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ABSTRACT 

 
Cancer disease has been considered as a result of progressive genetic alterations and epigenetics 

reprogramming. Naturally occurring compounds are considered as gold standard for cancer treatment. 
Capparis spinosa L is a multipurpose plant that contains a number of chemically active metabolites, particularly 
flavonoids such as rutin and hesperidin. We aim to explore the invivo anti-tumor activity of Capparis spinosa L 
extract and most potent constituents rutin and hesperidin against Ehrlich ascites carcinoma (EAC) and the 
possible involvement of epigenetic modification. The antitumor effect was assessed by evaluating tumor 
volume, tumor cell count, survival time and increase in life span of EAC bearing mice and investigated the 
possible involvement of epigenetic modification by detection of the relative gene expression of DNA 
methyltransferase genes (DNMTs) and detection of gene expression of apoptosis related gene (caspase 3). 
Treatment with plant, hesperidin and rutin increased the life span of EAC bearing mice by reducing the viability 
of EAC cells and decreasing the tumor volume .The anticancer effects of Capparis spinosa L extract and its 
potent constituents rutin and hesperidin may be partly attributed to its ability to demethylate and reactivate 
methylation-silenced apoptotic genes through decreasing expression of DNMT1. 
Keywords: Capparis spinosa L, Caspase 3 , DNA methyltransferase, Ehrlich ascites carcinoma (EAC), Hesperidin, 
Rutin . 
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INTRODUCTION 
 

Cancer is the result of DNA aberrations causing deregulation of cell cycle, apoptosis and cell survival. 
Carcinogenesis, cannot be explained only by genetic alterations, but also involve epigenetic processes, such as 
DNA methylation , histone modifications and miRNA deregulation [1]. DNA methylation is an epigenetic 
mechanism that commonly used by cells to control gene expression. DNA methylation occurs on cytosine at 
position 5 in a CpG dinucleotide which is mediated by DNA methyltransferases (DNMTs). Consequently, the 
DNA methylation pattern modifies a certain protein expression profile which is associated with various human 
aging disorders such as Alzheimer’s (AD), and carcinogenicity [2]. 
 

Epigenetic aberrations are common in the development and progression of cancer cells and are 
mediated by DNA methyltransferases (DNMTs), histone deacetylases (HDACs) and microRNA (miRNA). These 
modifications alter gene function and malignant cellular transformation. DNA methylation is a reversible 
reaction, and catalyzed by three major DNMTs. One is DNMT1, which preserves the methylation patterns 
throughout each cell division. The others are DNMT2 and DNMT3, which transfer a methyl group to previously 
unmethylated genomic regions. Hypermethylation of DNA is akey epigenetic mechanism for the silencing of 
many genes, including those for cell cycle regulations, receptors, DNA repair, and apoptosis [3]. 
 

Medicinal plants have been know as one the most effective and safe therapeutic agents for the 
treatment of human diseases [4]. There are numerous medicinal plants which possess multiple health-
promoting effects [5-8]. In addition, it is well known that synthetic drugs can cause a wide range of serious 
adverse effects [9]. Nowadays, medicinal plants are known as an important source of bioactive natural 
products such as phenols and flavonoids [10-12]. Medicinal plants used as folk medicine have strong 
antitumour activity against the Ehrlich ascites carcinoma (EAC) cell line [13]. 
 

Caper (Capparis spinosa L.) is a common member of the genus Capparis (Capparidaceae family).Caper 
consider a multipurpose plant used for the treatment of many human ailments as it has pharmacological 
effects and is utilized in phytomedicine around the world [14]. Phytochemical analysis showed that different 
parts of C. spinosa are rich sources of bioactive constituents, including polyphenolic compounds, which are 
responsible for its health-promoting effects. C. spinosa possesses different pharmacological effects including 
antioxidant, antimicrobial, anticancer and hepatoprotective effects [4]. Hesperidin is a major dietary 
flavanone. Hesperidin has been recognized as a potent anti-inflammatory, anti-carcinogenic and anti-
oxidantagent according to the data obtained from numerous in vitro and in vivo studies [15].Rutin is a 
flavonoid of the flavonol-type that is widespread in the plant kingdom [16]. Rutin has a wide range of 
pharmacological properties (e.g., antioxidative activity) that have been exploited in human medicine and 
nutrition. Conventionally, it is used as an antimicrobial, antifungal, and antiallergic agent. Rutin has multi-
spectrum pharmacological benefits for the treatment of various chronic diseases,such as cancer, diabetes, 
hypertension, and hypercholesterolemia [17]. 
 

The aim of the present study was to investigate anti-tumor activity of Capparis spinosa L extract  and 
its main constituents rutin and hesperidin  against Ehrlich ascites carcinoma (EAC) .Also to evaluate their effect 
on the expression of DNMTs and caspase3. 
 

MATERIALS AND METHODS 
 
Materials: 
 
Plant material 
 

Capparis spinosa L leaves were collected from Southern Egypt Sinai and a sample of plant was 
identified by cairo University herbarium, faculty of science, cairo University. 
 
Chemicals 
 

Rutin and Hesperidin  were purchased from sigma Aldrich company , Trypan blue dye was purchased 
from El- Gomhouria Company, G-spin Total Kit DNA purification (Intron Biotechnology, Korea) ,PCR master mix 
(Invitorgen, USA), RNase and DNase free water ( Invitrogen, USA),Hpa II (Bio Basic Inc., USA) , CutSmart Buffer 
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(Biolabs, USA),High purified agarose (Invitrogen, USA) , TriZol (Invitrogen, USA), RNase inhibitor (Ambion, UAS), 
High capacity cDNA synthesis kit (Qiagen, USA), SYBR Green master mix kit ( Invitrogen, USA) 
 
Experimental Animals 
 

Adult female Swiss albino mice weighed (25-30g) purchased from Abo Rawash culture , Giza  , Cairo, 
Egypt . Mice were housed in steel mesh cages (animal house, faculty of science , Zagazig University). The 
animals were maintained in controlled environment of temperature, humidity and light. The mice had free 
access to tap water and a commercial pellet. 
 
