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ABSTRACT 

  

Triple-negative breast cancer is one of the most aggressive types of breast 

cancer due to the ability of early metastasis and chemoresistance, which accounts for 

almost 10-15% of invasive breast cancer. Citrus hystrix DC. is a tropical plant known 

for its high aroma. It has been used as spices, in cosmetic products and also has been 

reported to possess many biological activities including anticancer effects. However, 

the effect of C. hystrix against triple-negative breast cancer has yet been identified. In 

this study, cytotoxicity of C. hystrix leave extracts, and its bioactive compounds 

citronellal and citronellol against the triple-negative breast cancer MDA-MB-231 cell 

line were observed. C. hystrix leaves powder was sequentially extracted 

using maceration with hexane, ethyl acetate and ethanol. Cytotoxic effect of extracts 

were evaluated using MTT assay. Cell proliferation, wound scratch migration, colony 

formation, and apoptosis assay were used to identify the in vitro effect of the extracts 

and its active compounds against this cell line. RT-qPCR and Western blot analysis 

were used to understand some mechanism which may lead to the cause of cells dead. 

The results significantly showed that crude hexane of C. hystrix leaves extract, and its 

bioactive molecules could reduce cell proliferation, colony forming, migration of the 

cancer cells, and induced cell cycle arrest when compared to control. The results also 

indicated that crude hexane, citronellol and citronellol could induce apoptosis in 

MDA-MB-231 cells through the inhibition of the anti-apoptotic Bcl-2 expression and 

 



 D 

leading to the activation of the caspase-dependent pathway through the activation of 

the executioner Caspase-3. This is the first demonstration of the effect of C. hystix and 

its bioactive compounds citronellol and citronellal against the triple negative breast 

cancer MDA-MB-231 cells. Further study should be held to help understanding more 

deeply on mechanism that caused by the extract and the molecules on cells. 
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CHARPTER I  

 

INTRODUCTION 

Background 

Breast Cancer is one of the most frequent cancer that usually occur in women. 

In 2018, World Health Organization has pointed out that around 2.1 million new cases 

of breast cancer incidence have been reported. The number of cancer related-death in 

women around the globe were estimated to be around 626,679 (6.6%) (WHO, 2018). 

In 2015, a review from 15 studies revealed means of very high cumulative treatment 

costs in breast cancer treatments by its stages. At stage I, the cost were estimated to be 

$29,724, $39,322 for stage II, $57,827 for stage III, and $62,108 for stage IV (Sun et 

al., 2018). There are many subtypes of breast cancer base on histological arrangement 

including luminal breast cancer, basal-like, HER-2 enriched and claudin low (Eroles 

et al., 2012). Triple negative breast cancer is one of the basal-like breast cancers. It is 

known for its less expression of estrogen receptor (ER), progesterone receptor (PR), 

and human epidermal growth factor receptor-2 (HER-2). This type of breast cancer 

was reported as an aggressive breast cancer type with early metastasis, and resistance 

to many kinds of chemotherapy drugs with poor prognosis in patients (Aysola et al., 

2013). 

For centuries, folklore medicines have been used to treat many kinds of 

diseases in many countries around the world. Animal parts or organs have been used 

as the treating drugs, but the major parts of the medicines were from plant derived. 

Lots of experiments have been conducted to evaluate the effect of the plants that have 

been used in the traditional medicine to the molecular level in order to find new active 

compounds that could be potential in the treatments against the diseases including 

cancer. Citrus hystrix DC. or kaffir lime is a tropical plant which is native to 

Southeast Asia. Kaffir lime is known for its aromatic oil, which is widely used in lots 

of country around the world. Its leaves have been used as spices in many cuisines for 

its aromatic fragrant. Furthermore, kaffir lime has also been developed into many 

products such as shampoo, mosquito repellent, perfume, and so on. Despite from this, 
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kaffir lime is used in traditional medicine for many treatments. It has been used as 

anti-inflammatory as an ingredient in herbal compressed (Dhippayom et al., 2015), 

digestive aid, treating cold (Wongpornchai, 2012). More than that, kaffir lime has 

been reported to possess anti-bacterial activity in many bacteria strains, (Nanasombat 

& Lohasupthawee, 2005; Srisukh et al., 2012). So far, many researcher has been 

pointed out that kaffir lime possessed anti-cancer effect in many cancer cell lines such 

as leukemic cell lines (Chueahongthong et al., 2011), neuroblastoma cell lines, 

cervical cancer cell line (Tunjung et al., 2015), melanoma cell lines , the 

adenocarcinoma pancreatic cell line (Sun et al., 2018), MCF-7 breast cancer cell line 

(MAMUR, 2019). And yet, none of these have reported its anticancer effect on the 

triple negative breast cancer cell line MDA-MB-231. 

Statement of the problems  

C. hystrix is a tropical plant which is easy to cultivate and available at any 

seasons, and since there has not been any reported about the effect of C. hystrix on the 

triple negative breast cancer cell line MDA-MB-231, the in vitro study should be 

conducted to evaluate the anticancer effect of C. hystrix on this cell line, and either for 

citronellol and citronellal. 

Research significant 

This study will provide first in vitro study of the anticancer effect of C. hystrix 

leaf extracts, for citronellol and citronellal against the triple negative breast cancer 

MDA-MB-231 and some mechanism of death trigger by the extract on the cells. 

Hypotheses of the study  

C. hystrix leaf extract, for citronellol and citronellal possessed the anticancer 

effect against MDA-MB-231 cell line whether it could inhibit cancer cell proliferation 

and induce apoptosis and cell cycle arrest in MDA-MB-231. 
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Scope of the study 

The purpose of this study was to investigate anticancer effects of C. hystrix 

leaf extracts, citronellol and citronellal on the triple negative breast cancer cell line 

MDA-MB-231. C. hystrix leaf powder extraction processes were carried out at 

Department of Chemistry, Faculty of Sciences while the in vitro study of C. hystrix 

extracts acitivity on MDA-MB-231 was performed at Faculty of Allied Health 

Sciences, Naresuan University. C. hystrix leaf powder was received from Khaolaor 

company, Nakhon Pathom, Thailand. Crude extracts obtained from extraction process 

were used in the experiment to treat MDA-MB-231 cells. Then cell cytotoxic assay 

was used to evaluate the toxicity of the leaf extracts on human normal cells and for 

selection safety dose for the next experiments. Crude hexane, a high sensitivity 

against cancer, was selected for future experiments. Its chemical profiles were 

identified by using thin layer chromatography and gas chromatography-mass 

spectrometry. The doses receive from the cytotoxic assay were used for cell 

proliferation assay, wound scratch migration assay and colony formation assay. Then 

the selected doses were used to evaluate the ability of kaffir lime leaf extract in 

inducing apoptosis and cell cycle arrest to the cells. Moreover, level of genes 

expression and proteins expression correlate to the apoptosis and cell cycle arrest 

were identified using RT-qPCR and Western blot analysis.   

Key words  

Triple Negative Breast Cancer, MDA-MD-231, Citrus hystrix DC. (kaffir 

lime), leaf extract, citronellol, citronellal, anti-cancer 
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CHARPTER II 

 

LITERATURE REVIEWS 

Breast cancer  

Breast Cancer is one of the most common cancers which were reported up to 

2.08 million cases around the world, and causing the cancer-related death up to 

626,679 deaths by 2018 (WHO, 2018). Breast cancer is a type of cancer that caused 

by the uncontrollable growth of cells that could occur in many different tissues in the 

breast. The cancer normally starts at milk duct or at mammary gland then starting to 

spread to other surrounding tissues like lymph nodes and metastases to other tissues 

or organ especially lung and bone (American Cancer Society, 2017a).  

1. Types of breast cancer 

According to American Cancer Society (2017b), breast cancer is divided into in 

situ carcinoma and invasive carcinoma (infiltrating cancer) based on its invasivity. 

The in situ carcinoma can be classified into sub-categorizes based on its histology. It 

was divided into ductal carcinoma and lobular carcinoma. Ductal carcinoma in situ 

which appeared at the milk duct and the lobular carcinoma which located at in the 

mammary gland. Both of these types of cancer are non-invasive or pre-invasive form 

of the breast cancer. The major sub-types of invasive breast carcinoma consisted of 

invasive lobular carcinoma (ILC) and invasive ductal carcinoma (IDC) which 

accounted as major class of invasive breast cancer. 

In Eroles et al.(2012), breast cancer was classified into six sub-types reflected 

by its mRNA expressions and immunohistochemical profiles. Frequently, it is 

categorized base on hormonal receptors such as progesterone receptor (PR), estrogen 

receptor (ER), and human epidermal growth factor receptor 2 (HER-2). Luminal 

cancer shows intermediate prognostic for its hormonal and HER-2 receptor 

expression, Luminal A (ER+, HER-2-, Ki-67 low, and PR high), luminal B (ER+, 

HER-2-, Ki-67 low or PR low). Basal-like accounted around 10-20% of the breast 
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cancer with bad prognosis. This cancer type has higher rate of genes mutation which 

responsible for higher rate of relapse to chemotherapy, and its aggressiveness. One of 

this type includes the triple negative breast cancer which absent in (ER-, PR-, HER-2-

) genes expression. HER-2 enriched has worse prognostic as the cancer has highly 

HER-2 expression. Claudin low described for its low expression of cell-cell adhesion 

molecules like claudin, cingulin, E-cadherin. One other type was defined as the 

normal breast covered nearly 5 to 10% of breast cancer. This cancer does not response 

to the neo-adjuvant chemotherapy and shows lack expression of ER, PR and HER-2. 

2. Cancer development  

The American Joint Committee on Cancer anatomically classified cancer 

development stage into the T.N.M system which includes the primary tumor (T), the 

surrounding lymph nodes (N), and the distance metastasis (M). Primary tumor at T 

stage is define by its location and size. T stage present locally at the site of breast 

tissues with size not larger than 2 mm. In this stage, there is no present of tumor 

evading the surrounding lymph nodes or distances metastasis at the other organ. The 

N stage, which is the regional lymph nodes stage, present the tumor cells deposit in 

the surrounding lymph nodes tissues. Even the present of tumor in lymph, cancer cells 

still not found in the distance metastasis. The M stage is the metastasis stage. The 

tumor cells grow bigger at the local cancer site. Its metastases into lymph nodes and 

travels to the distance organ such as bone, lung. (Gabriel N. Hortobagyi & 2017). 

3. Risk factors 

Breast cancer seems to link to many risk factors. Age is one of the risk factors 

usually describe in the breast cancer patient. Women age higher than 50 faces higher 

risk to breast cancer. A study showed the number of incidences were increased in 

elderly women aged over 60 (Alberg & Singh, 2001). Another result from SEER 

program (Surveillance, Epidemiology, and End Results) in U.S.A indicated that more 

than 60% of women age after 60 have been diagnosed with breast cancer 

(Maisonneuve, 2017). Race is also a factor that may relate to breast cancer 

occurrence. Data from W.H.O illustrated that number of breast cancer incidences 
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from both sexes tend to be higher in the Asian region, which was reported to be 

around 43.6% of the world population, also the mortality rate (49.6%) and prevalence 

(38.2%) (WHO, 2018). 

Hormonal status is very important in breast cancer and has also been consider as 

one of the most important risk factors that may link to the treatment and prognosis of 

the patients. The increasing level of endogenous hormones from ovaries such as 

estrogen and progesterone during pregnancy stimulates the growth of mammary 

epithelium cells and breast tissues, which would support the growth of the cancer if 

the malignancy transformation is present at this state (Russo et al., 1979). Early age of 

menarche, and late menopause were also mentioned to increase the risk of having 

breast cancer. A study found that the relative risk of having breast cancer increased in 

patient who were having early-age menarche, and women who enter menopause late 

at or after 55 years old  (Collaborative Group on Hormonal Factors in Breast, 2012). 

Women who have early menstruation below 10 years old tends to have 20% higher 

risk to those between 11 and 12 years old (Bodicoat et al., 2014). Another mentioned 

risk factor may relate to the late of having first full-term pregnancy (>30 years old or 

older). The risk of having lobular breast cancer was increased by 2.4 fold in women 

who gave first birth after 30, when compared to women who gave labor before of 20 

years old in association with postmenopausal body mass index (BMI), history of 

having oral contraceptive, and the postmenopausal hormones replacement therapy 

(Newcomb et al., 2011). The heredity was also been considered as a factor that would 

involve with breast cancer. Women who have relatives or family history with breast 

cancer are highly expose to the chance of having breast cancer (Brewer et al., 2017). 

Some genes mutation like breast cancer (BRCA) genes, tumor protein (p53) gene, 

checkpoint kinase 2 (CHEK2) gene were observed, and were concluded to links to 

this factor (Walsh et al., 2006).  
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Triple Negative Breast Cancer (TNBC) 

1. Classification of TNBC subtypes 

 Known for its lack of 3 important receptors expression ER, PR, and HER-2, 

these 3 receptors have been used to distinguish TNBC from other breast cancer types.  
American Society of Clinical Oncology guide line recommendation consider the 

negativity of  ER and PR when the immunohistochemical staining (IHC) present less 

than 1% repartition of these receptors in the tissue (Hammond et al., 2010), and less 

than 10% for HER-2 receptor (Wolff et al., 2013). However, molecular analysis of 

gene expressions has classified TNBC into another 6 different sub-types. These 6 sub-

types groups consist of basal-like (BL) which has 2 type basal-like 1 (BL-1) and basal 

like 2 (BL-2), an immunomodulatory (IM), a mesenchymal (M), a mesenchymal 

stem–like (MSL), and a luminal androgen receptor (LAR) subtype. In this research, 

the TNBC cell line MDA-MB-231 was categorized into the MSL subtype.  

The MSL subtype is enriched for gene ontologies in cell mortality pathway 

(Rho pathway), cellular differentiation and growth pathways (ALK pathway, TGF-β 

signaling and Wnt/β-catenin pathway, and growth factor signaling pathways that 

include inositol phosphate metabolism, EGFR, PDGF, calcium signaling, G-protein 

coupled receptor, and ERK1/2 signaling as well as ABC transporter and 

adipocytokine signaling. It shares similar features with the highly differentiated 

metaplastic breast cancer which is a chemoresistance cell. MSL subtype expresses 

low levels of proliferation genes accompanied with high expression of genes 

associated with stem cell (ABCA8, PROCR, ENG, ALDHA1, PER1, ABCB1, 

TERF2IP BCL2, BMP2, and THY1), numerous HOX genes (HOXA5, HOXA10, 

MEIS1, MEIS2, MEOX1, MEOX2, and MSX1), and mesenchymal stem cell–specific 

markers (BMP2, ENG, ITGAV, KDR, NGFR, NT5E, PDGFRB, THY1, and 

VCAM1) (Lehmann et al., 2011). 

2. Treatment of TNBC 

The aggressiveness and early metastasis of TNBC leaving the patients with poor 

prognostic and lower survival rate. Surgery and radiotherapy are performed with the 
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evaluation of TNM staging of the cancer. However due to lack of hormonal targeted 

therapy such as anti-PR, anti-ER and anti-HER-2, the chemotherapy still be 

applicable for the systemic treatment of TNBC. Most commonly used chemotherapy 

in TNBC include the antimetabolites such as the anthracycline, microtubule 

modulators, the intercalating agents (Wahba & El-Hadaad, 2015) (Table 1). 
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Plant-derived anticancer drugs 

For years, herbal medicines have been developed and have been used as a 

therapeutic potential in modern medicine. Many active compounds have been 

identified and have been extracted from the medical plants and have been developed 

as the preferential alternative medicine in cancer treatments (Table 2).  

Sulforaphane is an isocyanate group of organosulfur compounds. It is an 

anticancer compound identified in Brassica of cruciferous vegetables. It was reported 

to induce apoptosis in several types of human breast cancer cell lines including the 

MDA-MB-231, and also able to decrease the expression of many proliferation factors 

such as HER-2, EFGR, ER (Pledgie-Tracy et al., 2007). Follow by this, pre-clinical 

and clinical study have supported that sulforaphane helps increase cytoprotective 

enzymes NQO1 and HO-1 in rat mammary gland and human breast tissues (Cornblatt 

et al., 2007). Most of anticancer drugs derived from plants are usually the 

microtubules modulator which they interfere with microtubules formation during 

mitosis. Paclitaxel is a taxane alkaloid derived from Taxus brevifolia. It acts as 

cytostatic agent which inhibit the depolymerization of microtubules during telophase 

of mitosis (Jauhari et al., 2009; Papich, 2016). Paclitaxel was able to induce cell cycle 

arrest in A549 lung cancer. A549 cells arrested at G1 phase with the accumulation of 

p53 proteins. This arrest has been shown to involve with the correlation between p53 

protein and p21 protein in dose dependent manner in which the expression of p21 

protein has been seen in the dose below 25 nM (Demidenko et al., 2008). In term of 

this, vinca alkaloids have also been developed as anticancer drugs by inhibiting the 

polymerization of microtubles. Vincristine, vinblastine, vinorelbine, vindesine and 

vinflunine are the anti-mitotic molecules found in Catharanthus roseus (Amin et al., 

2009). These molecules bind to beta subunit of tubulin proteins, which prevent the 

polymerization of microtubules in metaphase of mitosis (Avendaño & Menéndez, 

2015). This mechanism has also been found in noscapine which is the 

phthalideisoquinoline alkaloid derived from Papaver somniferum (Chen et al., 2015). 

Similar action was shown by its analogue EM011 on human non-small cell lung 

cancer cells by inhibiting the polymerization of tubulin, and resulted in transient 

effect of cell arrest in M phase before undergone apoptosis (Karna et al., 2009). 
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Epipodophyllotoxin from Podophyllum peltatum L was reported to inhibit the tubulins 

assembly which induced cell cycle arrest at G2/M phase in human non-small cell lung 

cancer cells (Abad et al., 2012), and also acted as the topoisomerase II inhibitor which 

caused double strains DNA break leading to DNA damage and cell death  (Hande, 

2008). 

