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ABSTRACT
This study has shown for the first time the antimicrobial, antioxidant and cytotoxicity of 3 fractions of
acetone  extract,  including  hexane,  chloroform  and  ethyl  acetate  from  flowers  of  Dipterocarpus
intricatus. Antibacterial test using disc diffusion method showed that the chloroform and ethyl acetate
fractions  inhibited  the  growth  of  all  the  tested  bacteria,  including  Escherichia  coli,  Pseudomonas
aeruginosa, Salmonella enteritidis, Salmonella typhimurium, Bacillus cereus and Staphylococcus aureus
while  the  hexane  fraction  showed  the  antibacterial  activity  against B.  cereus  and S.  enteritidis.
Antioxidant activity and cancer cell resistance of those extracts were conducted using DPPH and MTT
methods respectively. As a result, the DPPH radical scavenging activity of the hexane, chloroform and
ethyl  acetate  fractions  were  determined  with  the  IC50 values  of  0.508,  0.22  and  0.075  mg/mL
respectively while the cytotoxicity to HepG2 cell line of those fractions was 163.3 ppm, 106.7 ppm and
459.3  ppm.  These  results  suggested  the  potential  application  of  these  fractions  isolated  from  D.
intricatus flowers as the natural antimicrobial, antioxidant and cytotoxic agents for medicine.

Introduction

In  Dipterocarpaceae,  Dipterocarpus  has been known
as the third largest genus with  75 species distributed
in tropical  regions  of  Asia,  particularly  in Southeast
Asia,  such  as  Cambodia,  Indonesia,  Malaysia,
Myanmar, Thailand and Vietnam (1). Being home to 12
Dipterocarpus species, Vietnam is now considered as
the  biodiversity hotspot  for the  Dipterocarpaceae (2).
Many species of this genus have been well known for
their  uses as  folk medicine.   For example,  D.  alatus
and D. dryobalanops have been used for the treatment
of rheumatism, dysmenorrhea (3-4). In addition, some
other  species,  including  D. gracilis,  D.  turbinatus,  D.

turbinatus  and  D.  tuberculatus are also  used to treat
gonorrhoea, urinary gleets, ulcer, ringworm and skin
diseases (5). Some studied have recorded the presence
of  several  groups  of  active  compounds,  including
sesquiterpenes, triterpenes and coumarin derivatives
as  well  as  their  bioactivities  isolated  using  different
solvents (3, 5). 

Dipterocarpus  intricatus  Dyer  is  a  deciduous
species,  15  -  25  meters  tall,  whose  habitat  is  dry
deciduous dipterocarp forest. In Vietnam, it has been
widely used as the folk medical treatments for several
diseases,  such  as  gonorrhea,  rheumatism  and  skin
diseases.  Nowadays,  D.  intricatus  is  considered as  a
rare species (6) and therefore, the number of studies
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on this  species  is  limited  and  its  bioactivity  is  still
unknown in Vietnam, D. intricatus is distributed from
Kon Tum Province to  Phu Quoc island,  Kien Giang
Province  (2).  There  has  been  only  one  study  (7)
reporting the chemical composition of this species so
far. In  the  study,  eight  phenolic  constituents,
including  (Z)-ε-viniferin,  (–)-4′-O-
methylepigallocatechin  3-gallate,  11-O-
galloylbergenin,  bergenin,  4-hydroxybenzaldehyde,
vanillin, vanillic acid and syringic acid were found in
the ethanolic extract of D. intricatus stems.

Therefore,  the  study  on  chemical  profiles  and
bioactivity of other extracts of D. intricatus, should be
conducted to further apply it in medical uses further.
In  this  study,  the  antibacterial, antioxidant  and
cytotoxic activities of 3 fractions (hexane, chloroform
and  ethyl  acetate)  of  acetone  extract  from  D.
intricatus flowers were investigated for the first time.

Materials and Methods

Plant materials

The sampling of  D. intricatus  was conducted in Binh
Chau-Phuoc Buu Nature Reserve, Bung Rieng ward,
Xuyen  Moc  District,  Ba  Ria-Vung  Tau  Province,
Vietnam, (10°31'11"N; 107°31'18"E, May 10, 2020) (Fig.
1). The  voucher specimens VS Le 401 and 402 were
deposited at the Herbarium of Binh Chau-Phuoc Buu
Nature Reserve.

