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ABSTRACT 
The induction of apoptosis was evaluated in the current study, and it was found that 

volatile oils extracted from Cyperus rotundus L. suppressed growth and proliferation 

of the three cancer cell lines (Human Epidermoid Larynx Carcinoma (HEp-2), 

Murine Mammary Adinocarcinoma (AMN-3), Human Glioblastoma Multiformi 

(GBM)) via early induction of apoptosis (loss of mitochondrial membrane potential). 

Characteristic DNA fragmentation (late apoptosis) of treated cancer cells with the oils 

revealed that a definite induction of apoptosis and this may due to the cytotoxic effect 

of that extract. In both early and late induction of apoptosis tests, REF cells did not 

expressed any changes in its cellular behavior after treatment with the C. rotundus 

extract. Induction of apoptosis was further confirmed by investigating the changes in 

a mammalian cell cycle. It was observed that the volatile oils of C. rotundus L. extracts 

caused a significant cell cycle arrest at G2/M transition phase, due to the ability of that 

extract to suppress the phospho-cyclin dependent cyclase-2 (cdc-2) which is 

responsible for moving the cell cycle from G2 to M phase. Therefore the cells will be 

obligated to be arrested and undergo apoptosis, but the same extract did not 

expressed any change in its cdc-2 level after REF cells treatment, therefore the cells 

were not arrested at G2/M. Finally it was concluded that the volatile oils C. rotundus 

enhanced the induction of apoptosis on cancer cell lines. 

___________________________________________________________________ 
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 1

 ، الجامعت المستنصريتوالىراثت الطبيت المركز العراقي لبحىث السرطان
2

 ة والتقنياث الاحيائيت للدراساث العليا، جامعت بغدادمعهد الهندست الىراثي 

 

 الخلاصة 

تعد عممية الموت المبرمج من العمميات الفسمجية عالية التعقيد داخل الخمية لمتخمص من الخلايا التي تعاني من   
مج ، إذ وجد أن لذا تم دراسة قابمية الزيوت العطرية في استحثاث عممية الموت المبر .أي خمل في مادتيا الوراثية

( AMN-3, GBM, HEP-2)لمزيوت العطرية القابمية عمى تثبيط نمو وانقسام ثلاثة أنواع من الخلايا السرطانية 
تمك الخلايا السرطانية لنفاذية أغشيتيا الخموية وذلك  الموت المبرمج من خلال فقدان بوساطة قدرتيا في الحث عمى

يمثل دليل عمى عممية الموت المبرمج الناجم  DNAكسر المادة الوراثية كذلك ان ت .باستعمال صبغة متفمورة خاصة
من نفس الأنواع الثلاثة من الخطوط الخموية  DNAمن تأثير مستخمص الزيوت العطرية، لذا تم استخلاص 

ساعة ومن ثم ترحيمو كيربائياً وكانت  72السرطانية، بعد معاممتو بمستخمص الزيت العطري لعشب السعد لمدة 
وىذا دليل عمى تكسره أي موت الخلايا السرطانية من جراء الحث عمى عممية الموت  DNAلنتيجة تكون مدرج من ا

عند معاممة ىذا الخط بنفس التركيز   REFفي الخط الخموي الطبيعي  DNAولكن لم يكن ىنالك تكسر .المبرمج
تاثير مستخمص الزيوت العطرية في دورة  كما تم دراسة.  من الزيت العطري لعشب السعد وضمن نفس مدة التعريض

، إذ وجد ان لمزيوت العطرية القابمية عمى استحثاث عممية الموت المبرمج من (الثلاث أنواع)حياة الخلايا السرطانية 
فقد وجد ان مستخمص الزيوت العطرية  لو القدرة عمى . G2/Mخلال ايقاف دورة حياة الخمية عند الطور الانتقالي 

ومن ثم ستدخل الخمية مرحمة  Mالى  G2المسؤل عن انتقال الخمية من مرحمة  phospho-cdc-2امل تثبيط الع
الموت المبرمج وذلك عند معاممة الخطوط الخموية السرطانية الثلاث بمستخمص الزيت العطري وضمن مدة تعريض 

ى الخط الخموي الطبيعي كما وجداً أيضاً أن ليس ىنالك تأثير احصائي واضح لذلك المستخمص عل .ساعة 72
REF.  لذا يمكن الاستنتاج ان لمزيوت العطرية ليا تأثير سمي في الخطوط الخموية السرطانية من خلال استحثاث

  .G2/Mالخلايا عمى عممية الموت المبرمج عن طريق إيقاف دورة حياة الخمية عند الطور الانتقالي 
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INTRODUCTION 
Cancer treatment plan depends mainly on the type of cancer and the stage of the disease. 