Many other notified plant-derived anticancer drugs include pomiferin (histone 

deacetylase inhibitor) the isoflavonoid extracted from Maclura pomifera (Myzak et 

al., 2004; Seidel et al., 2012), Combretastatin A-4 phosphate (anti-angiogenic, tubulin 

modulator) found in Combretum caffrum (Dorr et al., 1996; M. Su et al., 2016), 

Roscovitine (Cdks inhibitor) from Raphanus sativus L (Węsierska-Gądek et al.,2011), 

Epigallacotechin-3-gallate derived from Green tea, which was reported for its anti-

oxidant property and anti-proliferative effect (Du et al., 2012; Raza & John, 2005). 
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1. Plants that have anticancer effect on MDA-MB-231 cell lines 

Many researches have been performed in purpose to find out new therapeutic 

molecules that could act as a cytostatic or cytotoxic agent against the TNBC. 

Noscapine and papaverine, the alkaloids isolated from Papaverine somnifrum L. 

(opium), have been reported to comprise cytotoxic effect on TNBC cell lines. These 

two molecules could inhibit the growth of MDA-MB-231 and MCF-7 cell lines 

respectively with IC50 value of 20.15±4.01 µM and 15.47±0.78 µM for noscapine, and 

6.06±1.98 µg/ml and 6.16±0.84 µg/ml for papaverine. Both of the alkaloids could 

induced apoptosis in MDA-MB-231 and MCF-7 cancer stem cells with cell cycle 

arrest at G1 phase (Sajadian et al., 2015). Sulforaphane, a molecule belongs to 

isocyanate group from Brassica of cruciferous vegetables, as described above also 

shown its effect on these two cell lines. It decreased the expression of EGFR and Her-

2, which these two proteins play an important role in the growth of the cancer. 

Moreover, it could induce the caspases cascade activation shown by Western blot. 

Another result of the study shown that sulforaphane could induced cell cycle arrest at 

G2/M with cyclin B1 inhibition-related, and was able to inhibit histone deacetylase 

activity preventing some genes of MDA-MB-231 cells from expressing their tumor 

proteins  (Pledgie-Tracy et al., 2007).  

Beside these, many researches papers have been published that reported about 

plant extracts which have shown the anticancer actions against this triple negative 

breast cancer cell line even though those active compounds have not been identified. 

Many mechanisms related to cell toxic or cell death causing by the extracts have been 

revealed. In Ahmad et al., (2012) the methanolic extract from Nigella sativa was able 

to induce the apoptosis in MDA-MB-231 cells with an up-regulation of pro-apoptotic 

protein Bax and with down-regulation of Bcl-2 proteins. Another research indicated a 

result from black turtle bean extracts which it induced cell cycle arrest in S and G2/M 

phase. More than that black turtle bean extracts induced cell apoptosis by modulation 

of mitochondrial membrane potential, increasing of Bax protein, and decreased of 

Bcl-2 protein (Kumar et al., 2017). 
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Citrus hystrix DC. 

Citrus hystrix DC. (C. hystrix) or kaffir lime is a plant belong to Rutaceae 

family. C. hystrix has many names such as                        or kaffir lime. Kaffir lime is 

a stood-up tree up to about 6 meters high with branches and branchlets cover with 

spines. It has double pointy oval shape leaf with dark green in color. It has small, 

white and fragrant flower. The fruit is lemon yellow, with semi-rough-smooth texture, 

ellipsoid to sub-globose in shape (Figure 1). It can be found all over the world, 

especially in tropical area. Kaffir lime is known for its aroma and has been used as 

spice among Asian cuisine and all over the world for its highly aromatic and hence 

flavoring spice. (Ravindran, 2016). Apart of the leave, kaffir lime fruits have been 

used in many products such as shampoo, hair conditioner, moisturizer, mosquito 

repellant, and so on. Also, it has been used traditional medicine as digestive aid, 

treating cold, and as herbal compressed against inflammation (Wongpornchai, 2012). 

It also be founded in herbal compress as a combination with other herbal plants to 

reduce pain and inflammation (Dhippayom et al., 2015).  

 

Figure  1 Citrus hystrix (Kaffir lime) flowers, fruits and leaves 

Source: https://www.pinterest.co.uk/pin/523473156674546430/ 

1. Chemical constituents of C. hystrix  

There are many components that has been reported in C. hystrix including 

phenolic compounds, flavonoids, terpenoids, alkaloids, coumarins, glycosides, 

saponins, tanins, hydrocarbons and fatty acids from the hydrodistillation extraction 

(Table 3) (Agouillal et al.,2017; Butryee et al.,2009; Dilla et al.,2017). Terpenoids 

was found as the most abundant compound in kaffir lime leaf. Result from GC-MS 

ក្រូចស ើច, มะกรูด, 
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showed the present of five major monoterpenoid compound in the leaves extract by 

hydrodistillation including β-citronellal (46.40%), L-linalool (13.11%), β-citronellol 

(11.03%), citronelyl acetate (6.76%) and sabinen (5.91%). Other minor compounds 

consist of β-pinene (1.24%), β-micrene (1.27%), tran-β-ocimene (1.56%), (-)-

isopulegol (1.57%), 4-terpeneol (1.52%), cis-Linalol oxide (1.86%), trans-β-

caryopilene (1.48%) and nerolidol (1.11%) (Warsito et al., 2017). 
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2. Potential effect of C. hystrix  

Many researches have been conducted to confirm the therapeutic potential of 

kaffir lime (Table 4). The extracts from kaffir lime have been reported to own the 

antioxidant propriety proved by its ability to inhibited free radicals (Hutadilok et 

al.,Butryee et al., 2009; 2006). Respectively, a methanolic crude extract from kaffir 

lime leaf was reported to contain the hepatoprotective effect to male Sprague-Dawley 

(SD) rats. The experiment showed the prevention of alanine transaminase (ALT) and 

aspartate transaminase (AST) proteins level elevation in serum of SD rats pre-treated 

by kaffir lime leaf extract (200 mg/kg) and exposed to paracetamol (2g/kg) to induce 

liver cells damage and necrosis (Abirami et al.,2015). In Sumonrat et al.,(2008) kaffir 

lime leaf extract has been detailed to contain the broad spectrum anti-microbial 

activity against gram-positive bacteria, yeast, molds, and able to inhibit biofilm 

formation of (Kooltheat et al., 2016).  It has also been reported for its pesticide effect 

against larvae of Aedes albopictus (Nishan et al.,2017) (mosquito larvae) , against 

bow flies and house flies larvae by causing by skin damage-related death 

(Suwannayod et al., 2018), and for its growth modulation against Spodoptera litura 

(Tobacco worm) larvae (Siew et al.,2011). 
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2.1. Anticancer effect of C. hystrix  

Beside many others potential biological activity. C. hystrix also has anti-

cancer effect too. Crude extractions from C. hystrix have been exerting cytotoxic 

effect on four different types of leukemic cell lines (K562, U937, Molt4, and HL60). 

Among 4 of crude extract receiving from the consequential maceration method, 

crudes from hexane and ethyl acetate showing lower IC50 value in inhibiting these 

cells compared to other solvents (Chueahongthong et al., 2011). In another 

experiment, crude ethyl acetate and crude chloroform from kaffir lime leaf reduced 

cellular dehydrogenases enzyme indicating its cytotoxicity on neuroblastoma cell 

lines (UKF-NB3 and SK-N-AS ) and cervical cancer cell line (Hela) in micromolar 

concentrations (Tunjung et al., 2015). In vito study of Borusiewicza (2017), essential 

oil of kaffir lime peel from hydrodistillation process demonstrated cytotoxic and 

cytostatic effects to the both of melanoma cell lines (WM793 and A375). The toxicity 

of this essential oil was accessed by LDH cytotoxic assay and trypan blue assay. 

Bergamottin, a compound isolated from kaffir lime fruit, could suppress the migration 

of human pancreatic cancer cell line (PANC-1). Also, it was able to induce cell 

shrinkage, and led to total death within 24h (Sun et al.,2018). β-citronellol, a major 

compound in kaffir lime was reported to reduce cell viability of MCF-7 breast cancer 

cells (MAMUR, 2019). In another point of view, kaffir lime leaf extract also has its 

inhibitory effect on cell cycle progression. Result from Utthawang W. et al.,(2017) 

indicated fraction 9 from crude hexane of kaffir lime leaf extract was able to increase 

the expression of p53 protein level, and alter cell cycle regulatory proteins expression 

(cyclin A, cyclin B, and cdc2) leading leukemic Molt-4 cells to arrest at G2/M phases. 

2.2. Citronellal and citronellol 

Monoterpenoid is the most abundant compound found C. hystrix. Citronellol 

and citronellal are the two monoterpenoids which have been identified in C. hystrix, 

and have been reported to exert many biological actions (Sato et al., 1990). Citronellal 

has been reported to contain the anti-inflammatory effect and redox-protective activity 

in the inflammation-induced in the animal model (Melo et al., 2011). Anti-

inflammatory activity of citronellol has been shown in RAW264.7 macrophage by 
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reduced the level of prostaglandin E2 and the LPS-induced NO production (Su et al., 

2010). Furthermore, citronellal reduced the proliferation of Huh7 hepatocellular 

carcinoma cell line by mediated the phosphorylation of p38 MAPK (Maßberg et al., 

2015). Also there are other report action that both citronellal and citronellol inhibited 

the action of P-glycoprotein, which could ameliorate the efficacity of drug treatment 

(Yoshida et al., 2006). Citronellal also exhibited cytotoxicity against the estrogen 

positive breast cancer MCF-7 cell lines with IC50 of 0.091 mM (Stone et al., 2013). 

Citronellol induced necroptosis of NCI-H1299 cells by up-regulated TNF-α, 

RIP1/RIP3 activities, and induced ROS accumulation (Yu et al., 2019a). Citronellol 

also exhibited anticancer effect against A-549 non-small cell lung cancer cells by 

increased the ROS generation and decreased mitochondrial membrane potential 

leading to DNA laddering and chromatin condensation (Song et al., 2015). Besides, 

there were also reported about the anti-microbial effect of citronellal and citronellol 

against Escherichia coli and Staphylococcus aureus (Romero et al., 2015), anti-fungal 

against Candida albicans (Saibabu et al., 2017), larvicidal (Barros et al., 2009), anti-

diabetic in mouse model (Srinivasan & Muruganathan, 2016). 

Apoptosis 

Apoptosis or program cell death is a phenomenon which appears at the end of 

cells’ life span. It also can be triggered by the miss-regulation of cell cycles 

checkpoints or DNA mutations, or sometimes in response to toxic substances. The 

improper regulation of apoptosis contributes to disorders such as cancer, viral 

infection, autoimmune diseases, neurodegenerative disorders (Favaloro et al., 2012). 

Two major pathways have been described in the process of triggering the activation of 

apoptosis include the cell death receptor pathways or the extrinsic pathway which is 

triggered by the extracellular signals and the mitochondrial pathway or the intrinsic 

pathway which initiate from mitochondria triggered by from DNA damage signal. 
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1. Apoptosis Pathways 

1.1. The death receptor-dependent pathway 

Death receptors are transmembrane receptor which trigger the death signal in 

response to the death receptor ligands (Figure 2). There are many types of death 

receptor like CD95 (or Fas), TRAILR, TNFR, DR. When CD95L (or FasL) bind to its 

receptor, it provokes the trimerization of Fas followed by the recruitment of adaptor 

molecule Fas-associated death domain (FADD). FADD containing the dead effector 

domain (DED) which trigger the autoproteolytic of pro-caspase 8 and pro-caspase 10 

resulting in the active form of caspase 8 and caspase 10. These active caspases 

activate the common pathway caspase 3/6/7 then trigger the death of cell (Lavrik et 

al., 2005). 

 

Figure  2 The death receptor signaling of apoptosis. 

Source: https://www.cellsignal.com/contents/science-cst-pathways-cell-death/death-

receptor-signaling/pathways-apoptosis-death 
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Apoptosis can be induced through the activation of death receptors including 

Fas, TNFαR, DR3, DR4, and DR5 by their respective ligands. Death receptor ligands 

characteristically initiate signaling via receptor oligomerization, which in turn results 

in the recruitment of specialized adaptor proteins and activation of caspase cascades. 

Binding of FasL induces Fas trimerization, which recruits initiator caspase-8 via the 

adaptor protein FADD. Caspase-8 then oligomerizes and is activated via 

autocatalysis. Activated caspase-8 stimulates apoptosis via two parallel cascades: it 

can directly cleave and activate caspase-3, or alternatively, it can cleave Bid, a pro-

apoptotic Bcl-2 family protein. Truncated Bid (tBid) translocate to mitochondria, 

inducing cytochrome c release, which sequentially activates caspase-9 which then 

activate caspase-3. 

 

1.2. The mitochondrial pathway 

In response to DNA damage, cells express p53 protein, then activate its 

downstream pathways (Figure 3). In intrinsic or mitochondrial pathway of apoptosis, 

p53 increases Bax/Bak proteins activity (Bcl-2 family protein) which mediate the pore 

formation complex at the outer membrane of mitochondria, and consequentially 

triggers the release of Cytochrome C (Cyt C) into cytoplasm. When release to 

cytoplasm, Cyt C bind to apoptotic protease activating factor 1 (Apaf-1) in the present 

of ATPs to form the apoptosome which activate the cascade activation of caspases. 

The apoptosome cleave pro-caspase 9 into caspase 9. With this active form, caspase 9 

activate the common apoptosis caspase 3/6/7, and therefore inducing the death in 

damage cell (Loane et al., 2015; L.-T. J. a. A.-G. Yang, 2012). 
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Figure  3 The mitochondrial pathway of apoptosis. 

Source: Cell Signaling Technology, https://www.cellsignal.com 

 

The Bcl-2 family proteins regulate apoptosis by controlling mitochondrial 

permeability. The anti-apoptotic proteins Bcl-2 and Bcl-xL reside in the outer 

mitochondrial membrane and inhibit cytochrome c release. The pro-apoptotic Bcl-2 

proteins Bad, Bid, Bax, and Bim may reside in the cytosol, but could translocated to 

mitochondria following death signaling, where they promote the release of 

cytochrome c. Bad translocates to mitochondria and forms a pro-apoptotic complex 

with Bcl-xL. This translocation is inhibited by survival factors that induce the 

phosphorylation of Bad, leading to its cytosolic sequestration. Cytosolic Bid is 

cleaved by caspase-8 following signaling through Fas; its active fragment (tBid) 

translocates to mitochondria. Bax and Bim translocate to mitochondria in response to 

https://www.cellsignal.com/
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death stimuli, including survival factor withdrawal. Activated following DNA 

damage, p53 induces the transcription of Bax, Noxa, and Puma. Upon release from 

mitochondria, cytochrome c binds to Apaf-1 and forms an activation complex with 

caspase-9 

 

2. Bcl-2 protein family 

Bcl-2 protein family is a group of protein that involve in a major part 

responsible to the activation of apoptosis pathway (Figure 3). Bcl-2 is an anti-

apoptotic protein in Bcl-2 protein family. It functions as a pro-survival protein by 

constraining the activation of Bad/Bak proteins in the mitochondrial apoptosis 

pathway (Adams & Cory, 2007). A study evaluate the apoptosis-inducing effect of 

antrocin on MDA-MB-231 cell line showed increasing expression level of pro-

apoptotic protein Bax, and the release of Cyt C increased while the anti-apoptotic Bcl-

2 protein decreased in response to the increasing dose of antrocin (Rao et al., 2011). 

The same level of these gene expression have been identified in MDA-MB-231 cells 

treated with methanolic extract of Nigella sativa. The extract caused cell apoptosis 

and cell cycle arrest at G0/G1 with the reported of increasing level of Bax, Caspase 3 

genes expression and lower expression of Bcl-2 gene (Ahmad et al., 2012).  

On the other point of view, Bcl-2 gene expression has been reported to relate to 

multidrug resistance (MDR) in cancer chemotherapy (Dai et al., 2013; Krishna & 

Mayer, 2000). One of the mechanism is due to the over expression of Bcl-2 gene 

induced by p53 in response to the DNA targeted anti-cancer drugs such as 

doxorubicin (Dox), taxol, cisplatin (Shitashige et al., 2001). An survival analysis from 

64 female patients with TNBC indicated that patients with high expression of Bcl-2 

gene tend to have lower overall survival rate, and has been counted as a remarkable 

marker of the invasivity of TNBC (Ozretic et al., 2017). 
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3. The effector caspases activation 

Caspase 3/6/7 are known as the downstream effector caspases in the apoptotic 

pathway. Activated by the effector caspases, caspase 3 consequently cleaves ICAD 

(Caspase-Activated DNase Inhibitor) or DFF45 (DNA fragmentation factor 45) and 

inactivates its CAD-inhibitory function (Sakahira et al., 1998). DFF (DNA 

fragmentation factor) contained two heterodimers subunits, the DFF45 (ICAD) and 

DFF40 (CAD). These proteins had been originally purified from a cytoplasmic 

fraction of Hela cells (Liu et al., 1997) suggested that these proteins are translated in 

the cytoplasm and then translocated into nucleus by the nucleus transporter proteins 

(Neimanis et al., 2008). In live cells, DFF40 or CAD is inhibited by its inhibitory 

subunit DFF45 or ICAD. DFF45 contains two Caspase 3 binding sites at aspartate 

residues 117 and 224 (Widlak, 2000). But during apoptosis, cells undergo the cascade 

activation of caspases, which leads to the activation of the effector caspase 3. Caspase 

3 then binds to the inhibitory subunit of DFF, and consequently causes the activation 

of CAD or the DFF40 subunit inside nucleus. It has been reported that DFF40 

interacts with the histone-1 proteins and HGM (High Mobility Group, proteins which 

modulate chromatin structure and cellular phenotype) proteins leading to cleavage of 

linker DNA of the nucleosomes and consequently causing DNA fragmentation (Liu et 

al., 1999; Toh et al., 1998). Also, in the experiments which evaluated the effect of 

DFF40 on chromatin condensation, either DFF40 alone or the DFF complex activated 

by Caspase 3 show the formation of chromatin condensation in nuclei of the cell (Liu 

et al., 1998) (Figure 4).  

