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Abstract. Cancer has been considered as problematic medical issues both in developed and 

developing countries. Pycnarrhena cauliflora or Sengkubak (Pycnarrhena cauliflora) has a 

potential value as alternatives for anticancer medication. This study aims to evaluate the 

cytotoxic activities of Sengkubak (Pycnarrhena cauliflora), and investigate the induction for 

apoptosis mechanisms from the extracts n-hexane, dichloromethane, and methanol from 

roots, branches the leaves to HeLa cancer cells. The cytotoxic activities were analyzed by 
performing MTT methods, while induction analysis of apoptosis was conducted by utilizing 

the Acridine Orange/Ethidium Bromide (AO/EB) as visual nuclear methodologies. The 

extracts of roots dichloromethane showed the highest cytotoxic activities accounted for 

IC50 70µg/mL and these extracts were able to induce the apoptosis mechanisms. This study 

concludes that the Sengkubak (Pycnarrhena cauliflora) has the ability as a potential 

alternative for anticancer medications. 
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1 Introduction 

Cancer has been major health issue both in developed and developing nations. Despite of its big 

number of cases and mortality with high chemo resistance and poor prognosis, cancer has been 

considered as new economics issue among society. The American Cancer Society has estimated 

that 1,529,000 cases which led to 569,490 death cases occurred in 2010 (Jemal, 2010). The 

number of new cases has been reported accounted for 50,210 patients (Jemal, 2009). These 
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 numbers are projected to spent from 115.8 billion dollars in 2000 to 147.6 billion dollars of 

productivity costs in 2020 (Bradley, 2008). According to the IARC (2010), cervical cancer was 

the third highest rates of women cases in the world with 529 thousands of new cases in 2008. 

The main method in cancer treatment in particular for cancer which has been in metastasis state 

is chemotherapy. Several factors have been considered as the obstacles in treating cancers with 

this method including high toxicity and resistance, and the low selectivity (Mesquite et al., 

2009). Therefore, effective and efficient methods must be obtained in order to develop new 

anticancer medications. And one of the most promising methods is to develop new potential 

source which can be utilized as anticancer (Kim and Park, 2002). 

Sengkubak which has Latin name of Pycnarrhena caulifora within the Menispermaceae family 

is one of the liana plants found commonly in the West Borneo. The leaves have been widely 

used as seasonings and flavorings for Dayak and Malay societies (Utin Trisna Afrianti, 2009). 

Another similar genus, such as P. ozanta has been reported to be containing 

bisbenzylisoquinoline which has antitumor activities (Loder, 1972; Abauchacraet et al., 1987). 

On the other hand, the ethanol extracts of Sengkubak (Pycnarrhena cauliflora) leaves have 

showed the antioxidant effects to IC50 0.634 mg/mL (Masriani, 2011). Provided that the 

chemotaxonomy approach has the ability to prevent carcinogenesis mechanisms, Sengkubak 

(Pycnarrhena cauliflora) could have been considered as new potential alternatives for anticancer 

medications. 

One of the challenges that have been encountered in cancer treatment is the ability of cancer 

cells in evading the apoptosis mechanisms. Several studies have reported that some cancer 

medications from plants provided cytotoxic effects to cancer cells through apoptosis induction 

(Kaufmann and Eainshaw, 2000). This research is conducted to investigate the cytotoxic effects 

and the induction of apoptosis mechanisms from roots, branches, and leaves of Sengkubak 

(Pycnarrhena cauliflora) to HeLa cervical cancer cells. Other related studies have never been 

reported to do, so that the results of this study are expected to be a reference in discovering and 

developing new anticancer substances from Sengkubak (Pycnarrhena cauliflora). 

