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Abstract 

Background: 

Cervical cancer is a life-threatening disease for many women around the world. 

Although many treatments are currently used to treat cervical cancer, they contribute 

to induce many side effects. Therefore, efforts are being made to discover treatments 

from safe natural sources such as plants. Urtica pilulifera as one of these plants has 

reported to be effective against several types of cancer but whose mechanism of 

action has not been fully verified yet. 

Objective: 

To evaluate the anticancer activity exerted by phytochemicals extracted from 

U. pilulifera leaves against cervical cancer cell line (Hela). 

Methodology: 

The anticancer effect of hexane, methanol and water crude extracts of U. 

pilulifera leaves was assessed through determining cytotoxic effect on Hela cells by 

MTT assay. This was followed by fractionating the potent extract and assessing 

fractions activities by MTT assay too, in addition to performing GC-MS analysis for 

crude extract and all fractions. The most effective fraction was further tested by 

trypan blue assay to evaluate its ability to induce cell death. Western blot analysis 

was carried out to detect the mechanism of action by which this fraction followed by 

cheking any alterations in P21, P53, PARP-1, Caspase-9 and BCL-2 proteins levels. 

Results: 

Our results showed that 45 µg/ml of U. pilulifera leaves hexanic extract 

exhibited a potent cytotoxicity against Hela cells. Of this extract, fraction 4 showed 

most potent cytotxicty againist the same cell line with 40 µg/ml IC50. Fraction 4 

contained several compounds, the most important of which is phytol, which was 

found in active fractions only. Furthermore, fraction 4 induced its anticancer activity 

through two mechanisms of action, cell cycle arrest and apoptosis.  

Conclusion: 

Phytochemicals extracted from U. pilulifera leaves have a potent anticancer 

activity againist Hela cell line.  

Keywords: Hela cell line, Urtica pilulifera, phytol, cell cycle arrest, apoptosis. 
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 الملخص

 :البحث خلفية
عنق  وبالرغم من تعدد عالجات سرطانهدد حياة الكثير من النساء حول العالم. ي مرضسرطان عنق الرحم 

عالجات  ل الجهود الحثيثة الكتشافجانبية. لذلك تبذ  الثار العديد من اآل تستحثالمستخدمة حاليا إال أنها  الرحم
 تسجيلالنباتات تم  كأحد هذه (Urtica pilulifera)القريصنبات . مثالا  آمنة كالنباتات طبيعية مصادر من

  .بعد عدة أنواع من السرطان لكن آلية عمله لم يتم التحقق منها بشكل تام فاعليته ضد
 :البحث أهداف

مستخلصة من أوراق نبات القريص ضد  نباتية تقييم النشاط المضاد للسرطان الذي تمارسه مركبات كيميائية
  (Hela). الرحمخاليا سرطان عنق 

 :منهجية البحث
من  الماء( –الميثانول  -نبات القريص )الهكسانأوراق ستخلصات خام من متقييم النشاط المضاد للسرطان ل تم

الخام  المستخلص تجزئةتلى ذلك عملية   MTT. اختبار بواسطة Hela  خالياتحديد التأثير الّسمي على  خالل
 -الغاز اإلضافة إلى إجراء تحليل كروماتوغرافياب MTT. وتقييم نشاط األجزاء أيضا بواسطة اختبار األقوى 

  اختبارمطياف الكتلة للمستخلص الخام وكل األجزاء. الجزء األكثر فعالية تم اختباره أكثر من خالل إجراء 
trypan blue تحليلُأجري  .لتقييم قدرته على قتل الخاليا western blot) ) للكشف عن آلية العمل التي

  ,P21, P53, PARP-1البروتيناتاتبعها الجزء عن طريق فحص أي تغيرات في مستويات 
 BCL-2وCaspase-9. 

 :البحث نتائج
الجزء  Hela. ية قوية ضد خاليان المستخلص الهكساني للقريص أظهر سم  م (µg/ml 45)ائجنا أن أظهرت نت

. الجزء الرابع (µg/ml 40) تساوي  (50IC) الرابع من هذا المستخلص أظهر سمية أقوى ضد نفس الخاليا بقيمة
، الجزء باإلضافة إلى ذلك فقط.من المركبات والتي أهمها الفيتول الذي ُوجد في األجزاء الفعالة  عدديضم كان 

 الرابع استحث نشاطه المضاد للسرطان من خالل آليتين، وقف دورة الخلية والموت الخلوي المبرمج.
 :التوصياتو الخالصة 

 .Helaضد خاليا  نشاط قوي المركبات الكيميائية النباتية المستخل صة من ورق نبات القريص ذات 
  .وقف دورة الخلية، موت الخاليا المبرمج مركب الفيتول، ، القريص،Helaخاليا الكلمات المفتاحية: 
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Epigraph 

 

The woman who follows the crowd will usually go no further than the crowd. 

The woman who walks alone is likely to find herself in places no one has been 

before.  

Albert Einstein. 
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Chapter 1 

Introduction   

1.1 Overview 

Cancer is a major health problem affects adults and young people, men, women 

and children. It is the second leading cause of death worldwide after cardiovascular 

diseases. In 2015, the number of cancer deaths was 8.8 million, with an average of 

one of every six deaths in the world. 70% of these deaths were recorded in low- and 

middle- income countries. Cancer can be expressed as a group of more than 100 

diseases that develop gradually over time to give uncontrolled dividing cells. Cancer 

begins when a cell resists the prevailing conditions of cellular division and follows 

its own agenda in a continuous division and spread. The formed mass of cells may 

remains in place (in situ cancer) or infiltrate adjacent tissues (invasive cancer)  

(National Cancer Institute [NCI], 2015a). 

The most common types of cancer that killed men in 2015 were lung, liver, 

stomach, colorectal and prostate respectively, while the most common types of 

cancer killed women at the same year were breast, lung, colorectal, cervix and 

stomach respectively (World Health Organization [WHO], 2017). 

In Gaza strip the number of new cancer cases recorded between 2009 and 2014 

was about 7069 new cases (Palestinian Minisrry of Health [MOH], 2016). According 

to the same report, breast cancer was the most common type accounting for 18.1% of 

all cancer cases, while colorectal cancer ranked the second type accounting for 10% 

of all cancer cases.  

There are several ways to treat cancer including surgery, chemotherapy, 

hormone therapy, radiation therapy, immunotherapy and targeted therapy. Some 

cancer patients were subjected to one type of these treatments, while the most were 

subjected to a combination of treatments. The type of adopted treatment depends on 

the type of cancer and the extent of its progression (NCI, 2017a). 

All types of cancer treatment cause adverse side effects to the patients by 

affecting healthy tissues and organs, including these symptoms: anemia, 

constipation, diarrhea, nausea and vomiting, fatigue, bleeding and bruising, delirium, 
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edema, mouth and throat problems, hair loss, memory or concentration problems, 

nerve problems, sleep problems, fertility and sexual health issues in women and men, 

urinary and bladder problems  (NCI, 2017b). 

Although chemotherapy is the most widely used among other treatments for 

cancer, it also exhibits bad side effects range from mild as loss of weight to severe as 

nausea (Griffin et al., 1996). Harming normal body cells (Lin, Fu, Tsai, Cheng, & 

Weng, 2017), and immunodeficiency (Crawford et al., 1991), are a major obstacles 

to chemotherapy. Another big problem facing chemotherapy is the ability of cells to 

develop a resistance system against chemotherapeutic agents making these drugs 

ineffective over time (A Singh & Settleman, 2010). 

These side effects of conventional chemotherapy treatments and other synthetic 

chemicals have made scientists to move in other direction, which is the discovery of 

highly effective agents with less side effects (Fennell et al., 2004). Natural products 

specially phytochemicals were proved to be effective against several diseases including 

cancer (Catalano, 2016). Phytochemicals are secondary metabolites produced by plants 

and widely available in vegetables, fruits, legumes, grains, and nuts (Edward et al., 

2016(. Phytochemicals are known to play anticancer role in terms of treatment and 

prevention, in addition to modulating host immune response to cancer. Furthermore, 

phytochemicals interfere in pathways used by cancer cells to resist chemical drugs 

(Catalano, 2016). 

 Interest in the isolation and characterization of plant pharmaceutical compounds 

is increasing day by day (Kumari & Kotecha, 2016). The medicinal importance of 

plants is determined when their therapeutic benefits are determined, and their 

therapeutic compounds is identified, characterized, and examined (Singh, Singh, 

Krishna, & Pandey, 2014). The botanical kingdom is a continuous reservoir of medical 

treatments where many researchers assume that two-thirds of plants distributed around 

the world possess medical properties (Krishnaiah, Sarbatly, & Nithyanandam, 2011). 

There are 119 drugs produced commercially from less than 90 plants. Since there are 

more than 250,000 plant species, so many medicinal phytochemicals are expected to be 

discovered (Farnsworth, 2007). With regard to Palestine, it is one of the countries that 

are rich in several plant species, with about 2,600 species distributed over different 

locations. A large proportion of the population relies on natural products and 
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alternative medicine as an initial option for treatment even for cancer (Ali-Shtayeh, 

Yaniv, & Mahajna, 2000a). The discovery of therapeutic agents from plants is a multi-

faceted approach that employs botanical, biological, phytochemical and molecular 

techniques. In this way many drugs with plant origin have been proved and produced 

both as preventive and therapeutic drugs (Balunas & Kinghorn, 2006). 

Over the period 1940 to 2014, 175 chemical compounds were approved as cancer 

treatments, of which 85 (49%) are natural products or their derivatives (Newman & 

Cragg, 2016). These phytochemicals are divided into several categories based on 

pharmacological action like chemotherapeutic, antifungal, bacteriostatic, bactericidal 

and antioxidant (Shariff, Sudarshana, Umesha, & Hariprasad, 2006). Many of the 

plants possess antioxidant activities which act to reduce oxidative stress in body cells 

thereby preventing damage of DNA and other cellular molecules. Antioxidants- 

bearing plants are useful in treating many diseases such as cancer, inflammatory 

diseases, cardiovascular diseases (Krishnaiah et al., 2011). 

The phytochemical anticancer compounds currently used in clinical trials can be 

classified into 4 major categories of compounds: taxanes, camptothecins, vinca (or 

catharanthus) alkaloids and epipodophyllotoxins, each of which is isolated from a 

different plants and exerts its anticancer activity with different mechanisms of action 

(Balunas & Kinghorn, 2006). Phytochemicals target carcinogenesis process through 

chemopreventive approaches including DNA repair, scavenging free radicals, 

detoxification, differentiation induction, proliferation suppression, inflammation 

reduction, immunity enhancement, angiogenesis decreasing and apoptosis induction 

(Tsao, Kim, & Hong, 2004). These compounds were isolated through bioassay- guided 

chromatographic fractionation of the crude extract and identified by mass 

spectrometric techniques. Taxol has been described as the best phytochemical 

identified as anticancer agent (Wall & Wani, 1996). 
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1.2 Objectives 

1.2.1 General Objective 

To assess the cytotoxic effect of phytochemical(s) isolated from U. pilulifera 

on human cervical cancer cell line. 

1.2.2 Specific objectives 

1. To prepare several U. pilulifera leaves extracts using different solvents as 

hexane, methanol and water.  

2. To determine which extract from (1) is the most active against Hela cells.  

3. To fractionate the most active crude extract in order to determine which fraction 

(or compound) is responsible for the antitumor activity. 

4. To determine the chemical components of the active crude extract and all 

fractions. 

5. To determine the mechanism(s) of action by which this fraction affects tumor 

cells. 

 

1.3 Singnificance of the study 

The findings of this research will contribute to the benefit of society as cancer 

diseases became a serious problem affecting humankind, with significantly 

increasing number of cancer cases and deaths. In addition, the prevailing 

chemotherapies are not effective enough and cause adverse side effects, which 

justifies the need to discover other effective and safe agents. Thus, in the long term, 

our research highlights this plant or its active compound(s) to be employed by those 

who interested in enriching the field of cervical cancer medicine industry. In addition 

to, integrative medicine experts can recommend their patients to consume the plant 

as a complementary treatment with chemotherapy to increase its efficiency. For 

researchers, this study encourages and opens up prospects for researchers to explore 

other plants in search of their therapeutic values. Thus, an effective and supernatural 

cure for cervical cancer or other types of cancer may be discovered. 
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Chapter 2 

Literature Review 
2.1 Cancer 

2.1.1 What is cancer? 

Cancer is a big health problem that threats millions of people lives all over the 

world which led cancer to be the second cause of morbidity and mortality worldwide. 

Cancer is defined as a large group of diseases characterized by rapid creation of 

abnormal cells that grow beyond their usual boundaries, then can invade adjoining 

parts of the body and spread (metastasize) to other organs (WHO, 2017).  

Cell division is a firmly organized process driven by a group of proteins and 

enzymes (cyclin-dependent kinases/cyclins) that interact with each other in a 

systematically manner to determine whether the cell is allowed to start a new cycle 

or remains stuck between the phases. The continuous unceasing division occurs 

either through overactivation of positive cell cycle regulators, or inactivation of 

negative cell cycle regulators (Chow, 2010), accordingly any mutation in these 

proteins may lead to cell death or cancer (Barnum, 2014). Normally, body cells grow 

and divide to produce new cells according to the body needs. When these cells 

become old or get damaged, they die and new cells get instead. When this system 

breaks down, cancer develops. However, if damaged and abnormal cells didn't die 

but survived and divided without stopping it may form growths called tumors. 