 

 



37 

 

 

Figure  4 DNA fragmentation induced by caspase 3. 

Source : http://worldofbiochemistry.blogspot.com/ 

Caspase 3 cleaves and activates CAD. CAD then interact with H1 protein and 

HMG complex causing the structure change of chromatin and leading to DNA 

cleavage by endonuclease.   

 

4. Cross linking between extrinsic and intrinsic apoptosis pathway 

In some certain cells, cell exhibit the cross-talk between the extrinsic and the 

intrinsic apoptosis pathway by the activation from the initiators caspase 8 and 10 via 

the BH3 interacting-domain death agonist (BID) (Roy & Nicholson, 2000; 

Wachmann et al., 2010). BID is a pro-apoptotic protein serves its function as the 

death ligand. It has the ability to inactivated Bcl-2 protein or activate Bak, which 

indeed inducing the permeability of Cyt C from mitochondria. The initiator caspases 8 

and 10 were reported to be able to cleave the BID into its active form the truncated 

Bid (tBid). tBid then translocates into the outer membrane of mitochondria, and 
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induces the conformational change and oligomerization of Bak resulting in the 

releasing of Cyt C (Korsmeyer et al., 2000). 

5. Apoptosis analysis 

Apoptosis, or programmed cell death, is an important and active regulatory 

pathway of cell growth and proliferation. Cells respond to specific induction signals 

by initiating intracellular processes that result in characteristic physiological changes. 

Among these are externalization of phosphatidylserine (PS) to the cell surface, 

cleavage and degradation of specific cellular proteins, compaction and fragmentation 

of nuclear chromatin, and loss of membrane integrity (in late stages). Annexin V is a 

calcium-dependent phospholipid-binding protein with a high affinity for PS, a 

membrane component normally localized to the internal face of the cell membrane. 

Early in the apoptotic pathway, molecules of PS are translocated to the outer surface 

of the cell membrane where Annexin V can readily bind them. 

Cell Cycle progression 

Cell cycle is a process where a cell undergoes self-division into two daughter 

cells. This process happens during the development of our body, the replacement of 

dead cells, or sometime in diseases like cancer. In common eukaryotic cell, cell cycle 

is divided into 2 separating states the interphase and the division phase or mitosis 

(Figure 5). G1 phase (gap 1), which corresponds to the interval (gap) between mitosis 

and initiation of DNA replication. During G1 the cell is metabolically active and 

continuously grows but does not replicate its DNA. G1 is followed by S phase 

(synthesis) during which DNA replication takes place. The completion of DNA 

synthesis is followed by the G2 phase (gap 2) during which cell growth continues and 

proteins are synthesized in preparation for mitosis. The M phase of the cycle 

corresponds to mitosis, which is usually followed by cytokinesis. The interphase is the 

phase where cells rests, undergo its metabolic activity, functions, or prepare for 

mitosis. In interphase the cells pass through three different phases which are G1 

phase, S phase, G2 phase and several check points between each phase to ensure the 

correct multiplication of DNA. In some case cell ceases the cell cycle to enter the 
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resting G0 phase which prevent cell from division in response to DNA damage or 

toxic factors (Cooper & Hausman., 2007).  

 

Figure  5 Cell cycle progression 

1. Roles of Cyclin and Cyclin Dependent Kinase (Cdk) in cell cycle 

regulation 

Through the whole phases of cell cycle cyclin and cyclin dependent kinase 

(Cdk) play very important role in regulation of each phase of cell cycles. Four classes 

of cyclin with their cyclin dependent kinases have been classified due to its functions 

through each phase of the cycle including Cyclin D- Cdk 4/6, Cyclin E- Cdk 2, Cyclin 

A- Cdk 2 and Cyclin B- Cdk 1 (Figure 6). 
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Figure  6 Cyclin/cyclin-dependent kinase (Cdk) complexes roles in each phase of 

cell cycle. 

 

1.1. Regulation of Cyclin/Cdk in G0/G1 phase 

In the early G1 phase, cyclin D regulates cell cycle before letting the cells 

enter the S phase. Cyclin D with its kinase Cdk 4/6 act as an important regulator to the 

retinoblastoma (RB) protein (Connell et al., 1997). In the absence of mitogenic 

stimuli, RB binds and inhibits the activity of the transcription factor E2F in its 

hypophosphorylated form. E2F present in the promoters of many genes required for 

cell cycle progression (Bracken et al., 2004). Cyclin D- Cdk 4/6 phosphorylate the RB 

protein and inactivates its binding to E2F. At its hyperphosphorylated form the 

complex RB-E2F prevent the cell cycle progression from G1 phase to the next S 

phase. The levels of G1 cyclin are low in the G0 phase (Figure 7) and increase 

progressively upon addition of growth factors or mitogens to the cells (Yang et al., 

2006). The transcription of cyclin D is regulated depend on the Ras/Raf/mitogen-

activated kinase (MEK)/ extracellular signal-regulated kinase (ERK) signaling 

pathway (Talarmin et al., 1999). At the post-translation level, cyclin D protein has 
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shorter life which is degraded by proteasome. Stabilization of cyclin D protein 

dependent on phosphorylation of cyclin D1 by glycogen synthase kinase-3β (GSK-

3β). Growth factors prevent cyclin D1 degradation by inhibiting GSK-3β-dependent 

phosphorylation of cyclin D1 through the Ras/phosphatidylinositol3-OH kinase 

(PI3K)/AKT pathway (Talarmin et al., 1999).  In Razeai et al., (2012), methanolic 

extract from Pistacia atlantica sub kurdica down-regulated the expression of cyclin D 

level of human breast cancer cell line T47D leading to cell cycle arrest at G1 phase. 

At the late G1 phase, the complex cyclin E- Cdk 2 is needed to complete the 

hyperphosphorylation of RB protein. Cyclin E- Cdk 2 phosphorylates RB on different 

sites from cyclin D- Cdk 4/6, and progressively block RB functions making cells 

passes from G1 to S phase. The amounts of cyclin E protein and its associated kinase 

(Cdk 2) activity are maximal in late G1 and early S phases (Figure 7) (Ohtsubo et al., 

1995). 

1.2. Regulation of Cyclin/Cdk in S phase 

Transcription of the cyclin E gene is regulated by E2F, which as described 

earlier, is activated due to cyclin D- Cdk 4/6-stimulated phosphorylation of RB. In 

early S phase, cyclin E- Cdk 2 activity abruptly ceases as a consequence of cyclin E 

degradation. The stabilization of cyclin E protein is mediated by inhibition of GSK-3β 

through PI3K/AKT signaling pathway. Similar to cyclin D, the degradation of cyclin 

E is mediated by phosphorylation of cyclin E protein by  both GSK-3β and Cdk 2, 

which leading to the degradation of cyclin E by proteasome in S phase (Morris et al., 

2000). In S phase, another cyclin E involves in the process preparing cell to enter the 

S phase. Cyclin A- Cdk 2 level increases during the S phase until the late G2 phase 

(R. Yang et al., 1999). Cyclin A and its partner, Cdk 2, phosphorylate substrates that 

commence DNA replication from preformed replication initiation complexes. Cyclin 

A- Cdk 2 is also required to coordinate the end of S phase with activation of cyclin B 

at the M phase (Mitra & Enders, 2004). 
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1.3. Regulation of Cyclin/Cdk in G2/M phase 

At the late G2 phase the concentration of cyclin A increases to its peak and 

then start to degrade down when cell enter M phase. There are increasing 

concentration of cyclin B through the process of cell cycle in M phase. Cyclin B is 

activated by M-phase inducer phosphatase 3 or Cdc25 by dephosphorylation on 

complex cyclin B-Cdk 1 on threonine and tyrosine residues (Timofeev et al., 2010). 

Once the complex cyclin B-Cdk 1 is activated, it leads to many series of event that 

proceeding in the cell division including separation of centrosomes, condensation of 

chromosomes, breakdown of the nuclear lamina, and disassembly of the Golgi 

apparatus (V. W. Yang, 2018). At the end of M phase, the inactivation of cyclin B- 

Cdk 1 must be held to end the mitosis. Inactivation of these complex is achieved by 

the degradation of B-type cyclins by ubiquitin-mediated proteolysis that is regulated 

by the anaphase promoting complex/cyclosome (APC/C) (Yamamoto et al., 2005). 

 

Figure  7 Concentration of cyclin protein through cell cycle  
Source: https://courses.lumenlearning.com/suny-biology1/chapter/control-of-the-cell-

cycle/ 

Dash line represent the restriction point.  
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2. The Cdk inhibitor  

There are two type of the Cdk inhibitor family the inhibitors of 4 (INK4) 

proteins which include p16INK4a, p15INK4b, p18INK4c, and p19INK4d, all of 

which bind to Cdk 4 and Cdk 6 and inhibit their kinase activities by interfering with 

their association with cyclin D (Sherr & Roberts, 1999). The other family is the Cdk-

interacting protein (Cip/Kip) family which include p21Cip1 p27Kip1 and p57Kip2. The 

Cip/Kip family bind to both cyclin and Cdk subunits and can modulate the activities 

of cyclin D-, E-, A-, and B- Cdk complexes (Besson et al., 2008). p21Cip1 protein 

express in response to DNA damage signal mediated by the ATM/ATR pathway 

through activation of p53 protein and induces cell cycle arrest at G1 and G2 phase 

(El-Deiry et al., 1993). In Kaur et al., (2008), grape seeds extract induced cell cycle 

arrest at G1 phase on colon cancer cell lines (HT29 and LoVo) and cell cycle arrest at 

S and/or G2/M arrest in SW480 colon cancer cell line with an association of elevating 

level of p21 protein expression. The association of elevation of p27 protein expression 

with cell cycle arrest at S phase can be seen in breast cancer cell (MDA-MB-231) 

treated by crude methanol from Echinophora platyloba, in which its concentration 

increased to 2.2 folds (Birjandian et al., 2018). 

3. Cell cycle checkpoints 

Throughout cell cycle, there are several checkpoints between each phase of cell 

cycle to ensure the correctness of cell cycle progression. Four major checkpoints in 

cell cycle are the G1/S phase checkpoint, intra-S phase check point, G2/M phase 

checkpoint and spindle assembly checkpoint. 

3.1. G1/S checkpoint  

The G1/S checkpoint is activated upon detection of DNA damage (Figure 8). 

In response to DNA damage, signals initiated by the sensors rapidly transduce to the 

ataxia telangiectasia, mutated (ATM) and ataxia telangiectasia and Rad3-related 

(ATR) kinases (Maréchal & Zou, 2013), there are many substrate of the ATM/ATR, 

but two of them are the checkpoint serine/threonine kinases, checkpoint kinase 1 

(Chk1) and checkpoint kinase 2 (Chk2). Chk1 and Chk2 act as a regulator of the cell 
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cycle by phosphorylate the cell cycle regulatory phosphatase Cdc25A, leading to its 

inactivation by ubiquitin-mediated proteolysis. Since Cdc25A acts as the activator by 

phosphorylation of cyclin E-Cdk 2 in the late G1 phase, its inactivation prevent the 

cell transition from G1 to S phase (Donzelli & Draetta, 2003). Also, the Chk1 and 

Chk2 phosphorylate and activate p53 proteins, which in consequence increase the 

expression of p21 protein which act as the inhibitor of cyclin E-Cdk 2 and prevent cell 

to enter S phase. 

 

Figure  8 G1/S cell cycle checkpoint 

Source: https://www.cellsignal.com/contents/science-cst-pathways-cell-cycle-

regulation/g1-s-checkpoint/pathways-cc-g1s 
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3.2. Intra-S checkpoint 

Since S phase is the phase where DNA begin its replication, the restriction 

point in S phase is held to prevent the nucleotides disorder during DNA synthesis. 

The activation of intra-S checkpoint is by the signal of double-strand DNA break, 

which activate the ATM/ATR pathway as describe above, the cascade activation of 

ATM/ATR pathway will result in inhibition of cyclin E-Cdk2 and arrest cell in S 

phase (Pauty et al., 2016). 

3.3. G2/M checkpoint 

When cells finish their DNA synthesis, they will enter the G2 phase. But if the 

process is miss regulated, unrepaired DNA sustained during the previous S or G1 

phase, or when they possess incompletely replicated DNA from S phase, the G2 

checkpoint will arrest the cell at G2 before letting it to enter M phase (Xu et al., 

2002). Similar to the other checkpoint, the G2 check point (Figure 9) is mediated by 

activation of p53 protein through the ATM/ATR pathway. The p53 protein mediates 

the expression of the Cdk inhibitor such as p21Cip1, growth arrest and DNA damage-

inducible 45 (GADD45) which cooperatively inhibit cyclin B-Cdk 1 activity by 

directly binding to cyclin B- Cdk 1). The dissociation of Cdk 1 from cyclin B, and 

sequestering Cdk 1 in the cytoplasm resulting in G2 arrest (Taylor & Stark, 2001). 
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Figure  9 G2/M cell cycle checkpoint 

Source: https://www.cellsignal.com/contents/science-cst-pathways-cell-cycle- 

regulation/g2m-dna-damage-checkpoint/pathways-cc-g2m 

 

3.4. Spindle assembly checkpoint   

There are four sub-sequential phases in mitosis, the prophase where 

chromosomes start to condense with the formation of mitotic spindle, metaphase 

where there are attachment of the microtubules on the kinetochores on the 

chromosome with the two centrosomes begin pulling the chromosomes towards 

opposite ends of the cell, anaphase the two identical daughter chromosomes begin to 
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form with cell elongation, and telophase the nuclear envelopes begin to form and 

cytokinesis takes place to separate the two daughter cells (McIntosh, 2016).  

Before entering the anaphase, the alignment of chromosomes on the mitotic 

spindle is assured by the spindle assembly checkpoint (SAC). SAC ensures the 

stabilization of the kinetochore binding on the microtubules. When sister kinetochores 

are properly attached to opposite spindle poles, forces in the mitotic spindle generate 

tension at the kinetochores. But if the kinetochore attaches only at onside of the 

mitotic spindle, the chromosomal passenger complex Aurora-B/Ipl1 kinase act as the 

tensions sensor in improper kinetochore attachments. AuroraB/Ipl1 will consequently 

activates the assembly of the mitotic complex checkpoint (MCC) proteins complex 

(Krenn & Musacchio, 2015). This complex will then inhibit the complex APC/C-

Cdc20. Normally at the end of mitosis, the degradation of cyclin B mediated by 26S 

proteasome is needed for cell to exit from M phase. But the ubiquitination of cyclin B 

by APC/C preventing its degradation by the 26S proteasome. The non-degraded 

cyclin B will then induces cell cycle arrest and prevent the transition from metaphase 

to anaphase (Chang et al., 2003).  

4. Cell cycle analysis 

The cell cycle represents one of the most significant and fundamental processes 

in eukaryotic cells, resulting in cell growth and division into two daughter cells. The 

regulation of the cell cycle is critical to cell survival, as it governs the repair of 

genetic damage and the prevention of uncontrolled cell division. Defects in cell cycle 

regulation are a characteristic feature of tumor cells, and mutations in the genes 

involved in controlling the cell cycle are extremely common in cancer. Cell cycle 

analysis has become increasingly important in understanding the action of anti-cancer 

compounds or studying mechanisms of cell division. Propidium iodide (PI) is a 

nuclear DNA intercalating stain. PI discriminates cells at different stages of the cell 

cycle, based on differential DNA content in the presence of RNAse to increase the 

specificity of DNA staining. Resting cells (G0/G1) contain two copies of each 

chromosome. As cells begin cycling, they synthesize chromosomal DNA (S phase). 

Fluorescence intensity from PI increases until all chromosomal DNA has doubled 
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(G2/M phase). At this stage, the G2/ M cells fluoresce with twice the intensity of the 

G0/G1 population. The G2/M cells eventually divide into two cells. The assay utilizes 

PI-based staining of DNA content to discriminate and measure the percentage of cells 

in each cell cycle phase (G0/G1, S, and G2/M). 

Tumor protein p53        

Tumor protein p53 is a protein encodes by the tumor suppressor gene p53 

located on the short arm of chromosome 17 (McBride et al., 1986). It has been 

defined as the guardian of the genome (Lane, 1992). p53 inhibits cells growth, induce 

cell cycle arrest or causing apoptosis in response to DNA damage or to toxic 

substances (Vousden, 2000). In normal growing phase of the cells, the level of p53 

expression is low accompanied with fast degradation by the protease, which initiates 

by a regulator protein called MDM2 (Mouse double minute 2 homolog). MDM2 play 

a role in stabilizing the functions of p53 by involved in post-transcriptional 

modification of p53. It functions as a ligase enzyme that add an ubiquitin to p53 

protein, which facilitates the recognition and degradation of p53 protein by 26s 

proteasome. (Shi & Gu, 2012). But in cancer cells, the function of p53 protein in 

controlling cells proliferation is deceased causing the uncontrollably proliferation of 

the cells leading to the tumor formation. Cytotoxic stresses, such as ionizing radiation 

and hypoxia can cause single- or double-strand breaks to cellular DNA. The DNA 

damage response (DDR) is an important cellular mechanism that prevents the cell 

from replicating before the damage is repaired or the cell containing damaged DNA is 

eliminated. The p53 tumor suppressor protein is a transcriptional regulator that plays a 

major role in DDR. DNA damage induces phosphorylation of p53 at multiple sites by 

a number of upstream kinases including ATM, ATR, DNA-PK, and Chk2 (Figure 

10). Phosphorylation of p53 at Ser15 and Ser20 leads to a reduced interaction between 

p53 and its negative regulator, the oncoprotein MDM2. MDM2 inhibits p53 

accumulation by targeting it for ubiquitination and proteasomal degradation. 

Activated p53 binds to target genes to induce a number of effector pathways including 

cell cycle arrest, DNA repair, senescence, or apoptosis. Studies have shown p53 to 

promote apoptosis through upregulation of the pro-apoptotic factors Puma and Noxa. 
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Loss-of-function mutations in p53 or other elements of the DDR can result in cancer. 