Bacterial strains

The bacterial strains used to study the antibacterial
activity of the acetone extract from the flowers of
D.  intricatus included  Escherichia  coli (ATCC
25922),  Pseudomonas  aeruginosa (ATCC  27853),
Salmonella  enteritidis (ATCC  13976),  Salmonella
typhimurium (ATCC 13311)) and two Gram-positive
bacteria  (Bacillus  cereus (ATCC  11774),
Staphylococcus  aureus (ATCC  25923),  which  were
preserved  in 20%  glycerol  solution  at  20  0C  and
cultivated in Luria-Bertani broth at 37 oC for 24 hr
to activate before the assay.

Extraction procedures

Sliced specimens were modestly dried at 50  oC until
constant  weight  and  ground  into  powder.  The
maceration of 100 gm of the dried powders in 500 ml
of  acetone  99%  solution  was  conducted  at  room
temperature for 72 hrs. A Whatman paper was used
to filter the extract. The process was repeated twice.
The  total  filtrate  was  concentrated  on  a  rotary
evaporator under the reduced pressure at 60 oC until
brown extract was obtained. The brown extract was
then  dried  to  completely  remove  the  remaining
acetone (8).  About 3 gms of  the brown extract was
dissolved in  30 ml of  distilled  water.  The resulting
suspension  was  then  mixed  with  30  ml  n-hexane,
shaken  and  left  standing  for  layer  formation.  The
upper  layer  (n-hexane)  was  collected.  The  process
was repeated thrice to obtain 90 ml hexane extract
which was then concentrated on a rotary evaporator
at 40 oC to obtain the hexane fraction. The lower layer
was  collected  and  used  to  subsequently  collect
chloroform extract and ethyl acetate fractions using
the above process which was applied to obtain the n-
hexane fraction.

Antibacterial activity assay

Disc diffusion test was the method to investigate the
antibacterial activity according to  the CLSI guideline
(9).  The  bacterial  strains  were  cultivated  in  Luria-
Bertani  Broth until  the value of  0.5 McFarland was
reached.  100  µl aliquot  of the bacterial  culture was
spread  on  Mueller  Hinton agar  plate  before  the
sterile  paper  discs  containing  10  µl of  the  studied
extract solution were placed on the plate surface. The
plate incubation was then maintained at 37 0C for 16-
18 hrs before measuring the zone of inhibition. The
diameter of zone inhibition was used to evaluate the
resistance of studied extract to the bacterial strains. 

Determination of antioxidant activity of extract

The method described (10) with minor modifications
was  used  to  study  the  DPPH  radical  scavenging
activity of the extract. 100 µl of DPPH solution (300
µm) was mixed with 100 µl of sample and placed in
dark  30  min  at  37  oC  prior  to  the  optical  density
measurement  at  517  nm.  The  DPPH  radical
scavenging  activity  (DPPHRSA)  of  the  extract  was
calculated using the following formula:

DPPHRSA (%) = (Abscontrol-Abssample)/Abscontrol×100% 

where Abscontrol stands for the absorbance of the
DPPH radical in methanol and Abssample stands for the
absorbance of the DPPH radical solution mixed with
the sample extract. The IC50 value (the concentration
of the sample  that  can scavenge 50% of DPPH free
radical) was estimated from the antioxidant activity
curve obtained at various concentration extracts.

Cytotoxicity assay

The  cytotoxicity  of  the  tested  samples  to  hepatoma
(Hep-G2) cell line was performed using MTT method
(11), in which 96 well – plate format was used. The
tested compounds were dissolved in DMSO and then
stepwise diluted to the final  concentration of 0–200
µg/ml after 24 hr of incubation. The positive control
used  was  Cisplatin.  The  experiment  with  three
biological replicates was performed to obtain the IC50

Fig.  1. Dipterocarpus  intricatus  Dyer  in  Habitat  with  mature
flowers.
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values  (concentration of the compound which have
50% inhibition on the cell growth). These IC50 values
were also determined from  cytotoxic activity  curve
obtained at various concentration extracts.

