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ABSTRACT
 
	 Study on phytochemistry, antioxidant and cytotoxicity properties of Hydnophytum formicarum 
leaves against HepG2 and HeLa cancer cell lines were described. The leaves were dried in a freeze 
dryer and successively extracted using hexane and methanol. Phytochemicals screening revealed 
the presence of several compounds including phenols/tannins, flavonoids, glycosides and steroids. 
Antioxidant property was examined using DPPH free radical scavenging assay. Methanol extract 
exhibited higher antioxidant activity (IC50=0.4 mg/mL) compared to hexane extract (IC50=2 mg/mL). 
However, the cytotoxicity result by MTT assay showed only methanol extract exhibited moderate 
cytotoxic activity against HeLa cell line (IC50=25 mg/mL). Both extracts showed no cytotoxic activity 
against HepG2 cell line. This study suggests that H. formicarum leaves have potency as a new 
source of antioxidant and anticancer agents, especially for cervical cancer. However, further study 
to separate the bioactive compounds of the extract and by using different cell lines is required to 
discover the potential of H. formicarum leaves as antioxidant and anticancer agents.
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INTRODUCTION

	 Traditional practices of using herbals plants 
to cure diseases since the past centuries could be 
one of the biggest contribution to the advancements 
and discoveries in the modern medicine field today. 

Plants are still of a huge interest to many researches 
especially in the efforts of understanding the 
mechanisms and its phytochemical composition, for 
instance that would be a great help in discovering 
new drugs in order to suppress if not completely 
stop deadly disease like cancer. Cancer has been 
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reported to be the leading cause of deaths in the 
world with an estimate of 9.6 million deaths in 
2018 and is expected to reach over thirteen million 
in 20301. According to Khan2, more than 60% of 
currently used anti-cancer agents are derivatives of 
natural sources such as plants besides factors like 
easily available, inexpensive and less toxic, it is a 
reason for scientists to have positive motivation to 
constantly study on the potentials of both land and 
marine plants in the search of solutions and to create 
a healthier world. Screening a sample that is targeted 
to determine the proliferation or inhibition of cells 
would be a great start in the drug discovery field as 
if the result shows that the sample studied is toxic to 
the cell lines, therefore the sample is highly possible 
to penetrate the pharmaceutical industries.

	 Malaysia is located in South-east Asia 
and is well known for its rich biodiversity and would 
contribute to considerably huge source of primary 
and secondary metabolites which includes Setiu 
Wetlands situated on the east-coast of peninsula 
Malaysia facing the South China Sea and a part 
of the Setiu River Basin in Terengganu, Malaysia3. 
In Setiu, H formicarum (Local name: Kepala beruk 

or Sarang semut) could be seen living attached 
on mangrove trees abundantly associated with 
ants sharing mutual symbiotic relationship with the 
species. Its tuber is affluent in chemical contents 
such as phenols, tannings and flavonoids4 and 
also reported to exhibit antimicrobial, antioxidant 
and anticancer properties5. This species has long 
been used as traditional medicine in local villages 
to treat many diseases including stomach ache, 
headache and rashes. However, most of them are 
not scientifically documented.

	 Phytochemicals in plants such as alkaloids, 
phenols and flavonoids have been vastly reported 
to have been great source of drug discovery due 
to their diverse pharmacological properties. Very 
limited studies have been done in relation to 
antioxidant contents and anti-cancer activities of 
H. formicarum. Previous study from Andriani5 was 
covered in discovering antioxidant and anti-cancer 
properties against cervical cancer (HeLa) and 
breast cancer (MCF-7) cell lines in the tuber of the 
respective plant in Malaysia. Another study was done 
on water extract of Myrmecodia pendens or also 
known as Ant Plant (common name) for its similar 
structural characteristics to H. formicarum as well 

as they both are members of the same Rubiaceae 
family possessed moderate anticancer potency 
upon treatment against cervical cancer (HeLa) 
and canine mammary tumor (MCM-B2) cell lines6. 
Study on wound healing activity of ethanol extract of  
H. formicarum tuber was also reported7. Nevertheless, 
most of the findings were only reported on the 
antibacterial, anticancer and antioxidant properties 
of the tuber of the plant5,8. To the best of our 
knowledge, there was no one study conducted on 
the antioxidant and cytotoxicity properties of the 
leaves of H. formicarum. Therefore, we consider the 
current study as a novel approach and is aimed to 
investigate antioxidant and cytotoxicity properties of 
the hexane and methanol extracts from the leaves of 
H. formicarum against HepG2 and HeLa cell lines.  