Most treatment plans include surgery, radiotherapy, or chemotherapy, some involve 

hormone therapy or biological therapy are generally harmful. Therefore researchers 

searching for unconventional treatments to overcome these side effects (1).The flora of 

Iraq, the ancient Mesopotamian land of civilization are interesting, about 1500 medicinal 

plants species have been recorded in Iraq. Most of these belong to higher plants. Quite a 

large number of these plants are used for medical purpose (2).Cyperus rotundus L. 

(Cyperaceae) is a traditional herbal medicine used widely as analgesic, sedative, 

antispasmodic, antimalarial, gastric disorders and to relieve diarrhea (3). This plant, which 

grows naturally in tropical, subtropical and temperate regions. The tuber part of C. rotundus 

is one of the oldest known medicinal plants used for the treatment of several diseases (4).  

The mitochondrial transmembrane potential (ΔΨm) can be monitored in living cells using a 

number of different potential-sensitive dyes. All these dyes share a cationic lipophilic 

structure allowing them to distribute freely through membranes into the mitochondrial 

matrix, as a function of the nernst equation, correlated to the ΔΨm (5). It has been 

postulated that a volatile oils inhibits mitochondrial megachannel and might be involved in 

apoptosis (6,7,8).  This megachannel, also called the permeability transition (PT) pore, has 

been subject to extensive pharmacological and functional characterization. In normal 

circumstances, most if not all PT pores are closed (9,10). Dissipation of the ΔΨm is a 

general feature of apoptosis, irrespective of the cell type (neurons, fibroblasts, thymocytes, 

monocytes, hepatocytes, lymphocytes, tumor cells, etc) (11,12). The ΔΨm disruption is 

also observed in cells lacking mitochondrial DNA (13). Whenever a pharmacological or 

genetic manipulation succeeds in preventing apoptosis, it also abolishes the ΔΨm 

disruption that usually precedes cytolysis (14). The cell cycle is an intricate sequence of 

events which enables cells to grow and replicate. The two gene types which play a major 

role in the cell cycle, and therefore in the development of cancer, are the oncogenes (e.g. 

HER2/neu, Ras, c-Myc, etc.) and tumor suppressor genes (e.g. p53 and Rb) (15,16). 

DNA damage may result from some environmental insult, leading to disruption of cell 

cycle control mechanisms. Cell cycle checkpoints are these controlling mechanisms of cell 

growth and development, regulating the complex and intricate network of interactions. 

Mutations of these checkpoints are evidenced in all types of cancer (17). An exciting new 

approach to drug development includes the discovery of small molecules that are able to 

specifically attack the aberrant genetic alterations and deregulated biochemical pathways 

that are responsible for cancer while sparing healthy tissues. By targeting cancer cells 

cycle, this  new generation of anticancer agents promises to be more selective and less toxic 

than current drugs used for cancer prevention and treatment (18). The current studies have 

demonstrated that C. rotundus and its bioactive compound (volatile oils) have significant 

role in human disease prevention. However, the antiproliferative activity of volatile oil has 

never been explored. In this context, study was conducted to analyze the capability of 

volatile oil to act as antiproliferative agent and induce apoptosis by arresting the cell cycle 

at G2/M phase.  

http://www.cancer.gov/dictionary/db_alpha.aspx?expand=s#surgery
http://www.cancer.gov/dictionary/db_alpha.aspx?expand=r#radiation therapy
http://www.cancer.gov/dictionary/db_alpha.aspx?expand=c#chemotherapy
http://www.cancer.gov/dictionary/db_alpha.aspx?expand=h#hormone therapy
http://www.cancer.gov/dictionary/db_alpha.aspx?expand=b#biological therapy
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MATERIALS AND METHODS 
Plant materials and chemicals 

 Tubers, part of C. rotundus, were harvested in summer especially between May and late 

September. Botanical identification was carried out by Prof.Dr. Ali H.E.Al Mosawi, Head 

of Iraqi Herbarium and Professor in plant taxonomy, Biology Department, College of 

Science, Baghdad University in identification the genus and species of the herb as a 

Cyperus rotundus. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide (MTT) 

and Dimethylsulphoxide (DMSO) were purchased from Aldrich (St. Louis, MO, USA)., 

DNA extraction kit was purchased from promega (USA) and MitoPT
™ 

from (USA). 