Tumor cell line: 
 

Ehrlich ascites carcinoma (EAC): EAC cells were initially supplied from the National Cancer Institute, 
Cairo, Egypt (only for the first transplantation), and maintained in female Swiss albino mice through serial 
intraperitoneal (I.P.) inoculation at 7 -10 days intervals in our laboratory in an ascites form. This process was 
repeated every 10 days for keeping the strain available throughout the present study. 
 
Methods: 
 
Plant extraction: 
 
 Ethanolic Capparis spinosa L extract was prepared according to the method [18] 
 
HPLC analysis: 
 

High performance liquid chromatography (HPLC) was used to identify the phenolic compounds 
present in Capparis spinosa L extract. The analysis of extracts were performed with HPLC (Hewlett Packard 
Series 1050, USA), the column (Hypersil BDS 5 um C18). Sampling injector by using quaternary HP pump (series 
1100), solvent degasser, iso gradient separation was carried out with methanol and acetonitrile as a mobile 

phase at flow rate of 1 ml/min, temperature was maintained at 35°C. The ultraviolet UV detector set at 

wavelength 280 and 330 nm for phenolic and flavonoid compounds. Standards were obtained from Sigma Co. 
were dissolved in a mobile phase and injected into HPLC. Retention time and peak area were used to 
calculation of phenolic and flavonoid compounds concentration by the data analysis of HEWLLET packared 
software[19]. 
 
Toxicity study (LD50):  
 

Determination of the approximate acute median lethal dose (LD 50) was determined according to the 
method [20].  
 
Experimental design:  
 

In this experiment, the adult female Swiss albino mice were divided into 8 groups (15 mice in each 
group) as following: 
 
Group (1): Negative Control:  This group received sterile saline solution (0.9 NaCl) day after day for 9 days.  
Group (2): Positive Control : This group received Ehrlich ascites carcinoma (EAC), (2.5×106 cells/ 0.3 ml/mouse) 
by (I.P) injection once in the first day.  
Group (3): Preventive plant group : This group received plant extract (200 mg/kg b.w.)[21] one day before EAC 
injection (2.5×106 cells/ 0.3 ml/mouse) ,Then next days of EAC inoculation, Mice received plant extract (200 
mg/kg b.w.) day after day for 9 days . 
Group (4):  Therapeutic plant group: This group received plant extract (200 mg/kg b.w.) [21] day after day for 
9 days after the injection with Ehrlich ascites carcinoma (EAC), (2.5×106 cells/ 0.3mL/mouse) by (I.P) injection 
once in the first day..  
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Group (5): Preventive rutin group : This group received  rutin (10 mg/kg b.w.)[22]one day before EAC injection 
(2.5×106 cells/ 0.3 ml/mouse) ,Then next days of EAC inoculation, Mice received rutin (10 mg/kg b.w.) day after 
day for 9 days.  
Group (6): Therapeutic rutin group: This group received rutin(10 mg/kg b.w.)[22] day after day for 9 days after 
the injection with Ehrlich ascites carcinoma (EAC), (2.5×106 cells/ 0.3mL/mouse) by (I.P) injection once in the 
first day.  
Group(7): Preventive hesperidin group : This group received hesperidin (50 mg/kg b.w.) [23] one day before 
EAC injection (2.5×106 cells/ 0.3 ml/mouse) ,Then next days of EAC inoculation, Mice received hesperidin(50 
mg/kg b.w.) day after day for 9 days .  
Group (8): Therapeutic hesperidin group: This group received hesperidin (50 mg/kg b.w.) [23] day after day 
for 9 days after the injection with Ehrlich ascites carcinoma (EAC), (2.5×106 cells/ 0.3mL/mouse) by (I.P) 
injection once in the first day.  
 

At the end of the experiment the liver tissue from each group was collected and homogenized in 
liquid nitrogen. EAC cells were harvested from each mouse in centrifuge tube containing heparinized saline. 
 
Viability and life span prolongation  
 

The viability of EAC cells was determined by the Trypan Blue Exclusion Method [24]. Life span 
calculation was carried out according to the method [25]. 
 
Real-time RT-PCR analysis 
 

Quantitative real time polymerase chain reaction (q-RT-PCR) is a sensitive method for the 
quantification of mRNA expression levels using specific primers. Q-RT-PCR used to detect the expression levels 
of DNMT1, DNMT2, DNMT3, and Caspase3 genes. Total RNA was prepared using TRIzol reagent (Invitrogen, 
USA), according to the manufacturer’s protocol. The total RNA was then used to performed cDNA using High 
capacity cDNA synthesis kit. The resulting cDNA was used as template for subsequent PCR amplification using 
DNA polymerase enzyme and primers specific for genes. The relative expression of DNMT1, DNMT2, DNMT3, 
and Caspase3 were detected using the QuantiTect SYBR Green PCR Kit (Qiagen) and oligonucleotides specific 
for each individual gene (Table 1). Levels of GAPDH were amplified using specific oligonucleotides, GAPDH-For-
5'-TGGCATTGTGGAAGGGCTCA-3' and GAPDH-Rev-5'-TGGATGCAGGGATGATGTTCT-3' which was used for 
normalization. The results were analyzed using ∆∆ Ct equations [26]. 
 