Fig. 1. Hydnophytum formicarum plant (a) and its leaves (b)

	 (a)			   (b)

MATERIALS AND METHODS

Sample Collection
	 Hydnophytum formicarum leaves were 
collected from mangrove trees at Setiu wetland, 
Kuala Terengganu, Malaysia. The leaves of H. 
formicarum were washed cut into small pieces, 
stored in freezer at -80oC for 1-2 days. Then, sample 
was dried by freeze-dryer for 4-5 days. The dry 
leaves sample were then grinded into fine powder 
using a grinder and the powder form leaves was 
stored in a sealed container in a dark, cool and dry 
place until further processing in the laboratory, as 
specified by Hasan9. The voucher specimen has 
been placed at Institute of Marine Biotechnology, 
Universiti Malaysia Terengganu (voucher numbers 
is TER0315003).

Sample Extraction
	 Powdered sample of H. formicarum leaves 
were extracted by cold maceration method using 
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hexane and methanol successively as described by 
Andriani5.  About 250 g leaves powder was weighed 
and first soaked in hexane for 3-5 days and filtered 
using filter paper. The filtrate was then dried using 
the rotary evaporator at 40oC to obtain hexane 
extract. The retained residue on the filter paper was 
soaked again in the hexane. The same procedure 
was repeated 5-6 times or until the filtrate becomes 
colourless. All hexane extracts yielded was combined 
in one bottle, weighed, and kept in refrigerator until 
further process. Moreover, the retained residue from 
the hexane extract was soaked in methanol and 
filtered separately. The filtrate was then dried using 
the rotary evaporator at 40°C to get methanol extract. 
The retained residue on the filter paper was soaked 
in methanol. The same procedure was repeated 5-6 
times or until the filtrate becomes colourless. The 
extracts were combined, weighed and kept in the 
refrigerator for further steps.

Phytochemical Screening
	 Qualitative phytochemical screening of 
methanol extracts of H. formicarum leaves was 
done to identify the presence of flavonoids, steroids, 
terpenoids, saponins, alkaloids and glycosides in the 
study sample as described in Andriani et al., (2017)4. 

Test for phenols and tannins 
	 Two millilitres of 2% ferric chloride solution 
is added to the methanol extract of H. formicarum 
leaves. Presence of phenol/tannins is confirmed 
when the mixture turns blue-green to black colour.

Test for flavonoids
	 The methanol extract of H. formicarum 
leaves is mixed with 2 mL of 2% sodium hydroxide 
solution. Presence of flavonoids is confirmed when a 
bright yellow colour was observed to turn colourless 
on addition of a few drops of diluted acid. 

Test for saponins
	 The methanol extract of H. formicarum 
leaves is diluted with 5 mL of distilled water in a test 
tube and shaken vigorously. Presence of saponins 
is confirmed when stable foam is observed to form 
in the mixture.

Test for glycosides
	 The methanol extract of H. formicarum 
leaves is mixed with 2 mL of glacial acetic acid 
containing 1–2 drops of 2% ferric chloride solution. 

The mixture is then poured into a different test tube 
containing 2 mL of concentrated H2SO4 gradually and 
carefully. The presence of glycosides is confirmed when 
a brown ring interphase appears in the mixture.

Test for steroids
	 The methanol extract of H. formicarum 
leaves is mixed with 2 mL of chloroform and 
concentrated H2SO4 added sidewise of a test tube. 
Presence of steroids is confirmed when a red colour 
in the lower chloroform layer is observed. 

Test for terpenoids
	 The methanol extract of H. formicarum 
leaves is dissolved in 2 mL of chloroform and 
evaporated to dryness. Presence of terpenoids 
is confirmed when greyish colour forms after the 
addition of 2 mL of concentrated H2SO4 and heated 
for about 2 minutes. 