(Stegh, 2012). 

 

Figure  10 Tumor Protein p53 pathway 

Source: https://www.tocris.com/pathways/p53-signaling-pathway 
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Chromatography techniques for chemical profiles identification 

1. Thin layer chromatography 

Thin layer chromatography or TLC is one of the chromatography methods used 

for separating compounds on a membrane. It has been usually used as a profile 

screening method to identify the presence of the compounds or give a brief detail on 

types or groups of the compounds. It involves in using of a thin, even sorbent layer, 

usually about 0.10 to 0.25 mm thick, applied to a firm backing of silica, cellulose, 

glass, aluminium or plastic sheet to act as a support. The sample is dissolved in an 

appropriate solvent and applied as spots or bands along one side of the sorbent layer 

approximately l cm from the edge. An eluent (single solvent or solvent mixture) is 

allowed to flow by capillary action through the sorbent starting at a point just below 

the applied samples. Commonly, this is achieved by using a glass rectangular tank in 

which the eluent is poured to give a depth of about 5mm. The plate is placed in the 

tank or chromatographic chamber and the whole covered with a lid (Figure 11). As 

the eluent front migrates through the sorbent, the components of the sample also 

migrate, but at different rates, resulting in separation. When the solvent front has 

reached a point near the top of the sorbent layer, the plate or sheet is removed and 

dried. The spots or bands on the developed layer are visualised if required, by 

exposing under UV light or by chemical treatment or derivatisation. For quantitative 

determinations, zones can be removed or eluted from the layer, or the plate can be 

scanned at pre-determined wavelengths without disturbing the layer surface. The 

modern use of TLC has seen a strong move in the direction of plate scanning and 

video imaging as a means of providing sensitive and reliably accurate results and a 

more permanent record of the chromatogram (Wall, 2005).  

Calculation of retention factor (Rf) 
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Figure  11 Thin Layer Chromatography system 

 

2. Gas Chromatography – Mass Spectrometry (GC-MS) 

Gas Chromatography – Mass Spectrometry or GC-MS is an analytical method 

consist of combining two analytical identification methods together, the gas 

chromatography and mass spectrometry. The principle of gas chromatography is 

based on separate the molecules inside the sample which can be vaporized into gas 

and carry by inert gas into the column. The different boiling point, polarity and 

affinity to the stationary phase will result with different elution time which gives its 

different retention time. The separated molecules will then directly pass into the mass 

spectrometer. Inside mass spectrometer, the bombardment of the molecules by beam 

of electrons create the positively charge ions fragment of the molecule. These positive 

ions then accelerated and deflected into a curve by magnetic fields. The detector then 

detects the mass of each ions corresponding to the variation of electric field of the 

arrival ions (mass-to-charge ratio m/z) (McMASTER, 2008). Identification of volatile 

components was performed by computer matching their recorded mass spectra 

fragmentation patterns with those stored on the MS spectral library. Further 

identification was made by comparison of their mass spectra and their RIs relative to 

n−alkanes with those of the National Institute of Standards and Technology (NIST) 
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Chemistry WebBook (Babushok et al., 2007; Linstrom & Mallard, 2001) or with 

previously published data.  

Cell cytotoxic by MTT assay 

MTT assay is a colorimetric assay based on assessing the cell metabolic 

activity. The biochemical basis behind the MTT assay involves with NAD(P)H-

dependent cellular oxidoreductase enzyme that converts the yellow tetrazolium MTT 

[3-(4, 5dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] into insoluble (E,Z)-5-

(4,5-dimethylthiazol-2-yl)1,3-diphenylformazan (formazan) (Figure 12). The formed 

formazan can be dissolved with dimethyl sulfoxide (DMSO), and produces a purple 

color which can be measured by ELISA reader (Khor Goot Heah, 2017). 

 

Figure  12 Reduction of MTT dye 

The enzyme NADPH-dependent cellular oxidoreductase will change MTT 

into the insoluble crystal formazan in cell. This insoluble formazan then be dissolved 

by DMSO giving violet color which can be detect under ultraviolet light. 

 

Clonogenic or colony formation assay 

Clonogenic assay or colony formation assay is an in vitro cell survival assay 

based on the ability of a single cell to grow into a colony. The colony is defined to 

consist of at least 50 cells. The assay essentially tests every cell in the population for 
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its ability to undergo “unlimited” division, which able us to compare the character and 

aggressivity between cancer cells base on the ability of cells to survive under rough 

conditions. Clonogenic assay is the method of choice to determine cell reproductive 

death after treatment with ionizing radiation but can also be used to determine the 

effectiveness of other cytotoxic agents (Franken et al., 2006). 

Wound scratch migration assay 

The scratch-wound assay is a simple, reproducible assay commonly used to 

measure basic cell migration parameters such as speed, persistence, and polarity. Cells 

are grown to confluence and a thin "wound" introduced by scratching with a pipette 

tip or cell scratcher. Cells at the wound edge polarize and migrate into the wound 

space. Advantages of this assay are that it does not require the use of specific chemo-

attractants or gradient chambers and it generates a strong directional migratory 

response, even in cell types that do not show robust responses in "single cell" 

migration assays. It is most reliably analyzed when performed using time-lapse 

imaging, which can also yield valuable cell morphology/protein localization 

information (Jonkman et al., 2014). 

Flowcytometry analysis on apoptosis 

Apoptosis is a highly regulated process of cell death that occurs as a normal 

part of development. Deregulation of apoptosis is implicated in disease states, such as 

Alzheimer’s disease and cancer. Apoptosis is distinguished from necrosis, or 

accidental cell death, by characteristic morphological and biochemical changes, 

including compaction and fragmentation of the nuclear chromatin, shrinkage of the 

cytoplasm, and loss of membrane asymmetry.1-5 In normal live cells, 

phosphatidylserine (PS) is located on the cytoplasmic surface of the cell membrane. 

However, in apoptotic cells, PS is translocated from the inner to the outer leaflet of 

the plasma membrane, thus exposing PS to the external cellular environment. The 

human anticoagulant, annexin V, is a 35–36 kDa Ca2+-dependent phospholipid- 

binding protein that has a high affinity for PS. Annexin V labeled with a fluorophore 

or biotin can identify apoptotic cells by binding to PS exposed on the outer leaflet. 
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The red-fluorescent propidium iodide (PI) is a nucleic acid binding dye. PI is 

impermeant to live cells and apoptotic cells, but stains dead cells with red 

fluorescence, binding tightly to the nucleic acids in the cell. The staining of FITC 

Annexin V and PI apply to flow cytometry provides a rapid and convenient assay for 

apoptosis. After staining a cell population with FITC annexin V and PI in the 

provided binding buffer, apoptotic cells show green fluorescence, dead cells show red 

and green fluorescence, and live cells show little or no fluorescence. These 

populations can easily be distinguished using a flow cytometer with the 488 nm line 

of an argon-ion laser for excitation (Wlodkowic et al., 2009). Apoptotic cells can be 

identified by gated on Annexin V-FITC positive cells and P.I positive cells (see 

Figure 13).  

 

Figure  13 Apoptotic cell analyzed by flowcytometry 

Source: (Wlodkowic et al., 2009) 

Apoptotic changes in plasma membrane. Detection of apoptosis by concurrent 

staining with annexin V–APC and PI. Human B-cell lymphoma cells were untreated 

(left panel) or treated with dexamethasone (right panel). Cells were subsequently 

stained with annexin V – APC conjugate and PI and their far-red and red fluorescence 

was measured by flow cytometry. Live cells (V) are both annexin V and PI negative. 
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At early stage of apoptosis (A) the cells bind annexin V while still excluding PI. At 

late stage of apoptosis (LA) they bind annexin V-FITC and stain brightly with PI 

(Figure 13). 

 

Hoechst staining 

During apoptosis, DNA fragmentation and chromatins condensation occurred 

during the late phase of apoptosis. This phenomenon could be detected by using 

fluorescent DNA-binding dyes such as Hoechst33342 or propidium iodide (PI). The 

dyes can be excited with a UV laser or the xenon or mercury lamp of a fluorescence 

microscope and emits blue fluorescence. Cells stained in this way can then be 

visualized under a UV or fluorescence microscope, with apoptotic nuclei displaying 

characteristic hyper condensation and fragmentation into distinct globules. 

Alternatively, Hoechst33342 can be used to stain cells directly in the culture dish 

(Hollville & Martin, 2016). 

 

 

Figure  14 Analysis of nuclear morphology by phase-contrast microscopy 
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HeLa cells were left untreated (top panel), treated with cisplatin (50 μM, 24 

hr) to induce apoptosis (middle panels), or treated with Nigericin (10 μM, 20 hr) to 

induce necrosis (bottom panel). Cells in culture were stained with Hoechst33258 (4 

μg/ml, 10 min). Images of cell culture were taken with the 40×lens of an inverted 

microscope (Olympus IX71) equipped with a digital camera (QIClick, QImaging). 

Phase contrast (left column), fluorescence (middle column), and merged (right 

column) images are shown. 

 

Assessment to the level of genes expression  

1. Evaluation mRNA expression by RT-qPCR technique 

RT-qPCR is a PCR based method consisting of combining the quantitative PCR 

method and the real time PCR method together. Reverse transcription PCR, or RT-

PCR, allows the use of RNA as a template. An additional step allows the detection 

and amplification of RNA. The RNA is reverse transcribed into complementary DNA 

(cDNA), using reverse transcriptase enzyme with the help of specific primer sequence 

correspondent to the specific protein of interest. The quality and purity of the RNA 

template is essential for the success of RT-PCR. The first step of RT-PCR is the 

synthesis of a DNA/RNA hybrid. Reverse transcriptase also has an RNase H function, 

which degrades the RNA portion of the hybrid. The single stranded DNA molecule is 

then completed by the DNA-dependent DNA polymerase activity of the reverse 

transcriptase into cDNA. Then qPCR is used to amplify the cDNA sequences receive 

from the RT-PCR process. cDNAs are bind to dsDNA binding dye (SYBR Green) 

before the PCR process is started. During each cycle, the fluorescence is measured. 

The fluorescence signal increases proportionally to the amount of replicated DNA and 

hence the DNA is quantified in “real time” (Neidler, 2017). 

2. Evaluation proteins expression by Western Blot technique 

The Western Blot analysis of protein detection separates into five important 

parts the proteins sample preparation, electrophoresis of proteins, membrane transfer, 
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antibody probing and the immuno-detection. Each part play an important role in the 

result of the Western Blot analysis (Figure 15). Sample preparation is the first process 

in Western Blot analysis which involves in extracting the whole proteins from the cell 

lysate. Many possible lysate reagents like detergent, lysate enzyme or mechanical 

process like ultrasonication, osmotic shock can be used to lyse the cells. 

Electrophoresis is a commonly used method for separating proteins based on size, 

shape and/or charge. It is normally carried out by loading a sample containing the 

molecules of interest into a well in a porous matrix to which a voltage is then applied. 

Differently sized, shaped and charged molecules in the sample move through the 

matrix at different velocities. At the end of the separation, the molecules are detected 

as bands at different positions in the matrix. The matrix can be composed of a number 

of different materials, including paper, cellulose acetate, or gels made of 

polyacrylamide, agarose, or starch. In acrylamide and agarose gels, the matrix can 

also act as a size-selective sieve in the separation. In our experiment, polyacrylamide 

gel will be used as the matrix for running the proteins. Gels will be load into the 

running buffer with the variable time and current recommend by protocol of reagents. 

The separated proteins in the gel will be transferred to transfer membrane for later use 

in antibody probing. On completion of the separation of proteins by polyacrylamide 

gel electrophoresis (PAGE), the next step is to transfer the proteins from the gel to a 

solid support membrane, usually made of a chemically inert substance, such as 

nitrocellulose or polyvinylidene difluoride (PVDF). Blotting makes it possible to 

detect the proteins on the membrane using specific antibodies. The proteins 

transferred from the gels are immobilized at their respective relative migration 

positions at the time point when the electric current of the gel run is stopped. In our 

experiment, wet transfer will be performed by making the sandwich of transfer 

membrane and the polyacrylamide gel then submerge into transfer buffer under 

electrical current. The proteins will then be transferred into the PVDF membrane from 

the anode (-) to the cathode (+). Antibody probing is the process where the antibodies 

bind to its target protein which later can be detected by the intensity of the emitted 

fluorescence probe on the secondary antibodies. The transferred membranes will be 

blocked in the blocking buffer. Blocking the membrane allowed the proteins to fix on 

the membrane which prevent the proteins from dropping out of the membrane during 



58 

 

the washing process. The most commonly used enzymatic detection system is 

chemiluminescence, based on antibodies conjugated to horseradish peroxidase (HRP) 

that catalyze the oxidation of luminol in presence of peroxide, and results in light 

emission. HRP has several advantages over other enzymes such as alkaline 

phosphatase (AP). HRP can be easily conjugated to antibodies or streptavidin (which 

binds with extraordinarily high affinity to biotin, a commonly used tag) and can be 

used with different chemiluminescent reagents. The target protein on the membrane. 

After the addition of a luminol peroxide detection reagent, the HRP enzyme catalyses 

the oxidation of luminol in a multi-step reaction. The reaction is accompanied by the 

emission of low intensity light at 428 nm. In the presence of certain chemicals, the 

emitted light is enhanced up to 1000-fold, making it easier to detect, and thus 

increasing the sensitivity of the reaction in a process known as enhanced 

chemiluminescence (ECL) (Corp, 2011). 
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Figure  15 Western Blot analysis workflow  
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CHARPTER III  

 

METHODOLOGY 

 

Experimental Design 

The experiment was divided into 2-main part follow by the experiments inside 

those part. The first part of the experiment was related to the phytochemistry part, 

which involves with the extraction of C. hystrix leaf powder by maceration methods. 

(Figure 16.1). After the leaf extraction process, the brief chemical profiles of C. 

hystrix or was accessed by thin layer chromatography (TLC) and followed by the gas 

chromatography-mass spectroscopy (GC-MS) (Figure 16.2). The second part of the 

experiment was the in vitro study to evaluate the anticancer effect of C. hystrix leaf 

extracts, citronellol and citronellal on MDA-MB-231 cell line. The first experiment 

come up with the screening of cytotoxicity of the leaf extract, citronellol, citronellal 

against both cancer cells line and normal primary cells by the cytotoxic MTT assay 

(Figure 16.3) followed by the selected doses from MTT assay, evaluation of the 

effect on crude extracts, citronellol and citronellal on cells proliferation inhibition was 

performed compared to untreated cells. Then the in vitro wound-scratch migration 

assay was used to evaluate the ability of C. hystrix leaf extracts, citronellol, citronellal 

on inhibiting the 2D migration of the cancer cells. The colony forming assay was used 

to validate the effect of colony forming inhibition of cancer cells by C. hystrix leaf 

extracts, citronellol and citronellal (Figure 16.4). Flowcytometry was used to identify 

the ability to induce cell cycle arrest and apoptosis of C. hystrix leaf extract, 

citronellol and citronellal on MDA-MB-231 cell line, and Hoechst staining was used 

to confirm the DNA fragmentation or chromatins condensation that happen during 

apoptosis (Figure 16.5). Then RT-qPCR was used to identify the level of genes 

expression related to cell death accompany with the protein analysis by western 

blotting (Figure 16.6).    
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Figure  16  Experimental Design 
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 Extraction of C. hystrix leaf powder 

1. C. hystrix leaf powder 

Dry fine powder of C. hystrix leaf powder was taken from KHAOLAOR 

Laboratories Co., Ltd. From the central part of Thailand, Nakhon Pathom. The 

powder is kept at room temperature protected from light. 

2. Maceration 

Maceration is an extractive method use to isolate chemical components from 

the medical plants. The process is taken by totally submerge the desired part of the 

medical plant into the desired solvents.  

In the experiment, 500 g of C. hystrix leaf fine powder were soaked with 1000 

ml of pure hexane at room temperature covered by aluminum fold to prevent solvent 

evaporation with constant stir using magnetic bar for 3 days. The processes were 

undertaken 3 times, and each time the separated filtrate was taken to evaporate with 

rotary evaporator until the solvent evaporated from the crude extract. Crude extract 

obtained from hexane was stored at 4oC for further use. Marc remained from the 

process was taken for subsequent maceration with ethyl acetate and then with 95% 

ethanol with the same process as described below (Figure 17).  
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Figure  17 Extraction of C. hystrix leaf by maceration method. 

 

C. hystrix leaf extracts preparation for experiment  

Crude extracts received from the maceration process were dissolved in 100% 

DMSO at concentration of 100 mg/ml DMSO as stock solution and stored at -20oC. 

Citronellol and citronellal were prepared at concentration of 100 nM with DMSO as 

stock solution and stored at 4oC. Doxorubicin was prepared as stock solution at 

concentration of 100 µM with sterile deionized water and stored at -20oC. Complete 

Dulbecco's modified eagle high glucose medium (DMEM; GibcoTM; Thermo Fisher 
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Scientific, Inc., Waltham, MA, USA) was used to dilute the extracts into desire 

concentrations used in the experiments. 

β-Citronellol and citronellal  

Two standard compounds, (±)-β-citronellol and (±)-citronellal, were 

purchased from Sigma Aldrich company at analytical standard grade. For (±)-β-

citronellol lot number BCBT1132, and for (±)-citronellal lot number BCBZ3808. 

Thin Layer Chromatography 

Thin layer chromatography is a chromatographic technique involved in 

coating the stationary phase on a planar plate of glass, aluminum or plastic, and using 
the solvents as mobile phase to separate analytes present in the sample based on its 

chemical and physical property.  

In the experiment, 100% chloroform was used as mobile phased. 100% 

chloroform was placed into the chamber for 5 minutes to allow the solvent saturated 

in the chamber. Samples were spotted on the silica gel coated onto aluminum and 

were left to dry. TLC plate were then placed into the developed chamber, and allowed 

the solvent to migrated until solvent front (Ministry of Public Health, 2017). The 

spotted TLC paper was exposed to ultraviolet light at 254 nm and at 364 nm and then 

was sprayed by anisaldehyde at 100oC for 5 mins. Retention factor (Rf) value was 

used to identify the compounds. 