Tumors do not spread into or invade surrounding tissues called benign tumors. 

Unlike benign tumors, malignant tumors spread into or invade surrounding tissues, 

some tumors can travel to distinct regions using the circulatory or lymphatic systems 

(NCI, 2015a). 

2.1.2 Prevalence and mortality rates of cancer 

In 2012, 14.1 million new cancer cases and 8.2 million cancer deaths were 

reported worldwide, while in 2015 there were 8.8 million cancer deaths globally 

(WHO, 2017), and 90.5 million cases diagnosed with cancer in the same year (Lin, 

Fu, Tsai, Cheng, & Weng, 2017). The number of new cases is expected to increase to 



8 

 

22 million by 2030 (NCI, 2018, World Cancer Research Fund International, 2017), 

this increase is due to aging and increasing population (The International Agency for 

Research on Cancer [IARC], 2013). More than 60% of cancer cases are reported in 

less developed regions as Asia, Africa, South and Central America, and 70% of 

cancer deaths occur in these areas (NCI, 2018). The most globally common cancer 

deaths were those of the lung (1.6 million), liver (0.8 million), and stomach (0.7 

million). While the most commonly diagnosed cancers were cancers of the lung (1.8 

million), breast (1.7 million), and colorectal (1.4 million) (IARC, 2013). According 

to recent statistics, of every 4 deaths there is one by some form of cancer (Bagul, 

Kakumanu, & Wilson, 2005). 

2.1.3 Cancer statistics in Palestine 

The number of registered cancer cases in Gaza strip between 2009 and 2014 

amounted to 7069 new cases. The number of male cancer patients in the same period 

was 3219 with 45.5% of cases, while the number of female cases was 3850 new 

cases, with 54.5% of patients. Breast cancer is the most common form of cancers in 

Gaza strip accounting for 18.1% of all cancers and is the first type among female 

cancers accounting for 31.4% of all malignant diseases affecting females. Breast 

cancer is the most prevalent in Gaza strip with a prevalence rate 78/100000 of the 

total population, colon cancer comes in second place with a prevalence rate 

45/100000 of the total population and gastric cancer comes at the end of the list of 

the most common types of cancer with a prevalence rate 13.8/100000 of the total 

population (MOH, 2016). 

  



9 

 

2.1.4 Hallmarks of cancer 

The multistep process of cancer development requires constructing several 

biological capabilities that are missing from normal cells. In 2000 Hanahan & 

Weinberg proposed six hallmarks of cancer, in 2011 the same proposers added four 

new hallmarks, this addition due to genome instability of cancer cells. These 

hallmarks include deregulating cellular energetics, resisting cell death, genome 

instability & mutations, inducing angiogenesis, activating invasion and metastasis, 

tumor- promoting inflammation, enabling replicative immortality, evading immune 

destruction, evading growth suppressors and sustaining proliferative signaling 

(Hanahan & Weinberg, 2011). These characteristics pose obstacles to the 

development of successful treatments to eradicate cancer (Ovadje et al., 2014). 

 

Figure (2.1): Hallmarks of cancer (http://www. nanostring.com, 2011). 
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2.1.5 Causes & risk factors of cancer 

It is impossible to know why some people get cancer unlike others who don't, 

but there are many risk factors that increase the possibility of some people to develop 

cancer without others. The most risk factors are suspected to support cancer are age, 

carcinogens, alcohol, diet, sunlight, radiation, tobacco, obesity, immunosuppression, 

chronic inflammation, hormones and infectious agents. Some of them are avoidable 

as avoiding exposure to them may reduce person’s chance of developing certain 

cancer (NCI, 2015a). Cancer develops as a result of changes to genes that control 

cells functions specially growth and division. These genetic changes (mutations) 

might be inherited or acquired during one's lifetime as chemical and radiation 

exposure (NCI, 2015a). Some genes are completely linked to develop cancer which 

fall into 3 groups: 

• Tumor suppressor genes: are defensive genes such as BRCA1, BRCA2, and p53. 

Normally, these genes slow down cell growth, repair damaged DNA and control 

cells death (apoptosis). If a tumor suppressor gene is missed or damaged, cells 

divide in uncontrolled manner and may eventually form a tumor. More than 50% 

of all cancers involve mutated p53 gene. 

• Oncogenes: genes promote normal (healthy) cell to turn into a cancerous one. 

The most common oncogenes are Ras family and HER2. Ras is responsible for 

translating proteins involved in cell signaling pathways, cell division, and cell 

survival. 

• DNA repair genes: genes responsible for correcting DNA damage, so default 

gene won’t fix the damage of DNA and may lead to develop cancer (NCI, 

2015b). 

2.1.6 Oxidative stress and cancer 

Eukaryotic cells generate energy through aerobic respiration process and free 

radicals (reactive species (RS) are produced as a result. Free radicals are classified 

into four groups, reactive oxygen species (ROS), reactive nitrogen species (RNS), 

reactive sulfur species (RSS) and reactive chloride species (RCS). ROS is the most 

abundant product that includes superoxide anion (O2
−), hydrogen peroxide (H2O2), 
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hydroxyl radical (OH−), singlet oxygen (1O2) and ozone (O3) (Sosa et al., 2013). ROS 

can serve as anticancer (e.g. through promoting cell cycle stasis, apoptosis, 

senescence, necrosis and inhibiting angiogenesis) or as procancer (through 

promoting angiogenesis, proliferation, metastasis, invasiveness and suppressing 

apoptosis). Other types of RS have the same two faces (Halliwell, 2007). What 

determines which face will show up is the equilibrium status between ROS 

(oxidants) and ROS scavengers, low concentration of ROS is beneficial, unlike 

harmful high concentration of ROS (Simone, 2011). This ROS- high concentration is 

called oxidative stress. Oxidative stress is very related to a wide variety of human 

diseases, such as cardiovascular disease, neurodegenerative disease, inflammation 

allergies, diabetes, immune system dysfunctions, aging and wide variety of different 

cancers (Sosa et al., 2013). Since high concentration of ROS induces damage to cell 

structures and molecules including nucleic acids, proteins, lipids and membranes, 

from here cancer initiation and development is linked to oxidative stress by inducing 

DNA mutations and DNA damage (Valko, Rhodes, Moncol, Izakovic, & Mazur, 

2006). 

2.1.7 Types of cancer 

Cancer can arise from any of the different types of cells in the body. Although 

there are more than a hundred different kinds of cancer, most types fall into one of 

the three major groups: carcinomas, sarcomas, and leukemias or lymphomas. 

Carcinomas are malignant tumors of epithelial cells and account for approximately 

90% of human cancers (Cooper, 2000), carcinomas such as colorectal, breast, 

stomach, intestines, lung, kidney and bladder (NCI, 2015a). Sarcomas are rare in 

humans that include tumors of connective tissues such as bone, cartilage, muscle, and 

fibrous tissue. Leukemias and lymphomas are approximately 8% of human 

malignancies, leukemias arise from the blood- forming cells and lymphomas arise 

from cells of the immune system (Cooper, 2000). In addition to, there are many other 

types like multiple myeloma, melanoma, brain and spinal cord tumors, germ cell 

tumors, and carcinoid tumors (NCI, 2015a). 

  

https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A2944/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A2947/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3045/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3338/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3153/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3160/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3153/
https://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3160/
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2.2 Cervical cancer 

2.2.1 Overview 

The cervix is a part of the female reproductive system and is about 2 cm in 

long, consists mainly of connective tissue and muscles with two main types of cells 

namely, squamous cells which lining the outer surface of the cervix (the ectocervix), 

and columnar cells which lining the inside of the cervix (the endocervix). In an area 

of the cervix made up of two types of these cells, the tall columnar cells (shaped like 

columns) gradually begin to turn into flat and thin squamous cells. This region is 

called (the transformation zone) where pre-cancerous changes of the cervix and most 

cervical cancers begin. The most common types of cervical cancer are called 

squamous cell carcinoma of the cervix, followed by adenocarcinoma of the cervix 

(Canadian Cancer Society, 2017). Globally, cervical cancer is the fourth most 

common type of cancers in women, where worldwide incidence is 493,243 cases 

annually (Rader, 2009). In Gaza strip cervical cancer is ranked the fifth in terms of 

prevalence rate, where recorded a prevalence of (10.5/100,000) in females population 

(MOH, 2016). 

2.2.2 Risk factors of cervical cancer 

There are some determinants but not causes associated one way or another with 

cervical cancer including weight gain, immune deficiency and being younger than 17 

years of age at the first full pregnancy (American Cancer Society [ACS], 2017a), but 

the most serious factors are: 

2.2.2.1 Infection with human papillomaviruses (HPV) 

All cervical cancer cases are linked to human papillomavirus (HPV) but not 

every woman infected with HPV will develop cervical cancer (World Cancer 

Research Fund International, 2017). Epidemiological studies confirmed that the host 

and viral genome is considered a risk factor of cervical cancer progression (Bosch et 

al., 1995; Hildesheim & Wang, 2002; Walboomers et al., 1999). 

 

 



13 

 

2.2.2.2 Use of oral contraceptives 

Several studies have found that the risk of developing cervical cancer increases 

with increasing duration of contraceptive use, prolonged use of oral contraceptives 

also increases the risk of cervical cancer in HPV positive women (Smith et al., 2003). 

2.2.2.3 Smoking 

When a woman smokes cigarettes, the chemical compounds travel through the 

blood stream from lungs to all parts of the body. Tobacco products have been found 

in cervical mucus of smokers women and scientists believe that these compounds 

cause cervical cancer by destroying DNA in the cells. Smoking also reduces the 

immune system efficacy in attacking HPV. The risk of developing cervical cancer in 

smokers women is twice that of non-smokers women (Slattery et al., 1989.; ACS, 

2017a). In addition to direct smoking, exposure to passive smoking is a risk factor of 

cervical cancer too (Slattery et al., 1989). 

2.2.3 Cervical cancer stages 

Cancer staging process carried out after the diagnosis of patients with cervical 

cancer to determine the size of tumor and to what extent it could spread if any, thus 

doctor can determines how serious the tumor is and choose how best to cure it. The 

International Federation of Gynecology and Obstetrics (FIGO) and The American 

Joint Committee on Cancer (AJCC) have developed two similar cervical cancer 

staging systems. (FIGO) developed a system called (TNM) based on the 3 following 

criteria: 

(T) The extent of the primary tumor growth in the cervix and nearby tissues. 

)N) The spread of the tumor to lymph nodes close to the cervix which is often the 

first place cervical cancer migrate to. 

(M) The metastasis of tumor to tissues that far from primary tumor (ACS, 2017b). 

These three information jointly contribute to assign an overall cervical cancer stage 

as shown in appendix 1. 
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2.2.4 Common types of cervical cancer treatments 

There are several mechanisms to treat cervical cancer but optimal treatment is 

selected according to several criteria include type and stage of cancer, possible 

complications, the patient preferences and her general health status (Cancer.Net, 

2017). 

2.2.4.1 Surgery 

Surgery means the removal of the tumor and some of the surrounding tissues 

performed by a gynecologic oncologist. Procedures used in surgery include: 

• Conization (a cone biopsy): is a removal of the tumor tissue as a conical shape 

(Cancer.Net, 2017). 

• Loop Electrosurgical Excision Procedure (LEEP): is an electric current passes 

through a wire hook to remove the tumor tissue (Cancer.Net, 2017). 

• Hysterectomy: it may be simple and includes hysterectomy and cervix removal, 

or may be radical to include hysterectomy, removal of cervix and surrounding 

tissues, upper vagina and pelvic lymph nodes (Cancer.Net, 2017). 

• Salpingo- oophorectomy: this surgery includes removal of the fallopian tubes and 

the ovaries, as well as the hysterectomy (Cancer.Net, 2017). 

• Radical trachelectomy: this procedure involves the removal of the cervix without 

hysterectomy, used for young women to maintain fertility (Cancer.Net, 2017). 

• Exenteration: this surgery is used in cases of metastasis tumors, where the uterus, 

vagina, lower colon, rectum or bladder are removed (Cancer.Net, 2017). 

• Cryosurgery: this method is based on the insertion of a metal probe into the 

cervix that kills abnormal cells by freezing them (ACS, 2016a). 

• Laser surgery: a method depends on directing focused laser beam to tumor tissue 

to burn off cells and vaporize its liquid content (ACS, 2016a). 

Surgical treatment sometimes leaves complications and side effects as 

infection, damage to urinary system and intestines, acute bleeding, as well as 

negatively affect the sexual health of women (Cancer.Net, 2017). 
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2.2.4.2 Chemotherapy (Chemo) 

Chemotherapy is a drug given to patient oral or by intravenous injection and 

transmitted to the bloodstream, thus these drugs can reach all parts of the body then 

can kill cancer cells there. In some stages, the best choice is both chemo and 

radiotherapy (concurrent chemoradiation). The most commonly chemo drugs used 

for treating cervical cancer are cisplatin (the most common one), topotecan, 

carboplatin, gemcitabine and paclitaxel, some of them are ofen combined together. 