2 Materials and Methods  

2.1 Materials  

In this research, maceration glasses tools, rotary evaporator (Heidolph, Germany), treated tissue 

culture dish with 10 cm of diameter, 96 well-plate, 24 well-plate, cover slip (ThermanoxR 

Plastic Coverslips), centrifuge tubes, object glasses, CO2 incubator, centrifugation (SorvallR 

Legend RT), laminar air flow cabinet, micropipettes, autoclave, hemocytometer, inverted 

microscope (Axiovert 25), ELISA reader (Biorad), fluorescence microscope (Zeiss MC 80), 

digital camera (Nikon Coolpix L4, 4.0 megapixels), and optical microscope (Nikon YS100) 

were used. 
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The materials were supplied from Gibco consisted by n-hexane, dichloromethane, methanol, 

10% (v/v) of Fetal Bovine Serum (FBS), 1% (v/v) of penicillin-streptomycin, 0.05% (v/v) of 

trypsin dissolved on Phosphate Buffered Saline (PBS), MTT (3-4,5-dimetiltiazol-2-il)-,5-

difeniltetrazoliumbromida, stopper of Sodium dodecyl sulfate (SDS), alcohol 70%, while the 

amounts of Acridine Orange/Ethidium Bromide (AO/EB) were purchased from Sigma-Aldrich. 

2.2 The extractions of substances from Sengkubak (Pycnarrhena cauliflora) 

The numbers of roots, brunches, and leaves from Pycnarrhena cauliflora (Menispermaceae) 

were obtained from Bukit Dedai, Sintang, and West Borneo in June 2011, and the identification 

of the plants was conducted at Herbarium Bogoriense. As many as 500 g of roots, 600 g of 

branches, and 600 g of leaves were immersed differently with following solutions, which are n-

hexane, dichloromethane, and methanol. The immersion of every samples produced different 

percentage of samples which is displayed by table 1. After being extracted, each samples were 

tested the cytotoxic effects to the HeLa cervical cancer cells by utilizing the MTT as the 

methods, while the control samples of toxicity was doxorubicin. 

2.3 The test of cytotoxic effects by MTT methods 

The tests of cytotoxic effects of each extracts of n-hexane, dichloromethane, and methanol from 

roots, branches and leaves were conducted by MTT method for three times of testing. The HeLa 

cervical cancer cells were supplied by the laboratory of parasitology of medical faculty of 

University of Gadjah Mada. As many as 100µL cells were prepared with 5 different 

concentration of solutions, while the doxorubicin and DMS were used as positive and negative 

control samples respectively. The tests process were begun by incubating the cells for 24 hours 

after being washed with PBS for two times. Afterward, the amounts of cervical cells were added 

with 100µL MTT with ratio 5 mg/ mL stock, and these samples were incubated for 4 hours 

within 37oC in 5% of carbon dioxide condition. The amounts of living cells produced reactions 

to form purple color of formazan. The reactions were stopped by adding 100µL of 10% sodium 

dodecyl sulfate (SDS) in 0.1N hydrochloric acid conditions which was incubated for 12 hours 

within room temperature. After being incubated, the samples were measured by Benchmark 

microplate reader at 595 nm of wavenumber to investigate the absorbance properties. To 

determine the amounts of cells, mathematical calculations were conducted by the Equations 1. 

Finally, the cytotoxicity of samples extracts were determined by analyzing the linear regression 

of IC50 based on logarithmic concentrations compared to the percentage of inhibitory zones of 

the extracts to HeLa cervical cancer cells. 

2.4 The apoptosis test 

To measure the apoptosis mechanisms, the samples were placed onto isolation plate by 

coverslips. Every plate was added by 200µL of cell suspensions with 5 x 104 concentrations for 

30 minutes which was incubated for 24 hours with 300µL of media agar in carbon dioxide 

conditions. After 24 hours, all of the media were removed, so that the coverslips were able to be 
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moved by using the tweezers to object glasses. As many as 10µL of Acridine Orange/Ethidium 

Bromide (AO/EB) were prepared to be dropped gradually, and the samples were allowed to 

stand for certain times. Afterward, the samples were observed by using fluorescence microscope 

to investigate the living and death cells indicated by the green and orange colors respectively. 

3 Results and Discussion 

This study examines the cytotoxic activities of the extracts of Sengkubak (Pycnarrhena 

cauliflora) and doxorubicin by performing the (3-4, 5-dimetiltiazol-2-il)-, 5-

difeniltetrazoliumbromida (MTT) to HeLa cervical cancer cells. In this method, the cytotoxic 

activities were observed by the color changing of formazan from yellow to purple due to the 

reduction caused by the succinate dehydrogenase enzyme within living mitochondrial cells. This 

reduction was occurred as long as the numbers of both mitochondrial reductase enzymes that 

have been activated, and living cells are directly proportional (Lee, 2004).  The percentage of 

living cells is calculated according to the following Equations 1. 