Gas Chromatography – Mass Spectrometry (GC-MS) 

The analysis of volatile compounds in crude hexane extract from C. hystrix 

leaf powder was performed using a Hewlett Packard Gas Chromatograph model 6890 

(Agilent Technologies, Palo Alto, CA, USA) equipped with a mass selective detector. 

Crude hexane extract (50 mg/ml) was prepared by dissolving in hexane and was then 

injected into GC-MS system.  Volatile compounds in sample were separated using 

silica capillary Hewlett Packard HP-5 (5% phenyl methyl siloxane) column (30 m x 

0.25 mm i.d., 0.25 µm film thickness). High purity helium was used as carrier gas 

with constant flow rate at 13.7 ml/min. The initial injector temperature was set at 
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250oC with split ratio mode at ratio 10:1 and with injector volume of 1 µl. The oven 

temperature started at 70°C for 3 mins then increased up to 280oC (5oC/min) and held 

for 20 mins. Transfer temperature was set at 280oC, and the mass detection ranges 

was set from 50 to 700 amu in full scan. Volatiles compounds were separated using 

silica capillary Hewlett Packard HP-5 (5% phenyl methyl siloxane) column (30 m x 

0.25 mm i.d., 0.25 µm film thickness). The analysis was performed using Hewlett 

Packard (Agilent Technologies, Palo Alto, CA, USA) model 6890 gas 

chromatographs equipped with a mass selective detector. Retention indices (RIs) were 

determined by analyzing a solution containing the homologous series of n-alkanes 

(C8−C32) under the same chromatographic conditions and then calculated as described 

by (van Den Dool & Dec. Kratz, 1963). Identification of volatile components was 

performed by computer matching their recorded mass spectra fragmentation patterns 

with those stored on the wiley7n MS spectral library. Further identification was made 

by comparison of their mass spectra and their RIs relative to n-alkanes with those of 

the National Institute of Standards and Technology (NIST) Chemistry WebBook 

(Babushok et al., 2007; Linstrom & Mallard, 2001) or with previously published data. 

The present of citronellol and citronellal in extract were also confirmed by analyzing 

authentic standards under the same chromatographic conditions.  The relative contents 

of each component in the sample were also calculated based on the normalization of 

peak areas as the percentage of total detected volatile components. 

Calculation of retention indices from GC-MS 

 

n : number reference n-alkane hydrocarbons eluting immediately before 

compound “X” 

tn : retention times of the reference n-alkane hydrocarbons eluting immediately before 

compound “X” 

tn+1 : retention times of the reference n-alkane hydrocarbons eluting immediately after 

chemical compound “X” 

tx :  is the retention time of compound “X”.  
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 Cells and Cell culture  

1. Triple Negative Breast Cancer Cells    

MDA-MB-231(ATCC® CRM-HTB-26™) is a triple negative human breast 

cancer cells derived from pleural effusion of a 51-year old female breast 

adenocarcinoma patient. MDA-MB-231 are the adherent cells with duplication time 

around 48 h. The cells were culture in Dulbecco's Modified Eagle Medium (DMEM; 

GibcoTM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) (Figure 18). 

Progesterone receptor, estrogen receptor, and human epidermal growth factor receptor 

are lack of their expression in this cell. MDA-MB-231 cell line was purchased from 

the American Type Culture Collection (ATCC). 

 

Figure  18 MDA-MB-231 cells under microscope 

 

Source: https://www.atcc.org/~/media/Attachments/Micrographs/Cell/HTB-26.ashx 

2. Macrophage 

Primary macrophage cells were received from the maturation of the isolated 

monocytes by incubated 7 days in complete RPMI medium containing 10% Fetal 

https://www.atcc.org/~/media/Attachments/Micrographs/Cell/HTB-26.ashx
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Bovine Serum (FBS; GibcoTM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 

and 1% of anti-anti (amphotericin B, penicillin, streptomycin) (GibcoTM; Thermo 

Fisher Scientific, Inc., Waltham, MA, USA) in incubator at 37oC, CO2 5%.  

3. Cells Cultures  

MDA-MB-231 cells were seeded at density of 106 cells in T-75 cell culture 

flask with fresh Dulbecco's modified eagle high glucose medium (DMEM; GibcoTM; 

Thermo Fisher Scientific, Inc., Waltham, MA, USA), 10% Fetal Bovine Serum (FBS; 

GibcoTM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% of anti-anti 

(amphotericin B, penicillin, streptomycin) (GibcoTM; Thermo Fisher Scientific, Inc., 

Waltham, MA, USA) in incubator at 37oC, CO2 5%. 

4. Cell Sub-culture 

MDA-MB-231 cells were cultured until reached 80% confluence as shown in 

Figure 18. Old culture medium was removed, and cells were washed by 5 ml Ca2+ 

and Mg2+ free phosphate buffer saline (PBS). 5ml of 0.25% (w/v) Trypsin-0.53 mM-

EDTA was used to detach the cells by incubated at 37oC with 5% CO2 for 3-5 minutes 

then 5 ml of fresh DMEM was added to stop its reaction. The cells mixture was 

centrifuged at 1500 rpm for 5 minutes. After removing the supernatant, the cells were 

resuspended with fresh complete DMEM (GibcoTM; Thermo Fisher Scientific, Inc., 

Waltham, MA, USA), and were adjusted to the desire cell concentration for various 

experiments as described in methodology. 

5. Cryopreservation 

After aseptically remove the medium from the flask, cells were washed with 

Ca2+ and Mg2+ free PBS. 5ml of 0.25% (w/v) Trypsin-0.53mM EDTA was used to 

detach the cells by incubated at 37oC with 5% CO2 for 3 minutes. Fresh complete 

DMEM medium (GibcoTM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was 

added to stop Trypsin-EDTA reaction. The cells mixture was centrifuged at 1500 rpm 

for 5 minutes. Then cells were resuspended with complete DMEM (GibcoTM; Thermo 

Fisher Scientific, Inc., Waltham, MA, USA) and live cells were counted by using 

Trypan Blue assay. Cells were adjusted to 106 cells/ml/vial into cryovials and were 
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placed into Mr. Frosty container filled with 250 ml of isopropanol stored at 4oC one 

day before preservation days. Cryovials were transferred into a -80oC freezer for 24 h 

followed by transferring into the vapor phase of liquid nitrogen freezer. Cells 

Counting using Trypan Blue exclusion assay 

The fresh mixture of MDA-MB-231 cells suspension were counted by using 

Trypan Blue dye exclusion assay. Cells were dyed with Trypan Blue dye then counted 

for the number of live cells by using Neubauer Hemocytometer (Figure 19).  

 

Figure  19 Neubauer Haemocytometer 

 

Source: https://www.emsdiasum.com/microscopy/technical/datasheet/63511.asp 
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Monocytes Isolation 

Human monocyte derived macrophages were isolated from fresh buffy coat 

received from Naresuan hospital. Human leukocytes were isolated from buffy coat 

centrifugation at 3000 rpm for 30 mins. Then Ficoll-PaqueTM (Sigma-Aldrich, Inc., 

Missouri, USA) was used to isolate human peripheral blood monocytes by using the 

density gradient centrifugation force at 3000 rpm for 30 mins. Then 46% Percoll was 

used to isolate monocytes by using the density gradient centrifugation force at 3000 

rpm for 30 mins. After that monocytes were washed with PBS-EDTA. After washing 

process, monocytes were culture with RPMI-1640 (GibcoTM; Thermo Fisher 

Scientific, Inc., Waltham, MA, USA) with 10% FBS; GibcoTM; Thermo Fisher 

Scientific, Inc., Waltham, MA, USA) and 1% anti-anti (amphotericin B, penicillin, 

streptomycin; GibcoTM; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in 

incubator at 37 oC, CO2 5% for one week for monocytes to derive into macrophages 

before performing the experiments.  

Cell Viability by MTT Assay  

MTT assay is a colorimetric assay based on assessing the cell metabolic 

activity. The biochemical mechanism behind the MTT assay involves NAD(P)H-

dependent cellular oxidoreductase enzyme that converts the yellow tetrazolium MTT 

[3-(4, 5dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] into insoluble (E,Z)-5-

(4,5-dimethylthiazol-2-yl)1,3-diphenylformazan (formazan). The formed formazan 

can be dissolved with dimethyl sulfoxide (DMSO) to give a purple color which can be 

measured by ELISA reader.  

MDA-MB-231 cells were seeded in 96 wells plate at the density 104 cells/well 

and 5x104 cells/wells for primary macrophage for 24 h for cells to adhere. Cells were 

treated with 50 µl of hexane crude of C. hystrix leaf extracts, citronellol and 

citronellal (with various true flow dilution concentration) and were incubated for 

another 24 hours. Cells were then washed by 100 µl PBS followed by adding 50 

µl/well of 0.5 mg/ml of MTT solution, incubated undisturbed for another 3 hours in 

dark at 370C, CO2 5%. The supernatants were then removed, and the insoluble crystal 
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formazan formed inside the cells were solubilized by 100 µl of 100% DMSO in each 

well and were left in dark at room temperature for another 10 minutes with constant 

shaking. The absorbance of the soluble formazan was analyzed by ELISA microplate 

reader at 570nm. The results were then analyzed by Graph-Pad Prism 7 software 

using dose-response curved inhibition to identify the inhibition concentration of the C. 

hystrix leaf extracts, citronellol and citronellal on MDA-MB-231 cells. Cells treated 

with DMEM only were use as vehicle control, 2.5% DMSO were used to evaluate the 

toxicity of DMSO remained in the highest concentration of crude hexane used in the 

experiment. 

Calculation of % cell viability  

 

Preparation C. hystrix crude extracts, citronellol and citronellal for MTT assay 

C. hystrix crude extracts were diluted from concentration of 5000 µg/ml to 

2.44 µg/ml with complete culture (DMEM or RPMI) medium using two-fold dilution 

method. Citronellol and citronellal were diluted from concentration of 10 nM to 0.005 

nM with complete culture medium (DMEM or RPMI) using two-fold dilution 

method, and 100 µM for doxorubicin (See Table 7). 
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 Cell Proliferation Rate 

MDA-MB-231 cells were seed at density of 2x104 cells/well in 24 wells plate, 

and incubate pre-24 hours at 370C, CO2 5% to allow cells to attach to the wells. Cells 

were treated with 500 µl of various molecules and compared with the non-treated 

cells. At between 24 hours of incubation, cell viability was accessed by using MTT 

assay. 300 µl of MTT colour was added to cell and was allowed to incubate 3 hours in 

dark. 500 µl of 100% DMSO was used to dissolve the insoluble formazan. 100 µl of 

the soluble formazan was transferred to 96 wells plated and measured by using the 

ELISA reader. The increasing absorbance value of soluble formazan colour was 

representing the increasing in number of cells from each day.  

 Colony Forming Assay 

MDA-MB-231 cells were seeded at density of 500 cells/well into 6 wells 

plate, and were incubate for 24 hours at 370C, 5% CO2 to allow cells to attach to the 

wells. Cells were gently washed by PBS and were treated with 1ml of hexane crude 

extracts at concentration 50 µg/ml, 100 µg/ml, 150 µg/ml, β-citronellol 0.5 nM or 1 

nM, citronellal 0.5 nM or 1 nM, and doxorubicin as positive control at 0.5 µM. After 

24 hours of incubation, cells were washed and refresh with 2ml of completed DMEM 

media. Cells were incubated for 10 days with medium replacement between each 3 

days.  

After 10 days of incubation cells were fixed by using 2ml of neutral buffered 

formalin solution for 30 minutes. Then cells were stained with 2ml of 0.5% crystal 

violet for 1 hours. The staining dyed were removed, and number of colonies of cells 

were counted. 

The pictures of colonies were captured by using a Canon macro lens 50 mm/ 

f1.8 STM, then were converted to 8-bit greyscale images. Number of colonies of 

MDA-MB-231 cells were counted using Colony Area plugin by using ImageJ 1.52a 

software provided by National Institute of Health, USA. Threshold was adjusted to 

zero the noise of image background, number of colonies were counted by using the 

analyse particles tool by set the image pixel from 1 to infinity. Number of colonies 
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were reported as mean ± SEM. One-way ANOVA was used to analyse the statistical 

different between control and treatments groups, P value < 0.05 considered 

significant. 

Scratch-Wound Assay 

MDA-MB-231 cells were seed at density of 1x106 cells/well in 6 wells plate, 

and incubate at 370C, CO2 5% until cells to reach confluence. Then cells were washed 

twice with PBS. Cell scrappers (SPLScarTM, SPL life Sciences, Korea) were used to 

create wound areas by scratching on the well bottom. Cell debris and the dead cells 

were washed twice with PBS. Cells were treated with crude extracts, β-citronellol and 

citronellal compared to the non-treated cells and cells treated with doxorubicin. The 

migration of the cells was shown by wound closer areas. Photos of wound were taken 

at 0 hour, 12 hours and 24 hours by using inverted microscope (Carl Zeiss 

Microscopy GmbH, Germany) with objective 10X in bright field mode. The wound 

closer areas were analysed by wound healing tool plugin from ImageJ 1.52a software 

provided by National Institute of Health, USA. The reducing of wound areas 

represented the migration of the cells into the wound areas. Results were present as 

mean ± SEM. Two-way ANOVA with post-hoc of Turkey’s test were used to analyze 

the statistical different between control and treatment groups. P value < 0.05 consider 

significant. 

Apoptosis and cell cycle analysis 

1. Apoptosis analysis 

Crude hexane, citronellol, citronellal or doxorubicin were used to induced 

apoptosis on MDA-MB-231 cells. Cells were harvested and transferred into 1.5 ml 

microtube. Cells were washed twice in cold PBS. And then were resuspended in 1% 

BSA. Then 100 µl of MuseTM Annexin V and dead cell reagent (Merck, Darmstadt, 

Germany) was added to 100 µl of cells suspension (5x105 cells/ml) and was allowed 

to incubate in dark for 20 min at room temperature. The apoptotic cells were analyzed 

using of MuseTM cell analyzer (Merck, Darmstadt, Germany) gated on Annexin V-

FITC positive cells and 7-AAD positive cells.  
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2. Cell cycle analysis 

Crude hexane, citronellol, citronellal or doxorubicin were used to induced cell 

cycle arrest on MDA-MB-231 cells. Cells were harvested and transferred into 1.5 ml 

microtube. Cells were washed twice in cold PBS. Cells were then fixed with 1 ml of 

70% ethanol for 5 h. 200 µl of cells suspension (106 cells/ml) were washed with 250 

µl of PBS. 200 µl of MuseTM cell cycle reagent and were incubated in dark for 20 min 

at room temperature. The apoptotic cells were analyzed using of MuseTM cell analyzer 

(Merck, Darmstadt, Germany) for 30 min. 

Hoechst 33342 staining 

 Cells were cultured on cover slide for 24 h. Cells were treated with crude 

hexane, citronellol, citronellal or doxorubicin for 24 h. Cells were washed twice with 

PBS and were then fixed with 4% formaldehyde for 15 min at room temperature. 

Cells were then washed twice with PBS and were permeabilize cells with 0.15% 

Triton-X 100 for 15 mins at room temperature followed by twice washed with PBS. 4 

μg/ml of Hoechst 33342 solution was used to stain cells for 10 min in dark at room 

temperature. Then 70% glycerol was used as anti-fade solution. Cover slides were 

then mount on slide and were sealed with nail polisher. DNA fragmented, or 

chromatin condense cells were observed under fluorescence microscope (Carl Zeiss 

Microscopy GmbH, Germany) with objective 40X. 

RT-qPCR 

1. mRNA extraction protocol 

MDA-MB-231 cells were seeded at density of 1x106 cells/well in 6 wells 

plate, and incubated for 24 hours at 370C, CO2 5% to allow cells to attach to the wells. 

After incubation, culture medium was removed and replaced by treatment of crude 

hexane 200 µg/ml, citronellol 1nM, citronellal 1 nM and doxorubicin 0.5 µM. All 

treatments were removed, and total RNA was extracted from MDA-MB-231 cells 

using RibozolTM RNA extraction reagent kits (AMRESCO, VWR Life Science, USA) 

from both treated and untreated cells at volume of 200 µl per well and vortex for 10 

mins at room temperature. Lysates were transferred into sterile 1.5 ml microtubes. 40 
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µl of chloroform was added into each tube with constant shaking for 3 mins. Whole 

mixture then was centrifuge at 12000 G for 15 mins at 4oC. After centrifugation, the 

whole mixture separated into 3 phases (Figure 20). The aqueous phase which contain 

mRNA was transferred into new sterile 1.5 ml microtubes. Then 100 µl of 

isopropanol was added into the aqueous phase and kept at room temperature for 10 

min.  

 

Figure  20 Separation of RNA by RibozolTM Reagent kits. 