Volatile Oil Extraction 

 The partially purified volatile oils extract was prepared by adding hundred gram of plant 

material and 1000ml of water were placed in a clevenger type apparatus. The essential oil 

was isolated by hydrodistillation for 14hrs. The obtained essential oil was separated and 

stored in a sealed dark vial, at -20°C before usage. The batches were collected for 

weighting and being ready for further study.  
Cell viability assay 

The evaluation of cytotoxic activity is based on the reduction of MTT by the 

mitochondrial dehydrogenase of viable cells to give a blue formazan product which can be 

measured spectrophotometrically. The MTT colorimetric assay was performed in 96-well 

plates. Each of Hep-2, AMN-3, GBM and REF cells were seeded in 96-well plates at a 

concentration of 10
5
 cells/well and incubated during 24hr. at 37°C (20). The various 

concentrations of each extract of C. rotundus were added to the cultures for 72hrs at 37°C. 

Cytotoxicity index was described by Freshny (21) and expressed as IC50 which is the 

concentration which reduce the absorbance of treated cells by 50% with reference to the 

control (untreated cells). The IC50 values were graphically obtained from the                 

dose–response curves. We determined IC50 values when activities resulted more than 50% 

at screening concentrations. 

Mitochondrial Permeability Transition Detection 
Detection of the mitochondrial permeability transition event (PT) provides an early 

indication of the initiation of cellular apoptosis. This process is typically defined as a 

collapse in the electrochemical gradient across the mitochondrial membrane, as measured 

by the change in the membrane potential (ΔΨm).The apoptosis estimation was done 

according to the MitoPT™ procedure by treating the cells with the IC50 of volatile oils 

extract (7). 

DNA Fragmentation Assay 

During apoptosis, cellular endonucleases cleave nuclear DNA between nucleosomes, 

producing a mix of DNA fragments whose length varies in multiples of 180 to 200 bp or 

sometimes the fragmented DNA appear as a smear depending on the quantity of DNA 

sample. Therefore DNA fragmentation was analyzed by agarose gel electrophoresis after 

treatment the cell lines with IC50 of volatile oils extract (22). 
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Cell Cycle Analysis 

To determine cell cycle distribution analysis, 5x10
5
cells were plated in 100-mm dishes, 

treated with C. rotundus volatile oils (IC50) for 72hrs. After treatment, the cells were 

collected by scraping, washed in PBS, resuspended in 3mL of lysis buffer containing 1ml 

protease inhibiter cocktail (US Biological, USA), incubated in refrigerator overnight, then 

thawing (repeated two time) and finally centrifuged at 12,000g for 10 min. The resulting 

supernatant was used for cell cycle analysis. 

The cell supernatant then used for detection phosphor-cdc-2 protein which is responsible 

for transferring the cells for G2 to M phase, depending on sandwich enzyme- linked 

immunosorbent assay (ELISA) that detects endogenous levels of Phospho-cdc2 (Thr161) 

protein (US Bio., USA) 

 

RESULT AND DISCUSSION  
Role of volatile oils in cytotoxicity 

The cytotoxic effect of C. rotundus extract (volatile oils), were evaluated by MTT assay, 

a non-radioactive, fast assay widely used to quantify cell viability and proliferation.   When 

the cancer cell lines (HEp-2, AMN-3 and GBM) were treated with the extract, the result in 

Figure (1) showed significant cytotoxic effect in all types of cells in a dose dependent 

manner in comparison with the control. And the toxic effect varied from one cell type to 

another. The volatile oil fraction showed a significant toxicity started from first 

concentration to the last one in the three types of cancer cell lines. But in normal 

fibroblastic primary cells (REF). The result showed a slight toxicity in each extracts but 

with non-significant difference (P>0.05) on that particular primary cells. 

 

 

 

 

 

 

 

 

 Four concentrations were used ( 62.5, 125, 250, 500µg/ml) respectively after 72 hrs. 

exposure time. These concentrations are the best range to give a least significant inhibitory 

effect of the C. rotundus extracts in vitro (23). Dimethyl sulfoxide (DMSO) was used as 

solvent in the preparations of  the three types of  C. rotundus extracts, and  the 

concentration used in that preparations is not harmful on extract free control cells (23,24). 

