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Abstract 

 

Cancer is the second leading cause of mortality worldwide. Anticancer studies are centered on natural 

products as these have been found to exhibit properties that activate cell signaling pathways and cell aging 

and senescence. As such, there is a need for continuing research to explore these natural products 

especially those that do not only exhibit cytotoxicity but also specificity against cancer cells. This study 

evaluated the cytotoxic activity of the crude extracts of three Philippine indigenous plants,  Wrightia 

pubescens (Blanco) Merr. Aphanamixis polystachya (Wall.) Parker, and Platymitra arborea (Blanco) 

against selected human cancer cell lines using  3-(4,5- dimethylthiazol-2-yl)-2-5-diphenyl-2H-tetrazolium 

bromide (MTT) assay. Extracts were partitioned using hexane and ethyl acetate to determine their active 

fractions based on their polarity. These active fractions were then tested for their cytotoxicity against 

human colorectal cancer cell line (HCT116), human adenocarcinoma cell line (A549) and non-cancer 

Chinese hamster ovary cell line (AA8).  Cytotoxic activities of the extracts were found in the ethyl acetate 

fractions of W. pubescens and P. arborea and hexane fraction of A. polystachya. All active fractions were 

highly cytotoxic to HCT116 and A549, with A. polystachya exhibiting the highest selectivity against cancer 

over the non-cancer cells. Results of this study imply that these extracts, especially that of A. polystachya, 

have a potential use in anti-cancer research due to their selectivity against cancer cell lines.  
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Introduction 

Cancer is the second leading cause of death globally, 

after heart disease (World Health Organization, 

2017). In 2014, it has overtaken heart disease as the 

leading cause of death in persons younger than 85 

years worldwide (World Health Organization, 2017). 

Mortality associated with cancer was recorded at 8.8 

million in 2015, 70 percent of which occurring in low 

to middle income countries (World Health 

Organization, 2017). Mortality in the United States 

alone was expected to be 1,650 per day for the year 

2017 (Siegel et al., 2017). 

 

Cancer develops once normal cells fail to 

communicate with one another due to an alteration in 

their genetic make-up (Kasper et al., 2015). These 

alterations are due to mutations in the DNA upon 

exposure to certain carcinogens or due to random 

replication errors and faulty DNA repair processes. At 

present, treatment of different cancers is done in a 

case-to-case basis utilizing combinations of surgery, 

radiotherapy, chemotherapy, and targeted therapy 

(Kasper et al., 2015). 

 

Natural products, such as plant extracts, have been 

found to activate cell signaling pathways and cell 

aging and senescence and thus are used in anticancer 

studies for decades. In a review in 2006, 47% of the 

155 approved anticancer drugs used in chemotherapy 

originated from plant-based compounds or their 

analogues (Pan et al., 2012). Examples of which are 

taxol, docetaxel, podophyllotoxin, vincristine, 

vinblastine, among others (Cragg and Newman, 

2005). Despite its limited selectivity against cancer 

cells, chemotherapy is still widely used due to its cost-

effectiveness (Brown et al., 2013); hence, there is a 

need for continuing research on natural products for 

drug development.  

 

Wrightia pubescens (Blanco) Merr. is an endemic 

plant in the Philippines and known locally as lanete. 

The genus Wrightia has three species endemic to the 

country namely W. hanleyi, W. palawensis and W. 

candollei, a synonym of W. pubescens subsp. 

Candollei (Middleton, 2005). 

Several chemical constituents have been isolated from 

the leaves and twigs of W. pubescens namely 

oleanolic acid, squalene, B-sitosterol, a-amyrin 

acetate (Ragasa et al., 2014a) and isoflavone (Ragasa 

et al., 2015). In vitro and in vivo studies on its 

anticancer properties however are yet to be published. 

Other species belonging to the same genus were 

found to exhibit cytotoxic activities against cancer 

cells and also possess antimicrobial activity. The most 

studied species is W. tinctoria, which was found to 

exhibit cytoprotective properties against HIV-1 in 

lymphocytes (Selvam et al. 2009) Ethanolic and 

methanolic leaf extracts of the same species were also 

found to be potent antimicrobials against B. subtilis, 

S. epidermidis (Kannan et al., 2006), P. aeruginosa, 

S. aureus, K. pneumonia, B. pumilus and C. albicans 

(Jain and Bari, 2009). W. tomentosa on the other 

hand, was found to display cytotoxic activity against 

the murine P388 lymphocytic leukemia cell line (Lin 

et al., 1992) and breast cancer cell lines (Chakravarti 

et al., 2012). 