Some drugs are used to a lesser extent as 5-fluorouracil (5-FU), mitomycin, 

docetaxel, irinotecan and ifosfamide (ACS, 2016b). Until recently, cisplatin was the 

first drug for metastatic cervical cancer but it has been reported that doublets, triplets, 

and quartets gives a higher response rate than single-cisplatin (Long, 2007). The big 

problematic facing chemical drugs is that while they are on their way to destroy 

cancer cells they also destroy some normal cells, from here side effects show up. For 

example, if chemotherapy destroys normal hematopoietic cells in the bone marrow it 

can result in increasing the risk of infection (due to lack of white blood cells), severe 

hemorrhage after minor injuries (due to lack of platelets) and hard breathing (due to 

lack of red blood cells). But common side effects of chemo are vomiting and nausea, 

loss of hair, mouth sores, loss of appetite, fatigue and in rare cases it increases the 

risk of leukemia (ACS, 2016b) and kidney damage (Cancer.Net, 2017). 

2.2.4.3 Radiation therapy 

This treatment depends on exposing the tumor to X-rays, gamma rays, 

neutrons, protons, or other sources that destroy the DNA of cancer cells, this 

destruction prevents cells from dividing thus leading them to death (ACS, 2016c). 

Radiation may come from an external device that directs radiation on the tumor area 

from all directions (external- beam radiation therapy) or it may be internal by 

inserting the radioactive substances (which could be solid or liquid) into or near the 

tumor (Internal Radiation Therapy) (ACS, 2016c.; NCI, 2017c). In some stages of 

cervical cancer, radiotherapy alone is the best option while in other cases it is better 

to have surgery followed by radiotherapy and for other stages it's preferred to give 

chemotherapy and radiotherapy together. Studies have shown that concomitant 

chemoradiation increases the survival of cervical cancer patients and its toxicity to 
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normal cells is acceptable but its long- term toxicity has not been assessed yet 

(Cancer.Net, 2016a). Some researches have suggested that raising the temperature of 

the tumor with radiotherapy helps patients to live longer and also prevents the cancer 

from returning again, this strategy is called hyperthermia (ACS, 2016c). Women who 

receive internal radiation therapy will feel bowel obstruction and abdominal pain, 

while side effects of external radiation therapy include inability to conceive in 

addition to premature menopause, as well as general side effects such as fatigue, 

stomach upset and modest skin reactions (Cancer.Net, 2016b). 

2.2.4.4 Targeted therapy 

Targeted therapy are drugs had designed to target specific cellular molecules 

(proteins or enzymes) that distinguish cancer cells from normal cells either in their 

presence or abundance in cancer cells. Targeted therapy blocks growth, development 

and spread of cancer cells without harming normal cells that’s why this therapy 

conceder to be the best treatment among other conventional types in reducing side 

effects (NCI, 2014). Many possible targeted drugs are being studied in phase I/II 

clinical trials to determine molecular targets and therapeutic mechanisms in cervix. 

For example, targeted drug bevacizumab (Avastin) is one of the angiogenesis 

inhibitors that targets vascular endothelial growth factor (VEGF) which help cancer 

cells to form blood vessels in a process called angiogenesis in last stages of cervical 

cancer. Cetuximab another drug targets epidermal growth factor receptor (EGFR) 

that plays central role in tumor growth (ACS, 2016d.; del Campo, Prat, Gil-Moreno, 

Pérez, & Parera, 2008). Another targeted drug pazopanib acts by blocking certain 

growth factors that support cancer cells survival (Tsuda, Watari, & Ushijima, 2016). 

2.2.4.5 HPV vaccines 

Some vaccines have been developed to produce immunity to HPV types that is 

responsible for about 90% of cervical cancer, many experimental vaccines are being 

studied for women with HPV to help their immune system to destroy the virus before 

developing cervical cancer (Burd, 2003). 
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2.2.4.6 Phytotherapy  

Despite the significant developments of modern medicine, cancer is still a 

serious problem and major cause of death worldwide and clinical use has shown 

undesirable health complications associated with cancer treatments. Therefore, there 

is a need to develop effective treatments to overcome the disadvantages of the 

prevailing treatment strategies. Researchers resorted to medicinal plants to explore 

their therapeutic capabilities against cancer as other diseases (Hosseini & Ghorbani, 

2015). Patients confidence is increasing around the world in complementary and 

alternative medicine, "Complementary medicine" is defined as treatments that 

supplement traditional therapy such as therapeutic massage, aromatherapy, 

acupuncture, relaxation techniques such as meditation and others. "Alternative 

medicine" treatment that is used instead of the traditional mainstream treatments 

including: herbal medicine, diet and nutrition, mind-body techniques (Gözüm, Tezel, 

& Koc, 2003).  

Since the dawn of ancient medicine, herbs, plants and chemical compounds 

derived from have been used by many cultures to treat various diseases (Mondal et 

al., 2012). Until 1990, 80% of the accepted chemical drugs were from plants or their 

derivatives (Chaudhary, Mali Saini, & Pradeep Goyal, 2007; Tantengco & Jacinto, 

2015). Today, about 60% of the world population use herbal medicine and a large 

number rely on herbs as first choice for treatment in both developing and developed 

countries (Chaudhary et al., 2007; Mondal et al., 2012). For example, in the USA, the 

use of plants as complementary and alternative medicine among patients ranges 

between 30-75% (Kashani et al., 2014). Approximately 70% of approved 

chemotherapy drugs used to treat cancer are plant derivatives (Benzina et al., 2014; 

Chaudhary et al., 2007; Mondal et al., 2012), many of them have been reported to 

induce apoptosis (Yazan et al., 2015). It has been proposed that one-third of cancer 

cases could be avoided depending on alternative therapy.  

Epidemiological studies reported that continuous consumption of natural 

products is associated significantly with reduction of cancer risk (Sun & Liu, 2006). 

This was supported by study focused on relationship between survival of breast 

cancer patients and consumption of fruits and vegetables which reported an inverse 

relationship between fruits and vegetables intake and death risk with reduction of 20-
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90% in cancer death risk (Rock & Demark-Wahnefried, 2002). Plants are supported 

with a therapeutic capabilities thanks to their bioactive components (phytochemicals) 

such as flavonoids, alkaloids, anthocyanins, terpenoids, camptothecins and amino 

acids (Remya, Rajasree, Aranganathan, & Suman, 2015; Yazan et al., 2015). 

Medicinal plants have been used throughout history based on population experiences 

to treat cancer as well as other diseases because they are safe, have fewer side 

effects, available and cheap (Pratheeshkumar, Son, Korangath, Manu, & Siveen, 

2015). Interestingly, in Turkey it has been observed that using alternative medicine 

increases with higher income, higher education and younger age (Gözüm et al., 

2003). 

Detection of the chemical content of plants has several benefits as discovery of 

new therapeutic agents and new sources of economically efficient compounds used 

in the manufacture of chemical complexes. In addition to revealing the relationship 

between the therapeutic importance of a traditional plant and its content of 

phytocompounds (Gnanadeebam & P, 2014). One of the most valuable techniques 

used for analyzing medicinal plants component is gas chromatography-mass 

spectrometry (GC-MS) (Betz, Gay, Mossoba, Adams, & Portz, 1997). GC-MS is an 

analytical technique of separation in which a mixture carried by mobile phase and 

flows through a column packed with selectively absorbent as stationary phase. 

Combining gas chromatography for separating a mixture with mass spectrometry for 

identifying its constituents is a brilliant way to provide significant advantages of 

both. Therefore, GC-MS is widely used instrument for the identification of 

phytochemical constituents of medicinal plants (Sermakkani & Thangapandian, 

2012). 

2.2.4.6.1 Phytochemicals as anticancer protective agents 

Several studies have linked the intake of large amounts of phytochemicals- rich 

substances such as vegetables, fruits, spices, legumes and herbs to a low incidence of 

cancer (Robert Thomas, Elizabeth Butler, 2015). For examples, flavonoids found in 

onions have been associated with lower risk of several types of cancer specifically 

lung cancer (Le Marchand, Murphy, Hankin, Wilkens, & Kolonel, 2000). Coffee 

consumption has been associated with reduced risk of melanoma )Loftfield et al., 
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2015 (.  It has been reported that the increased consumption of carotenoids found in 

vegetables and fruits reduces the risk of ovarian cancer (Tung et al., 2005). While 

cruciferous vegetables such as cabbage, cauliflower and radish were found to be 

associated with a reduced risk of prostate cancer, tomatoes also reported to reduce 

the risk of prostate cancer (Joseph et al., 2004). 

2.2.4.6.2 Phytochemicals as a cancer treatment 

Experimentally, phytochemicals isolated from plants have been proven to 

stimulate various anticancer activities as inducing apoptosis (Sadeghnia et al., 2014), 

decreasing cell proliferation (Tan et al., 2011), inhibiting angiogenesis (Hosseini & 

Ghorbani, 2015), and retarding metastasis (Shu, Cheung, Khor, Chen, & Kong, 

2010). For examples, crude extract of Berberis libanotica showed antitumor activity 

by reducing cells viability and inhibiting proliferation of three prostate cancer cell 

lines in a dose and time- dependent manner (El-Merahbi et al., 2014). Previous study 

proved that Huaier exerts cytotoxicity on breast cancer cell lines (MDA-MB-231/ 

MDA-MB-468/ MCF-7) in vitro and suppresses xenograft tumor growth in vivo by 

inducing autophagic cell death through mTOR/S6K pathway repression (Wang et al., 

2015). Another study were conducted to detect the role of aloe vera (leaf extract and 

/or gel) when supplied to albino mice before and after injection with carcinogen, 

found that aloe vera significantly extended the latent period, decreased the total 

number of formed tumors and reduced papillomas size and number after their 

formation (Chaudhary et al., 2007). Another study reported that crude extract of 

strawberry inhibited tumor development in mice and induced intrinsic apoptotic 

pathway in breast cancer cells (Somasagara et al., 2012). Also cranberry extracts 

induced apoptosis and cell cycle arrest in G1 phase in MCF-7 breast cancer cells 

(Sun & Liu, 2006). According to a study conducted on Malaysian stingless bee it 

was revealed that bee pollen extract increases efficacy of cisplatin against breast 

cancer cells (Adnan et al., 2016). 

The synergistic effect of a group of plants has also played a role in alternative 

medicine for some time. For example, a combination of Allium sativum and 

Capsicum chinense have been used as hypolipidemic, hypoglycemic, antiarthritic and 

antithrombotic for centuries, then the same combination used as antitumor not long 
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ago. As well as Solanaceae species exhibited synergistic effect through inducing 

cytotoxicity for hepatocellular carcinoma cells HepG2 (Schwarzlin et al., 2016). In 

terms of phytochemicals, extracted and purified proteins from Morinda pubescens 

leaves induced apoptosis in human lung cancer cells A549 (Thomas, Saravanakumar, 

& Gupta, 2017). While deoxypodophyllotoxin compound isolated from Juniperus 

communis induced apoptosis in malignant breast cancer cells (Benzina et al., 2014). 

The synergistic effect between S-allylcysteine (from Allium sativum) and lycopene 

(from Solanum lycopersicum) showed inhibition in gastric tumor by inducing 

apoptosis through increasing expression of Bax, Bim, caspase 8 and caspase 3, and 

decreasing expression of Bcl-2 (Velmurugan, Mani, & Nagini, 2005).  

Furthermore, phenolics isolated from strawberry exhibited antioxidant 

properties and antiproliferative activities on human colon, prostate and oral cancer 

cell lines (Zhang, Seeram, Lee, Feng, & Heber, 2008). While phenolic extract of 

Oenocarpus bacaba induced apoptosis in the breast cancer cells MCF-7 (Dias, 

Abadio, Kloss, & Graeve, 2016). 

 

2.3 Urticasea: A family with therapeutic activities 

2.3.1 Overview 

The family of Urticasea is one of the most plant families recognized with its 

therapeutic bioactivity against many diseases. Urticasea family (nettle) includes 

many common herbs that characterized as dioecy plants with stinging hairs and dark 

green leaves (Abdel-Kader, Mahmoud, Motawa, Wahba, & Ebrahim, 2007). The 

main types of Urtica genus are Urtica pilulifera L., Urtica dioica L., Urtica urens L., 

Urtica kiovensis Rogoff., Urtica cannabina L., and Urtica membranacea Poiret 

(Özen, Çöllü, & Korkmaz, 2010). 

 Nettle leaves have a long history in folk medicine as a treatment of arthritis, 

neuralgia (Papageorgiou, Varvaresou, Tsirivas, & Demetzos, 2010), anemia, eczema, 

hypertension, gout, muscle pains, hay fever, hair loss, digestion and sexual disorders 

as well as used as cleaning tonic, depurative, antiasthmatic, antidandruff and 

astringent (Awad & Austin, 2010; Roschek, Fink, McMichael, & Alberte, 2009; 
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Safarinejad, 2005). Urticasea family also enriched the field of cosmetics with many 

cosmetic products by manufacturing of cleansers solutions, shampoos, hair 

conditioning creams and deodorizing body sprays (Papageorgiou et al., 2010).  

Previous studies have pointed out that urtica plants have many bioactivities as 

antiviral activity (Uncini, Zaccaro, & Tomei, 2005), antibacterial activity with 

several times greater than that of chemical compounds (Modarresi, Ibrahim, Fariza, 

& Mousavi, 2012; Sharma, Singh, & Dar, 2012), antifungal activity, in addition to 

treat cardiovascular diseases and improve lipid profile through inhibiting aggregation 

of platelets (Hadizadeh, Peivastegan, & Kolahi, 2009), as well as to treat allergic 

rhinitis (Mittman, 1990). 

There is a common belief among people that Urticasea leaves treat cancer with 

no reverse effects were reported (Abdel-Kader et al., 2007; Kashani et al., 2014), as 

it was reported that methanolic extract of Urtica dioica reduced lymph node and 

epithelial carcinoma proliferation of prostate cancer cells in a dose- dependent 

manner (Konrad et al., 2000), another study reported that U. dioica induced 

apoptosis and inhibited tumor growth in mouse model of (4T1) breast cancer 

(Mohammadi et al., 2017). 