% 𝑙𝑖𝑣𝑖𝑛𝑔 𝑐𝑒𝑙𝑙𝑠 =
𝑐𝑒𝑙𝑙𝑠 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑡𝑜 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑡𝑒𝑠𝑡𝑠 𝑚𝑒𝑑𝑖𝑎

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑡𝑜 𝑐𝑒𝑙𝑙𝑠 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑚𝑒𝑑𝑖𝑎
𝑥 100% 

 

The tests results showed that the percentage of living cells which is indicated by the purple color 

was influenced by the concentration levels of the extracts. The following Table 1 and Figure 1 

illustrates the results of the tests for every samples used 

 

 

 

 

 

 

Figure 1. The effects of the extracts samples in the formation of formazan to HeLa cervical 

cancer cells with different concentrations of the roots extracts (A) control, (B) the extracts of 

dichloromethane of roots 32.5 µg/mL, and (C) the extracts of dichloromethane of the roots for 

500 µg/mL 
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Table 1. The results test of IC50 for the extracts of samples based on the plants parts 

Plant parts Extracts IC50 (μg/mL) 

Roots 

n-hexane 

dichloromethane 

methanol 

141,7 

70,0 

99,1 

Branches 

n-hexane 

dichloromethane 

methanol 

130,8 

90,7 

393,4 

Leaves 

n-hexane 

dichloromethane 

methanol 

>500 

>500 

368,8 

The values of IC50 from extracts samples from different parts of the plants showed that the 

highest activities of cytotoxic were in doxorubicin as the control variable for 1.08µg/mL. The 

extracts of n-hexane and dichloromethane were the lowest value accounted for less than >500 

µg/mL, suggesting the lowest level of cytotoxic effects. Compared to the others extracts, the 

dichloromethane extracts from the roots plants provided the highest value of IC50 accounted for 

70.0µg/mL. Based on the value of IC50, only the methanol extracts of roots, dichloromethane 

extracts of the roots, and dichloromethane extracts of the branches have the IC50 values under 

100µg/mL. Nevertheless, it these values are compared to the cytotoxic effects of doxorubicin, 

the values were far beyond the control variables. These differences were occurred due to the 

rough extracts of the samples, while the doxorubicin control variable used was fine substances. 

In rough extractions, substances have many impurities which could have provided antagonist 

properties due to the presence of active constituents. Subsequently, the cytotoxic effects of this 

extracts provide are lower activities than those doxorubicin have, so that the process of 

purifying the extracts has important role in preventing the growth cancer cells. The cytotoxic 

levels of Sengkubak (Pycnarrhena cauliflora) is sequenced as 

HA>MA>DB>HB>HA>MD>MB=HD, which is based on the Figure 2 of logarithmic graphs 

below. 
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Figure 2. The effects of extracts Sengkubak (Pycnarrhena cauliflora) to the growth of HeLa 

cervical cancer cells based on the parts of the plant (A) n-hexane of roots (HA), branches (HB), 
and leaves (HD); (B) dichloromethane of roots (DA), branches (DB), and leaves (DD);  (C) 

methanol of roots (MA), branches (MB), and leaves (MD); (D) Doxorubicin 

 

The cytotoxic tests results showed that the extracts of Sengkubak (Pycnarrhena cauliflora) had 

different de-accelerating effects to the growth of HeLa cervical cancer cells based on the Figure 

2. These differences occurred due to the cytotoxic substances contained within the extracts, 

while another assumption was based on different of degrees or grades although the presence of 

cytotoxic among every sample could be found (Lieberman et. al., 2001). Chatelain et al., (2008) 

also have reported that the substances ability in preventing the growth of cancer cells is one of 

the effects. Figure 2 previously demonstrates that the increasing of inhibitory effects of 

Sengkubak (Pycnarrhena cauliflora) extracts to HeLa cervical cancer cells are influenced by the 

increasing concentrations, which indicates the presence of high levels of toxin within the 

extracts (Lieberman et. al., 2001). Moreover, these results suggest that the inhibitory effects of 

extracts Sengkubak (Pycnarrhena cauliflora) have the potential abilities as in vivo anticancer 

medications (Trimurtulu et. al., 1994). 