 

Aphanamixis polystachya (Wall.) Parker (Amoora 

rohituka (Roxb) Wight & Arn) is known in the 

Philippines as kangko. It has been traditionally used 

as an astringent, and an oral medication for liver and 

spleen diseases, rheumatism, tumors (Graham et al., 

2000) and cardiac and hepatic disorders 

(Rahmatullah et al., 2010). Studies show that the 

stem and bark of A. polystachya is cytoprotective 

against radiation-induced chromosome damage in 

bone marrow cells of Swiss albino mice (Jagetia and 

Venkatesha, 2006).  Its bark extracts were also found 

to have cytotoxic activity against Ehrlich ascites 

carcinoma in mice (Jagetia and Venkatesha, 2005), 

and the breast cancer cell line MCF-7 (Chan et al., 

2011). In addition, its methanol partition was found 

to demonstrate dose-dependent reduction in hepatic 

malondialdehyde, a marker of lipid oxidation, with 

simultaneous improvement in hepatic glutathione 

and catalase levels in in vivo animal studies 

(Krishnaraju et al., 2009). Jagetia and Venkatesha in 

2016 demonstrated the antineoplastic activity of the 

stem bark extract of A. polystachya against human 

cervical carcinoma (HeLa S3) at an IC50 of 25 ug/ml.  
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The antioxidant and anticancer activity of A. 

polystachya is attributed to certain alkaloids 

(Harmon et al., 1979), limonoids (Mulholland and 

Naidoo, 1999), and terpenoids and sterol (Ragasa et 

al., 2014b) found in its the bark and leaves. 

 

Platymitra arborea (Blanco) Kessler of family 

Annonaceae on the other hand, is known in the 

Philippines as bolon. No cytotoxicity studies have 

been found for this specific genus. Other genera 

under this family however, exhibit anticancer 

potential such as that of Goniothalamus, Uvaria and 

Annona. Several species of Goniothalamus were 

found to exhibit antiproliferative and apoptotic 

properties against A549, GLC4, K562 (Pradupsri et 

al., 2009), MCF-7 and HCT-8 cancer cell lines (Abdul 

et al., 2009), while Uvaria species had documented 

activity against KB, HCT-8, human hepatoma and 

human ovarian cancer cell lines (Abdul et al., 2009). 

Finally, Annona species were found to be cytotoxic 

against human hepatoma and breast cancer cell lines 

(Yu, 1999). 

 

This study aimed to explore the cytotoxic activity of 

extracts from the Philippine indigenous plants 

Wrightia pubescens (Blanco) Merr., Aphanamixis 

polystachya (Wall.) Parker and Platymitra arborea 

(Blanco) Kessler against selected human cancer cell 

lines namely HCT116 or human colorectal carcinoma 

and A549 or human lung adenocarcinoma using 3-

(4,5- dimethylthiazol-2-yl)-2-5-diphenyl-2H-

tetrazolium bromide (MTT) assay. 

 

Materials and methods 

Collection, proper identification and extraction of 

crude extracts 

The indigenous plants W. pubescens, A. polystachya 

and P. arborea were collected from Bacnotan, La 

Union and submitted to the Jose Vera Santos 

Herbarium, Institute of Biology, University of the 

Philippines-Diliman for verification of taxonomic 

details before depositing specimens. Accession 

numbers are as follows: W. pubescens 21190, A. 

polystachya 15382, P. arborea 5055. Leaves of the 

plants were dried, weighed, homogenized and soaked 

for 48 hours in 95% ethanol. 

The suspension was filtered and the filtrate was then 

concentrated using a rotary evaporator. The 

concentrated paste was then collected, air-dried, 

weighed and dissolved in dimethyl sulfoxide (DMSO) 

to a concentration of 4 mg/mL for use in the assays. 

 

Cell maintenance  

All cell lines were purchased from the American Type 

Culture Collection Manassas, Virginia (American 

Type Culture Collection, 1999). HCT116 was grown in 

McCoy’s 5a medium with 10% fetal bovine serum 

(FBS) and 1% Penicillin and Streptomycin (PS). A549 

was grown in Ham’s F12K medium, adjusted to 

contain 1% sodium bicarbonate and 10% FBS. Lastly, 

AA8 cell line or the Chinese hamster ovary cell line 

was grown in Rosswell Park Memorial Institute 

(RPMI) medium with 2% NaHCO3, 10% FBS, 1% PS. 