Figure (1): The cytotoxic effect of different concentrations of C. rotundus 

extract (volatile oils) on different cell lines (HEp-2, AMN-3, GBM and REF). 
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Volatile oils (one of the C. rotundus active groups as cited by Duke) (25), exhibit a 

chemopreventive and anticarcinogenic properties by carcinogen detoxification and/or 

induce tumor cell remodeling/re-differentiation depending on some important factors such 

as transforming growth factor beta (TGFβ) (26). Volatile oil (limonene) from Citrus 

aurantifolia can induce apoptosis mediated cells death in human colon adenocarcinoma 

cells. Induction of apoptosis by limonene was supported with evidence of  DNA 

fragmentation, elevated caspase-3 content and expression ratio of Bax/Bcl2 (27). Hence, 

these findings strengthen the  hypothesis that volatile principles are capable of exhibiting 

chemoprevention ability in several cancer types and especially mammary adenocarcinoma 

according to the high significancy in comparison with other two cell lines.                

Kilani and her colleagues (28) reported that volatile oils fraction from C. rotundus 

possess a potent inhibitory effect on leukemic cell lines (L1210) by interfering with the 

post-translational modification cellular proteins due to its antioxidant activity and induce or 

inhibit some hepatic detoxifying enzymes, so these findings may attributed the volatile oils 

to be one of the promising fraction to act against cancer cell.   

Detection of Mitochondrial Permeability Transition 

act (volatile oils) to target the mitochondrial membrane permeability potential leading to 

induce apoptosis which is regarded as an early response in programmed cell death. Change 

in the permeability of mitochondrial membrane was  measured by fluorescent cationic dye 

known as JC-1 dye under fluorescent microscope. The test was applied on four different 

cell lines, and the IC50 of each extract was used as a target concentration during 72hrs. as 

the exposure time. 

 The result showed loss of mitochondrial membrane potential (ΔΨm) when each of HEp-

2, AMN-3 and GBM cell lines exposed to the IC50 of C. rotundus extracts, which caused  a 

pore in the cell membrane, leading to insertion of  pro-apoptotic proteins and releasing of 

cytochrome c into the cytoplasm. This finding represents the positive result                         

(brilliant green color) in comparison with the control which is regarded as the negative 

result (brilliant red color) as shown in Figure (2). 

The loss of mitochondrial membrane potential (ΔΨm) will obligate the cells to undergo 

apoptosis (29). This result is directly correlated with inhibition of cells growth in cytotoxic 

assay. But in normal fibroblastic (REF) cell line the result was negative (brilliant red color) 

in comparison with control. In apoptotic cell lines with positive result the intensity of C. 

rotundus extracts to induce apoptosis was varied from cell to another within the same 

extract and within other extracts.  

In the early apoptotic mitochondrial permeability test, this finding may due to the 

increasing in ROS generation (30). Several evidences have been explored the relationship 

between ROS generation and apoptosis, and also demonstrated that ROS might increase the  
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loss in mitochondrial membrane potential (MMP) during drug-induced cancer cell 

apoptosis  (31, 32). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): (A)-(C). JC-1 staining was performed to determine the apoptotic index. JC-1 stains the 

cells which lost the membrane potential of mitochondria. All treated and control figures represented 

the results of  the volatile oils extract of C. rotundus extract (volatile oils), and was analyzed on 

Olympus florescent microscope (100X). 

 

 

Control  

 

A 

AMN-3 

 

AMN-3 

 

HeLa 

 

Vero 

 

A 

Treated  

 

C 

B 

HEp-

2 

HEp-

2 

AMN-3 AMN-3 

GBM GBM 



Iraqi J. Biotech. 9(2): 286-298 (2010)                                                                       Zaid A. AL- Hilli et al. 

 293 

  1           2            3           4           M 

 

 

DNA Fragmentation Assay 

Nucleosomal DNA fragmentation assay considered a biochemical hallmark of  late 

apoptosis. The ability of  C. rotundus extract (volatile oils), to cause DNA degradation on 

four cell lines were determined. Agarose gel electrophoresis of chromosomal  DNA-treated 

C. rotundus extract (IC50 of volatile oils) showed a ladder like pattern of DNA fragments 

consisting of approximately 180-200 bp. These figures were analyzed by a computerized 

software (GENE TOOL
™

) to determine the apoptotic DNA ladder (number of bands) of 

each one as shown in Figure (3).  From DNA analysis software, it was observed that there 

was a remarkable induction of apoptosis (apoptotic DNA ladder) in all cell lines after 

treatment with C. rotundus extract in compare with control, and this will directly correlated 

with inhibition of cells growth in cytotoxic assay. In normal fibroblastic (REF) cell line, no 

DNA damage was observed which mean that, C. rotundus extract did not induce apoptosis 

in these particular cells depending on specific computerized software that were capable to 

detatile oils) have the power to induce apoptosis in different cancer cell lines in comparison 

with the control, when the IC50 of extract incubated with these cell lines in 72hrs. exposure 

time. As far as the extracts of C. rotundus tested in the present study were in volatile oils 

extract that probably contained many compounds which may act well synergistically (33), 

it is not possible to say which compounds are responsible for the observed effects  

However, our data suggest that the biological effects exhibited by this plant, under these 

experimental conditions, could be related to an overall effect of the volatile oils compounds 

in these extracts. 