The apoptosis mechanisms or biological programmable death of cells are the biological 

physiological mechanism in removing the unwanted cells (Hu and Kavanagh, 2003). This 

process is begun by inducing the cells which is important for anticancer medications (Frankfurt 

and Krishan, 2003). In order to investigate the effect of cytotoxic of the Sengkubak 

(Pycnarrhena cauliflora) extracts to the apoptosis induction, an observation based on the colors 

indicator of the (3-4, 5-dimetiltiazol-2-il)-, 5-difeniltetrazoliumbromida (MTT) was conducted. 

The following Figure 3 represents the observation of induction to the HeLa cervical cancer 

cells. 
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Figure 3. Photographic images of the effects of Sengkubak (Pycnarrhena cauliflora) extracts to 

the apoptosis induction mechanisms to the HeLa cervical cancer cells (A) control sample, (B) 

methanol extracts of roots, (C) dichloromethane extracts of branches, and (D) dichloromethane 

extracts of roots. 

The Figure 3 illustrates the apoptosis mechanisms for different samples compared to the control 

samples. According to the images, the green colors indicated the living cells, while the orange 

colors suggested that the apoptosis mechanisms occurred in the final stages. The orange colors 

of every images indicated that the HeLa cervical cancer cells have experience the DNA 

fragmentation stages. The addition of edithium bromide caused the intercalation process 

between the edithium bromide and the DNA which had experienced the DNA fragmentation 

(Spector, 1998). These results showed that the cytotoxic effects of the extracts of Sengkubak 

(Pycnarrhena cauliflora) were occurred compared to the control variable. 

Although in this study, the identification of constituents which have induced the apoptosis 

mechanisms as well as the cytotoxic effects was not conducted, the phytochemical analysis 

suggested that the chemical substances, which have played role in the mechanisms, are 

alkaloids, steroids, and terpenoids. The following Table 2 displayed the phytochemical analysis 

of the extracts samples based on the parts of the plants. 

Table 2. Preliminary phytochemical analysis of the extracts samples of Sengkubak 

(Pycnarrhena cauliflora) 

Plant 

parts 
Extracts 

Phytochemical Constituents 

steroids terpenoids alkaloids flavonoids saponins 

Roots 

n-hexane 

dichloromethane 

methanol 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

+ 

- 

- 

- 

- 

- 

+ 
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Branches 

n-hexane 

dichloromethane 

methanol 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

- 

- 

- 

Leaves 

n-hexane 

dichloromethane 

methanol 

+ 

+ 

- 

+ 

+ 

- 

+ 

+ 

- 

- 

+ 

+ 

- 

- 

+ 

According to Ritcher et al., (2003), the apoptosis mechanisms within the cells induced by 

terpenoids are occurred because of the presence of inhibiting of topoisomerase enzymes. On the 

other hand, it has been reported that steroids substances induce the cells to perform apoptosis 

mechanisms throughout the Bax activation (Choi et al., 2003). The anticancer activities of 

alkaloid compounds could have been occurred by the abilities of these compounds in inhibiting 

the cycle cells throughout the induction of p53 and p21cipl, which have been reported by Meng et 

al., (2004). 

4 Conclusions 

The extracts of dichloromethane of roots and branches, as well as the roots-methanol extracts 

have the cytotoxic activities to the HeLa cervical cancer cells. Based on the IC50 test results, the 

values are respectively 70.0; 90.74; 99.11µg/mL, and these extracts have the abilities to induce 

the apoptosis mechanisms. The phytochemical analysis suggests that the constituents such as 

steroids, terpenoids, and alkaloids are contained in Sengkubak (Pycnarrhena cauliflora) parts of 

roots, branches, and leaves, while the flavonoids are only found in the roots, and leaves. 

Interestingly, saponins constituents are obtained only from roots, and leaves of the plants. These 

findings conclude that the Sengkubak (Pycnarrhena cauliflora) plants are one of the plants that 

could be utilized as the anticancer medications due to the presence of anticancer activities. 
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