2.3.2 General description of Urtica pilulifera 

U. pilulifera (roman nettle) which belongs to the Urticasea family is an annual 

plant which naturally grows in mild climate areas and distributed at streets, damp 

roadsides or near dwellings, this plant is also common as a weed between cultivated 

plants and water runnels (Otles & Yalcin, 2012). Roman nettle is very recognized as 

a medicinal herb in Palestine and Sinai (Ali-Shtayeh et al., 2000). 

 Morphologically, U. pilulifera is characterized by presence of balls containing 

seeds and has an oval-shaped, dark green and serrated edges leaves. leaves are 2-4 

cm long, stinging and cause redness and itching of skin if touched (Fu et al., 2006), 

because stinging hairs contain irritants such as formic acid, acetic acid, butyric acid, 

histamine, acetylcholine and others, stinging hairs could be discarded by cooking 

(Chizzola, Michitsch, & Franz, 2003).  
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U. pilulifera leaves reported to contain rutin flavonoids, quercetin, anthocyanin 

glycosides (Jaradat, Abualhasan, & Ali, 2015), lutein, β-carotene, chlorophyll a and 

chlorophyll b (Sovová, Sajfrtová, Bártlová, & Opletal, 2004).  

 

 

Kingdom: Plantae – Plants 

Subkingdom: Tracheobionta – Vascular plants 

Superdivision: Spermatophyta – Seed plants 

Division: Magnoliophyta – Flowering plants 

Class: Magnoliopsida – Dicotyledons 

Subclass: Hamamelididae 

Order: Urticales  

Family: Urticaceae – Nettle family 

Genus: Urtica L. – nettle 

Species: Urtica pilulifera L. – stinging nettle 

Figure (2.2): Urtica pilulifera classification. (https://plants.usda.gov). 

 

2.3.3 Medical importance of Urtica pilulifera 

U. pilulifera is a member of Urticasea family that described as non-toxic, non-

mutagenic and non-embryogenic agent (Abo-elmatty, Essawy, Badr, & Sterner, 

2013). Traditionally, U. pilulifera tea has been used as a tonic, hemostatic, blood 

purifier, and to enhance hemoglobin concentration (Chrubasik, Roufogalis, Wagner, 

& Chrubasik, 2007).  

Several studies have confirmed that U. pilulifera is widely used as a main 

treatment or a complementary treatment for diabetes mellitus by general public 

(Abo-elmatty et al., 2013; Lopatkin et al., 2005). A study conducted to evaluate 

potential effects of several extracts of U. pilulifera as antidiabetic, antioxidant and 

antiinflammatory agents in albino rats have streptozotocin (STZ)-induced diabetes 

mellitus, study results indicated to marked hypoglycemia related to anti-

inflammatory and antioxidant effects in diabetic rats exposed to U. pilulifera extracts 

(Alkhatib, 2015). Researchers studied the effect of U. pilulifera on kidneys functions 

in mice had alloxan monohydrate- induced diabetes compared to metformin, findings 

revealed that U. pilulifera serves as metformin in restoring normal levels of renal 
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parameters as creatinine, urea and uric acid by increasing their concentrations in 

diabetic mice (Alkhatib, 2015).  

It was also reported that U. pilulifera exhibits many medical aspects as 

hemostatic, hypoglycemic, diuretic, antidandruff, antiinflammatory, antiasthmatic 

and astringent (Abudoleh, Disi, Qunaibi, & Aburjai, 2011), in addition to relieving 

the symptoms of lower urinary tract infection (Lopatkin et al., 2007). 

 Furthermore, several studies have confirmed that U. pilulifera components 

showed strong antioxidant activity against free radicals which are closely related 

cause of cancer (Hofseth & Wargovich, 2007; Özen et al., 2010). Researchers 

supported these data when they found that flavonoids specifically which contain C-7 

and C-4 hydroxyl groups exert antimalignant and antimutagen activities and 

biochemical studies showed that U. pilulifera contains the same type of these 

flavonoids (Seeram et al., 2005).  

Another study revealed that methanolic extract of U. pilulifera exhibited 

antitumor activities in Ehrlich ascites carcinoma (EAC)- bearing mice, bioactive 

components induced these activities were known to be phenolic acids and flavonoids 

(Abdel-Kader et al., 2007). On the other hand, some research attributed the 

antiproliferative effect of U. pilulifera on Ehrlich's carcinoma to bioactive 

phytochemicals specifically polysaccharides (Lichius, Renneberg, Blaschek, 

Aumüller, & Muth, 1999), which decrease sialic acid and phospholipids amount in 

cancer cells membranes (Tong, Huang, & Li, 1994). On the other hand, some 

research attributed apoptosis and antiproliferative activity induced by U. pilulifera to 

its content of isoflavone as genstein glycoside and tyrosine kinase inhibitor (Yu, 

Blackburn, & Zhou, 2003). 

In terms of side effects, U. pilulifera was reported to have no side effects 

confirmed when nettle ethylacetate, chloroform and hexane extracts did not show 

any extract- induced toxic physical markers in the experimental rats such as diarrhea, 

gasping, cyanosis, writhing, any change in pupil size or abnormal nervous 

manifestations or mortality (Abo-elmatty et al., 2013). 
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2.4 Programmed Cell Death 

2.4.1 Overview 

In cancer research field, researchers focused on inducing various forms of 

programmed cell death (PCD) mechanisms in cancer cells without affecting the 

vitality or integrity of normal cells (Ovadje et al., 2014). Cancer cells have been 

programmed to escape from apoptosis (PCD type I) to maintain continuity and 

survival, so current treatments for cancer aim to activate either the intrinsic or 

extrinsic apoptotic pathways (Elmore, 2007; Fadeel & Orrenius, 2005). The efficacy 

of current cancer therapies lies in inducing apoptosis through the destruction of DNA 

of rapidly dividing cells. However, the non-selective targeting of normal cells is 

manifesting which encourage searching for therapies that target cancer cells without 

harming normal ones (Fulda & Debatin, 2006). Many previous researches have 

proved the ability of plant products to overcome cancer by influencing growth, 

angiogenesis, migration, induction of cell cycle arrest or various programmed cell 

death mechanisms such as apoptosis, autophagy and necroptosis (Benzina et al., 

2014; Guaman-Ortiz, Orellana, & Ratovitski, 2017). 

2.4.2 Apoptosis 

Human body contains 37.2 trillion cells (Bianconi et al., 2013), this number is 

tightly regulated by controlling two important biological processes, cell division and 

cell death in which cell division exactly balances cell death. This death occurs to 

cells that are no longer functional or needed so they suicide in programmed manner 

(Alberts et al., 2002), therefore this death considered one of the types of 

"programmed cell death" and more specifically named with "apoptosis" (Ouyang et 

al., 2012). Apoptosis is the major control mechanism of cell death that occurs when 

DNA damage can't be repaired (Ghobrial, Witzig, & Adjei., 2005.; Ouyang et al., 

2012). In addition to regulating normal development and homeostasis of the body by 

controlling proliferation and cell number of cells, it is also important in the removing 

self-reactive lymphocytes, and elimination of cells destroyed by diseases or by 

noxious agents (Elmore, 2007). Apoptosis involves morphological and other 

biochemical characteristics of apoptotic cells. Morphological changes include cell 

shrinking, condensation and fragmentation of nucleus, dynamic blebbing of 
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membrane forming apoptotic bodies and detachment from neighbor cells and 

extracellular matrix, while biochemical changes involve cleavage of chromosomal 

DNA into internucleosomal fragments, and cleavage of many intracellular molecules 

& substrates by special proteolytic processes (Ouyang et al., 2012). The apoptotic 

bodies consist of a quantity of cytoplasm containing intact organelles with or without 

nuclear fragment, these components are enclosed within plasma membrane. 

Apoptotic bodies are subsequently phagocytosed then degraded within 

phagolysosomes. Importantly, apoptosis and is a clean process with no inflammatory 

reaction involved. This is because: (1) apoptotic bodies do not release their contents 

into the surrounding tissue; (2) they are directly & quickly phagocytosed by 

macrophages thus preventing the secondary necrosis; and, (3) the engulfing 

macrophages do not release any anti-inflammatory cytokines (Elmore, 2007). 

Two major pathways that apoptosis can go through, intrinsic (mitochondrial 

pathway) and extrinsic (death receptor pathway) (Ouyang et al., 2012). 
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Figure (2.3): Intrinsic and extrinsic pathways of apoptosis. 

(https://www.researchgate.net, 2012). 
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2.4.2.1 Intrinsic pathway 

Bcl-2 family of proteins is the major regulator of this pathway. The Bcl-2 

family comprises both proapoptotic and antiapoptotic members. Pro-apoptotic 

members include Bax, Bak, Bid, Bad, Bim, Bik, Hrk, and antiapoptotic proteins such 

as Bcl-2, Bcl-XL, Mcl-. Antiapoptotic members act as suppressors of apoptosis by 

blocking the liberation of cytochrome-c from mitochondria, while proapoptotic 

proteins act as promoters of apoptosis. The effect depends on the balance between 

the quantity of Bax and Bcl-2. Overexpression of Bcl-2 protein causes resistance to 

chemotherapy and radiation therapy, while decreasing expression of Bcl-2 may 

enhance apoptotic responses to anticancer remedies. After transduction of death 

signal, proapoptotic proteins must be activated by undergoing posttranslational 

modifications include dephosphorylation then cleavage, this activation is followed by 

translocation to the mitochondria leading to mitochondrial outer membrane 

permeabilization (MOMP) leading to release of cytochrome-c. Once cytochrome-c is 

released into cytosol it binds to Apaf-1 and procaspace-9 leading to activate the latter 

one into active caspase-9 which then activates caspaces-3, caspaces-6, and caspaces-

7 leading to apoptosis by cleaving nuclear lamina and breaking down the nucleus 

(Benzina et al., 2014; Ghobrial et al., 2005), with all its contents and the most 

important is cleavage of a nuclear enzyme called poly (adenosine diphosphate-

ribose) polymerase (PARP-1) which considered to be crucial apoptotic hallmark 

(Chaitanya, Steven, & Babu, 2010). 

2.4.2.2 Extrinsic pathway 

Many receptors fall under death receptor family (DR) can lead to apoptosis by 

initiating extrinsic pathway, this family includes tumor necrosis factor receptor TNF-

R1, Fas, DR3, DR4, DR5, DR6, and TRAIL (Ouyang et al., 2012). The intracellular 

domains of these receptors “death domain” act as transmitter of death signals from 

the cell surface to the intracellular signaling pathways, causing activation of caspace-

8 and /or caspace-10 leading to caspaces-3, -6, and-7 activation which are 

responsible for the execution of cell components (Kaufmann & Earnshaw, 2000; 

Khan, Maryam, Qazi, & Ma, 2015). 
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Chapter 3 

Materials and Methods 

3.1 Materials 

3.1.1 Equipments and devices 

The equipments and devices which were used in the present study are listed in 

Table (3.1). 

Table (3.1): List of the equipments were used in this study. 

No. Apparatus Manufacture / Country 

1 Incubator NB-203XL/ (N-Biotek, Korea) 

2 Safety cabinet NB-602WSL/ (N-Biotek, Korea) 

3 Light microscope WESCO- USA 

4 Inverted light microscope Motic® AE31 Elite- USA 

5 Automated ELISA Reader 51119200/ Thermo Fisher Scientific -USA 

6 GC-MS Agilent Technologies-USA 

7 Nitrocellulose membrane SC-3723/ (Santa Cruz, CA, USA) 
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3.1.2 Chemicals 

The chemicals were used in the present study are shown in Table (3.2). 

Table (3.2): List of chemicals were used in the study. 

No. Chemicals Manufacture/ Country 

1 Enhanced chemiluminescence kit SC2048/ (Santa Cruz, CA, USA) 

2 Hexane Oxford - India 

3 HPLC Hexane SIGMA - USA 

4 Methanol Oxford - India 

5 Dichloromethane Oxford - India 

6 Dimethyl sulfoxide L5750- (SIGMA) 

7 Tetrazolium dye (MTT) M6494/ (life technologies-USA) 

8 Silica gel SIGMA- USA 

9 Trypan blue solution 03-102-1B/ (Biological industries) 

10 DMEM media 01-055-1A/ (Biological industries) 
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3.1.3 Biological agents 

The biological agents were used in the present study are shown in Table (3.3).  

Table (3.3): List of biological agents were used in the study. 

No. Items Manufacture/ Country 

1 Hela cell line 
Dr. Johnny Stiban, Birzeit University 

- Palestine 

2 P21 antibody SC756/ (Santa Cruz, CA, USA) 

3 P53 antibody Santa Cruz, CA, USA) / )SC126 

4 PARP-1 antibody SC7150/ (Santa Cruz, CA, USA) 

5 Caspase-9 antibody SC56077/ (Santa Cruz, CA, USA) 

6 P38 antibody 622401/ (Biolegand)  

7 BCL-2 antibody SC7382 (Santa Cruz, CA, USA) 

8 Protein ladder P008/ (Gold Biotechnology, USA) 

 

3.2 Methodology 

3.2.1 Plant collection 

All U. pilulifera parts were collected by hand from various agricultural lands of 

Al-Zawaidah village in the central governorate of Gaza strip. The plant was washed 

under running water, then dried with a piece of cloth. The dried leaves were then 

picked up and packed in air- empty bags and kept in a freezer (-80°C) until use. The 

collection process took place between March and April 2017. The species was 

identified by the Biology Department, Islamic University of Gaza. 
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Figure (3.1): Urtica pilulifera. 