Source: https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch 

Briefly, cDNA synthesis was performed using the Tetro cDNA synthesis kit 

(Bioline Reagents Limited, UK). Real time PCR was carried out using SensiFASTTM 

SYBR No-ROX kits (Bioline Reagents Limited, UK). Sample preparation for PCR 

was acquired by mixing cDNA 3 µl then 2 µl of primer mix containing 1:1 ratio of 

forward and reverse primers, and finally with 5 µl of SYBER green dye (Bioline 

Reagents Limited, UK). The initial denaturing temperature started from 95oC at 1 min 

following by 45 cycles of 15 sec denaturation followed by 30 sec of annealing and 

elongation at 60°C following protocol described in (Razak et al., 2019). The whole 

reaction was performed in CFX96 Touch Real-Time PCR Detection System (Bio-Rad 

Laboratories, USA). Primer sequences of β-actin, Bcl-2 and Bax were obtained from 

previous studies and were checked by BLAST tool from National Institutes of Health 

(N.I.H) (See Table 7). All samples were performed in triplicate, and levels of gene 

expression was normalized to the level of β-actin as reference gene. The relative 

amount of target genes expression was calculated using 2-ΔΔCT. 
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2. Primer sequences  

Table  7 Primer sequences 

Genes Primer sequences References 

β-actin 
Fw: 5’- AGAAAATCTGGCACCACACC -3′ 

Rw: 5’- CCATCTCTTGCTCGAAGTCC -3’ 
(Khan et al., 2014) 

Bcl-2 
Fw: 5′- GATGTGATGCCTCTGCGAAG-3′ 

Rw: 5′- CATGCTGATGTCTCTGGAATCT -3′ 
(Eimani et al., 2014) 

Bax 
Fw: 5’- GGTTGTCGCCCTTTTCTA -3’ 

Rw: 5’- CGGAGGAAGTCCAATGTC -3’ 

(Golestani Eimani et 

al., 2014) 
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 Polyacrylamide Gel Electrophoresis and Western Blot 

The Western Blot analysis of protein detection separates into five important 

parts the proteins sample preparation, electrophoresis of proteins, membrane transfer, 

antibody probing and the immuno-detection. Each part play an important role in the 

result of the Western Blot analysis. In our experiment, the operation protocol and 

other factors used in the experiments were optimized according to the reagents used in 

the experiments. We identified all proteins in Table 8, β-actin was used as internal 

control protein. 

1. Sample preparation 

MDA-MB-231 cells were seeded at density of 1x106 cells per well in 6 wells 

plate, and were left for 24 h at 37oC, 5% CO2 for cells attachment. Cells were then 

treated by crude hexane, citronellol, citronellal and doxorubicin. Non-treated cells 

were used as normal control. After treatment, cells were washed by ice-cold 1X tris 

buffer saline (TBS) prior to proteins extraction process.   

2. Protein extraction 

 The radioimmunoprecipitation assay buffer (RIPA; Sigma-Aldrich, USA) was 

used as lysis buffer for whole protein extraction from MDA-MB-231 cells following 

by constant shaking for 30 min at 4oC. 1% of protease and phosphatase inhibitor 

cocktail (Sigma-Aldrich, USA) protease inhibitor was added to RIPA buffer protect 

the sample proteins from enzymes degradation. The extraction process is performed 

under temperature around 4oC. Whole cell lysates were transferred to 1.5 ml Ependorf 

tube followed by centrifugation at 16,000 rpm at 4oC for 30 mins. Supernatant 

containing total proteins was collected and stored at -20oC prior for the Western Blot 

analysis.  

3. Total protein determination 

Coomassie (Bradford) protein assay kit (Thermo Fisher Scientific, Inc., New 

York, USA) was used to measure the amount of proteins received from the protein 



78 

 

isolation process following the products instruction leaflet. Bovine serum albumin 

was used as solution to access standard curve for total proteins measurement. 

5 µl of protein sample and 250 µl of Coomassie reagent dye were added into 

each well of 96-well plate and then were left at room temperature for 10 mins covered 

in dark. After that, the mixture was taken for measurement of absorbent of total 

protein using ELISA microplate reader (PerkinElmer, Inc., Massachusetts, MA, USA) 

at wavelength of 595 nm. De-ionized water was used as blank. The concentration of 

total proteins was calculated using the formula y=ax+b generated by the standard 

curved, which y represented the concentration of proteins and x represented the 

absorbance of proteins measured by ELISA reader. Coefficient of calculation (R2 < 

0.98) was used to represent the efficiency of the standard curve. 

4. Polyacrylamide Gel Electrophoresis 

12% of sodium dodecyl sulfate (SDS)–polyacrylamide gel based was used to 

separate the extracted proteins using Bio-rad gel electrophoresis sets. 12% of 

acrylamide gel containing 30% acrylamide, 1.5 M Tris-HCl (pH 8.8), 10% SDS, 10% 

ammonium persulfate (APS), N,N,N’,N’-tetramethylethylendiamine (TEMED), TGX 

Stain-Free™ FastCast™ Acrylamide Solutions (Bio-Rad Laboratories, CA, USA). 

TGX Stain-Free™ FastCast™ Acrylamide Solutions allowed the detection of 

separated proteins in the gel using Bio-Rad’s ImageLab™ software and stain-free 

enabled imagers. Gel mixture solution was poured into the assembled gel cast and 

allowed gel to polymerize for 15 mins. After that, 5% of acrylamide gel containing 

the constituents described above was overlaid on the resolving gel with comb inserted 

on its and left to polymerize for 15 mins. Total protein was mixed with equal volume 

to 2X Laemmli loading buffer (Bio-rad Laboratories, CA, USA) and undergone 

denaturing process for 5 min at 95oC. 30 µg of total proteins in Laemmli loading 

buffer was introduced into each well of pre-cased gel in the electrophoresis chamber. 

The electrophoresis process was undertaken using Tris-Glycine running buffer with 

starting electric current of 100 mV for 15 min followed by constant current of 150 

mV for around 1 hour. After separation, gels were disassembled from gel cassette and 
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were taken to the proteins separation detection by using Bio-Rad’s ImageLab™ 

software and stain-free enabled imagers, and ready for transferring process. 

5.  Membrane transfer 

The separated proteins on the gel were transferred to polyvinylidene fluoride 

(PVDF) membrane under constant electric current of 100 mV for 1 h 30 mins in 

transfer buffer at 4oC. 

6. Antibody probing  

After transferred, PDVF membranes were blocked using 5% skim milk powder 

in tween-20 -base tris buffer saline (TBST) for 1 hour at room temperature with 

constant shaking. Then membranes were washed 3 times 5 mins each with TBST 

washing buffered. Primary antibodies in TBST containing 1% BSA (1:1000 dilution 

ratio) was used to probe on the target proteins for overnight with constant shaking at 

4oC. After that membranes were washed 3 times with TBST prior for secondary 

antibody probing for 1 hour at room temperature with constant shaking (1:10000 

dilution in TBST containing 1% BSA) followed by 3 times washed by TBST. 

7.  Immuno-detection 

Substrate was added to the membrane which allow the peroxidase enzyme that 

bind to the secondary antibody to degrade that substrate and produce the 

luminescence light which can be detect by the imaging system.   

Table  8 Proteins for Western Blot analysis 

Proteins Functions 

β-actin Internal control 

Bcl-2 Anti-apoptotic protein 

Bax Pro-apoptotic protein 
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 Statistical Analysis  

All the experiments were performed in triplicate and data were expressed as 

the means ± SEM, n=3. One-way ANOVA with Dunnett's multiple comparisons test 

was used to analyze the different between control and treatment groups (n=3), P value 

< 0.05 consider significant. 

Research Approval  

Research ethical was approved by Human Ethics Committee of Naresuan 

University (IRB No. 0945/62). 
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CHARPTER IV 

 

RESULTS 

 

Extraction yields of C. hystrix leaf powder 

Crude extract by maceration with hexane solvent had resulting in sticky dark 

green extract with yield of 1.1% (w/w dried powder) from C. hystrix dry powder. The 

following sub-sequential extractions resulted in the similar consistency of extracts 

with yield of 1.8% obtained using ethyl acetate and 7.6% using ethanol.  

Identification of volatile components in crude hexane extract by GC-MS 

From GC-MS analysis, 45 volatile compounds from crude hexane were 

identified. The relative amount (%) of the identified compounds was 51.44%, which 

was calculated by peak-area normalization. As listed in Table 9, the majority of 

identified compounds of crude C. hystrix hexane extract belong to the terpenoids, 

which presented almost 19.84% of the identified compound. Crude hexane extract 

contained oxygenated monoterpenes (3.99%), hydrocarbon monoterpene (2.19%), 

oxygenated sesquiterpenes (7.67%), hydrocarbon sesquiterpenes (5.99%) presented as 

major compounds. Other compounds including hydrocarbons, fatty acids, fatty 

alcohols, vitamin, and other terpenes. The presented of two oxygenated 

monoterpenes; citronellal and citronellol, were observed at 10.75 min and 12.85 min, 

respectively (Figure 24), while the standard citronellal showed its peak at retention 

time of 10.88 min (Figure 23) and 13.03 min for citronellol (Figure 22). Other 

constituents contain such as long chain hydrocarbons, phytosterols, fatty acids, fatty 

alcohols, and vitamin.  
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Figure  21 Total ion chromatogram of volatile compounds in crude 

C. hystrix hexane extract obtained from GC-MS 

 

 

Figure  22 Total ion chromatogram of standard citronellol at 13.03 min 
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Figure  23 Total ion chromatogram of standard citronellal at 10.88 min 

 

 

Figure  24 Peaks of citronellal and citronellol were observed at retention times at 

10.75 min and 12.85 min. 
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Table  9   The identified compounds from crude hexane by GC-MS 

No. 
RT 

(min) 
R.I1 Identified compounds Classification 

R.A2 

(%) 

1 9.23 1100 Linalool Monoterpenea 0.34 

2 10.56 1146 Isopulegol Monoterpenea 1.01 

3 10.75 1154 Citronellal Monoterpenea 0.67 

4 11.46 1179 Terpinen-4-ol Monoterpenea 0.29 

5 11.83 1193 α-Terpineol Monoterpenea 0.11 

6 12.85 1229 Citronellol Monoterpenea 1.42 

7 14.08 1354 
3,7-dimethyloct-1,7-dien-

3,6-diol  
Monoterpenea 0.15 

8 16.23 1354 α-Cubebene Sesquiterpeneb 0.94 

9 16.94 1381 α-Copaene Sesquiterpeneb 1.44 

10 17.29 1395 β-Cubebene Sesquiterpeneb 0.34 

11 18.08 1426 Caryophyllene Sesquiterpeneb 1.59 

12 18.30 1435 Bicyclosequiphellandrene Sesquiterpeneb 0.20 

13 18.93 1460 α-Humulene Sesquiterpeneb 0.23 

14 19.47 1482 γ-Muurolene Sesquiterpeneb 0.12 

15 20.05 1505 α-Muurolene Sesquiterpeneb 0.31 

16 20.61 1529 δ-Cadinene Sesquiterpeneb 0.62 

17 21.23 1555 Elemol Sesquiterpenea 0.13 

18 21.53 1568 Nerolidol Sesquiterpenea 0.71 

19 21.98 1586 Spathulenol Sesquiterpenea 1.34 

20 22.12 1592 Caryophyllene oxide Sesquiterpenea 3.74 

21 23.21 1641 Caryophylladienol Sesquiterpenea 0.39 

22 23.67 1661 Viridiflorene  Sesquiterpeneb 0.20 

23 24.05 1678 Caryophyllenol Sesquiterpenea 1.14 

24 25.90 1764 Tetradecanoic acid Fatty Acida 0.34 

25 26.29 1785 Alloaromadendrene oxide Sesquiterpenea 0.22 

26 27.63 18467 
Hexahydrofarnesyl 

acetone 

Sesquiterpene 

derivative 
0.81 

27 29.24 1927 Methyl palmitate Fatty Acida 0.30 

28 30.19 1976 Palmitic acid Fatty Acida 6.82 

29 32.79 2015 Phytol Diterpene 0.40 

30 33.30 2144 Linoleic acid Fatty Acida 1.89 
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Table 9     Cont. 

No. 
RT 

(min) 
R.I1 Identified compounds Classification R.A2 

31 33.40 2149 
(6Z),(9Z)-Pentadecadien-

1-ol  

Fatty Acida 
2.39 

32 44.09 2833 Supraene Triterpene 0.31 

33 44.92 2893 
cis-2,6-Dimethyl-2,6-

octadiene 
Monoterpeneb 2.19 

34 48.24 3103 Tetracosane Hydrocarbon 3.21 

35 48.98 3139 α-Tocopherol 
 

Vitamin 0.56 

36 49.15 3147 Pentacosane Hydrocarbon 1.03 

37 50.92 3227 Campesterol Phytosterol 0.46 

38 51.73 3260 Stigmasterol Phytosterol 1.07 

39 52.86 3309 Heneicosane 
 

Hydrocarbon 2.57 

40 53.00 3350 1-Eicosanol Fatty alcohol 0.37 

41 53.27 3317 γ-Sitosterol Phytosterol 2.90 

42 53.81 3335 Lanosterol Triterpene 2.45 

43 58.99 34845 Lupenyl acetate Triterpene 0.68 

44 60.02 3510 17-Pentriacontene Hydrocarbon 2.23 

45 62.13 3556 Neophytadiene Diterpeneb 0.61 

Total R.A of identified compounds                          51.24 % 

   

Oxygenated monoterpenes  3.99 % 

Hydrocarbon monoterpene  2.19 % 

Oxygenated sesquiterpenes  7.67 % 

Hydrocarbon sesquiterpenes  5.99 % 

Hydrocarbons  9.04 % 

Fatty acids and fatty alcohols  12.11 % 

Other  10.25 % 

1Retention indices were calculated using a homologous series of n-alkanes (C8–C32) 

2Relative amounts (%) were obtained by peak areas normalization 

aOxygenated form 

bHydrocarbon form 

Note R.A: relative amount (%), R.I: retention indice, RT: retention time (min)  
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Screening of crude extracts using thin layer chromatography (TLC) 

Thin layer chromatography was used to show chemical profiles of crude C. 

hystrix hexane extract, ethyl acetate extract, ethanolic extract, and two standard 

compounds citronellol and citronellal (Figure 25). From TLC chromatogram, crude 

hexane showed much more spots compare to crude ethyl acetate and crude ethanol 

when detected under UV light at 254 nm and 364 nm, and with sprayed by 

anisaldehyde. Moreover, standard citronellol and citronellal showed their spot when 

spray with anisaldehyde as violet color with Rf value of 0.43 and 0.9 (See Table 10). 

  

Figure  25 Thin layer chromatography 

From left to right, each initial spot represented crude C. hystrix hexane extract, 

ethyl acetate extract, ethanolic extract, and two standard compounds citronellol and 

citronellal. TLC membrane were exposed to UV light at 254 nm (left), 364 nm 

(middle), and were sprayed by sulfuric acid reagent (right). Hex (crude hexane), Et-O-

Ac (crude ethyl acetate), Et-OH (crude ethanol), C.Lol (citronellol) and C. Lal 

(citronellal). 
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Table  10    Rf value from TLC of crude C. hystrix extracts 

Extract Rf UV 254 nm UV 366 nm Anisaldehyde 

Crude hexane 

0.03 quenching pale pink dark green 

0.08 quenching bluish violet bluish violet 

0.15 ˗ ˗ bluish violet 

0.22 quenching bluish violet ˗ 

0.25 ˗ red bluish violet 

0.30 ˗ pale violet ˗ 

0.33 quenching ˗ bluish violet 

0.42 quenching ˗ ˗ 

0.45 ˗ ˗ violet 

0.49  blue ˗ 

0.58 quenching ˗ ˗ 

0.60 ˗ dark blue ˗ 

0.63 ˗ ˗ violet 

0.70 ˗ red ˗ 

0.73 ˗ ˗ blue 

0.76 ˗ pale violet ˗ 

0.77 quenching ˗ ˗ 

0.80 quenching Pale violet ˗ 

0.84 ˗ ˗ pink 

0.89 ˗ bluish violet ˗ 

0.91 quenching ˗ ˗ 

0.94 ˗ ˗ violet 
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Table 10   Cont. 

Extract Rf UV 254 nm UV 366 nm Anisaldehyde 

Crude Et-O-Ac 

0.03 quenching orange brown 

0.05 ˗ red ˗ 

0.10 quenching ˗ brown 

0.17 quenching pale violet ˗ 

0.19 ˗ ˗ bluish violet 

0.27 quenching light blue ˗ 

0.30 ˗ ˗ bluish violet 

0.33 ˗ violet ˗ 

0.45 ˗ ˗ bluish violet 

0.46 ˗ blue ˗ 

0.57 ˗ ˗ bluish violet 

0.63 ˗ ˗ violet 

0.65 ˗ pale violet ˗ 

0.68 ˗ ˗ blue 

0.84 ˗ ˗ pink 

0.94 ˗ ˗ violet 

Crude Et-OH 

0.03 quenching pink brown 

0.08 quenching ˗ ˗ 

0.10 ˗ pale blue bluish violet 

0.19 ˗ ˗ blue 

0.27  blue ˗ 

0.31 ˗ ˗ violet 

0.46 quenching blue ˗ 

0.60 ˗ ˗ violet 

0.94 ˗ ˗ violet 

Standard 

citronellal 
0.90 ˗ ˗ violet 

Standard 

citronellol 
0.43 ˗ ˗  violet  
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MDA-MB-231 cell culture 

MDA-MB-231 cells are adherent cell. MDA-MB-231 cells were seeded in 12-

well plates at density of 2x104 cells per well and left cells to attached on plate for 24 

h. Between 24 h, cells viability was measured using the MTT assay. MDA-MB-231 

cells grew with good health and had stretching morphology on culture plate (Figure 

26) and cells duplicated between each 48 h (Figure 27). 

 

Figure  26 MDA-MB-231 cells growth morphology by time of incubation 
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Figure  27  MDA-MB-231 proliferation curve 

 

Primary macrophage cells culture 

Primary macrophages were derived from monocytes that were isolated from 

buffy coated, the cells were left for around a week for cells to attach and derive into 

macrophage with medium being replace in every 3 days. The derived macrophages 

were used after one week of cultures for determined the toxicity of crude extract and 

the pure compound (Figure 28).  