Test for alkaloids
	 The methanol extract of H. formicarum 
leaves is mixed with 2 mL of 1% HCl and heated 
gently. The Mayer’s and Wagner’s reagent is then 
added and the presence of alkaloids is confirmed 
when turbid precipitate forms.  

Thin Layer Chromatography (TLC) Profiling
	 The profiling of thin layer chromatography 
(TLC) for the H. formicarum leaves extracts was 
done using two different types of TLC sheets. TLC 
plastic sheets (Merck 1.05735.0001) pre-coated with 
silica gel 60F254 was used for the hexane extract 
while TLC Aluminium sheets (Merck 1.05559.0001) 
pre-coated with RP-18F254S was used for methanol 
extract. The TLC of H. formicarum leave extracts 
were visualized with UV-365 nm, 1% ferric chloride 
(FeCl3), Anisaldehyde-sulphuric acid (AS) and DPPH 
TLC bioautographic assay reagent spray.

Determination of DPPH Free Radical Scavenging 
Activity
	 To examine free radical scavenging activity 
of the H. formicarum leaves, DPPH free radical 
scavenging assay10 was used with Quercetin as the 
positive control and dimethyl sulfoxide (DMSO) as 
the negative control. Firstly, DMSO is used to dilute 
the sample stocks of H. formicarum to prepare in 
varying concentration by twofold serial dilution in 
DMSO with concentrations of 60, 30, 15, 7.5, 3.75, 
1.875, 0.983 and 0.469 µg/mL in 96 well plates. 
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DPPH reagent was prepared with 0.04% (w/v) 
concentration by dissolving 2.37 mg of the DPPH 
powder in 100 mL methanol and hexane solution. To 
minimize the exposure and penetration of light, the 
DPPH solution is shaken and immediately covered 
with aluminium foil. Two hundred microliter of DPPH 
solution (6 x 10-5 M) was added to all wells and the 
mixture was covered with aluminium foil and incubates 
for 30 min at room temperature. Then, the absorbance 
was measured at 517 nm using Elisa reader.

	 Free radical scavenging activity were 
calculated using the following equation:

Free radical scavenging activity 	
   		
	 Where AS is the absorbance of the sample. 
AC is the absorbance of a negative control.

Cancer Cell Line
	 Cytotoxicity screening was carried out 
using HepG2 and HeLa cell lines and maintained in 
culture flasks. Both the cell line was kept in Minimum 
Essential Medium, MEM media with 10% Fetal 
Bovine Serum (FBS) and 1% Penicillin-Streptomycin 
at 37°C under 5% CO2

11.

Laboratory Analysis
	 The 3-(4,5-dimethyl thiazol-2-yl)-2, 
5-diphenyltetrazolium bromide assay (MTT) was 
used to measure the cell proliferation under the 
exposure of methanol and hexane extract of  
H. formicarum, as described by Andriani12. MTT is 
yellow coloured and a water soluble tetrazolium salt. 
Succinate-dehydrogenase is a NADH-dependent 
cellular oxidoreductase enzymes or most commonly 
known as mitochondrial enzyme found in living cells 
that would cleave the tetrazolium ring when MTT is 
introduced which eventually converts yellow coloured 
MTT to an insoluble purple formazan. Therefore, as 
reported by Thavamani13, the amount of formazan 
produced is directly proportional to the number of 
viable cells. The HepG2 cell line at a density of  
2 x 105 cells/well and HeLa cell line at a density of  
4 x 104 cells/well was first seeded in sterile flat 
bottomed 96 well plastic plates. The methanol 
and hexane extracts were prepared in 10 different 
concentrations of 100, 50, 25, 12.5, 7.25, 3.625, 
1.8125, 0.90625, 0.4531 and 0 µg/mL, 100 µL of 
varying concentration then added into each well 

and incubated for 3 days (72 h) at 37°C, 5% CO2, 
90% humidity.