 

3.2.2 Preparation of the crude extract from Urtica pilulifera leaves 

U. pilulifera leaves were dried by heat drying oven at 37°C for 72 hours. 

Oven– dried leaves then ground into fine powder using an electric mill. Then 20 gm 

of dried powder of U. pilulifera were extracted in a soxhlet apparatus (Figure 3.2) 

with 200 ml of different solvents (hexane, methanol, and distilled water) for 8 hours. 

The temperature of the system was controlled according to the boiling point of each 

solvent (68°C for hexane- 64.7 °C for methanol- 100°C for distilled water). The 

solvents were evaporated using incubator at 37°C to yield concentrated extracts. 

Extracts then were placed in a plastic bottle coated with tinfoil and stored at (-20°C) 

freezer. 
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Figure (3.2): Soxhlet apparatus. 

3.2.3 Cell culture 

The experiments in present study were conducted on human cervical carcinoma 

cell line (Hela). The cells were obtained from Dr Johnny Stiban, Birzeit University of 

Palestine. Hela cells were maintained as a monolayer in Dulbecco's Modified Eagle 

Medium (DMEM) that containing fetal bovine serum (10%), penicillin (100 U/mL) 

and streptomycin (100 μg/ml). Cells were let to grow to confluency in 95% air- 

humidified incubator with 37°C & 5% CO2 in polystyrene culture flask. Media was 

changed every 2-3 days as it consumed (Aliwaini et al., 2015). 

3.2.4 Preparation of plant extract- media & working concentrations 

Stock solutions of both hexane and methanol extracts were prepared by 

dissolving 1 mg of each crude extract in 100 µl dimethyl sulfoxide (DMSO), then 

vortexed to dissolve completely then completed up to 1 ml by adding DMEM media. 

Distilled water (dH2O) extract- media was prepared the same way except dH2O 

extract was dissolved in 100 µl dH2O instead of DMSO. The desired extract- media 

concentrations were prepared by sequential dilutions of stock solutions with the 

proper volume of media. Concentrations were prepared this way are (0-70 µg/ml). 
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3.2.5 Cytotoxicity determination by MTT assay 

To determine antiproliferative and cytotoxic effect of prepared extracts in vivo, 

Hela cells were seeded with 100 μl medium/well in a 96-well plate at a density of 

(5000 cells/well). Cells were incubated at 37˚C for 24 hours to reach 60–70% 

confluence on the day of treatment with extract. After 24 hours the medium was 

replaced with (0- 70 µg/ml), (0- 50 µg/ml) and (0- 45 µg/ml) of extract- medium 

concentrations. After 48 hours, proliferation activity was determined by adding 10 μl 

of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-trazolium bromide solution (MTT) for 

each well and incubated for 4 hours at 37°C. While this, MTT is reduced into purple 

formazan crystals in the mitochondria of active cells only, this was followed by the 

addition of 100 μL of solubilizing buffer (10% SDS in 0.01 M HCl) to stop reaction 

and dissolve formed formazan crystals then incubated overnight at 37°C incubator. 

After 16 hours the absorbance was measured for each well with ELISA reader at a 

wave length of 550 nm. The concentration of 0% represents the negative control and 

toxicity exerted on treated cells were calculated comparing to negative control and 

expressed as (% of control). Every concentration was repeated 4 times then mean and 

standard error was calculated for each concentration. The inhibitory concentration of 

treatment that required to kill 50% of the cells (IC50) was calculated from the linear 

equation of Microsoft Excel (Aliwaini, Swarts, Blanckenberg, Mapolie, & Prince, 

2013). 

 

Figure (3.3): Automated ELISA Reader. 
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3.2.6 Determination of morphological changes of cells under treatment 

For each experiment carried out on cells, after seeding and treatment, cells 

were monitored under the microscope to observe any changes in the shape, density or 

in the adhesion manner and documented using an inverted light microscope. 

3.2.7 Gas chromatography-mass spectrometry (GC-MS) analysis of 

hexane crude extract of Urtica pilulifera leaves 

For chemical analysis of hexane crude extract GC-MS were used in which gas 

chromatograph interfaced to a mass spectrometer. Briefly, 2 μl of hexanic crude 

extract of U. pilulifera was injected manually into the GC/MS employing the 

following conditions for analysis: silica capillary column (30 m × 250 μm ×025 μm) 

composed of 100% Dimethyl poly siloxane as stationary phase while carrier gas 

(99.999% helium) act as mobile phase with constant flow of 1 ml/min. An ion-source 

temperature is 280°C, and injector temperature is 250°C (Abdel-Lateef et al., 2016). 

Oven temperature parameters were modulated 38 times to get the optimum ones that 

give the best chromatogram as possible. Programmed oven temperature is detailed in 

Table (3.4). Figure (3.4) represents GC-MS apparatus. 

 

Table (3.4): Programmed oven temperature. 

 

 

 

Rate (°C/min) 

 

Value (°C) 

 

Hold time 

(min) 

 

Run time 

(min) 

initial  42 2 2 

ramp1 50 150 2 6.16 

ramp2 10 200 2 13.16 

ramp3 5 250 37 60.16 
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Figure (3.4): Gas chromatography-mass spectrometry (GC-MS) apparatus. 

 

3.2.8 Identification of extract phytocomponents by GC-MS 

Identification of chemical components of hexane crude extract was based on 

computer matching with database of National Institute Standard and Technology 

(NIST) library which have more than 62,000 patterns (Abdel-Lateef et al., 2016). 

Spectrum of the unknown tested components were compared with the spectrum of 

the known components stored in the library of NIST to ascertain the name, structure 

and molecular weight of the components of tested sample. (Sermakkani & 

Thangapandian, 2012). 
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3.2.9 Chromatographic fractionation of hexane crude extract of Urtica 

pilulifera leaves 

Hexane crude extract of U. pilulifera was subjected to chromatography using a 

burette 100 ml as a column. Burette packed with 60 gm solid silica gel as a stationary 

phase, while dichloromethane (CH2Cl2) and methanol (CH3OH) employed as a 

mobile phases separaely (Ode, Asuzu, & Ajayi, 2011). The first five fractions were 

eluted by dichloromethane, while the sixth fraction was eluted by methanol. Six 

fractions were eluted and collected, overlapped parts of fractions were discarded and 

fractions concentrated to be screened by cell culture. 

 

Figure (3.5): Fractionation process using a burette packed with silica gel. 

 

3.2.10 Testing the efficacy of the six fractions by MTT assay 

The six fractions obtained from chromatography were tested to evaluate their 

antiproliferative and cytotoxic activity on Hela cells. MTT assay were performed 

exactly as mentioned before with crude extract using the same procedure and same 

concentrations for each fraction. 
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3.2.11 Trypan blue dye exclusion assay (viability assay) for fraction (4)  

The effect of fraction (4) on the viability of Hela cells was determined by 

trypan blue dye exclusion assay depending on the principle that living cells possess 

intact cell membrane that excludes certain dyes such as trypan blue while dead cells 

take it up. Cells were seeded as 400000 cells/ 6 cm petri dish in duplicate manner. 

After 24 hours, increasing concentrations (0, 20, 40, 60 µg/ml) of fraction (4) were 

added and incubated. After 48 hours of incubation, whole contents of each 

concentration were collected and centrifuged for 5 min (2500 rpm/4°C). Supernatant 

was discarded and 1 ml of phosphate buffer saline (PBS) was added. From this 

mixture, 100 µl was withdrew and mixed with 100 µl of 0.4% trypan blue dye then 

was left for 3 min, 15µl was put on hemocytometer and counted under light 

microscope. Dead cells (blue-stained), viable cells (non-stained), and the total 

number were counted. Results were analyzed using Excel Microsoft office 2010 

(Yamasaki et al., 2007). The % viable cells (viability) were calculated by the 

equation: 

% viable cells = No. of Viable Cells Counted / Total Cells Counted (viable and dead) x 100 

3.2.12 Protein extraction and western blotting 

Hela cells were treated with (0, 20, 40, 60 µg/ml) of fraction (4) for 48 hours 

and used for Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis 

(SDS/PAGE) and western blotting. Briefly, proteins were extracted in boiling blue 

and heated for 10 min to block protease action. SDS/PAGE and western blotting 

were performed using 17 µl of proteins from each concentration and 15 µl of protein 

ladder. Proteins extracts were electrophorced on 8% and 15% gels. Resolved proteins 

were transferred into nitrocellulose membrane and probed overnight with primary 

antibodies against (P53, P21, PARP-1, caspace-9, BCl-2 and P38). Membranes were 

washed and incubated with secondary antibodies (1:5000) for 1 hour. Antibody-

reactive proteins were detected as visualized bands employing chemiluminescence 

reaction in the dark room (Aliwaini et al., 2013). 
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Chapter 4 

Results 
4.1 Overview 

In recent decades, tumor resistance to therapies has become a major obstacle to 

cancer recovery. Therefore, efforts have been extended to discover new anticancer 

agents with great effect. Medicinal plants have become increasingly recognized as 

effective and inexpensive therapeutic sources, leading researchers to focus on this 

promising field in trying to develop effective and safe treatments (Lopes, Dourado, 

& Oliveira, 2017). The role of antioxidants derived from plants and herbs in the face 

of free radicals associated with cancer has been demonstrated by laboratory and 

animal tests (Bahmani, Shirzad, Shahinfard, Sheivandi, & Rafieian-Kopaei, 2016). 

So far, despite the efficacy of chemotherapy, its side effects are intolerable. 

Plants and their derivatives are imposing cancer field as they are safer, simpler, less 

expensive and less side effects than conventional treatments, it has been shown that 

phytochemicals are more selective in targeting cancer cells without influencing 

normal cells (Iqbal et al., 2017). 

For our part, we conducted a screening of crude plant extracts with several 

solvents, toxicity assay was performed to determine which one was most effective 

then subjected to further experiments. Cells were subjected to trypan blue exclusion 

assay to identify the cause of induced toxicity either cell death or cell cycle arrest. 

We have drawn the full scenario behind this effect based on western blot results. The 

column chromatography was used to separate the crude extract components to 

facilitate results analysis of the active fraction. Gas chromatography–mass 

spectrometry is an analytical technique that has been applied to identify the 

constituents of the fractions. 
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4.2 Cytotoxic effect of different Urtica pilulifera leaves crude extracts 

on Hela cells 

The antiproliferative effect of three extracts of U. pilulifera using three 

solvents was examined against cervical carcinoma cell line (Hela). Three solvents 

were hexane, methanol and distilled water. After 24 hours of seeding, cells were 

treated with different concentrations (0- 70 µg/ml), (0- 50 µg/ml) and (0- 45 µg/ml) 

of different extracts. Cytotoxicity exerted on Hela by extracts was investigated by 

MTT assay, the inhibitory concentration 50% (IC50) were determined. 

4.2.1 Assessment of the antiproliferative activity of hexanic crude extract 

of Urtica pilulifera leaves on Hela cells 

The cytotoxic effect of hexanic crude extract of U. pilulifera leaves on Hela 

cells was tested using MTT assay. After 48 hours of treatment, extract was able to 

inhibit the proliferation of Hela cells in a dose dependent manner (Figure 4.1-a). 

Indeed, the (IC50) value obtained was 45 μg/ml. Importantly, 10 μg/ml of the extract 

inhibited Hela cells proliferation significantly. Furthermore, hexanic extract 

treatment led to sever morphological changes including cell shrinkage and increasing 

of floating dead cells (Figure 4.1-b & c). These results show that U. pilulifera 

hexanic crude extract has a potent cytotoxic effect against Hela cells. 
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Figure (4.1): Cytotoxic activity of hexanic crude extract of Urtica pilulifera 

leaves against Hela cells.  

Chart illustrates the antiproliferative effect of extract on Hela cells which assessed by 

performing MTT assay (a). Morphological profile of control (untreated) Hela cells 

has been taken with 10X and 40X magnifications (b), and morphological changes of 

45 µg/ml- treated cells have been monitored with 10X and 40X magnifications too 

(c).  
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4.2.2 Assessment of antiproliferative activity of methanolic crude extract 

of Urtica pilulifera leaves on Hela cells 

Methanolic crude extract of U. pilulifera leaves was tested for its ability to 

inhibit the growth of Hela cells. As shown in Figure (4.2), with increasing the 

concentration of methanolic extract, increasing inhibition of Hela cells proliferation 

was observed. The (IC50) was not reached experimentally but calculated theoretically 

to be (120.5 µg/ml).  

 

Figure (4.2): Cytotoxic activity of methanolic crude extract of Urtica pilulifera 

leaves against Hela cells.  
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4.2.3 Assessment of antiproliferative activity of distilled water extract of 

Urtica pilulifera leaves on Hela cells  

Water extract of U. pilulifera leaves was assessed for its ability to cause 

toxicity on Hela cells by performing MTT assay. Inverse relationship seemed clear 

between cells proliferation rate and different concentrations (0, 5, 10, 15, 20, 25, 30, 

35, 40, 45, 50 µg/ml). The concentration that achieved the (IC50) was 80 µg/ml 

which had been calculated theoretically by linear equation from Microsoft excel. 