 

Figure  28 Primary monocytes at day o and macrophage derived at day 7 
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Cytotoxicity of crude extracts, citronellol, citronellal on MDA-MB-231 cells 

The cytotoxic effect of C. hystrix crudes extracts and its bioactive molecules 

citronellol and citronellal, was analyzed using the in vitro cytotoxicity based on MTT 

assay. Cytotoxicity of extracts and active compounds was obtained from dose-

response inhibition curve generated from GraphPad Prism application. After 24 h of 

treatment, C. hystrix crude extracts, citronellol and citronellal reduced cell viability of 

MDA-MB-231 cells with IC50 of 317.63 ± 2.00 µg/ml for crude hexane (Figure 29 

A), 547.10 ± 0.90 µg/ml for crude ethyl acetate (Figure 30 B), and IC50 > 1000 µg/ml 

for crude ethanol (Figure 29 C). For citronellol IC50 = 1.16 ± 0.10 nM (Figure 29 D) 

and 1.41 ± 0.03 nM for citronellal (Figure 29 E) while doxorubicin induced cell 

toxicity with IC50 = 1.18 ± 0.06 µM (Figure 29 F). To identify the effect of crude 

hexane, citronellol and citronellal on normal cells, primary macrophage derived from 

monocyte were used as model for the experiment. The IC50 value of treatments on 

primary macrophage were crude hexane IC50 = 451.66 ± 35.11 µg/ml (Figure 29 G), 

citronellol IC50 = 1.96 ± 0.02 nM (Figure 29 H) and citronellal IC50 = 1.81 ± 0.01 nM 

(Figure 29 I). IC50, IC10, IC5 value of crude hexane, citronellol and citronellal on 

MDA-MB-231 cells and primary macrophage were compared in Table 12. Each 

crude extract was dissolved with 100% DMSO and were diluted to 5 mg/ml with 

complete medium with 2.5% DMSO remained. Thus, the toxicity of 2.5% DMSO on 

the cells was evaluated by MTT assay. The result show that 2.5% DMSO did not have 

significant effect on cell viability compared to culture medium only (Appendix 31). 
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Figure  29  IC50 value from treatments on MDA-MB-231 cell and primary 

macrophage 

On MDA-MB-231 cells (A) crude hexane, (B) crude ethyl acetate, (C) crude 

ethanol, (E) citronellol and (F) citronellal and (D) 48 h treatment by doxorubicin, and 

on primary derived macrophage (G) crude hexane, (H) citronellol and (I) citronellal. 
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Table  11   Cytotoxicity of C. hystrix crudes extract and its compounds citronellol 

and citronellal on MDA-MB-231 cell line 

Treatments 
MDA-MB-231 Macrophage 

IC50 IC50 

Crude hexane 317.63 ± 2.0 µg/ml 451.56 ± 35.11 µg/ml 

Crude ethyl acetate 547.1 ± 0.9 µg/ml  

Crude ethanol > 1000 µg/ml  

Citronellol 1.16 ± 0.10 nM 1.96 ± 0.02 nM 

Citronellal 1.41 ± 0.03 nM 1.81 ± 0.01 nM 

Doxorubicin 1.18 ± 0.06 µM  

 

Table  12 Comparing IC50, IC10, IC5 of crude hexane, citronellol and citronellal 

on MDA-MB-231 cell and primary macrophage 

Cells   Crude hexane Citronellol Citronellal 

MDA-MB-

231 

IC50 317.63 ± 2.0 µg/ml 1.16 ± 0.10 nM 1.41 ± 0.03 nM 

IC10 286.71 ± 1.55 µg/ml 0.62 ± 0.20 nM 0.95 ± 0.05 nM 

IC5 276.89 ± 1.55 µg/ml 0.51 ± 0.20 nM 0.83 ± 0.02 nM 

Macrophage 

IC50 451.56 ± 35.11 µg/ml 1.96 ± 0.02 nM 1.81 ± 0.01 nM 

IC10 266.02 ± 0.27 µg/ml 1.38 ± 0.10 nM 1.46 ± 1.13 nM 

IC5 222.94 ± 7.42 µg/ml 1.23 ± 0.02 nM 1.36 ± 0.16 nM 
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Crude hexane, citronellol and citronellal decreased down MDA-MB-231 cell 

proliferation rate 

The cytotoxicity of crude hexane, citronellol and citronellal on cell 

proliferation rate of MDA-MB-231 cells were performed by using MTT assay. In 

non-treated group, cell viability value increased twice at 48 h, which indicated cells 

significantly increased its proliferation up to 1-fold at 48 h (P < 0.05) (Figure 30). 

Contrary, results show all treatments groups (crude hexane, citronellal, citronellol, 

and doxorubicin) significantly reduced proliferation of MDA-MB-231 cells when 

compared to non-treated group at each specific incubation time at 24 h and 48 h (P < 

0.05) in both and time dependent manner (for more detail on statistical comparison 

value, see Appendix 23). Crude C. hystrix hexane extract showed much lower IC50 

value compared to others. 

 

Figure  30  Inhibition of cell proliferation of crude hexane, citronellol, citronellal 

on MDA-MB-231 cells. 

Doxorubicin was used as positive control. Proliferation of MDA-MB-231 cells 

was expressed as number of folds. One-way ANOVA with Dunnett's multiple 

comparisons test was used to analyze the different between control and treatment 

groups (n=3), P value < 0.05 consider significant.  
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C. hystrix hexane extract, citronellol and citronellal inhibited MDA-MB-231 cells 

migration 

Cells migration is one of the important processes in cancer metastasis. Next, 

the effect of crude hexane, citronellol and citronellal on cells migration were 

evaluated by in vitro wound scratch migration assay. In the control group, MDA-MB-

231 cells migrated to completely close the wound areas at 24 h (Figure 31 A). 

However, wound areas in the treatment groups were much wider when compared to 

non-treated groups respectively, at 6 h, 12 h and at 24 h in both doses and time 

dependent manners. The reduction of wound closer rate indicated the efficacy of the 

treatment groups on decreasing down cells migration into wound areas (the statistical 

different of wound areas between control and treatments groups at specific time of 

incubation were shown in Appendix 24). 
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Figure  31 Wound scratch migration assay. 

MDA-MB-231 cells were scratched at confluence to induce wound areas. 

Cells were treated by crude hexanes, citronellol, citronellal and doxorubicin, and then 

were incubated for 24 h. Cells migration into wound areas were observed under 

microscope at 6 h, 12 h and 24 h. ImageJ 1.52a software was used to analyze cells 

migration into wound areas. One-way ANOVA with Dunnett's multiple comparisons 

test was used to analyze the different between control and treatment groups (n=3), , P 

value < 0.05 consider significant (** P < 0.01, *** P < 0.001). 
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C. hystrix hexane extract, citronellol and citronellal reduced number of colonies 

forming in MDA-MB-231 cells 

Colony forming assay has been used as a tool to allow us to evaluate cells 

survival by studying cell grew from a single cell to form colonies in response to toxic 

substances. Here, the colony forming of MDA-MB-231 cells under treatments by 

crude hexane, citronellal, citronellol, and doxorubicin as positive control were 

observed (Figure 32 A). In the treatment groups, crude hexane, citronellal and 

citronellol significantly reduced colonies forming of the cells respectively in dose 

dependent manner (P value < 0.05, see Appendix 25). On the one hand, only few 

colonies have been formed in the treatment of doxorubicin 0.5 µM, which indicated 

that doxorubicin 0.5 µM successfully reduced colonies forming of MDA-MB-231 

cells (Figure 32 B). 
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Figure  32 Clonogenic Assay on MDA-MB-231 cells. 

Colonies forming of MDA-MB-231 cells with 10 days incubation after 24 h 

treatments with crude hexane, citronellol, citronellal, and doxorubicin. Number of 

colonies were counted using ImageJ 1.52a software. One-way ANOVA with 

Dunnett's multiple comparisons test was used to analyze the different between control 

and treatment groups (n=3), P value < 0.05 consider significant (*** P < 0.001). (A) 
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colonies picture as 8-bit gray scale images under different treatments, (B) crude 

hexane (H), citronellol (C.lol), citronellal (C.lal) & doxorubicin (dox). 

 

Crude hexane, citronellol and citronellal induced cell cycle arrest in MDA-MB-

231 cells 

Cell cycle arrest is a mechanism that cells use to prevent cell cycle progression 

when cell encounter toxic substance, DNA damage, or miss regulation during DNA 

replication. In treatment groups, crude hexane significantly induced cell cycle arrest at 

G0/G1 phase when compared to non-treated group. In citronellol and citronellal 

treated groups, cells significantly arrested and accumulated at G2/M phase. 

Doxorubicin significantly induced cell cycle arrested at G2/M phase (Figure 33).  
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Figure  33 Comparing effect of crude hexane and crude ethyl acetate by 

screening on cells apoptosis and cell cycle 

(A) Cell cycle arrested induced by treatment groups on MDA-MB-231 cells. 

(B) One-way ANOVA with Dunnett's multiple comparisons test was used to analyze 

the different between control and treatment groups (n=3), P value < 0.05 consider 

significant (*** P < 0.001, * P < 0.05).  
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Crude hexane, citronellol, and citronellal induced apoptosis in MDA-MB-231 

cells 

Crude hexane, citronellol, and citronellal slow down cell proliferation rate, 

reduced cells migration, and reduced number of colonies forming of MDA-MB-231 

cells. When cell encounter with toxic substances, they undergone repair mechanism, 

which reduced their active state. However, when the process cannot be taken, cells 

undergone cell death program or apoptosis, a phenomenon which appears at the end 

of cells’ life span. Hoechst33342 staining confirmed some morphological change 

during apoptosis. The non-treated group showed normal nuclear structure of the cells. 

However, in treatment groups some condense blue fluorescence appeared in the 

nuclear which indicated chromatin condensation and/or DNA fragmentation in the 

cells under treatment of crude hexane, citronellol, citronellal, and doxorubicin 0.5 µM 

(Figure 34 A). Furthermore, MDA-MB-231 cells undergone apoptosis under 

treatments of crude hexane, citronellol and citronellal for 24 h were observed by 

gating on Annexin V and 7-ADD staining (Figure 34 B). The results revealed that at 

dose 200 µg/ml crude hexane induced apoptosis in MDA-MB-231 cells to 11.02 ± 

0.53 % when compared to control. Similarly, citronellol 1 nM induced apoptosis 

14.30 ± 0.89 % in the cells, and 13.92 ± 0.31 % for citronellal at 1 nM. Moreover, 

doxorubicin 0.5 µM induced apoptosis 19.02 ± 0.81 % in the cells.  
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Figure  34  Flow cytometry and Hoechst33258 staining on MDA-MB-231 cells 

(A) Apoptotic cells with Hoechst33258 staining showing chromatin 

condensation and DNA fragmentation in cells treated with crude hexane 200 µg/ml, 

citronellol 1 nM, citronellal 1 nM, doxorubicin 0.5 µM. (B) Flowcytometry analysis 

of apoptotic MDA-MB-231 cells using Annexin-V and P.I staining, 24 h after treating 

by hexane 200 µg/ml, citronellol 1 nM, citronellal 1 nM, doxorubicin 0.5 µM. (C) 

One-way ANOVA with Dunnett's multiple comparisons test was used to analyze the 

different between control and treatment groups (n=3), P value < 0.05 consider 

significant (*** P < 0.001, ** P < 0.05).  
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Crude hexane, citronellol and citronellal modulated apoptosis-related proteins 

gene expression in MDA-MB-231 cells 

To better understand the apoptosis that occur in the cells, level of apoptosis-

related proteins genes expression was performed using RT-qPCR. Cells were treated 

24 h prior to mRNA extraction. The results showed that expression level of Bax gene 

increased up to 1-fold in the treatment of crude hexane 200 µg/ml (P value, 0.05), 

around 1.5-fold in treatment of citronellol or citronellal 1 nM, and around 1.75-fold in 

doxorubicin 0.5 µM (Figure 35 A). On the other hand, the expression level of Bcl-2 

gene was markedly downregulated to almost 0.5-fold in each treated group compared 

to control (P value < 0.05) (Figure 35 B).  

 

Figure  35   Alteration apoptosis-related genes expression in treated cells. 

(A) Bax and (B) Bcl-2. Level of protein expression by RT-qPCR after 24h of 

treatments. One-way ANOVA was used to analyze the different between control 

group and treatment groups. P value < 0.05 consider significant (** P < 0.01, *** P < 

0.001). 
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Crude hexane, citronellol and citronellal induced apoptosis and DNA 

fragmentation in the cells by inhibiting the anti-apoptotic Bcl-2 protein and 

activating caspase dependent apoptotic pathway  

To further confirm the results, another experiment was conducted by 

measuring protein expression of both Bax and Bcl-2 proteins using Western Blot 

analysis. Surprisingly, expression of Bcl-2 protein was significantly decreased after 

treatment of crude hexane 200 µg/ml, citronellol 1 nM, citronellal 1 nM, and 

doxorubicin 0.5 µM when compared to control group (P value < 0.05) (Figure 36 A), 

while Bax protein expression was upregulated in the same treated groups (Figure 36 

B). In response to the treatments, cells upregulated of Bax protein expression and 

downregulated Bcl-2 protein expression. The alteration of Bax/Bcl-2 expression could 

lead to the activation of Caspase-3 protein, which is an executioner in apoptosis 

caspase-dependent activation. To confirm this hypothesis, measuring pro-Caspase-3 

and cleaved-Caspase-3 protein level was measured by Western blot analysis. The 

results demonstrated the significantly decrease in intensities of pro-Caspase-3 in 

treatments groups compared to control (Figure 36 C) with the significantly decrease 

of cleaved-Caspase-3 protein intensity (Figure 36 D). 
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Figure  36  Crude hexane, citronellol, citronellal induced apoptosis through 

caspase dependent pathway by inhibiting Bcl-2 protein 

(A) Bcl-2 protein, (B) Bax protein, (C) Pro-Caspase-3 protein by Western 

Blot. One-way ANOVA was used to analyze the different between control group and 

treatment groups. P value < 0.05 consider significance (* P < 0.05, ** P < 0.01, *** P 

< 0.001). 
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CHARPTER V  

 

DISCUSSIONS AND CONCLUSIONS 

 

 Breast cancer has been reported to have high cancer incident which one of 

four cancer new cases has been reported with breast cancer in women globally 

(Cancer, 2018). It was classified into six sub-types reflected by its mRNA expressions 

and immunohistochemical profiles frequently on hormonal receptors which are 

progesterone receptor (PR), estrogen receptor (ER), and human epidermal growth 

factor receptor 2 (Her2) (Eroles et al., 2012). More than that, some of the types like 

triple-negative breast cancer has been reported with high cancer-relapsing post 

chemotherapy and poor prognosis due to their highly resistivity and early metastasis 

in breast cancer patients (Nedeljkovic & Damjanovic, 2019), which has put the 

treatment for this type of breast cancer into problems (Kim et al., 2018). Furthermore, 

some of the treatment like hormonal targeted therapy such as anti-PR, anti-ER and 

anti-Her2 are not applicable to this type of breast cancer due to the lack of these 

receptors and some of the chemotherapy molecules like cisplatin, taxanes, 

anthracyclines have been reported resistance with TNBC (Denduluri et al., 2007; Low 

et al., 2005). Currently, many new compounds that have potential anticancer effect 

have been identified from medical plants and some like cabazitaxel (a second 

generation of taxanes derived from Taxus brevifolia) and homoharringtonine (an 

alkaloid derived from Cephalotaxus harringtonii) have been approved by FDA 

(Saklani & Kutty, 2008; Vrignaud et al., 2014). Therefore, the development of 

anticancer drugs from natural compounds could be the new hope in cancer therapy. 

C. hystrix is a common tropical plant that have been known for its high aroma 

and has been used in cuisines, cosmetic, many other fields.  Beside these benefits, 

many researchers have claimed the effect of C. hystrix against many cancers in the in 

vitro experiments. It has been reported to exerting cytotoxic effect against four 

different types of leukemic cell lines (Fah Chueahongthong, 2011), inhibited cell 

migration in human pancreatic cancer cell line (PANC-1) (S. Sun et al., 2018), and 
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also has been reported to reduce cell viability of MCF-7 breast cancer cell (Sadasivam 

et al., 2017). C. hystrix has been reported to contain many compounds such as 

phenolic compounds, flavonoids, terpenoids, alkaloids, coumarins, glycosides, 

saponins, tanins (Agouillal et al., 2017). Moreover, terpenoids have been reported as 

the major compound found in C. hystrix leaves. Including in that, citronellol and 

citronellal are two monoterpenoids compounds that found in C. hystrix (Warsito et al., 

2017). These two compounds have been reported to contain potential effects against 

many types of cancer such as in liver cancer (Maßberg et al., 2015), in small lung 

cancer (Song et al., 2015) and in estrogen positive breast cancer (Stone et al., 2013). 

Then these two molecules were purchased from Sigma Aldrich company to test its 

effects against the triple negative breast cancer MDA-MB-231 cells. In the 

experiments, all crude extracts were extracted from C. hystrix leaves using the 

sequential maceration methods by using lower polar solvent to the higher polar 

solvent (hexane, ethyl acetate and ethanol). Much higher percentage of extraction 

yield from ethanolic extract was obtained when compared to crude hexane and ethyl 

acetate. The crude extracts obtained from the extraction and the two standard 

compounds citronellol and citronellal were then used to test on MDA-MB-231 cells to 

evaluate their toxicity. The results from MTT assay showing that crude C. hystrix 

hexane extract showed much higher efficiency in reducing MDA-MB-231 cells 

viability compared to the two other crude extracts, while the two pure compounds 

showed similar toxicity in reducing MDA-MB-231 cell viability. However on a study, 

they reported that crude ethyl acetate and crude ethanol showed much higher effect 

against HeLa cells compared to crude hexane (Wijayanti et al., 2015). Also, the effect 

of DMSO that would interfere the cytotoxicity of crude extracts was confirmed in 

which the highest DMSO trace remained in the treatment (2.5%) was not interfered 

with the results (P value > 0.05). Doxorubicin is an anticancer agent that has been 

widely used in cancer treatments. It acts as an anti-topoisomerase 2, which prevents 

DNA from replication. In the experiments, IC50 value of doxorubicin was evaluated 

by MTT assay and resulted showed the IC50 value around 1 µM, which this result was 

similarly reported in both MDA-MB-231 and MCF-10F cells (Pilco-Ferreto & Calaf, 

2016).  
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After evaluating toxicity of crude extracts, and the two pure compounds 

against the cancer cells, the screening through chemical profile of crude extracts was 

performed by first using the thin layer chromatography (TLC). The spots band 

showed on the silica-based stationary phase indicated much higher chemical 

compounds traces on the stationary phase when compared to crude ethyl acetate and 

crude ethanol. Moreover, the RF value of the two standard citronellol and citronellal 

were similar to those chemical compound traces presented in crude hexane at RF = 

0.43 and 0.9 when exposed to anisaldehyde. From these perspective, crude C. hystrix 

hexane extract was selected for further experiment. After that toxicity of crude 

hexane, citronellol and citronellal against normal cells was tested by using primary 

macrophage. Then a safer dose below IC10 on macrophage were selected to further 

perform experiments on MDA-MB-231 cells (Appendix 31). To further analyzed 

chemical compounds, present in crude hexane GC-MS analysis was conducted. Result 

indicated that terpenoids were identified as the most abandoned compound that was 

identified from C hystrix leaves, which has been similarly reported in (Dertyasasa & 

Tunjung, 2017). Also, citronellol and citronellal in crude hexane from the GC-MS 

spectrum was seen at retention time 10.75 min and 12.85 min.  