Table 1: Oligonucleotide sequences used for detection of indicated genes at RNA level 
 

Description Primer sequences 5'-3' 

DNMT1-For CCCATGCATAGGTTCACTTCCTTC 

DNMT1-Rev TGGCTTCGTCGTAACTCTCTACCT 

DNMT2-For CATACAATGCCCGTGTGAGTTCTTAAGG 

DNMT2-Rev CGTGTGTCTAAATGGCTTGAGTACAGT 

DNMT3-For TGCAATGACCTCTCCATTGTCAAC 

DNMT3-Rev GGTAGAACTCAAAGAAGAGGCGG 

Cap-3-For AAAATTTGGAACCAAAGATCATAC 

Cap-3-Rev TTTCTTCACGTGTAAGATCATTTTT 

 
Gene amplification and restriction enzymes digestion:  
 

Genomic DNA was extracted using G-spin Total Kit (Intron Biotechnology, Korea). Then the purified 
genomic DNA was used to amplify Caspase3 specific segment (250 nucleotides in length) using the specific 
primer sequences (Table 1). The following reagents have been prepared for each reaction; 15μl PCR master 
mix, 100 ng of genomic DNA, 10 pmol from each preimers (1 μl) and finally the total volume was adjusted to 
25 μl with RNase and DNase free water. PCR was carried out in AmpGene DNA thermal cycler and the 
following PCR parameters were used, the initial denaturation step (95°C for 4 min), then 35 cycles ( 94°C for 
40sec, 60°C for 45sec and 72°C for 60sec). One unit of Hpa II (Bio Basic Inc.) and 15 μl  of CutSmart buffer were 
used to digest 1 μg of  PCR product of all samples in total volume of 25 μl and one hour incubation at 37ᵒC. 
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Finally, the digested product has been electrophoresed on 1% agarose gel for 30 min and monitored by gel 
documentation system[27] . 
 
Statistical analysis 
 

All statistical analyses were done by a statistical for social science package "SPSS" version 14.0 for 
Microsoft Windows, SPSS Inc. [28]. Numerical data were expressed as mean ± SE. The levels of markers were 
analyzed by ANOVA. 
 

RESULTS 
 
Total Capparis spinosa L extract yield  
 
 Capparis spinosa L leaves powder (100g) after undergoing extraction, yielded 8 g of ethanolic 
Capparis spinosa L extract (Thick green paste) 
 
Identification of phenolic and flavonoid compounds for capparis spinosa L plant ethanolic extracts by using  
HPLC 
 
 

Table 2: Fractions of phenolic compounds for Capparis spinosa L ethanolic extract by  HPLC 
 

Peak No. Identified compounds 
Retention time 

(min) 
Conc.(mg/100 g) 

1 Galic acid 7.377 8.575 

2 Pyrogallol 7.495 211.978 

3 4-Amino-bebzoic 8.221 12.151 

4 3-OH-Tyrosol 8.613 10.677 

5 Protocatchuic 8.737 90.132 

6 Catechein 8.883 96.842 

7 Chlorogenic acid 9.486 132.638 

8 Catechol 9.681 168.231 

9 Epicatechein 9.912 79.869 

10 Caffeine 10.141 46.262 

11 P-OH-benzoic 10.286 20.758 

12 Caffeic 10.565 65.282 

13 Vanillic acid 10.680 108.247 

14 P-Coumaric 12.031 41.215 

15 Ferulic 12.316 169.089 

16 Iso- ferulic 12.717 255.237 

17 Reversetrol 13.113 29.723 

18 e- vanillic 13.340 1232.783 

19 Ellagic 13.412 294.416 

20 Alpha- Coumaric 13.623 49.114 

21 Benzoic 13.828 211.747 

22 
3,4,5-methoxy-

cinnamic 
14.254 38.158 

23 Coumarin 14.341 38.981 

24 Salicylic 14.483 355.066 

25 Cinnamic 15.523 20.796 
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Table 3: Fractions of flavonoid compounds for capparis spinosa L ethanolic extract by HPLC 
 

Peak No. 
Identified 

compounds 
Retention 
time(min) 

Conc.(mg/100 g) 

1 Luteolin 12.481 374.93 

2 Narengin 12.579 197.15 

3 Rutin 12.684 392.69 

4 Hisperidin 12.830 537.92 

5 Rosmarinic 13.049 23.094 

6 Quercetrin 13.602 110.3 

7 Quercetin 15.017 60.5 

8 Hisperetin 15.621 71.41 

9 Kampferol 16.287 11.34 

10 Apigenin 16.501 8.8086 

11 7-OH-
ydroxyflavone 

17.363 1.1214 

 
Toxicity study  
 

As to determine the median lethel dose (LD50) of capparis spinosa ethanolic  extract , all doses was 
found to be safe up to 2000 mg extract/ kg mice, as non of the mice were dead, which suggests that extract 
may be a safe compounds.While, hesperidin was might safe up to 1000 mg / kg mice and rutin safe up to 200 
mg / kg mice. 
 
Tumor growth and survival parameters 
 

Ascites fluid accumulation was observed in the peritoneal cavity of the experimental animals after the 
inoculation of Ehrlich Ascites Carcinoma cells. The tumor bearing animals showed a marked increase in tumor 
volume. On treatment with plant ,rutin and hesperidin there is a marked decrease in the tumor volume EAC by 
74.8% and 79.07%  ; by 47.09% and 51.7 % ,and by 55.4 %  and 64.3% respectively in therapeutic and  
preventive group compared to positive control group (p<0.001) (table 4).  
 

The increased viable cell count of ascites fluid of tumor bearing animals was found to be decreased on 
treatment with plant ,rutin and hesperidin by 73.2 % and  75.3%  ; by 56.6 % and 57.7% , and by 63.2% and 
67.3 % respectively in therapeutic and  preventive group compared to positive control group (p<0.001) (table 
5). 
 