 

Figure (4.3): Cytotoxic activity of distilled water crude extract of Urtica 

pilulifera leaves against Hela cells. 

 

In conclusion, hexanic crude extract of U. pilulifera exhibited the most 

cytotoxic effect among the three extracts in a dose- dependent manner which 

encouraged the continuation of other assays and chemical analysis by GC-MS to 

identify its phytochemical components. 
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4.3 Determination of the total content of hexane extract of Urtica 

pilulifera leaves using a GC-MS technique  

The qualitative analysis of the extract of U. pilulifera leaves revealed the 

presence of twenty phytochemicals. The first compound had been identified with the 

less retention time was pinane, whereas eicosane that took the longest retention time 

was the last one to be identified. The process of identification of the compounds 

depends on the comparison of mass spectrum of the unknown compounds with mass 

spectrum of the known compounds that stored in the NIST library. These compounds 

with their retention times (RT), molecular formula and molecular weight are 

presented in Table (4.1). The major components identified in the hexanic extract of 

U. pilulifera leaves were, pinane, phytol, heptacosanol and eicosane. Figure (4.4) 

demonstrates chromatogram profile of heane U. pilulifera leaves extract.  

 

Figure (4.4): Chromatogram profile of hexanic crude extract of Urtica pilulifera 

leaves. 
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Table (4.1): Chemical components identified in Urtica pilulifera crude extract.  

 

 

Molecular 

weight 

Molecular 

Formula 

Name of the 

compound 

RT 

(min) 
No. 

138.2499 C10H18 Pinane 12.364 1 

268.4778 C18H36O 
6,10,14-trimethyl-2-

Pentadecanone 
12.433 2 

278.3435 C16H22O4 Diisobutyl phthalate 12.832 3 

296.5310 C20H40O Isophytol 13.775 4 

278.3435 C16H22O4 Dibutyl phthalate 14.493 5 

292.4562 C19H32O2 Methyl linolenate 16.511 6 

296.5310 C20H40O Phytol 16.731 7 

278.4296 C18H30O2 Linolenic acid 17.626 8 

  Undefined 18.0246 9 

280.5316 C20H40 [E]-5-Eicosene 19.55 10 

266.5050 C19H38 1-Nonadecene 21.3749 11 

212.3715 C14H28O Tetradecanal 21.837 12 

326.6000 C22H46O Behenic alcohol 22.7901 13 

390.5561 C24H38O4 
Bis (2-ethylhexyl) 

phthalate 
23.7254 14 

278.5157 C20H38 1,19-Eicosadiene 24.487 15 

354.6532 C24H50O n-Tetracosanol-1 26.562 16 

308.5848 C22H44 1-Docosene 28.919 17 

410.7180 C30H50 Squalene 29.895 18 

396.7329 C27H56O Heptacosanol 32.2692 19 

282.5475 C20H42 Eicosane 41.546 20 

http://goldbook.iupac.org/E02063.html
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4.4 Fractionation process resulted in six different fractions  

In order to identify the phytochemicals that are directly responsible for the 

aforementioned anticancer activity, fractionation process was carried out depending 

on the column chromatography technique. This process was performed using 100 ml 

burette. A total of six fractions of U. pilulifera extract were eluted and then analysed 

and identified by GC-MS. The first five fractions were eluted by dichloromethane 

while the sixth fraction was eluted by methanol. The obtained fractions differ in 

terms of color, texture and final mass after evaporating the solvent. 

 

4.5 Six fractions of Urtica pilulifera leaves hexane extract exert 

different levels of toxicity against Hela cells 

All fractions obtained from fractionation process were tested for their ability to 

exert toxicity on Hela cells. Six fractions were tested at the same time and same 

conditions. After 48 hours of incubating cells with mentioned fractions, MTT assay 

was performed. Six fractions were grouped according to their antiproliferative levels 

into three groups as detailed next.  

4.5.1 Assessment of antiproliferative activity of the first three fractions on 

Hela cells  

The cytotoxic effect of the first three fractions extracted from U. pilulifera 

leaves was tested on Hela cells using MTT assay. As shown in Figure (4.5), after 48 

hours of treatment results revealed that these first three fractions did not show any 

remarkable toxic activity against Hela cells. 
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Figure (4.5): Cytotoxic activity of the first, second and third fractions extracted 

from Urtica pilulifera leaves.  

Chart illustrates the antiproliferative effect of the fractions on Hela cells which 

assessed by performing MTT assay. Fraction 1, fraction 2 and fraction 3 were 

represented by a, b and c respectively.  
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4.5.2 Assessment of antiproliferative activity of the fraction (4) on Hela 

cells  

The toxic activity of fraction (4) was assessed on Hela cells using MTT assay. 

After 48 hours of treatment, fraction (4) showed very significant toxicity against 

Hela cells in a dose- dependent manner. A concentration of 40 µg/ml of fraction (4) 

was successful in reaching the IC50, while concentration of 50 µg/ml inhibited 80% 

of cells proliferation and cells death was achieved at 70 µg/ml. In terms of 

morphology, after 48 hours of treatment the number of cells was sharply reduced 

under inverted microscope due to cells death and floating, as well as shrinking forms 

of cells were appeared as apoptotic sign. 
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Figure (4.6): Cytotoxic activity of Fraction (4) on Hela cells.  

Chart illustrates the antiproliferative effect of extract on Hela cells which assessed by 

performing MTT assay (a). Morphological profile of control Hela cells had been 

taken with 10X and 40X magnifications (b), and morphological changes of 45 

µg/ml- treated cells had been monitored with 10X and 40X magnifications too (c).  
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4.5.3 Assessment of antiproliferative activity of the fifth and sixth fractions 

on Hela cells  

The cytotoxic effect of the fifth and sixth fractions extracted from U. pilulifera 

leaves was tested on Hela cells using MTT assay. As shown in Figure (4.7), after 48 

hours of treatment, tested fractions showed a strong toxicity against Hela cells, where 

the (IC50) was achieved at 80.4 µg/ml and 50.3 µg/ml for fifth and sixth fractions 

respectively.  

 

Figure (4.7): Cytotoxic activity of the fifth and sixth fractions extracted from 

Urtica pilulifera leaves.  

Cells were incubated with different concentrations of the fifth and sixth fractions 

(ranged from 0 to 70 µg/ml) for 48 hours. Chart illustrates the antiproliferative effect 

of the fractions on Hela cells which assessed by performing MTT assay. Fraction 5 

and fraction 6 represented by a and b respectively.  

Based on positive results of fraction (4) we motivated to test it more and 

analyze it chemically to identify its bioactive ingredients. 
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4.6 Gas Chromatographic- Mass Spectrometric analysis of the six 

fractions 

All fractions were subjected to GC-MS to identify their chemical components. 

The same conditions applied in the analysis of crude extract have been set here. 

Phytochemicals of all fractions were identified and matched with phytochemical 

constituents of crude extract and listed in Table (4.2). The chromatogram of each 

fraction is represented below in Figure (4.8-a & b). 

Table (4.2): Matching crude extract components with fractions components. 

Pk Rt Name of the compound F1 F2 F3 F4 F5 F6 

1 12.364 Pinane √      

2 12.433 
6,10,14-trimethyl-2-

Pentadecanone √      

3 12.832 Diisobutyl phthalate  √     

4 13.775 Isophytol  √     

5 14.493 Dibutyl phthalate  √     

6 16.511 Methyl linolenate   √    

7 16.731 Phytol    √ √ √ 

8 17.626 Linolenic acid     √  

9 18.0246 Undefined  √     

10 19.55 [E]-5-Eicosene     √  

11 21.3749 1-Nonadecene  √   √  

12 21.837 Tetradecanal     √  

13 22.7901 Behenic alcohol      √ 

14 23.7254 Bis (2-ethylhexyl) phthalate     √ √ 

15 24.487 1,19-Eicosadiene     √  

16 26.562 n-Tetracosanol-1      √ 

17 28.919 1-Docosene      √  

18 29.895 Squalene       √ 

19 32.2692 Heptacosanol      √ 

20 41.546 Eicosane      √ 

. 
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Figure (4.8-a): Chromatogram profile for fraction 1, 2 and 3. 

0

20

40

60

80

100

12 22 32 42 52

A
b

u
n

d
an

ce
%

Time/min

Fraction 1

0

20

40

60

80

100

12 17 22 27 32 37 42 47 52 57

A
b

u
n

d
an

ce
%

Time/min

Fraction 3

0

20

40

60

80

100

12 22 32 42 52

A
b

u
n

d
an

ce
%

Time/min

Fraction 2



54 

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure (4.8-b): Chromatogram profile for fraction 4, 5 and 6.  
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4.7 Bioassay– guided analysis of fraction (4) 

Fraction (4) (the most effective one) has been studied more deeply and 

analyzed qualitatively using GC-MS to identify its bioactive components. Results of 

GC-MS analysis revealed the presence of nine phytochemical compounds. The first 

component has been identified with the less retention time was 6,10,14-trimethyl-2-

Pentadecanone, whereas heptacosanol that took the longest retention time was the 

last one to be identified. These compounds with their retention time (RT), percentage 

of matching (qual), molecular formula and percentage of peak area are presented in 

Table (4.3). Chemical structure and mass spectrum of fraction (4) components are 

shown in Figure (4.9-a & b).  

Table (4.3): Phytochemicals identified in fraction (4).  

Peak area % Formula Qual Name of the compound RT PK 

4.5058 C18H36O 91 
6,10,14-trimethyl-2-

Pentadecanone 
12.4213 1 

68.6266 C20H40O 93 Phytol  16.7883 2 

   Undefined 18.0129 3 

3.3658 C19H38 91 1-Nonadecene 21.2649 4 

1.4384 C22H46O 90 Behenic alcohol 22.7784 5 

1.8193 C24H38O4 91 Bis (2-ethylhexyl) phthalate 23.7199 6 

3.9588 C24H50O 94 n-Tetracosanol-1 26.4348 7 

1.4506 C22H44 91 1-Docosene 28.8724 8 

3.7210 C27H56O 91 Heptacosanol 32.2783 9 

http://goldbook.iupac.org/E02063.html
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Figure (4.9-a): Chemical structure and mass spectrum of fraction (4) 

components. 
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Figure (4.9-b): Chemical structure and mass spectrum of fraction (4) 

components. 
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4.8 Fraction (4) induces cell death in Hela cells approved by trypan 

blue exclusion assay 

The effect of fraction (4) on Hela cells viability was tested by trypan blue 

exclusion assay. After 48 hours of treatment, cells were stained with trypan blue dye 

to differentiate between living (with clear cytoplasm) and nonliving cells (with blue 

cytoplasm) to enable their counting. As shown in Figure (4.10), results prove that 

fraction (4) induced sharp reduction in the number of viable cells in a dose-

dependent manner. It is worth mentioning that very low concentration (20 µ g/ml) of 

treatment was able to reduce the viability of cells about 90% while 60 µg/ml of 

treatment was able to cause more sever reduction in cells viability.  
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Figure (4.10): Fraction (4) inhibits Hela cells viability.  

Hela cells were plated in 6 cm plates. After 24 hours, cells were treated with 

increasing concentrations including IC50 (0, 20, 40, 60 µg/ml). After 48 hours, cells 

were handled with trypan blue dye and counted to evaluate cells viability.  
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All these results together show that fraction (4) exerts a potent antiproliferative 

effect against cervical cancer cells (Hela) with different concentrations. However, we 

still not aware of the mechanism(s) behind this anticancer activity. That's why cells 

were subjected to western blotting and proteins level was evaluated. 

 

4.9 Fraction (4) induces cell cycle arrest 

In order to determine the mechanism of action that fraction (4) exerted to 

induce the earlier measured cytotoxicity on Hela cells, we detected the levels of cell 

cycle and apoptosis proteins that could be involved in the toxicity induction in 

treated cells and compared to those of the control cells. Proteins were assessed in this 

study are (P53, P21, PARP-1, BCL-2, Caspase 9, and P38). Cells were treated with 

different concentrations (0, 20, 40, 60 µg/ml) of fraction (4) and were left to exert its 

action on the cells. After 48 hours, protein content of both treated and control cells 

were harvested separately. The levels of these proteins were then detected by 

conjunction with their antibodies using western blot technique by protocol was 

described in materials and methods chapter. 

Results are shown in Figure (4.11) demonstrate the variation in proteins levels 

in compatible with increasing concentrations of fraction (4). It is clear that P53 

protein level increased remarkably with the increase of fraction (4) concentration. 

Similar result was shown with P21 protein which its level increased significantly 

with increasing concentrations of fraction (4) up to 40 µg/ml. While at concentration 

of 60 µg/ml P21 protein level seems to be reversed and reduced sharply as almost 

there are no proteins or even active cells. With regard to P38 protein, it serves as 

loading control to ensure that any alteration of protein levels compared to control is 

due to its actually level at this concentration not due to mistaken loading. 

 



61 

 

 

Figure (4.11): Alterations in cell cycle regulators levels under the effect of 

fraction (4).  

Cells were treated with increasing concentrations (0, 20, 40, 60 µg/ml) of fraction (4) 

and incubated for 48 hours. After harvesting cells protein content, western blotting 

was performed to detect any alterations in P53, P21 and P38 levels using p21 (H-

164), p53 (DO-1), and anti-p38 MAPK antibodies respectively.  
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4.10 Fraction (4) induces cell death on Hela cells by inducing 

intrinsic apoptosis 

Based on trypan blue assay results which showed that fraction (4) killed Hela 

cells, we directly went to examine the level of proteins involved in the cellular death 

pathways, namely apoptosis. 

