplatin 12.04μg/ml. c) cells treated with ethanolic 
CS leaves 176.3 µg/ml for 48 hours, the lower right 
quadrant in each profile represents the cells positive 
for Ki-67 (the proliferating cells). 
 

 

Figure 4: Flow cytometry scatter plots for Annexin V-
FITC / PI staining to evaluate apoptosis in SCC-4 cells 
in the different groups. a) untreated cells. b) cells 
treated with Cisplatin 12.04μg/ml. c) cells treated 
with176.3 µg/ml ethanolic CS leaves extract. 

Table (1): Alexa Fluor 488-conjugated anti-Ki67 
antibody Assay Results Showing the Percentages of 
Proliferation% (Mean ± SD) 

 
Untreated 

cell Cisplatin 
Ethanolic 

extract 
 

Mean ± SD Mean ± SD Mean ± SD 
Proliferation 

% 97.34 ± 0.43 78.62 ± 
1.16 

50.13 ± 
0.82 

p-value *P1 < 0.001 ,****P2 < 0.001,***P3 
< 0.001 

SD: Standard Deviation 
The Post Hoc Test was used to compare each of the 
two groups pairwise (Tukey) 
P1: p-value for the variation between the Cisplatin 
group and the untreated group  
P2: p-value for the variation between untreated and 
ethanolic extract group 
P3: p-value for the variation between Cisplatin and 
ethanolic extract group 
Statistically significant at p ≤ 0.05 (*P < 0.05, **P < 
0.01, ***P < 0.001, ****p < 0.0001) 
 
Table (2): Annexin/PI Assay Results Showing the 
Percentages of Apoptosis and Necrosis % (Mean ± 
SD) 

 

Untreated 
cell Cisplatin 

Ethanolic 
extract 
 

Mean ± 
SD (%) 

Mean ± 
SD (%) 

Mean ± SD 
(%) 

 Necrosis% 0.87 ±0.14 10.58 
±0.14 19.59 ±0.68 

Early 
apoptosis% 1.65 ±0.32 13.62 

±0.24 12.17 ± 0.72 

Late 
apoptosis % 0.43 ±0.31 3.44 ± 

0.21 13.87 ±0.44 

Total 
apoptosis% 2.08 ±0.63 17.06 

±0.45 26.04 ±1.17 

p-value of the 
total 
apoptosis and 
necrosis. 

****P1 < 0.001 , ****P2 < 
0.001,****P3 < 0.001 

SD: Standard deviation 
Pairwise comparison between each 2 groups was 
done using Post Hoc Test (Tukey) 
P1: p-value for the variation between untreated and 
Cisplatin group 
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P2: p-value for the variation between untreated and 
ethanolic extract group 
P3: p-value for the variation between Cisplatin and 
ethanolic extract group 
Statistically significant at p ≤ 0.05 (*P < 0.05, **P < 
0.01, ***P < 0.001, ****p < 0.0001) 

 
DISCUSSION 
In many populations, A highly frequent cancer of the 
head and neck is called OSCC. Despite the noteworthy 
progression in malignancy treatment, the mortality 
rates in such individuals are still great (35). As a 
chemical agent, Cisplatin is one of many choices for 
cancer management including OSCC (16). Taking in 
account that these chemical agents have adverse 
effects, Herbal medication has been recommended as 
a probable alternative due to its exceptional 
characteristics, for instance availability, safety and low 
cost. Recently, several reports have verified various 
pharmaceutic properties of herbal medicines which are 
vital aspects in the palliation of cancer therapies (36-
38). Therefore, the present research is regarded as a 
pioneer in investigating the anti-carcinogenic potential 
of CS leaves extract on the SCC-4 cell line. 

Previously, various phytochemical agents 
have been isolated from the whole CS plant and they 
have been reported to be anti-carcinogenic agents (30). 
Based on these researches, this study was conducted to 
explore the anti-carcinogenic properties of CS leaves 
extract against the viability of the SCC-4 cell line by 
means of MTT assay as well as cellular proliferation 
and apoptosis by means of flow cytometry. 

In the present research, the findings revealed 
that the viability of SCC-4 was pronounced in a dose-
dependent pattern in response to the influence of 
ethanolic extract of CS leaves in the following doses 
(1000, 500, 250, 125, 62.50, 31.25, 15.625, 7.813 µg/ml) 
at a period of 48 hours. In other words, the higher the dose 
the greater the efficacy of the extract against the SCC-4 
cell line. Also, the IC50 value of the CS extract was found 
to be 176.3µg/ml. In line with the work of Sheikh et al. 
where they used the ethanolic extract of all parts of the 
plant on HepG2 cell line. Their findings confirmed the 
significant inhibition effect of CS in a dose-dependent 
manner (from 310 to 5000 µg/ml) in 48 hours duration 
(29).  