Table 4: EAC volume (ml) in different studied groups 
 

Groups Group(2) 
Positive 
Control 

Group (3) 
Preventive 
Capparis 
spinosa L 
extract 

Group(4) 
Therapeutic 

Capparis 
spinosa L 
extract 

Group(5) 
Preventive 

rutin 

Group(6) 
Therapeutic 

rutin 

Group(7) 
Preventive 
hesperidin 

Group (8) 
Therapeutic 
hesperidin 

 

EAC 
volume(ml) 

5.16± 
0.16 
 

± 1.08 
0.08 
 

± 1.3 
0.09 
 

± 2.49 
0.05 
 

± 2.73 
0.06 
 

± 1.84 
0.06 
 

± 2.38 
0.09 

%Change  79.07 74.8 51.7 47.09 64.3 55.4 

P value  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 5: EAC count (x106cells/ml)  in different studied groups 

 

Groups Group(2) 
Positive 
Control 

Group (3) 
Preventive 
Capparis 
spinosa L 
extract 

Group(4) 
Therapeutic 

Capparis 
spinosa L 
extract 

Group(5) 
Preventive 

rutin 

Group(6) 
Therapeutic 

rutin 

Group(7) 
Preventive 
hesperidin 

Group (8) 
Therapeutic 
hesperidin 

 

EAC count 
cells/ml)6(x10 

149.8 ± 
2.80 
 

± 0.93 37 ± 0.96 40.2 ± 63.3 
0.77 

± 0.66 65 ± 48.9 
0.64 

± 0.54 55.1 

%Change  75.3 73.2 57.7 56.6 67.3 63.2 

P value  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 
Effect of capparis spinosa ethanolic extract , hesperidin and rutin treatments on Life Span Prolongation 
 

On treatment with capparis spinosa ethanolic extract , hesperidin and rutin increased lifespan was 
noticed in tumor bearing animals and the results were tabulated in (Table 6).  
 

Table 6: The effect of different treatments on Life Span Prolongation 
 

Groups Group(2) 
Positive 
Control 

Group (3) 
Preventive 
Capparis 
spinosa L 
extract 

Group(4) 
Therapeutic 

Capparis 
spinosa L 
extract 

Group(5) 
Preventive 

rutin 

Group(6) 
Therapeutic 

rutin 

Group(7) 
Preventive 
hesperidin 

Group (8) 
Therapeutic 
hesperidin 

 

Survival 
days 

 

9 20 19 18 16 15 16 

life span 
T/C% 

--- 222.22 211.11 200 177.77 166.66 177.77 

Increase in 
life span % 

--- 122.2 111.11 100 77.77 66.66 77.77 

 
Effect of Capparis spinosa ,rutin and hesperidin on the transcript levels of DNMTs 
 

The effect of capparis spinosa ,rutin and hesperidin on the DNMTs expression was determined by the 
quantitative analysis of mRNA for each of the three DNMTs(DNMT1 , DNMT2 , DNMT3). Our result indicated 
that the relative expression of DNMT1 significantly increased in EAC bearing mice while other DNMTs (DNMT2 
and DNMT3) showed negligible differentiations.  After treatment with capparis spinosa ,rutin and hesperidin, 
there was a marked decrease in the transcript levels of  the DNMT1 (Figure 1).The most significant reduction 
was observed in preventive plant extract group on DNMT1 , as compared to other groups.    
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Figure 1:  Relative expression of DNMTs in in experimental groups 
 
Effect of capparis spinosa ,rutin and hesperidin on Relative expression of Caspase-3 
 

Real time PCR was used to detect the relative expression of apoptosis genes Caspase3. Our results 
revealed a significant down regulated in EAC and upregulation of caspase3 gene expression following 
treatment with plant , rutin and hesperidin  as compared to positive EAC group (Fig. 2). The most significant 
increase was observed in preventive plant extract group on caspase 3 , as compared to other groups.    
 

 
 

Figure 2: Relative expression of Caspase-3 in experimental groups 
 
Treatment with Capparis spinosa L extract , rutin and hesperidin demethylates apoptosis Caspase3 genes 
and reactivates their expressions in EAC mice 
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To confirm the possible epigenetic reprogramming of apoptosis Caspase3 gene, HpaII restriction 
enzyme has been used to digest the indicated segment of Caspase3 gene. HpaII has been shown to cleave the 
sequence CCGG. Importantly, the cleavage with this restriction enzyme is blocked when the substrate DNA is 
methylated by CpG methylase. Noteworthy, the sequence analysis of Caspase3 gene showed restriction sites 
that can be targeted by HpaII (Fig.3).Therefore, genomic DNA has been isolated and purified from tissue 
samples.The indicated segment of Caspase3 gene was amplified by using specific oligonucleotides and then 
was digested by using HpaII restriction enzyme. Interestingly, the digested EAC samples have been changed in 
size and number of indicated fragments in comparison with control samples. Moreover, the digested products 
of control samples showed two different fragments while EAC digested samples showed only one fragment 
(Fig. 4).Also the digested products of plant extract , rutin and hesperidin groups showed two different 
fragments again. These data indicated that the digestion activity of HapII is interrupted in positive EAC group 
due to methylation changes of cytosine nucleotides in its specific restriction sites and confirm the epigenetic 
reprogramming of Caspase3 gene in EAC. Collectively, our results indicated that the epigenetic reprogramming 
of gene expression through methylation of promoter region is involved in EAC and demethylation occur in 
treatment with plant extract , rutin and hesperidin. 
 

 
  (a)  

Indicated Caspase-3 sequences with targeted CCGG methylated site. 
 