Hela cells were treated with increasing concentrations (0, 20, 40, 60 µg/ml) of 

fraction (4) and were left to exert their action on the cells. After 48 hours, cells were 

lysed and protein content of treated and control cells were harvested separately. The 

levels of specific proteins were then detected by binding with their specific 

antibodies using western blot technique by protocol was described in materials and 

methods chapter. 

 Results are shown in Figure (4.12) are clearly embodies the PARP-1 protein 

cleavage due to exposure to fraction (4). It is shown that there are two rows of black 

bands belong to PARP-1 protein. First row represents integral PARP-1 with 

molecular weight: 116 kDa, while second row represents fragments of PARP-1 

called cleaved PARP-1 with molecular weight: 89 kDa which the arrow refers to. 

 Integral PARP-1 protein is highly concentrated in the untreated cells (0 µg/ml) 

then its level is gradually reduced with increased concentrations of fraction (4) up to 

(40 µg/ml). The exact opposite occurred with cleaved PARP-1, at first it had no any 

existence in the untreated cells but then its level gradually increased as the 

concentration of fraction (4) increased up to (40 µg/ml) which meaning that cleaved 

PARP-1 level increases at the expense of integral one. It is important to note that 

integral PARP-1 is completely disappeared at (60 µg/ml) which proves cells death 

under this concentration of fraction (4). In addition, after increasing the level of 

cleaved PARP-1, it was sharply reduced at (60 µg/ml) as evidence of a very low 

number of living cells under influence (60 µg/ml) of fraction (4). All above 

emphasize that fraction (4) induced apoptosis in Hela cells, since PARP-1 cleavage is 

an enough marker for assessing apoptosis.  
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Figure (4.12): Cleavage of PARP-1 protein: A key marker for assessing 

apoptosis.  

Cells were treated with increasing concentrations (0, 20, 40, 60 µg/ml) of fraction (4) 

and incubated for 48 hours. After harvesting cells protein content, western blotting 

was performed to detect any alterations (cleavage) in PARP-1 and alterations in P38 

using PARP-1 (H-250) and anti-p38 MAPK antibodies respectively. 

 

 To be more specific in determining the exact mechanism that fraction (4) 

exerted to kill Hela cells, it was necessary to determine the precise apoptotic pathway 

that fraction (4) had followed. That’s why more proteins were detected. As shown in 

figure (4.13), we employed a comparison of two critical proteins levels to confirm 

apoptosis with the intrinsic type, BCL-2 as a major anti-apoptotic protein and 

caspase-9 as pro-apoptotic protein.  

 Results are presented in Figure (4.13) show that BCL-2 protein presents clearly 

in control (untreated) cells then its level had decreased in a dose- dependent manner 

under influence of fraction (4). 

Regarding caspase-9, Figure (4.13) illustrates two rows of bands. The upper 

row represents inactive integral form of caspase-9 (pro-caspase-9) with molecular 
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weight: 46 kDa, while lower row represents activated form of cleaved caspase-9 with 

molecular weight: 35 kDa. Inactive pro-caspase-9 is highly concentrated in the 

control cells (0 µg/ml) then its level reduced with increased concentrations of 

fraction (4) up to (60 µg/ml). While active caspase-9 level is increased as the 

concentration of fraction (4) increased up to (60 µg/ml) ie, active caspase-9 level is 

increasing at the expense of the inactive pro-caspase-9. All together, theses results 

show that fraction (4) induces both cell cycle arrest and intrinsic apoptosis in Heal 

cells. 

 

Figure (4.13): Alterations in the level of intrinsic apoptotic markers under the 

influence of fraction (4).  

Cells were treated with increasing concentrations (0, 20, 40, 60 µg/ml) of fraction (4) 

and incubated for 48 hours. After harvesting protein content of the cells, western 

blotting was performed to detect any alterations in BCL-2, Caspase 9 and P38 levels 

using Bcl-2(C-2), caspase-9 (LAP 96-2-22), and anti-p38 MAPK antibodies 

respectively. 
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Chapter 5 

Discussion 
5.1 Overview 

The desire to accomplish this research emerged from several pillars, firstly the 

seriousness of cancer disease on peoples and its increasing spread with all its types. 

At the same time, traditional treatments have been shown to be ineffective in some 

cases because of their high toxicity and harming healthy cells, as well as becoming 

resistible. Hence the interest was begun to discover plants properties and their 

preventive and therapeutic capabilities. In fact, many plants proved to be effective in 

treating many diseases and employing their phytochemical compounds in 

pharmaceutical industries. In addition, many people rely on folk medicine and deal 

with it confidently which led researchers to reveal the medical applications of plants 

especially those with a long history of practice. For example, U. pilulifera was 

reported as a popular one by the palestinians in West Bank and used by practitioners 

to treat cancer orally in traditional medication (Ali-Shtayeh et al., 2000a). It was also 

reported that people swallow a mixture of U. pilulifera seeds with honey to treat 

several types of cancer, most notably leukemia )Wetherilt, 1992(. U. pilulifera was 

selected specifically because it is available and being already used by local 

practitioners in Gaza strip. In addition, the supervisor of this research (Dr. Saeb 

Aliwaini) was the first to prove a strong antitumor activity of U. pilulifera that 

encourages further investigations. 
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5.2 Antiproliferative activity of hexanic crude extract of Urtica 

pilulifera leaves on Hela cells 

The results of present study showed that the hexanic crude extract of U. 

pilulifera leaves has a potent antiproliferative effect on Hela cells superior to 

methanolic and distilled water extracts. The calculated IC50 at 48 hours for hexanic 

extract was 45 μg/ml while for methanolic and distilled water extracts were 120.5 

μg/ml and 80 μg/ml respectively. We believe that cytotoxic potential of our plant is 

probably related to its chemical composition. The proliferative activity of cells was 

evaluated by colorimetric method based on the ability of mitochondrial 

dehydrogenase of metabolically active cells to reduce tetrazolium salt MTT to purple 

crystals of formazan. The density of the resulting purple dye is proportional to the 

number of metabolically active cells, the metabolic activity of treated cells is 

compared to this of untreated cells (control) which retain the yellow color of the 

MTT salt. In principle, the decrease in the number of metabolically active cells may 

be attributed to cell cycle arrest or cell death (Mason & Rathmell, 2011), this can be 

determined by further tests such as trypan blue exclusion assay and western blotting 

which were already done and will be discussed later. 

Our result is in agreement with a study conducted by Kichaoui et al (2016) to 

study the effect of water extracts of three different plants on three different cancer 

cell lines: Hela (cervical cancer cells), Hep3b (hepatocellular cancer cells) and PC-3 

(prostate cancer cells). Results showed that U. pilulifera had outperformed other 

plants in all tested cell lines by inducing toxicity and antiproliferative activity. 

(Kichaoui, Ayesh, & Aliwaini, 2016). Another study was conducted to assess the 

toxicity of some herbs and spices to cervical cancer cells (Hela). Some of these 

plants had a better toxicity than U. pilulifera as Rosmarinus officinalis (Tuscan Blue) 

and Laurusnobilis with IC50s 23.31 μg/mL and 34.46 μg/mL respectively. While the 

majority showed less toxic activity than U. pilulifera as Rosmarinus officinalis 

(McConnell’s Blue), Lavandula-x-intermedia (Margaret Roberts), Lavandulaspica, 

Origanumvulgare, Petroselinumcrispum, Thymusvulgaris, Foeniculumvulgare and 

Capsicum annuum with IC50s >100 μg/mL, 182 μg/mL, 98.99 μg/mL, 126.3 μg/mL, 
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172.7 μg/mL, >200 μg/mL, 129.7 μg/mL and >200 μg/mL respectively (Berrington 

& Lall, 2012).  

In this study, the toxicity of U. pilulifera extract was not tested on normal cells 

but we depended on literature to prove its safety in terms of side effects through 

studies conducted on animal models. For example, a study was conducted to test the 

toxicity of fixed and volatile oils extracted from leaves and seeds of some plants 

including U. pilulifera. The oils were tested on Swiss Albino mice to determine the 

lethal dose of each plants oil. The results showed that our plant (U. pilulifera) unlike 

the others is not toxic at all even at high doses up to12.8 ml/kg (Özbek, Öztürk, 

Öztürk, Ceylati, & Yener, 2004). In addition to another study found that no physical 

signs or deaths were reported during the exposure of mice to the hexane extract of U. 

pilulifera at doses up to 2 g/kg (Abo-elmatty et al., 2013). This belief was 

additionally supported by another study to assess the preventive activity of U. 

pilulifera leaves compared to this of garlic in mice with 1,2-dimethylhydrazine 

(DMH)- induced colon cancer. Results showed 40% reduction in tumor weight by U. 

pilulifera compared to the garlic which reduced the tumor weight by 50%. 

Interestingly, U. pilulifera did not show any side effects either at the visible or 

histological level as opposed to the garlic that induced necrotic lesions and 

inflammatory reaction in the colons wall (Aliwaini & Lubbad, 2016(. Based on this 

we can consider U. pilulifera consumption in the safe side and consider to be a 

promising natural source in the anticancer pharmaceutical industry since the ultimate 

goal of cancer therapies is to target cancer cells without compromising normal cells 

(El-Merahbi et al., 2014). 
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5.3 Gas Chromatographic-Mass Spectrometric analysis of hexane 

crude extract of Urtica pilulifera leaves 

Phytochemical constituents differ from plant to another, as well as 

phytochemicals obtained from any specific plant can differ drastically based on 

where they were cultivated, when they were collected, or even from one year to 

another in the same region (Li-Weber, 2013). The solvents used also contribute to the 

nature of the chemical composition extracted from the plant. Solvents used in this 

study were water, methanol and hexane, specifically selected according to their 

availability, cheapness and most importantly, non-toxic to living cells. Our current 

study revealed the presence of many biologically active phytochemicals extracted 

from U. pilulifera. The classes of compounds and chemical structure are listed in 

Table (5.1). GC-MS analysis showed that the major class of obtained compounds is 

hydrocarbons such as eicosane and pinane. Additionally, there were fatty alcohol 

compounds as behenic alcohol and n-tetracosanol-1(lignoceric alcohol). 

Furthermore, fatty acid compounds such as linolenic acid were also detected. The 

volatile nature of the obtained compounds is due to the action of hexane as a non-

polar solvent. The presence of linolenic acid, phytol and 6,10,14-trimethyl-2-

pentadecanone in our analysis of the crude extract is consistent with their presence 

by another analysis performed on the U. dioica a species that belongs to the same 

Urticasea family (Ilies, Tudor, & Radulescu, 2004).  

Previous studies have reported that some of the identified phytochemicals as 

phytol (Costa et al., 2016) and squalene (Ravi Kumar, Narayan, Kizawa, Hosokawa, 

& Miyashita, 2016) possess antioxidant properties. Linolenic acid was reported to 

have cancer preventive, anti-inflammatory, hepatoprotective, antieczemic, 

insectifuge, nematicide, hypocholesterolemic activities (Sermakkani & 

Thangapandian, 2012). The presence of these biologically active components 

justifies the use of U. pilulifera for various therapeutic purposes in traditional 

medicine. 
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Table (5.1): Chemical composition of Urtica pilulifera leaves hexane extract. 

No. Name of the 

compound 

Class of 

compound 

Chemical structure 

1 Pinane Hydrocarbon 

 

2 
6,10,14-trimethyl-

2-Pentadecanone 
Hydrocarbon 

 

3 
Diisobutyl 

phthalate 
Phthalate ester 

 

4 Isophytol Terpenoids 

 

5 Dibutyl phthalate Phthalate ester 

 

6 Methyl linolenate Ester 

 

7 Phytol Terpenoids 
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No. Name of the 

compound 

Class of 

compound 

Chemical structure 

8 Linolenic acid Fatty acid 

 

9 [E]-5-Eicosene Fatty acid  

10 1-Nonadecene Hydrocarbon 

 

11 Tetradecanal Aldehyde 
 

12 Behenic alcohol Fatty alcohol 

 

13 
Bis (2-ethylhexyl) 

phthalate 
Phthalates 

 

14 1,19-Eicosadiene Hydrocarbon  

15 n-Tetracosanol-1 Fatty alcohol 

 

16 1-Docosene Hydrocarbon 
 

17 Squalene Triterpenoids 

 

18 Heptacosanol Fatty alcohol 

 

19 Eicosane Hydrocarbon  
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5.4 Fractionation of crude hexane extract  

Motivated by the results of MTT assay we went further and fractionated U. 

pilulifera hexanic extract. We have seen a necessity for fractionating crude extract to 

limit the compounds with observed antitumor effect, here we are in agreement with 

WHO when declared that further fractionation is needed of crude herbal extracts with 

IC50 lower than 50 μg/ml after cytotoxic screening tests (Kashani et al., 2014). 

After fractionation, six fractions were obtained and tested to evaluate their 

toxicity on Hela cells. No toxicity was shown for fractions (1,2 & 3) unlike fraction 

(4) which exhibited a potent toxic activity on Hela cells. Despite the remarkable 

bioactivity of fractions (5 & 6) it was not as strong as fraction (4). This wide 

variation in biological effect may be due to the difference in the chemical 

constituents present in each fraction so we subjected all fractions to be analyzed by 

GC-MS. 