	 After the incubation, 20 µL is loaded to 
each well and incubated for 4 hours. Then, 120 µL 
is removed from each well and 100 µL of DMSO is 
added into each well and mixed well to completely 
dissolve the blue formazan crystals and the plate will 
be left to rest for 10 minutes. The plate will be then 
brought for the reading of absorbance on ELISA 
reader at 570 nm reference wavelengths. In this 
test, the cytotoxicity of the extract towards the cell 
is expressed as fifty-percent inhibition concentration 
(IC50). IC50 value is the concentration of compound 
required to inhibit 50% cell growth. Interpolations of 
both X and Y axis is made by drawing a line from the 
50% value. The antilog of that value gives the IC50 

value. Sample which exhibit cytotoxic index IC50< 30 
µg/mL, is considered to have significant cytotoxic 
activity14. After the sample analysis, a graph of cell 
viability against concentration is plotted showing 
the cytotoxicity properties of methanol and hexane 
extract of H. formicarum leaves in HepG2 and HeLa 
cell line after 72 hours.

	 Percentage inhibitions of the extract against 
all cell lines were calculated using the following 
formula: 

%cell survival =  

Where, At = Absorbance of Test
Ab= Absorbance of Blank (Cell + media)
Ac= Absorbance of control (cells) % cell inhibition = 
100 − % cell survival

Data analysis
	 All the experiments were conducted in 
triplicate and presented as mean values ± standard 
deviation.

RESULTS

	 Phytochemical screening was carried out on 
H. formicarum leaves methanol extract to detect the 
presence of phenols/tannins, flavonoids, saponins, 
glycosides, steroids, terpenoids and alkaloids  
(Table 1). The screening indicated the presence of 
four phytochemical compounds in the H. formicarum 
leaves methanol extract including phenols/tannins, 
flavonoids, glycosides and steroids. 
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Table 1: Phytochemical screening for 
the methanol extract of H. formicarum 

leaves 

  Phytochemical	 Result

 Phenols/tannins	 +    
    Flavonoids	 +
     Saponins	 -
    Glycosides	 +
      Steroids	 +
    Terpenoids	 -
      Alkaloids	 -

+ = presence; − = absent

	  A series of solvent was used, ranging 
from lowest to highest polarity in the Thin Layer 
Chromatography (TLC) profiling of H. formicarum 
leaves extracts. The profiles were visualized with 
several indicative measures including Ultraviolet 
visible light with λ=365 nm and reagent sprays of 
anisaldehyde-sulphuric acid (AS), ferric chloride 
and DPPH. Based on Fig. 2, the most suitable 
composition of solvents for hexane leaves extract 
and methanol leaves extracts were a mixture of 
hexane:ethyl acetate = 7:3 and chloroform:methanol 
= 3:7, respectively. Mostly, bands observed under 
the UV light signified the presence of aromatics and 
fluorescence compounds. Whereas, bright yellowish 
colour with a wide spot area on purple background 
in the TLC after sprayed by DPPH reagent showed 
that the most significant compound detected was 
phenolic compounds. It’s indicating the presence 

of compounds that could contributes to antioxidant 

activity. The intensity of the bright yellow coloured 

bands showed a difference in the level of scavenging. 
However, the intensity of the bright yellow bands 
displayed by the methanol extract TLC profiling was 

higher than that of hexane extract which indicates 

that antioxidant or free radical scavenging activity is 

higher in methanol compared to hexane extract. In 

addition, the TLC profiling that was sprayed with 1% 

FeCl3 showed brown spots indicating the existence 

of phenolics compound. This was also proven by 

the appearance of violet, blue and red spots after 

being sprayed with Anisaldehyde sulphuric acid 

reagent (AS) and heated with a dryer to maximize 
visualization of spots indicated the presence of 
phenols, terpenes, sugars, and steroids15,16.

Fig. 2. TLC profiling of H. formicarum leave extracts after 
visualization with UV-365 nm (a), Anisaldehyde (b), FeCl3 

reagent spray (c), DPPH (d)

	 The DPPH (2, 2-diphenyl-1-picrylhydrazyl) 
free radical scavenging assay is commonly used 
to evaluate the antioxidant potential. The DPPH  
free-radical scavenging potential of leaves extracts of 
H. formicarum is shown in Fig. 3. Generally, both the 
methanol and hexane extracts of H. formicarum leaves 
showed high scavenging ability towards the DPPH 
free radicals indicating good antioxidant potential. 
However, methanol extract showed the highest and 
the most significant scavenging percentage of DPPH 
free radicals compared to hexane extract. Thus, 
methanol extract has the highest antioxidant potential 
which shows the lowest IC50 value of 0.4 mg/mL, 
quite similar to the quercetin (IC50=0.3 mg/mL). The 
IC50 value of each sample was measured by plot the 
concentration of each sample which crosses with its 
50% of antioxidant activity Figure 3.