 

 

  

 

 

 

Figure (3): DNA fragmentation and expression of apoptosis on different cells exposed to C. rotundus 

extract. The cells were incubated for 72hrs. with IC50 of the volatile oils, and lane 1 represent HEP-2, 

lane 2 represent AMN-3, lane 3 represent GBM, lane 4 represent REF and lane M represent the 

molecular weight marker. 
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Volatile oils of C. rotundus inhibit the progression of cell cycle at G2/M phase by 

regulating cell cycle-related molecules. 

 To investigate the mechanisms leading to loss of cell proliferation by C. rotundus 

volatile oils tested whether inhibition effect is due to induction of cell cycle arrest. As 

shown in Table 1, treatment HEp-2, AMN-3 and GBM cells with IC50 of volatile oils 

increased the percentage of cells accumulation in G2/M phase. The treatment of the three 

types of cells with C. rotundus volatile oils resulted in down-regulation of Cdc2 due to 

decrease the level of phosphorylated cdc2 (Tyr15) in comparison with the controls. In REF 

cells there were non-significant decreasing in the level of phospho-cdc-2 (thr161) 

throughout the cell lines in comparison with control after treatment with the C. rotundus 

extract. 

 
Table (1): The  in vitro cell cycle arrest (G2/M) of  C. rotundus extracts on different cell   lines. 

Type of Cell Type of Extract cdc2 Level (O.D) Probability 

 

 

          HEp-2 
Volatile oils 0.239 0.0001 

Control 0.76  

 

 

         AMN-3 
Volatile oils 0.272 0.0001 

Control 0.76  

 

        

            GB 
Volatile oils 0.246 0.0001 

Control 0.857  

 

 

          REF 
Volatile oils 0.440 0.807 

Control 0.433  

 

 In cancer cells, cdc25 has been reported to be overexpressed in a variety of tumors with a 

striking association of tumor aggressiveness and poor prognosis (34). Therefore C. 

rotundus extracts inhibits cdc2 phosphrylation may lead to direct inhibition of  cdc25C and 

cause a persistence of  cyclinB1/cdc2 complex in an inactive state (35), and also volatile 

oils may enhanced the encoding of Wee1 gene which is important regulatory gene in G2/M 

transition due to its inhibition of p34
 cdc2 

activity exclusively on tyr
15

 residue (36). 

Moreover, one of the transcription targets of p53 is p21
WAF1

, a cyclin-dependent kinase 

inhibitor (37). So that  C. rotundus extract may enhance the activity of p21
WAF1

in binding to 

and inhibits the activity of the Cyclin B1/cdc2 complex to cause arrest in the G2 phase of the 

cell cycle, which means that this extract may induced early increase in the expression of 

p
53

, p21
WAF1

 and decreased phosphorylation of Cdc2 (Thr
14

, Tyr
15

), and p
53

(Ser
15

),which 

strongly support the hypothesis that  C. rotundus extract might cause DNA damage and cell 

cycle arrest at G2/M (38). 
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It is important to know, that the C. rotundus volatile oils did not accumulate the normal 

fibroblastic cells (REF) in G2/M phase during its treatments. This might be explained since 

there are no selective targets in these cells so as the C. rotundus extract acts on it.  

Furthermore, cancer cells possess more than one overexpressed target (regulatory genes) 

enabling these extracts to specify it, such as CDKs, cdc25c, AKT, PLK1and the 

checkpoints regulatory proteins especially G2 checkpoints, that are promoting cell cycle 

transitions as documented by several researchers (39,40). 

In conclusion, C. rotundus volatile oils extract appear to contain compounds possess, 

cytotoxic and apoptotic properties due to arresting the cell cycle at G2/M. As apoptosis has 

become a new therapeutic target in cancer research, it appears that C. rotundus may have 

potential agent of chemotherapeutic and cytotoxic activity in different types of cancer cell 

lines. However, further investigation of its activity, in vivo, is necessary to elaborate and 

exploit this promise. 
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