GGAGAACACTGAAAACTCAGTGGATTCAAAATCCATTAAAAATTTGGAACCAAAGATCATACATGGAAGCGAATC
AATGGACTCTGGAATGTCCTGGGACACCGGTTATAAAATGGATTATCCTGAGATGGGTTTATGTATAATAATTAAT
AATAAGAATTTTCATAAAAGCACTGGAATGACATCTCGGTCTGGTACAGATGTCGATGCAGCAAACCTCAGGGAA
ACATTCAGAAACTTGAAATATGAAGTCAGGAATAAAAATGATCTTACACGTGAAGAAATTGTGGAATTGATGCGT
GATGTTTCTAAAGAAGATCACAGCAAAAGGAGCAGTTTTGTTTGTGTGCTTCTGAGCCATGGTGAAGAAGGAATA
ATTTTTGGAACAAATGGACCTGTTGACCTGAAAAAAATAACAAACTTTTTCAGAGGGGATCGTTGTAGAAGTCTAA
CTGGAAAACCCAAACTTTTCATTATTCAGGCCTGCCGTGGTACAGAACTGGACTGTGGCATTGAGACAGACAGTG
GTGTTGATGATGACATGGCGTGTCATAAAATACCAGTGGATGCCGACTTCTTGTATGCATACTCCACAGCACCTGG
TTATTATTCTTGGCGAAATTCAAAGGATGGCTCCTGGTTCATCCAGTCGCTTTGTGCCATGCTGAAACAGTATGCCG
ACAAGCTTGAATTTATGCACATTCTTACCCGGGTTAACCGAAAGGTGGCAACAGAATTTGAGTCCTTTTCCTTTGAC
GCTACTTTTCATGCAAAGAAACAGATTCCATGTATTGTTTCCATGCTCACAAAAGAACTCTATTTTTATCACTAA 

  (b) 

 
 

Figure 3: Possible methylation sites of apoptosis realted genes caspase 3 
(a) : Indicated Caspase-3 gene sequences with targeted CCGG methylated site.  
(B): Agarose gel electrophoresis of caspase3 gene segment that digested with CpG restriction enzyme HpaII 
indicating marker in lane 1 the negative control in lanes 2,3 and positive EAC in lane 4 and preventive and 
therapeutic Capparis spinosa L extract , hesperidin and rutin groups in lanes 5,6,7,8,9,10 respectively . 

 
DISCUSSION 

 
Cancer is a major worldwide problem that characterized by uncontrolled growth of abnormal cells. 

Although the cancer research has led to a number of new and effective solutions, the medicines used as 
treatments have clear limitations and unfortunately cancer is projected as the primary cause of death in the 
future currently there is a huge scientific and commercial interest in the discovery of new anticancer drugs. 
Therefore the search for potent, safe and selective anticancer compounds is a crucial aspect of modern cancer 
research [29]. 
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Caper (Capparis spinosa L.) belongs to the Capparaceae family. It has various medical uses  in medical 

fields. C.spinosa which was commonly used as a medicinal plant contained many biologically active chemical 
groups including phenolic, flavonoids, alkaloids, glycosides, tannins, triterpenoids steroids, carbohydrates, 
saponins and a wide range of minerals and trace elements. It exerted many pharmacological effects including 
antimicrobial, cytotoxic, anti-diabetic, anti-inflammatory, antioxidant effect [30]  

 
Hesperidin (3,5,7-trihydroxy flavanone-7-rhamnoglucoside) is a pharmacologically active bioflavonoid 

found in citrus fruits, with good free radical scavenging and anti-lipidperoxidation properties in biological 
membranes [31] .Hesperidin also  have antioxidant, antiallergic, antiplatelet, anti-inflammatory and antiviral 
activities as well as antitumor properties [32]. 

 
Rutin, also known as vitamin P or rutoside, has a number of pharmacological effects including 

antioxidant, cytoprotective, vasoprotective, anticarcinogenic, neuroprotective and cardioprotective [33]. 
 

Phenolic compounds are very important plant constituents because of their scavenging ability due to 
their hydroxyl groups. Therefore, total phenolic compounds of C. spinosa ethanolic extracts were identified by 
HPLC. Data are illustrated in Table (2) showed that twenty five phenolic compounds were  identified in plant. It 
can be noticed that e- vanillic are the most abundant phenolic compound being 1232.783 mg / 100g dry weight 
in extract. Furthermore, Galic acid acids was  found in small amounts being 8.575mg mg / 100g extract .Also 
reflected that eleven flavonoid compounds were identified in plant. It can be noticed that hesperidin and rutin 
are the most abundant flavonoid compounds in plant being 537.92 mg / 100g and 392.69 mg / 100g, 
respectively. While,  7-OH-ydroxyflavone was found in small amount, 1.1214 mg / 100g. Our results are 
agreement with study revealed that the high performance liquid chromatography of extracted polyphenols are 
proved the presence of (Gallic acid,Caffeic acid, Coumaric acid , Vanillic acid , Syringic acid, Ferulic acid, 
Chlorogenic acid, Rutin and Quercetin) in the Capparis spinosa L. leaves extract [34]. 

 
Acute toxicity tests are generally the initial step in the assessment and evaluation of the toxic 

characteristics of a substance. The acute toxicity was estimated by intraperitoneal administration of the 
compounds C. spinosa extract , hesperidin and rutin  to determine the median lethal dose (LD50). Our results 
revealed that, dose up to 2000 mg /kg was considered safe for plant agreement with study [35] suggested that 
the plant extract is relatively safe in mice .Our results revealed that, hesperidin was considered safe up to 1000 
mg / kg mice and rutin safe up to 200 mg / kg mice .Our result in agreement with study [36] indicated the 
safety of hesperidin in herbal formulations and other study indicated toxicity of rutin [22].  
 

One of the most reliable criteria for assessing the anticancer potential of the drug is the prolongation 
of the life span of cancer animals . In the present study, a rapid increase in ascitis tumor volume was observed 
in EAC tumor-bearing mice and treatment  with C. spinosa extract , hesperidin and rutin  slow down the 
growth of tumor by decreased the tumor volume and count of EAC and increase life span in comparisons to 
the positive EAC group. It can therefore be inferred that C. spinosa extract , hesperidin and rutin  increased the 
life span of EAC bearing mice may be due to prevention of the tumor progression. 

 
The anticancer activity of Capparis spinosa L. extract is probably due to presence of flavonoid and 

phenolic compounds in extract.Furthermore, flavonoids compounds have been shown to possess 
antimutagenic effect and  anticancer properties [37] . N-butanol extract of Capparis spinosa L. had anti-tumor 
activity and significantly inhibited S180 sarcoma in terms of tumor weight [38]. Another study proved that 
leaves and floral buds of C. spinosa were assayed for anticarcinogenic potential on HT-29 human colorectal 
adenocarcinoma cells [39]. 