Fig. 3. DPPH free radical scavenging property of 
H. formicarum leaves as compared to the Quercetin

	 The cytotoxic activity of two different 
extracts of the epiphyte collected from coastal 
mangrove ecosystem namely H. formicarum against 
HeLa and HepG2 cell lines were incubated with 
different doses (0 to 100 µg/mL) of extracts. The 
viability of the cell lines was determined using MTT 
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assay after 72 h of incubation. The results of cytotoxic 
assay are as presented in Fig. 4. Some of the extracts 
induced cell cytotoxicity in a concentration dependant 
manner as illustrated. The cytotoxicity of the extract 
towards the cell is expressed as fifty-percent inhibition 
concentration (IC50) as per the guidelines for cytotoxicity 
activity for extracts by The American National Cancer 
Institute (NCI) by which the extract that exhibits 
cytotoxic index IC50<30 µg/mL after exposure time of 
72 h will be considered to have significant cytotoxic 
activity17. Based on the cytotoxicity results in Fig. 4, 
the lowest IC50 value below this point was only noted 
with methanol extract in cervical cancer cell lines of  
22 µg/mL. Meanwhile, hexane extract in cervical cancer 
cell lines and methanol extract in liver cancer cell lines 
showed 48 μg/mL and 65 μg/mL respectively indicating 
both has relatively lower cancer cell proliferation 
inhibiting properties. While, hexane extract in liver 
cancer cell line portrayed no cytotoxic activity at all.

for phenolic compounds including phenols, tannins 
and flavonoids, glycosides and steroids content 
in leaves of H. formicarum. These compounds 
are known to exhibit both pharmacological 
and physiological properties18. Phenols and 
tannins were identified by the appearance of 
blue-green to black colour upon the mixture of 
the leaves extract and ferric chloride solution 
and was then confirmed using the TLC by the 
presence of brownish spots appearing as the 
TLC sheet was sprayed with ferric chloride 
reagent. Meanwhile, presence of flavonoids was 
confirmed when bright yellow colour mixture 
of the leaves extract and sodium hydroxide 
turns colourless as acid is added gradually. The 
same phytochemicals content exists in tuber of  
H. formicarum collected from the same area 
(Setiu wetland, Kuala Terengganu, Malaysia), 
except flavonoids5.

	 Phenolic compounds are the largest class 
of phytochemicals that is responsible for most of 
the medicinal activities in natural products. They 
are also known to have a wide range of biochemical 
activities that includes antioxidant19, anti-tumor20 

and anti-carcinogenic21 as well as able to alter the 
expression of genes22. Phenolic compounds are 
considered to be a powerful antioxidant and are 
proven to be more potent than Vitamin C and E and 
carotenoids23. They are able to reduce the risk of 
cancer by protecting biological systems in the human 
body due to their high potentials of scavenging free 
radicals that induces oxidative stress24. It is due 
to the imbalance of production of reactive oxygen 
species (free radicals) and antioxidant defences25. 
Meanwhile, the presence of steroids and glycosides 
in H. formicarum leaves extracts were detected 
by the presence of brown ring interphase and the 
appearance of red colour in the lower chloroform 
layer in the mixture of the leaves extract and the test 
reagents, respectively.

	 Free radicals are produced because of 
incomplete reduction of oxygen molecule26. The 
increase of free radicals often accumulates with 
age and is usually derived from normal metabolic 
processes or environmental factors including 
exposure to air pollutants, radioactive and chemical 
sources27 due to enzymatic and non-enzymatic 
reactions in human28. Many documented that they 
cause harmful effects including hypertension, 

Fig. 4. Cytotoxicity activity of methanol and hexane extract 
of H. formicarum leaves as compared to Vincristine 
Sulphate against HeLa (a) and HepG2 (b) cell lines

 (a)

 (b)

DISCUSSION

	 The phytochemical result indicated positive 
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asthma, diabetes, cardiovascular conditions, cancer 
inflammatory diseases, neurological disorder, early 
ageing and many others29,30. 