Also, Mansour et al. has explored the 
inhibition effect of hydro-ethanolic extract of CS (the 
plant aerial parts) on the HeLa. For 72 hours, they 
treated cells with numerous extract concentrations 
varied from (0-to-3.75 mg/mL). Their findings 
indicated that the CS extract has displayed inhibitory 
actions on the development of human cells in a dose-
dependent pattern (31). This study’s results are similar 
to the previous report of Moghadamnia et al. where 
their obtained findings showed that the hydro-

alcoholic extract of the above-ground organs of CS had 
a toxic action on the three cell lines; Hela, Saos and 
MCF7 and the highly toxic dose was at 1000, 500 and 
250 µg/ml respectively (30).  

Another research was previously conducted 
by Al-Janabi et al. on cancer cells obtained from 
fibroblast cell-2 (cell murine fibroblast). They 
employed an alcoholic extract from CS leaves to assess 
the anti-tumor efficacy  at 250, 500 and 1000 mg LP

-1 

Pconcentrations. In May, the alcoholic extract sample 
from the gathered complex displayed the greatest anti-
tumor activities at 500 mg LP

−1
P in compare to samples 

collected at 250 mg LP

−1
P concentration in September 

(28). 
Apoptosis is regarded as the process in which 

cells undergo death in order to manage the occurring 
cellular proliferation or in response to DNA injury (39).  
In the current work, it has been shown that the ethanolic 
CS leaves extract may lead to the anti-proliferative effect 
and may facilitate apoptosis. These results indicated the 
enhanced therapeutic efficacy of CS extract in human 
OSCC-4 cells. The proliferation percentage of Alexa 
Fluor 488-conjugated anti-Ki67 antibody and the 
apoptotic cells percentage with Annexin V-FITC / PI 
staining in ethanolic CS leaves extract after 48 hours was 
(50.13 ± 0.82 %) and (26.04 ±1.17 %) respectively as 
well as being significantly greater than the cells of the 
extract treated group with Cisplatin and the untreated 
group. 

This work’s results are in accordance with Ji 
and Yu study that they have conducted their research 
which showed that the n-butanol extract from CS on 
SGC-7901 decreased cellular growth and promoted 
apoptosis by activating the mitochondrial apoptosis 
mechanism through the activity of caspase-9/caspase-
3 over the course of 48 hours in a dose-depending 
manner (32). Also, a previous report conducted by 
Sheikh et al. has indicated the inhibition of HepG2 
proliferation and apoptosis via the up-regulation of 
caspase-9/caspase-8 for 48 hours and the down-
regulation of bcl-2 with gradual elevation of 
concentrations (29). 

Additionally, Mohammed et al. findings have 
revealed that the treatment with CS leaves, rutin, and 
hesperidin-induced apoptosis of Ehrlich ascites 
carcinoma in adult female Swiss albino mice led to 
Caspase-3 activity increase along with bcl-2 level 
decrease compared with the positive control (40). 
In agreement with the current obtained results, Kulisic-
Bilusic et al. revealed the inhibitory effect of the 
essential oil extract of caper flower buds and leaves 
(diluted with ethanol 0.4%) on HT-29 cell proliferation 
effect from within 15 -72 hours. On the other hand, 
their results didn’t display any action on HT-29 cell 
apoptosis (33). Moreover, a study done by Karamallah 
et al. has estimated the apoptotic outcome of the 
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ethanolic extract of all the fragments of CS plant on the 
MCF-7. The rate of expression of both the mRNA of 
the Bax gene and apoptotic protein were significantly 
elevated besides their expression rate wasn’t changed 
(34). 

It is worth mentioning that the present results 
were conducted on a specific cell line SCC-4 and the 
Cisplatin adjuvant therapy as an anti-tumor therapeutic 
agent wasn’t employed. Further techniques such as 
western blot analysis and gene expression analysis were 
also required for detecting the molecular mechanism 
behind the cellular proliferation and apoptosis. Also, 
further in vivo research would be recommended in order 
to support the present research results. Considering the 
limitations of this work, the null hypothesis was rejected. 
 
CONCLUSION  
The present research demonstrated the potential 
inhibitory effect of CS leaves extract on the SCC-4 cell 
line in a dose-dependent pattern in addition to its 
efficacy which was more than the Cisplatin drug 
efficacy. This research shows that CS leaves extract 
could be a promising anti-cancer agent which may be 
employed to decrease the adverse effects of the 
chemotherapeutic drugs. 
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