 
The anticancer potential of hesperidin is demonstrated by inhibiting cancer cell growth and 

proliferation via apoptosis induction [40]. Rutin has been extensively studied for anticancer/antineoplastic 
effects. Rutin is also known to inhibit cancer cell growth by cell cycle arrest and/or apoptosis, along with 
inhibition of proliferation, angiogenesis, and/or metastasis in colorectal cell lines [41] . Other study suggested 
that  human leukemia HL-60 cells were implanted in a murine model, and rutin caused a significant reduction 
in tumor size justifying antileukemic potential[42].  
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Epigenetic regulation has been recognize to play a crucial role in etiology of cancer. DNA methylation 
is an epigenetic event that affects cell function by altering gene expression and refers to the covalent addition 
of a methyl group, catalyzed by DNA methyltransferase (DNMTs). Epigenetic mechanisms, responsible for 
regulation of gene transcription, have been shown to be deregulated in many cancers thereby altering the 
expression levels of many genes in tumor cells [43,44].The expression of DNMT1 is increased in cancer and 
induces DNA methylation of various tumor suppressor genes. Up-regulation of DNMT2 was reported to 
activate viability and fertility. Furthermore, DNMT2-modulated cellular signaling pathways have been 
demonstrated in health and human disease conditions [2]. Here, our result indicated that DNMT1 is highly 
expressed in EAC bearing mice in association with methylation of the promoter region of caspase-3 gene 
leading to low expression level of caspase-3 gene in EAC. We aimed to investigated whether the treatment 
with C. spinosa extract , hesperidin and rutin  result in a reversal of epigenetic change. Subsequently, our 
findings here demonstrated that treatment with C. spinosa extract and rutin cause demethylation and 
significant increase expression level of caspase-3 gene. 

 
Our results showed low expression level of caspase-3 accompanied with increasing expression level of 

DNMT1 in EAC bearing mice. These findings indicate the possible involvement of epigenetic reprogramming of 
caspase-3 via activation of DNMT1. Additionally, here we provide an easy and direct methods to confirm the 
methyaltion activity of specific DNA molecules by using HpaII restriction enzyme that targeted the CpG 
position and interrupted upon methyl alternation of cytosine nucleotides. Our finding indicated promoter 
hypermethylation for caspase-3 in EAC group and hypomethylation in treatment with plant , hesperidin and 
rutin .Our result agreement with study indicated that DNMT1, 3A, and 3B coordinate mRNA expression in 
normal tissues and overexpression in tumors. The expression levels of these DNMTs are reportedly elevated in 
cancers of the colon, prostate, breast , liver , and in leukemia[45]. Conversely, reduction of DNMT1 levels 
appears to have protective effects. Another study indicated the effects of dietary polyphenols such as EGCG on 
DNMTs appear to have their direct inhibition by interaction with the catalytic site of the DNMT1 molecule, and 
may also influence methylation status indirectly through metabolic effects associated with energy metabolism 
[46]. These bioactive components are able to modulate epigenetic events, and their epigenetic targets are 
known to be associated with breast cancer prevention and therapy [47]. 
 

Apoptosis is a process of programmed cell death in which biochemical events lead to characteristic 
cell changes and death. Excessive apoptosis causes atrophy, while an insufficient apoptosis results in 
uncontrolled cell proliferation leading to cancer. Caspase-3 is also required for some typical hallmarks of 
apoptosis [48] . Our results showed treatment with  plant , rutin , hesperidin cause increase expression level of 
caspase-3 gene compare to positive EAC control.  The  antitumor activity and antiproliferative activity of plant 
indicated in other study through apoptosis-induced effects on HepG2 cells [49] . Also, plant may have induced 
SGC-7901 cell apoptosis via the mitochondrial apoptosis pathway [50] . Rutin is also known to inhibit cancer 
cell growth by cell cycle arrest and/or apoptosis, along with inhibition of proliferation, angiogenesis, and/or 
metastasis in colorectal cell lines[41].The anticancer potential of hesperidin is demonstrated by inhibiting 
cancer cell growth and proliferation via apoptosis induction [40]. Hesperidin induces human colon cancer cell 
apoptosis as determined by increase of caspase-3 expression and activity [51]. 

 
In summary, Our data demonstrated that treatment  with C. spinosa extract , hesperidin and rutin 

inhibited the growth of tumor by decreased the tumor volume and count of EAC and increase life span also by 
induction of apoptosis through activation of caspase 3.Also, we demonstrated that treatment with C. spinosa 
extract , hesperidin and rutin induce DNA demethylation and can restore or reactivate the expression of the 
DNA hypermethylated silenced gene in cancer by down regulation of DNMT1. The findings of the current study 
indicated that C. spinosa extract , hesperidin and rutin, may provide cancer preventive activity through the 
modification of the epigenetic process of the gene silencing.  
 

REFERENCES 
 
[1] PerriaF, Longob F, Giulianoc M, Sabbatinoe d F, Faviaf G, Ionnab F, et al . Critical Reviews in Oncology. 

Hematology 2017 ; 111:  166–172.  
[2] Khalil H, Tazi M, Caution K, Ahmed A, Kanneganti A, Assani K, et al. Aging is associated with 

hypermethylation of autophagy genes in macrophages. Epigenetics  2016 ;11: 381–388. 



ISSN: 0975-8585 

May–June  2018  RJPBCS 9(3)  Page No. 1291 

[3] Soureshjani EH, Babaheydari AK, and Saberi E. DNA Methyltransferases Directed Anti-Cancerous Plant 
Medicine (Xanthomicrol and Galloyl) Based Molecular Docking and Dynamics Simulation. 
Computational Molecular Bioscience 2015 ; 5:13-19. 