	 Compounds that contribute to antioxidant 
activity in the leaves extract of H. formicarum was 
also evident on the TLC sheet when sprayed with 
DPPH reagent visualized as bright yellow colour 
bands on purple background by which the intensity 
of the colour depicted the antioxidant capacity31. It 
was further verified using the DPPH (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) free radical scavenging assay 
carried out on the methanol and hexane extracts of H. 
formicarum leaves. The result of the test is presented 
in Fig. 3. DPPH assay is the most common, rapid 
and inexpensive method to evaluate the antioxidant 
activity32. This assay works based on the reduction of 
the stable free radical, DPPH that gives a maximum 
absorption at 517 nm. It is analysed by the level of 
absorbance whereby purple coloured DPPH turns to 
pale yellow colour as it mixes with a substance that 
is able to donate Hydrogen atom33.

	 In the current study, 3-(4) 5-Dimethyl-
thiazol-Zyl) - 2,5 biphenyl tetrazolium bromide 
(MTT) assay was used to investigate the cytotoxic 
property of H. formicarum leaves methanol and 
hexane extracts against HeLa and HepG2 cell lines. 
The results showed that the viability and growth of 
cells were inhibited in a dose dependent manner. 
The methanol extracts of H. formicarum against 
HeLa cell line were found to be more potent as it 
exhibited stronger cytotoxic activities compared to 
hexane extracts, as evident by the low concentration 
(22 µg/mL) where 50% of cell growth inhibition 
occurred. The IC50 value of methanol extract was 
found to be more efficient on cervical cancer cells. 
Nevertheless,both the methanol and hexane extracts 
of H. formicarum leaves showed relatively low 
cytotoxic activity (IC50>30 µg/mL) against HepG2 
cell line with IC50 values of 50 µg/mL and 60 µg/
mL, respectively. Based on previous studies, many 
suggested that bioactive compounds in natural 
products plays a dominant role in exerting cytotoxic 
properties and are potential source of potent natural 
anti-cancer agents34,35,36,37. 

	 The presence of potent phytochemical 
compounds like phenol/tannins, flavonoids, 
glycosides and steroids in this study could probably 
be responsible for the anticancer activity of  

H. formicarum leaves as they are in agreement 
with many studies reporting these compounds 
have the potential to be therapeutic against 
cancer6,38,39,40. However, more research is needed for 
a better understanding of the association between 
these phytochemicals and anticancer activity in  
H. formicarum leaves extracts. Previous studies 
on H. formicarum found in Malaysia has showed 
supportive evidences to the current study, however 
they were focused on different sampling areas and 
parts of the plant5,41,42. Thus, the current study on the 
antioxidant and cytotoxic properties of Malaysian H. 
formicarum leaves against HeLa and HepG2 cell 
lines are firstly described. According to Vaibhav43, 
difference in environmental conditions, collection 
and preparation procedures may rise considerable 
variability in the bioactive compounds that are present 
in the plant. Evidences on the medicinal properties of 
Malaysian H. formicarum are scarce and more data is 
necessary and would be very useful for future studies. 
The current study shows promising evidences for the 
sample to be potential antioxidant and anti-cancer 
agents provided with further research on the individual 
bioactive compounds and testing with more type of 
cancer cells in respect to normal cells.

CONCLUSION

	 The findings indicated that H. formicarum 
leaves possesses very good antioxidant and cytotoxic 
properties and is promising for its further development 
as antioxidant and anticancer potential agents 
especially for cervical cancer treatment. Phytochemicals 
analysis in the current study showed the presence of 
phenols/tannins, flavonoids, glycosides, and steroids. 
Hypothetically, phenolic compounds that were most 
abundantly found in the analysis could have been 
the main contributor to its antioxidant and anticancer 
potencies. Thus, the findings of this study suggests 
further research is required, especially to separate and 
purify the bioactive compounds in the leaves extract as 
to ascertain the compound that is responsible for the 
antioxidant and cytotoxicity activity as well as to also 
test the potency of the extract against different types 
of cancer cell lines.
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