From a synthetic viewpoint, what distinguishes effective fractions (4,5 & 6) 

from the ineffective ones (1,2 &3) is that effective fractions contain phytol. Among 

bioactive fractions what distinguishes the most effective fraction (4) from others (5 

& 6) is the high amount of phytol to represent about two-thirds of the total amount of 

fraction (4).  

Of the nine compounds identified in fraction (4) the most prevalent compound 

was phytol (68.6266%) followed by 6,10,14-trimethyl-2-pentadecanone (4.5058%) 

and n-tetracosanol-1 (3.9588), followed by 1-heptacosanol (3.721) and 1-nonadecene 

(3.3658). Among these nine compounds just two compounds were reported to have 

antioxidant activity: phytol (Lee Seong Wei, Wee, Siong, & Syamsumir, 2011), and 

1-nonadecene (Renukadevi, Saravana, & Angayarkanni, 2011). In general, U. 

pilulifera was reported to possess antioxidant and antitumor properties (Abdel-

Kader, Mahmoud, Motawa , Wahba and Ebrahim, 2007). 

Phytol is a major member belongs to terpenoides especially diterpenes group 

that is well known to have antioxidant properties. Phytol acts as constituent of 

chlorophyll and commonly serves as a precursor for manufacturing synthetic forms 

of vitamin E and vitamin K1 (Li et al., 2016). Several studies have documented the 
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activity of phytol as an antioxidant, anticancer and many other diseases and have 

strongly prescribed it as a promising medical drug (Islam et al., 2015). 

A similar result to ours was achieved by a study designed to examine the 

antioxidant and anticancer activity of 5 several extracts of Thymus serpyllum on 

MCF-7, MDA-MB-231, HepG2, A549, PC3, and HCT-116 cell lines. Findings 

revealed that hexanic extract showed the best anticancer effect in all cell lines by 

performing toxicity assay. The GC-MS profile of hexanic extract demonstrated the 

presence of major compounds are well known as antioxidants including phytol (Line 

et al., 2014). 

 

5.5 Fraction (4) induces cell cycle arrest and intrinsic apoptosis to 

kill Hela cells 

At the molecular level, we investigated P21 protein expression level to assess 

cell cycle progression status under the effect of fraction (4), since in normal cell, P21 

protein is an inhibitor of a (cyclin-dependent kinases/cyclin complexes) which 

represent the chick points of the cell cycle system. Western blot analysis showed 

markedly increasing in P21 protein level compared to control cells suggesting that 

fraction (4) stimulated the expression of P21 protein which directly blocked the cell 

cycle progression as a response to DNA damage. P21 gene is controlled 

transcriptionally by p53 transcription factor so P21 can stimulate p53- dependent 

apoptosis or cycle arrest (Brugarolas et al., 1995). 

With regard to P53 protein, it is a very related to cancer occurrence sense it is 

mutated or inactivated in about 50% of human cancers. P53 protein was investigated 

to assess both cell cycle status and apoptosis as p53 protein is responsible for cell 

proliferation control through two mechanisms, first is by inducing cell cycle arrest in 

response to defective DNA replication to give the cell an opportunity to correct the 

disorder before completing the cell cycle. The second mechanism is activating 

apoptotic pathway to execute cells that proliferate abnormally (Attardi, Lowe, 

Brugarolas, & Jacks, 1996). Our results demonstrated both cell cycle arrest, and clear 
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inverse relationship between BCL-2 and caspace-9 in a way that proves assessing 

apoptosis. 

Similar to our results, researchers attributed the anticarcinogenic activity 

presented by U. pilulifera to apoptosis induction through intrinsic pathway in 

addition to cell cycle arrest )Aliwaini & Lubbad, 2016; Yu, Blackburn, & Zhou, 

2003). On the other hand, a study was reported that mice have been treated with 

petroleum ether and methanol extracts of U. pilulifera had increased synthesis of 

liver proteins as antioxidant enzymes and some hepatic biotransformation enzymes. 

In the same experiment, the concentration of liver lipids were reduced and 

phospholipids composition were remodeled leading to a belief in a potential role of 

U. pilulifera in cancer treatment (Mahmoud, 2006).  

 In addition to, terpenoids isolated from Clerodendrum infortunatum reduced 

the tumer size and increased life span of ehrlich’s ascites carcinoma (EAC)- bearing 

swiss albino mice and antioxidant activity has been restored to the normal level 

(Salminen, Lehtonen, Suuronen, Kaarniranta, & Huuskonen, 2012). Diterpenes as 

perillyl alcohol and limonene showed antioxidant activity and considered a 

promising anticancer agents (Graßmann, 2005). 

About phytol, researchers have tested the effect of synthesized phytol on 

human lymphoid leukemia Molt 4B cells, and results showed an inhibition of 

proliferation in both dose and time dependent manner. These findings were explained 

as the proliferation inhibition by phytol was due to the induction of apoptosis in the 

human leukemic cells based on forming apoptotic bodies and fragmentation of DNA 

(Hibasami . et al., 2002). Futhermore, a comprehensive study demonstrated success 

of phytol in the siege and targeting of hepatocellular cancer cells Huh7 and HepG2 

by inducing intrinsic apoptosis through activating caspase-9/3and cleaving (PARP). 

(Kim et al., 2015).  

We can rely on the following literature to explain the anticancer activity of 

fraction (4) by several mechanisms: 

1. In terms of terpenoides, many studies have attributed the anticancer activity of 

terpenoid compounds to the inhibition of NF-κB signaling pathway and 
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suppressing the process of inflammation and tumer formation (Salminen, 

Lehtonen, Suuronen, Kaarniranta, & Huuskonen, 2008).  

2. With respect to the phytol, a mechanism that has been proposed to explain the 

phytol anticancer activity was that phytol inhibits epithelial–mesenchymal 

transition (EMT) via loss of E-cadherin and overexpression of EMT markers as 

p-smad2/3, alpha-smooth muscle actin, and Snail in hepatocellular carcinoma 

cells (Kim et al., 2015).  

3. We can refer the anticancer activity that U. pilulifera and its derivatives 

(diterpenoids or phytol) exert to its being an antioxidant. There is a strong 

evidence of the involvement of the oxidation status of the cell in activating the 

mechanism of programmed cell death. NF-kB is a transcription factor controls 

expression of proteins and pathways proved to play a key role in stimulating 

different kinds of tumors. Inhibitors of NF-kB lead to amplifying the activity of 

cytokine-induced killer cells to attack tumor cells rapidly. Based on the fact that 

antioxidants are strongly demonstrated to be NF-kB inhibitors, we can consider 

that this is one of the mechanisms that antioxidants including our agents (U. 

pilulifera, fraction (4) or phytol) act as anticancer (Network Antioxidants, 1999).  

4. Additionally, U. Dioica was reported to reduce proliferation of prostate cancer 

cells, this activity was explained as that U. Dioica inhibited the activity of 

adenosine deaminase (ADA) significantly in cancerous prostate tissues (Durak, 

Biri, Devrim, Sözen, & Avci, 2004). Depending on the similarities between U. 

Dioica and U. pilulifera we could suggert that U. pilulifera followes the same 

mode in exerting its anticancer activity. 

5. An explanation linking P21 protein with antioxidants was demonstrated by 

researchers when found that antioxidants as vitamin E and pyrrolidine 

dithiocarbamate induced apoptosis in colorectal cancer mediated by P21 

induction without involving P53; whereas there P53- dependent and independent 

P21 activation (Chinery et al., 1997). In support of this result, many studies 

revealed that ROS has an undeniable role in supporting progression of cell cycle 

(Verbon, Post, & Boonstra, 2012; Vokurkova, Xu, & Touyz, 2007). Another 

example, antioxidant β-carotene was reported to induce cell cycle arrest in G2/M 

phase in different colon cancer cell lines and induced apoptosis through BCL-2 

and BCL-x downregulation (Palozza et al., 2002). 
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In terms of supporting the antioxidants for chemotherapy, studies suggest that 

antioxidants increase the efficacy of chemotherapy which is designed to target high 

proliferative cells. Chemotherapy stimulates oxidative stress in the cells due to 

increasing free radicals as a result. Increased ROS and free radicals in cancer cells 

lead to a reduction in the proliferation rate to reach the level of normal cells, so 

cancer cells become untagged for chemodrug any more so cannot respond to 

following doses of treatment. On the other hand, ROS accompanying antineoplastic 

agents involved in specific side effects as nephrotoxicity induced by cisplatin, 

cardiotoxicity induced by doxorubicin and pulmonary fibrosis induced by bleomycin. 

In addition to inducing mutagenesis and gastrointestinal toxicity which are common 

to several anticancer agents. It was reported that antioxidants are able to prevent or 

reduce these severe side effects (Conklin, 2000). Furthermore, antioxidants were 

reported to enhance tumor growth inhibition exerted by doxorubicin and 5FU in vitro 

and in vivo (Chinery et al., 1997). 
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 Chapter 6 

Conclusion and Recommendations 

 

6.1 Conclusion 

From all that has been presented in this study, we conclude that Urtica 

pilulifera in general, the fourth fraction in particular and most likely phytol possess a 

strong anti-cervical cancer effect on Hela cells. We proved that U. pilulifera displays 

its bioactivity through recruitment of two major mechanisms, cell cycle arrest and 

apoptosis. This study highlights the ability of U. pilulifera and its ingredients to 

influence anticancer therapeutic industries. 

 

6.2 Recommendations 

1. We recommend testing different extracts of U. pilulifera on different cancer cell 

lines. 

2. Refractionation of fraction (4) is needed to isolate and ascertain the exact 

bioactive compound. 

3. Testing the effect of combining U. pilulifera or phytol with anticancer 

chemotherapeutic drugs.  

4. Investigating the effect that U. pilulifera or phytol would exert in vivo is 

recommended. 
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Appendix 1: Cervical cancer stages according to FIGO staging system 

Stage 
Stage 

grouping 

FIGO 

Stage 
Stage description 

I T1 

 

 

 

 

 

Any N 

 

 

M0 

I The cancer cells have grown from the surface 

of the cervix into deeper tissues of the cervix. 

The cancer may also be growing into the body 

of the uterus, but it has not grown outside the 

uterus (T1). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IA T1a 

 

 

Any N 

 

 

M0 

IA There is a very small amount of cancer, and it 

can be seen only under a microscope (T1a). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IA1 T1a1 

 

 

 

Any N 

 

 

M0 

IA1 The area of cancer is less than 3 mm (about 

1/8-inch) deep and less than 7 mm (about 1/4-

inch) wide (T1a1). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IA2 T1a2 

 

 

 

Any N 

 

 

M0 

IA2 The area of cancer invasion is between 3 mm 

and 5 mm (about 1/5-inch) deep and less than 7 

mm (about 1/4-inch) wide (T1a2). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IB T1b 

 

 

 

 

 

 

Any N 

 

 

M0 

IB This includes stage I cancers that can be seen 

without a microscope as well as cancers that 

can only be seen with a microscope if they 

have spread deeper than 5 mm (about 1/5 inch) 

into connective tissue of the cervix or are wider 

than 7 mm (T1b). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 
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Stage 
Stage 

grouping 

FIGO 

Stage 
Stage description 

IB1 T1b 

 

 

Any N 

 

 

M0 

IB1 The cancer can be seen but it is not larger than 

4 cm (about 1 3/5 inches) (T1b1). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IB2 T1b2 

 

 

Any N 

 

 

M0 

IB2 The cancer can be seen and is larger than 4 cm 

(T1b2). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

II T2 

 

 

 

Any N 

 

 

M0 

II The cancer has grown beyond the cervix and 

uterus but hasn't spread to the walls of the 

pelvis or the lower part of the vagina (T2). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIA T2a 

 

 

Any N 

 

 

M0 

IIA The cancer has not spread into the tissues next 

to the cervix (called the parametria) (T2a). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIA1 T2a1 

 

 

Any N 

 

 

M0 

IIA1 The cancer can be seen but it is not larger than 

4 cm (about 1 3/5 inches) (T2a1). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIA2 T2a2 

 

 

Any N 

 

 

M0 

IIA2 The cancer can be seen and is larger than 4 cm 

(T2a2). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIB T2b 

 

 

IIB The cancer has spread into the tissues next to 

the cervix (the parametria) (T2b). 
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Stage 
Stage 

grouping 

FIGO 

Stage 
Stage description 

Any N 

 

 

M0 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

III T3 

 

 

 

 

Any N 

 

 

M0 

III The cancer has spread to the lower part of the 

vagina or the walls of the pelvis. The cancer 

may be blocking the ureters (tubes that carry 

urine from the kidneys to the bladder) (T3). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIIA T3a 

 

 

 

 

Any N 

 

 

M0 

IIIA The cancer has spread to the lower part of the 

vagina or the walls of the pelvis. The cancer 

may be blocking the ureters (tubes that carry 

urine from the kidneys to the bladder) (T3a). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IIIB T3b 

 

 

 

 

Any N 

 

 

M0 

IIIB The cancer has grown into the walls of the 

pelvis and/or is blocking one or both ureters 

causing kidney problems (called 

hydronephrosis) (T3b). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IVA T4 

 

 

Any N 

 

 

M0 

IVA The cancer has spread to the bladder or rectum 

or it is growing out of the pelvis (T4). 

 

It might or might not have not spread to nearby 

lymph nodes (N0). 

 

It has not spread to distant sites (M0). 

IVB Any T 

 

 

Any N 

 

M1 

IVB The cancer has spread to distant organs beyond 

the pelvic area, such as distant lymph nodes, 

lungs, bones or liver. (M1) 

(American Cancer Society, 2017b). 