[4] Nabavi SF, Braidy N, Orhan IE, Badiee A , Daglia M and  Nabavi SM. Rhodiola rosea L. and Alzheimer’s 
disease: from farm to pharmacy. Phytother Res 2016 ; 30(4): 532–539. 

[5] Wink M. Medicinal plants: a source of anti-parasitic secondary metabolites. Molecules  2012 ;17: 
12771–12791. 

[6] Hu Y, Wang S and Wu X.  Chinese herbal medicine-derived compounds for cancer therapy: a focus on 
hepatocellular carcinoma. J Ethnopharmacol 2013; 149: 601–612. 

[7] Erdem SA , Nabavi SF , Orhan IE, Daglia M , Izadi M , and Nabavi SM. Blessings in disguise: a review of 
phytochemical composition and antimicrobial activity of plants belonging to the genus Eryngium. DARU 
J Pharm Sci 2015 ; 23: 1. 

[8] Nabavi SM, Marchese A , Izadi M , Curti V , Daglia M and Nabavi SF Plants belonging to the genus 
Thymus as antibacterial agents: From farm to pharmacy. Food Chem 2015c ; 173: 339–347. 

[9] Gurney S, Scott  K , Kacinko S , Presley B and  Logan B . Pharmacology, toxicology, and adverse effects of 
synthetic cannabinoid drugs. Forensic Sci Rev 2014 ; 26: 54–78. 

[10] Ngameni B, Fotso G , and Kamga J . Flavonoids and related compounds from the medicinal plants of 
Africa. Medicinal plant research in Africa. Elsevier: Oxford 2013 ; 301–350. 

[11] Nabavi SF, Russo GL , Daglia  M and Nabavi  SM . Role of quercetin as an alternative for obesity 
treatment: you are what you eat . Food Chem 2015a ; 179: 305–310. 

[12] Russo M , Russo GL  and Daglia M. Understanding genistein in cancer: the “good” and the “bad” effects: 
a review. Food Chem  2016 ; 196: 589–600. 

[13] Kviecinski MR , Felipe KB , Schoenfelder T , de Lemos Wiese LP , Rossi MH , Gonçalez E , et al . Study of 
the antitumor potential of Bidens pilosa (Asteraceae) used in Brazilian folk medicine. J Ethnopharmacol  
2008 ; 117:69–75.  

[14] Sher H  and Alyemeni M N . Ethnobotanical and Pharmaceutical Evaluation of Capparis spinosa L, 
Validity of Local Folk and Unani System of Medicine. Journal of Medicinal Plants Research 2010 ; 4 
(17):1751-1756. 

[15] Roohbakhsh A, Parhiz H, Soltani  F , Rezaee  R  and Iranshahi M . Molecular mechanisms behind the 
biological effects of hesperidin and hesperetin for theprevention of cancer and cardiovascular diseases. 
Life Sci 2015 ; 124 : 64–74. 

[16] Hosseinzadeh H and Nassiri-Asl M. Review of the pro-tective effects of rutin on the metabolic function 
as an important dietary flavonoid. J Endocrinol Invest  2014 ; 37:783-8. 

[17] Sharma S , Ali  A , Ali  J , Sahni  JK and  Baboota S. Rutin: therapeutic potential and recent advances in 
drug de-livery. Expert Opin Investig Drugs  2013 ; 22:1063-79. 

[18] Contini M , Baccelloni S ,  Massan TR  and Amelli G. Extraction of natural antioxidants from hazelnutcc 
corylusavellanal shell and skin wastes by long maceration at room temperature. Food chem 2008 ; 110, 
659-669. 

[19] Goupy P , Hugues M , Biovin  P and Amiot MJ. Antioxidant composition and activity of barley (Hordeum 
vulgare) and malt extracts nd of isolated phenolic compounds. J.Sci. Food Agric 1999 ; 79:1625-1634. 

[20] Meier J and Theakston RDG. Approximate LD50 determination of snake venoms using eight to ten 
experimental animals. Toxicon 1986 ; 24(4): 395-401. 

[21] Ji YB ,  Dong F,  Ma DB ,  Miao J,  Jin LN ,  Liu  ZF1 and Zhang LW. Optimizing the Extraction of Anti-tumor 
Polysaccharides from the Fruit of Capparis spionosa L. by Response Surface Methodology. Molecules 
2012 ;17: 7323-7335. 

[22] Patil SL, Somashekarappa H, and Rajashekhar K . EVALUATION OF THE RADIOPROTECTIVE ACTION OF 
RUTIN IN MICE EXPOSED TO GAMMA-RADIATION. International Journal of Biological & Pharmaceutical 
Research 2012 ; 3(1): 12-18. 

[23] Khedr NF,  and Khalil RM . Effect of hesperidin on mice bearing Ehrlich solid carcinoma maintained on 
doxorubicin. Tumor Biol 2015 ; 36: 9267–9275. 

[24] Meliman WF , Dairs EV, Glover  FL and Rake GW. The submerged culture of mammalian cells. The 
Spinner Culture . J. Immunol 1997 ; 79: 422-428. 

[25] Mazumdar UK , Gupta M , Maiti  S and Mukherjee D. Antitumour activity of Hygrophila spinosa on 
Ehrlich ascites carcinoma and sarcoma-180 induced mice. Jndian J. Exp. Biol 1997 ; 35 :473-477. 

[26] Khalil H, Arfa M, El-Masrey S, EL-Sherbini S, and Abd-Elaziz A. Single nucleotide polymorphisms of 
interleukins associated with hepatitis C virus infection in Egypt. J. Infect. Dev. Ctries. 2017 ; 11: 261–268.  



ISSN: 0975-8585 

May–June  2018  RJPBCS 9(3)  Page No. 1292 

[27] Fulnecek J and Kovarik A. How to interpret methylation sensitive amplified polymorphism (MSAP) 
profiles? BMC. Genet  2014 ; 15, 2. 