All cell lines were incubated in 5% CO2, 37oC at 90% 

humidity and passaged during the late-log phase or 

when the cells reach about 90% confluency.  

 

In vitro cytotoxicity assay 

Pretreatment  

Cancer cells were seeded on 96-well titer plates at 4 

x104
 
cells per well and were incubated for 24 hours. 

Two fold serial dilution of test samples were made up 

to concentrations of 1000, 500, 250 and 125 ug/ml in 

a separate 96 well plate. Ten (10) ul from the serially 

diluted samples were added to preincubated cells to 

make final screening concentrations of 50 ug/ml, 25 

ug/ml, 12.5 ug/ml and 6.25 ug/ml with 3 replicate 

wells per concentration. Cells with DMSO were used 

as the negative control while those with Doxorubicin, 

an anthracycline antibiotic, were used as the positive 

control. The plates were then incubated for 72 hours 

at 37oC at 90% humidity in 5% CO2. 

 

MTT [3-(4,5- dimethylthiazol-2-yl)-2-5-diphenyl-2H-

tetrazolium bromide] assay 

The protocol used in this assay was adopted from that 

of Mosmann (Mosmann, 1983). Following incubation 

with the extracts, the medium in each well was 

discarded followed by the addition of 20 uL of the 

MTT reagent (5 mg/ml PBS) to each well. Plates were 

wrapped in aluminum foil and incubated in the same 

standard conditions as stated, for 4 hours. 
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Termination of the assay involved the addition of 

DMSO at 150 uL per well to dissolve the purple 

formazan crystals, which are the products of the 

mitochondrial metabolism of the live cells from the 

yellow MTT. Finally, spectrophotometric reading was 

done at 570 nm. Treatment of cells per cell line was 

done in at least three trials with three replicate wells 

per concentration in each trial to ensure validity of 

data before data analysis. The IC50 or the minimum 

concentration of extracts at which 50% of the cell 

population are already killed was then generated 

through linear interpolation using the software 

“Linear Interpolation Method for Sublethal Toxicity: 

The Inhibition Approach (Version 2.0).  

 

Test for selectivity of the plant extracts  

To determine if the plant extracts are selective against 

cancer cells over non-cancer cells, the MTT assay was 

also employed on the non-cancer cell line, AA8 

derived from Chinese hamster ovary. Only the active 

fraction of each plant, which came from either the 

ethyl acetate partition or the hexane partition, was 

tested. The same protocol and data analysis were 

employed. Selectivity Index (SI) of the test sample per 

cell line was computed by dividing the IC50 of the 

non-cancer cell line by the IC50 of the cancer cell line 

used (Suffness and Pezzuto, 1990; Oliveira et al., 

2015). The selectivity index is then compared to the 

selectivity indices of the standard anticancer drug 

(Lopez-Lazaro, 2015), which is in this case 

doxorubicin. In previous studies, a selectivity index of 

>3 of plant extracts were considered as high 

selectivity (Machana et al., 2004; Prayong et al., 

2008). 

 

Fractionation  

All plant extracts with cytotoxicity against any of the 

cancer cell lines were subjected to fractionation to 

determine polarity of their active fractions. Crude 

extracts were partitioned exhaustively with hexane 

and ethyl acetate into two separate set- ups using a 

1000 ml separatory funnel. Both hexane and ethyl 

acetate fractions were concentrated, dried and 

assayed for cytotoxicity using MTT. 

 

Data analysis 

A. MTT assay 

Results were expressed as mean  SD of three 

independent experiments. IC50 values, the minimum 

concentration of the plant extracts at which 50% of 

the cell population are killed, were calculated from 

recorded absorbances. The software used was the 

“Linear Interpolation Method for Sublethal Toxicity: 

The Inhibition Concentration (ICp) approach 

(Version 2.0)”.  

 

Test for normality of data sets was done using the 

Kolmogorov-Smirnov and Shapiro-Wilk test. One-

way ANOVA was also used to compare data sets 

among groups followed by Tukey’s Honestly 

Significant Difference (HSD) Test to determine which 

particular pair of extracts differs significantly from 

one another. Confidence level for both statistical tests 

was set at 95%. Cytotoxicity is set at ≤ 30ug/ml for 

extracts (Jokhadze et al., 2007). 