From the experiments, MDA-MB-231 cells grew in good health that it 

duplicated its number between around 48 h. By that, the effect of crude hexane, 

citronellol and citronellal on cells proliferation were testified. The result showed that 

crude hexane significantly reduced cells growing rate compared to the non-treated 

group. These anti-proliferative effect of C. hystrix was also similarly reported 

previous studies on leukemic cell lines (Anuchapreeda et al., 2020) and on Hela the 

cervical cancer cells (Wijayanti et al., 2015). More than that anti-proliferative effect 

on MDA-MB-231 was also significantly seen under the treatments of both citronellol 

and citronellal. In previous study, (Maßberg et al., 2015) reported the effect of 

citronellal in reduce cells proliferation in Huh7 hepatocellular carcinoma, and 

citronellol inhibited non-small cell lung carcinoma A-549 cells (Song et al., 2015). 

Then further experiments were performed to help support the result of pre-existing 

anti-proliferative effect of both crude hexane and the two pure compounds. 

Clonogenic assay was performed to mimic the actual growth of cancer that grow from 
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single mutated cells to form cancer cells colonies or tumor mass. In control group, 

MDA-MB-231 cells grew and formed cells colonies within 15 days of incubation. 

However, in the treatment groups, crude hexane, citronellol and citronellal 

significantly reduced number of colonies and even inhibited the colonies forming at 

the much higher dose. This effect of C. hystrix has been mentioned in (S. Sun et al., 

2018) that bergamottin, a molecule from C. hystrix crude extract has been reported to 

inhibit colonies forming in PANC-1 human pancreas cancer. In cancer development 

or metastasis, surviving under tough environment with highly proliferative and 

migrative abilities are the successful keys in metastasis of the cancer (Marchesi et al., 

2004). Therefore, the decrease of these two factors could be a strategy in preventing 

early metastasis of the cancer. In this regard, wound scratch migration assay was 

conducted to study the effects of crude hexane, citronellol and citronellal on cells 

migration. The results indicated that the treatments groups slow down cell migration 

into wound areas in a dose and time dependent manner. For instance, the anti-

migratory effect of C. hystrix has also been reported on PANC-1 human pancreas 

cancer (S. Sun et al., 2018), while the anti-migratory effect of citronellal and 

citronellol on cancer cells are not likely been reported. 

The results above showed the potential anti-cancer effect of C. hystrix, 

citronellol and citronellal by reducing cell proliferation, survival and migration. Many 

of cancer cells decrease their active state, their proliferation when they encountered 

with toxic substances or enter apoptosis (Alenzi, 2004). To confirm this hypothesis 

whether the reduced of cell proliferation, migration and ability to form colonies after 

treatment were caused by cell apoptosis, the apoptotic cells under treatment of crude 

hexane, citronellol and citronellal were measured by using flow cytometry. Results 

from flow cytometry showed significant number of cells arrested at G0/G1 phase. 

However, C. hystrix leaf extract showed different effect on Molt-4 cell line by 

inducing cell cycle arrested at G2/M phase (Utthawang, 2017). In cells treated with 

citronellol and citronellal, cells were seen to accumulated at G2/M phase. On the 

other hand, citronellol was reported to induced the lung cancer NCI-H1299 cell cycle 

arrested at G0/G1 phase (Yu et al., 2019b). The results from flow cytometry also 

showed significant number of apoptotic cells under treatments of crude hexane, 
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citronellol and citronellal. More than that, morphological change like chromatin 

condensation and swelling were seen under the treatment groups. To help define some 

support mechanism to cell apoptosis, level of genes and protein that may involve in 

the apoptosis were analyzed using RT-qPCR and Western Blot analysis. The results 

proved that level of Bcl-2 gene and protein expression decreased under the treatment 

group while Bax gene and protein expression increased its intensity. During apoptosis, 

cleavage of DNA by endonuclease occur after the activation of Caspase-3 (Alenzi, 

2004). From Western Blot analysis, the results clearly demonstrated the activation of 

Caspase-3 through the decreasing density of total Caspase-3 in the treated groups 

compare to control, and the increasing intensity of cleaved-Caspase-3 protein, which 

indicated the activation of caspase dependent apoptosis pathway. The induction of 

apoptosis in MDA-MB-231 by the treated groups was likely activated through the 

Caspase-dependent apoptosis pathway through the inhibition of anti-apoptotic protein 

Bcl-2, which leaded to increase of pro-apoptotic Bax protein activity. Bax mediated 

the pore formation complex at the outer membrane of mitochondria, and 

consequentially trigger the release of Cytochrome C, leading to the activation of 

Caspase 3 protein. The effect of doxorubicin inducing apoptosis through the Caspase-

dependent apoptosis pathway has also been similarly reported in previous study by 

(Pilco-Ferreto & Calaf, 2016). In the previous study, bergamottin which is a 

compound identified in C. hystrix, induced apoptosis in human pancreas cancer cells 

PANC-1 by inhibiting Akt/mTOR signaling pathway leading to the inhibition on cells 

survival, proliferation and migration (S. Sun et al., 2018).  

In summary, the results demonstrated that crude C. hystrix hexane extract and 

its compounds citronellal and citronellol induced apoptosis in triple negative breast 

cancer MDA-MB-231 cell line through the inhibition of anti-apoptotic protein Bcl-2, 

which led to the activation of pro-apoptotic Bax protein, and may induced the 

downstream caspase dependent apoptosis pathway by activating Caspase-3 protein. 

The encountered of cells to crude hexane, citronellol, and citronellal downregulated 

cells active state, which decreased down their proliferation rate, ability to migrate and 

survive under rough environment. However, more mechanism should be performed to 

better understand the mechanism behind the cell cycle arrest, reduce of cell migration. 
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Moreover, animal models should be launched as experiment as the further drug 

development of these molecules. 

 

Figure  37   Inhibition of Bcl-2 protein in MDA-MB-231 cells by C. hystrix, 

citronellal and citronellol leading to the activation of caspase dependent 

apoptotic pathway. 
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APPENDIX  

 

I. CHEMICALS AND REAGENTS 

1. Prepare of DMEM medium    (1 L) 

- DMEM powder to sterile bottle  1 sachet 

- NaHCO3    3.7 g/L 

- D.I water     add up to 1 L 

- Adjust p.H by HCl or NaOH to p.H 7.4 

- Filtered the medium to sterilized and store at 4oC 

2. Prepare of complete DMEM medium   (1 L) 

- FBS     100 ml  (final concentration 10%) 

- Anti-Anti    10 ml  (final concentration 1%) 

- Sterile DMEM medium  890 ml 

- Store at 4oC 

3. Preparation of Freezing medium   (10 ml) 

- FBS     2 ml  (final concentration 20%) 

- DMSO     500 µl  (final concentration 5%) 

- Glycerol    500 µl   (final concentration 5%) 

- DMEM    7 ml 

4. Prepare of complete RPMI medium   (1 L) 

- FBS     100 ml  (final concentration 10%) 

- Anti-Anti    10 ml  (final concentration 1%) 

- Sterile RPMI medium   890 ml 

- Store at 4oC 
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5. Preparation of 46% Percoll    (50 ml) 

- Percoll     23.13 ml 

- Complete RPMI   27 ml 

- 10X PBS    1.87 ml 

- freshly prepare for working  

6. Preparation of phosphate buffer saline (10X)  (1L) 

- NaCl     80 g 

- KH2PO4    2.4 g 

- KCl     2 g 

- Na2PO4 . 2H2O   14.4 g 

- Dissolve with D.I water and add up to complete 1 L 

- Dilute with ration 1:9 with D.I water and adjust to p.H 7.4 for working 

concentration (1X) 

- Autoclave to sterilize the solution 

- Store at 4 oC 

7. Preparation of 0.5 M EDTA     (100 ml) 

- EDTA     18.61 g 

- Add D.I water around    80 ml   

- Adjust p.H by NaOH until 8.0 to help dissolve EDTA 

- Add D.I up to complete volume 1 L 

- Filter the solution and store at room temperature  

8. Preparation of 0.25% Trypsin-EDTA (5X)  (100 ml) 

- 10X PBS    10 ml 
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- 0.5 M EDTA    0.1 ml 

- D-glucose    0.1 g 

- Penicillin/Streptomycin  0.5 ml 

- 2.5% Trypsin    10 ml 

- 0.5% Phenol red   0.3 ml 

- Adjust p.H with NaOH to 7.35 

- Add up D.I to 100 ml 

- Filter the solution 

- Store at -20oC 

- Dilute at ratio 1:5 with 1X PBS for working concentration and store at -20oC 

9. Fetal bovine serum inactivation 

- Warm D.I water to 56oC then place FBS bottle for 45 mins 

- Store in 4oC prior to use 

10. Preparation of 10% neutral buffered formalin   (100 ml)  

- 37% formalin      10 ml  

- NaH2PO4       400 mg  

- Na2H PO4       650 mg  

-  D.I         add up to 100 ml 

11. Preparation of 0.5% crystal violet      (for 100 ml)  

- Crystal violet powder    0.5 g  

- Methanol       20 ml 

- D.I     up to 100 ml 
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12. Preparation of master mix for PCR 

- 5x RT buffer    400 µl 

- dNTP mix    100 µl 

- Oligo DT    100 µl 

- Random hexamer   100 µl 

- Store at -20oC 

13. Preparation cDNA for PCR     (10 µl) 

- mRNA     6 µl 

- master mix    4 µl 

- Store at -20oC 

14. Preparation of Bradford protein staining reagent  (1 L) 

- Coomassie brilliant blue G-250 50 mg 

- 100% methanol   50 ml 

- H3PO4    100 ml 

- D.I      add up to 1 L 

- Filtered with Whiteman filter paper 

- Store at 4oC 

15. Preparation of TBS 10X,  p.H 7.6   (1 L) 

- Tris-HCl    24 g 

- Tris-base    5.6 g 
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- NaCl     88 g 

- D.I     add up to 1 L 

- Store at 4oC 

16. Preparation of 1X TBST     (1 L) 

- 10X TBS    100 ml 

- Tween-20    1 ml 

- D.I      add up to 1L 

- Store at 4oC 

17. Preparation of blocking buffer    (100 ml) 

- Skim milk powder   5 g 

- 1X TBST    add up to 1L 

- Store at 4oC 

18. Preparation of antibody diluting buffer    (100 ml) 

- BSA powder    1 g 

- 1X TBST    add up to 1L 

- Store at at 4oC 

19. Preparation of loading buffer 2X Laemmli  (10 ml) 

- Tris-HCl 0.5 M   2.5 ml (final concentration 0.125 M)  

- 10% SDS    4 ml (final concentration 4%) 

- Glycerol    2 ml (final concentration 20%) 
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- Bromophenol blue   2 mg (final concentration 0.04%) 

- 2-mercaptoethanol   500 µl (final concentration 10%)  

- Store at at -20oC 

20. Preparation of Running buffer 5X   (1 L) 

- Tris-base     15.1 g (final concentration 0.125 M)  

- SDS     5 g (final concentration 0.5%) 

- Glycerol    72 g (final concentration 0.96 M) 

- D.I     add up to 1 L (do not adjust p.H) 

- Store at room temperature 

21. Preparation of transfer buffer    (1 L) 

- Tris-base     2.9 g (final concentration 25 mM)  

- SDS     1 g (final concentration 0.5%) 

- Glycerol    14.4 g (final concentration 0.96 M) 

- Methanol    200 ml (final concentration 20%) 

- D.I     add up to 1 L 

- Freshly prepare for usage only 

22. Preparation gel for electrophoresis 

• Resolving gel      (15 ml) 

- D.I     1.8 ml 

- 30% acrylamide   6 ml 
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- 1.5 Tris-HCl, p.H 8.8   3.9 ml 

- Resolver A    1.5 ml 

- Resolver B    1.5 ml 

- 10% SDS    150 µl 

- 10% APS    150 µl 

- TEMED    15 µl 

• Stacking gel      (5 ml) 

- D.I     1.43 ml 

- 30% acrylamide   670 µl 

- 1.5 Tris-HCl, p.H 8.8   1.3 ml 

- Resolver A    750 µl 

-  

- Resolver B    750 µl 

- 10% SDS    50 µl 

- 10% APS    50 µl 

- TEMED    5 µl 
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II. STASTISTICAL ANALYSIS RESULTS 

23. Statistical analysis of cell proliferation rate assay 

Table  13  Statistical comparation on proliferation rate of MDA-MB-231 cells 

Tukey's test 
P value 

0 h 24 h 48 h  

Control vs. Hexane 50 µg/ml > 0.9999 < 0.0001 < 0.0001  

Control vs. Hexane 100 µg/ml > 0.9999 < 0.0001 < 0.0001  

Control vs. Hexane 150 µg/ml > 0.9999 < 0.0001 < 0.0001  

Control vs. Citronellol 0.5 nM > 0.9999 < 0.0001 < 0.0001  

Control vs. Citronellol 1 nM > 0.9999 < 0.0001 < 0.0001  

Control vs. Citronellal 0.5 nM > 0.9999 < 0.0001 < 0.0001  

Control vs. Citronellal 1 nM > 0.9999 < 0.0001 < 0.0001  

Control vs. Doxorubicine 0.5 µM > 0.9999 < 0.0001 < 0.0001  

Statistical different between control group and treatments group of cell 

proliferation rate using Two-way ANOVA with post-hoc of Turkey’s test, P value < 

0.05 consider significant (n=3). 

 

24. Statistical analysis of wound healing migration assay 

Table  14  Statistical comparation on wound migration assay 

Tukey's test 
P value 

0 h 6 h 12 h 24 h 

Control vs. Hexane 50 µg/ml > 0.9999 0.0042 0.0003 < 0.0001 

Control vs. Hexane 100 µg/ml > 0.9999 < 0.0001 < 0.0001 < 0.0001 

Control vs. Hexane 150 µg/ml > 0.9999 0.0007 < 0.0001 < 0.0001 

Control vs. Citronellol 0.5 nM > 0.9999 0.0060 0.0003 < 0.0001 

Control vs. Citronellol 1 nM > 0.9999 < 0.0001 < 0.0001 < 0.0001 

Control vs. Citronellal 0.5 nM > 0.9999 < 0.0001 < 0.0001 < 0.0001 

Control vs. Citronellal 1 nM > 0.9999 < 0.0001 < 0.0001 < 0.0001 

Control vs. Doxorubicine 0.5 µM > 0.9999 < 0.0001 < 0.0001 < 0.0001 



 133 

Statistical different between control group and treatments group of wound closer areas 

using Two-way ANOVA with post-hoc of Turkey’s test, P value < 0.05 consider 

significant (n=3). 

25. Statistical analysis of clonogenic assay 

Table  15  Statistical comparation on colony formation assay 

Dunnett's test P value 

Control vs. Hexane 50 µg/ml < 0.0001 

Control vs. Hexane 100 µg/ml < 0.0001 

Control vs. Hexane 150 µg/ml < 0.0001 

Control vs. Citronellol 0.5 nM 0.0007 

Control vs. Citronellol 1 nM < 0.0001 

Control vs. Citronellal 0.5 nM < 0.0001 

Control vs. Citronellal 1 nM < 0.0001 

Control vs. Doxorubicine 0.5 µM < 0.0001 

Statistical different between control group and treatments group of wound 

closer areas using One-way ANOVA with Dunnett's multiple comparisons test, P 

value < 0.05 consider significant (n=3). 

 

26. Statistical analysis of apoptotic cell analysis 

Table  15  Statistical comparation on apoptotic cells analysis 

Dunnett's test P value 

Control vs. Hexane 200 µg/ml < 0.005 

Control vs. Citronellol 1 nM < 0.0027 

Control vs. Citronellal 1 nM < 0.0108 

Control vs. Doxorubicine 0.5 µM < 0.0003 

Statistical different between control group and treatments group of wound 

closer areas using One-way ANOVA with Dunnett's multiple comparisons test, P 

value < 0.05 consider significant (n=3). 
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III. OTHERS 

27. Cell viability of 2.5% DMSO compared to culture medium 

 

Figure  38 Cell viability of 2.5% DMSO compared to culture medium 

 

28. Free MRI_Wound_Healing_Tool.ijm plugin  

at http://dev.mri.cnrs.fr/attachments/download/1819/MRI_Wound_Healing_Tool.ijm 

 

29. Calculation of cell proliferation rate 

Cell proliferation rate was calculated based on MTT assay between each 24 

hours. The proliferation rated was measured as fold following the formula 

below. 

 

 ti   cells growth at individual days (24 hours) 

t0    cells at seeding density (0 hour) 

 

 

http://dev.mri.cnrs.fr/attachments/download/1819/MRI_Wound_Healing_Tool.ijm
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30. Calculation of IC10 and IC5 from MTT assay using dose-response curve 

The IC10 and IC5 value were calculated using formula from GraphPad Prism. 

 

IC50 inhibition concentration 50%  

X percentage inhibition  

H Hillslope generated by nonlin-fit in GraphPad Prism program. 
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31. Approval for research conduction 
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