[28] Levesque R. SPSS., Programming and Data Management: A Guide for SPSS and SAS Users, Fourth 
Edition, SPSS Inc., Chicago Ill. 2007. 

[29] Vani ND , Jung HK , Ki-Cheol H , Eun GY, Hyunah C , Ae NP, Ghilsoo N , and Kyung IC. Novel 6-N-
arylcarboxamidopyrazolo[4,3-d]pyrimidin-7-on derivatives as potential anti-cancer agents. Bioorganic & 
Medicinal Chemistry Letters 2010 ; 20 : 1630–1633. 

[30] Rahnavard R and Razavi  N. A review on the medical effects of Capparis spinosa L. Adv Herb Med 2016 ; 
2(1): 44-53. 

[31] Pari L  , Karthikeyan A ,  Karthika P , and Rathinam A. Protective effects of hesperidin on oxidative 
stress,dyslipidaemia and histological changes in iron-inducedhepatic and renal toxicity in rats . 
Toxicology Reports  2015 ;2 : 46–55. 

[32] Barnes S , Petti S , Scully C , Mortensen A , Kulling SE , Schwartz  H , et al . Nutritional genomics, 
polyphenols, diets, and their impact on dietetics. J. Am. Diet. Assoc 2008 ; 108:1888–1895. 

[33] Ganeshpurkar A, and  Saluja AK. The Pharmacological Potential of Rutin. Saudi Pharmaceutical Journal 
2017 ;  25 (2) : 149-164. 

[34] Shamam KO , Raid MHA and Sajid HG. Study The Role of Polyphenolic Extract of Capparis Spinosa L. 
Leaves As a Hypoglycemic agent. International Journal of Scientific & Engineering Research, Volume 
2014 ;5 (5) : 1561- 1575. 

[35] Liu HJ, Yang T, Cheng  XM and  Wang  CH. Comparative evaluation of anti-inflammatory and analgesic 
activities of various medicinal parts of capparis spinosa: a consideration of ecological environment and 
resource conservation. Indian Journal of Pharmaceutical Science & Research 2014 ; 4 (1): 53-59 .  

[36] Zanwar AA , Badole  SL , Shende PS , Hegde  MV , Bodhankar SL. Polyphenol in human health and 
disease . ACADEMIC PRESS  2014 ; 2 : 989- 992. 

[37] Kumari P and Jesudas. Anticancer Activity Of Crude Extract Of Eucalyptus On MCF-7 Cell Line. 
L.Int.J.Bioassays 2014 ; 3 (01), 1699-1707. 

[38] Li  WL , Yu L , and  Ji YB. Study on chemical constituents of n-butanol extract of Capparis spinosa L. Asian 
J Chem 2014 ; 26 (11): 3435-3437.  

[39] Kulisic-Bilusic T, Schmöller I , Schnäbele K , Siracusa L , and Ruberto G. The anticarcinogenic potential of 
essential oil and aqueous infusion from caper (Capparis spinosa L.). Food Chem 2012 ; 132: 261–267. 

[40] Roohbakhsh A , Parhiz H , Soltani F , Rezaee R  and  Iranshahi M. Molecular mechanisms behind the 
biological effects of hesperidin and hesperetin for the prevention of cancer and cardiovascular diseases. 
Life Sci 2015 ;124 :64–74. 

[41] Arau´ JO , Gonc JR , alves P, and Martel F. Chemopreventive effect of dietary polyphenols in colorectal 
cancer cell lines. Nutr. Res 2011 ; 31 (2): 77–87. 

[42] Lin JP , Yang  JS , Lin JJ , Lai KC , Lu HF , Ma CY , Sai et al. Rutin inhibits human leukemia tumor growth in 
a murine xenograft model in vivo. Environ. Toxicol 2012 ;  27 (8): 480–484. 

[43] Ellis L, Atadja PW. and Johnstone RW. Epigenetics in cancer: targeting chromatin modifications. Mol 
Cancer Ther  2009 ; 8:1409–1420.  

[44] Esteller M. Epigenetic gene silencing in cancer: the DNA hypermethylome. Hum Mol Genet  2007 ; 
16(1): 50–59.  

[45] Subramaniam D , Thombre R  , Dhar A  and Anant S. DNA methyltransferases: a novel target for 
prevention and therapy. Front Oncol 2014 ; 4(80): 1-13. 

[46] Li Y. and Tollefsbol TO. Impact on DNA methylation in cancer prevention and therapy by bioactive 
dietary components. Curr. Med. Chem  2010 ; 17 : 2141–2151.  

[47] Khan SI , Aumsuwan P , Khan  IA , Walker LA , Dasmahapatra AK. Epigenetic events associated with 
breast cancer and their prevention by dietary components targeting the epigenome. Chem. Res. Toxicol  
2012 ; 25 : 61–73. 

[48] Kalimuthu S and Se-Kwon K. Cell Survival and Apoptosis Signaling as Therapeutic Target for Cancer: 
Marine Bioactive Compounds. Int J Mol Sci 2013 ; 14: 2334-54. 

[49] Yu L  , Yang J  , Wang X  , Jiang B , Sun Y and Ji Y. Antioxidant and antitumor activities of Capparis spinosa 
L. and the related mechanisms. Oncol Rep 2017; 37(1):357-367. 

[50] Ji YB  and  Yu L . In vitro analysis of the role of the mitochondrial apoptosis pathway in CSBE therapy 
against human gastric cancer.  EXPERIMENTAL AND THERAPEUTIC MEDICINE  2015 ; 10: 2403-2409. 

[51] Park HJ , Kim  MJ , Ha E , and Chung JH. Apoptotic effect of hesperidin through caspase3 activation in 
human colon cancer cells, SNU-C4. Phytomedicine 2008 ;15(1-2):147–51. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4013461/