 

Results  

MTT Assay 

HCT116  

Crude extracts from the leaves of the plants W. 

pubescens, A. polystachya and P. arborea showed 

cytotoxic effects on the HCT116 cells with average 

IC50 values of 27.95  2.93 ug/ml, 24.93  ug/ml  

3.04 and 23.82 ug/ml   2.25 respectively (Fig. 1).  

 

Doxorubicin, the positive control, had an average 

IC50 of 2.05 ug/ml  0.06. Higher activity was 

observed in the hexane fraction of A. polystachya 

having an average IC50 of 19.32  3.76 ug/ml. W. 

pubescens and P. arborea, on the other hand, 

exhibited cytotoxicity in their ethyl acetate fractions 

with average IC50s at 23.30  5.85 ug/ml and 19.23 

ug/ml  3.20 respectively.  

 

A549  

As seen in Fig. 2, all the crude extracts exhibited 

cytotoxicity against A549 cells. W. pubescens had an 

average IC50 of 22.34 ± 4.01 ug/ml while A. 

polystachya and P. arborea had 27.18 ± 0.33 ug/ml 

and 26.78 ± 2.87 ug/ml respectively.  
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Doxorubicin, on the other hand, had an average IC50 

of 2.26 ± 0.62 ug/ml. Due to limited availability of 

cells for culture, only the fractions, which exhibited 

cytotoxicity against HCT 116 were tested. 

The ethyl acetate fractions of W. pubescens and P. 

arborea were found to be more active against this cell 

line based on their average IC50s recorded at 14.16 ±  

3.69 ug/ml and 17.25 ±  0.76 ug/ml respectively.  
 

 

Fig. 1. Cytotoxic activity of the crude extracts and fractions from each plant extract based on average IC50 against 

human colorectal carcinoma, HCT116. Reported values for each treatment are means (±SD) of three independent 

trials. Bars represent standard deviations. Active fractions   were found in the ethyl acetate partitions of W. 

pubescens and P. arborea and the hexane fraction of A. polystachya. Doxorubicin was used in the positive 

control set ups. 

The hexane fraction of A. polystachya, on the other 

hand, was found to have an average IC50 of 15.04 ± 

1.43 ug/ml (Fig.2).  

 

Test for selectivity of active fractions against AA8  

The selectivity of the active fractions against cancer 

cells over non-cancer cells was tested using non-

cancer cell line, Chinese hamster ovarian cells, AA8. A 

high selectivity against cancer cells (Selectivity index 

of >3) may indicate that toxicity is limited to cancer 

cells with minimal or no effect on normal cell lines. 

The ethyl acetate fraction of P. arborea was found to 

be cytotoxic to normal cells with an average IC50 of 

5.39 ± 0.03 ug/ml, a significantly low IC50 almost 

comparable to the positive control doxorubicin with 

an IC50 of 2.49 ± 0.52 ug /ml. Ethyl acetate partition 

of W. pubescens on the other hand is cytotoxic only at 

an IC50 of 32.30± 1.08 ug/ml (Fig.3). Selectivity 

indices (SI) for P. arborea and W. pubescens against 

HCT116 were found to be 0.28 and 1.39 respectively, 

while that against A549 was 0.31 and 2.28 

respectively. Notably, the hexane fraction of A. 

polystachya did not display cytotoxicity against this 

cell line. The absorbances obtained using this extract 

were higher than the negative control, DMSO, 

resulting to no linear interpolation of its IC50 . At an 

arbitrary value of 50 ug/ml however, the selectivity 

index is computed at 2.59 for HCT116 and 3.32 for 

A549. Fig. 4 shows the selectivity indices of the active 

fractions of the plant extracts.  

 

Discussion  

Cytotoxicity of crude extracts against A549 and 

HCT116 

IC50 values of the crude extracts of W. pubescens, A. 

polystachya and P. arborea showed a normal 

distribution. Statistical analysis showed a significant 

difference from that of doxorubicin when tested 

against HCT116 (p=0.000) and A549 (p=0.000). This 

means that although these plant extracts exhibited 
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cytoxocity against these cancer cell lines, their level of 

cytotoxicity is not as good as doxorubicin since these 

are still in the crude extract stage. It is expected that 

the IC50 values will considerably improve with every 

step of the purification process. Purification of the 

extracts could be done through a repeated, sequential 

chromatographic fractionation in order to extract and 

isolate the compounds responsible for cytotoxicity. 
 

 

Fig. 2. Cytotoxic activity of the crude extracts and the fractions from each plant extract based on average IC50s 

against human lung adenocarcinoma, A549. Reported values for each treatment are means (±SD) of three 

independent trials. Bars represent standard deviations. Active fractions were found in the ethyl acetate partitions 

of W. pubescens and P. arborea and the hexane partition of A. polystachya. Doxorubicin was used in the positive 

control set ups. 

Cytotoxicity of Wrightia pubescens 

Based on the literature cited, certain species of the 

genus Wrightia were found to have cytotoxic effects 

on cancer cells due to the presence of isoflavones such 

as wrightiadone (Lin et al., 1992).  

 

In 2012, oleanolic acid and urosolic acid were isolated 

from the extracts of W. tomentosa and were found to 

exhibit apoptotic effects when tested against MCF-7 

and MDA-MB-231 breast cancer cell lines 

(Chakravarti et al., 2012). W. pubescens in particular, 

was also found to contain oleanolic acid.  

 

In addition, it was found to contain squalene, B-

sitosterol, a-amyrin acetate (Ragasa et al., 2014a) and 

isoflavone (Ragasa et al., 2015); however, in vitro and 

in vivo investigations of its anticancer potential are 

yet to be published.  

Cytotoxicity of Aphanamixis polystachya 

Based on the results of this study, A. polystachya not 

only exhibited cytotoxicity against both HCT116 and 

A549 but also demonstrated its selectivity against 

cancer cells, an important factor in cancer drug 

development.  

 

Cytotoxicity of Platymitra arborea 

No prior literature has demonstrated activity of P. 

arborea. The ethyl acetate fraction of this extract 

exhibited cytotoxic activity against both HCT116 and 

A549. Although, based on its very low specificity index 

(SI), it did not show specificity for cancer cell lines in 

its toxicity, further evaluation must still be done to 

identify the active compounds and the specific 

mechanism by which this extract exerts its cytotoxic 

potential against the selected cancer cell lines. 
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Fig. 3. Comparison of the cytotoxic activity of the ethyl acetate fractions of both W. pubescens and P. arborea 

based on average IC50s against AA8. Reported values for each treatment are means (±SD) of two independent 

trials. Bars represent standard deviations. Hexane fraction of A. polystachya did not show cytotoxicity but rather 

promoted growth of cells (absorbance readings greater than the negative control (DMSO)) hence an arbitrary 

value of 50 ug/ml. Doxorubicin was used as the positive control.  

Activity against A549 compared to HCT116 

Notably, the active ethyl acetate partitions of W. 

pubescens and P. arborea and the hexane partition of 

A. polystachya showed higher toxicity against A549 

than HCT 116.  A549 is considered the more sturdy 

cell line compared to HCT116 because of the 

overexpression of heat shock proteins (hsp70) in the 

cell membrane and cytosol that inhibits lysosomal 

membrane permeabilization (Mijatovic et al., 2006).  

 

These cytoprotective heat shock protein (hsp70), 

when upregulated, cause resistance to both 

radiotherapy and chemotherapy (Schilling et al., 

2013).
 

 

Fig. 4. Selectivity indices of the active fractions of the plant extracts. The ethyl acetate fraction of W. pubescens 

has a higher selectivity compared to P. arborea. The hexane fraction of A. polystachya is highly selective based 

against the lung adenocarcinoma (with low IC50 value on A549) and on the absence of toxicity to AA8.   
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To our knowledge, this work is likely the first study to 

report the cytotoxic activity of P. arborea against 

human cancer cell lines. W. pubescens is known to 

contain several active chemical constituents  although 

in vitro and in vivo anticancer studies are yet to be 

published. A. polystacha, on the other hand, is 

already established as an active extract against certain 

human cancer cell lines although the exact 

mechanism of its anticancer activity is still unknown. 

Results of this study establish that the ethyl acetate 

fractions of both Wrightia pubescens and Platymitra 

arborea as well as the hexane fraction of 

Aphanamixis polystachya have a potential for further 

studies and may warrant the isolation of the active 

compounds for chemotherapeutic use. A. polystachya 

in particular is a promising candidate since it does 

not only kill cancer cells but also promote growth of 

normal cells. As well, it is recommended that in future 

confirmatory studies, normal human cell lines should 

be used for computing the selectivity indices. 
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