Data analysis

All experiments were performed in triplicate and the
results  were  expressed  in  the  form  of  a
mean±standard  deviation  (SD).  The  data  obtained
were analyzed by the one-way analysis  of variance
(ANOVA)  method  which  was  used  to  compare
different  groups  using  Fisher’s  least  significant
difference  (LSD)  procedure  (p<0.05).  Statistical
analysis was performed using Statgraphics Centurion
XV (version 15.1.02,  Statgraphics  Technologies,  Inc.,
USA).

Results and Discussion

Antibacterial activity

The results of antibacterial activity from the hexane,
chloroform  and  ethyl  acetate  fractions  of  acetone
extract from the D. intricatus flowers were presented
in Fig. 2 and Table 1.  Chloroform and ethyl acetate
fractions were proved to be able to inhibit the growth

of all  of  the  six  studied  bacteria  with  the
corresponding inhibition diameter mentioned in the
brackets:  B. cereus (9.3±0.6 mm and 9.5±0.5 mm),  E.
coli  (11.2±1.0  mm and 10.7±0.6  mm), P.  aeruginosa
(8.3±0.3 mm and 7.3±0.6 mm), S. enteritidis  (10.8±0.8
mm and  8.8±0.8  mm),  S.  typhimurium  (8.2±0.3  mm
and  10.3±0.3  mm) and S.  aureus (7.2±0.3  mm  and
12.5±0.5  mm)  while  the  hexane  fraction  was  only

active against B. cereus (9.2±0.3 mm) and S. enteritidis
(7.3±0.6 mm).

Many  recent  studies  have  recorded  the
antibacterial ability of various extracts from different
parts  of  species  in  the  genus  Dipterocarpus.  For
example,  the  extracts  of  the  stem  and  bark  of  D.
verrucosus inhibited  the growth of many strains  of
bacteria, such as  Pseudomonas aeruginosa, Klebsiella
pneunomonia, Salmonella paratyphi, Bacillus subtilis,
Staphylococcus aureus and E. coli (12-17). Reports are
on the antibacterial ability of methanol extracts from
the bark of  D. alatus to  Staphylococcus aureus with
Minimum Inhibitory Concentration (MIC) of 500 µg/
ml and  Minimum Bactericidal  Concentration  (MBC)
of 1000 µg/ml, twig extract with Minimum Inhibitory
Concentration  (MIC)  of  250  µg/ml and  Minimum
Bactericidal Concentration (MBC) 500 µg/ml and leaf
extract with 500 µg/ml for both values (18). Recently,
it  was  also  showed  that  various  extracts  such  as
petroleum  ether,  chloroform  and  ethyl  acetate
extract  from  D.  turbinatus displayed  stronger
inhibition of certain gram-negative and gram-positive
bacteria, such as P. aeruginosa, S. aureus, E. coli  and
E. faecalis (19).

Antioxidant and cytotoxic activities activity 

Fig. 3 shows that IC50 of the hexane, choloroform and
ethyl acetate  fractions  reached 0.508, 0.22 and 0.075
mg/ml, respectively. Results showed that ethyl acetate
extract had the highest antioxidant activity compared
to the other two fractions. Many recent studies have
shown the  percent  DPPH  inhibition  of  the  extracts
from  Dipterocarpus species.  For  example,  it  was
showed that  the IC50 value of  the methanol extracts
from the  leaves,  twigs  and  bark  of  D.  alatus were
26.76 µg/mL, 16.53 µg/ml and 5.76 µg/ml, respectively
(20). Additionally,  it  was  demonstrated that  the IC50

value of  the methanol  extracts  from the bark of  D.
verrucosus and D. cornutus were 80 µg/ml and 210 µg/
ml (21).

The strong antioxidant  capacity  of  the extracts
was not equivalent to the cytotoxicity activity in this
study.  For  example,  the  antioxidant  capacity  of
hexane  fraction  was  weaker  than  that  of  ethyl
acetate, but its cytotoxicity was stronger (Fig. 4). The
results  showed  that  the  highest  cytotoxicity  was

found  in  chloroform  fraction  (IC50 of  106.7  ppm),
followed by hexane fraction (IC50 of 163.3 ppm) and
ethyl acetate fraction (IC50 of 459.3 ppm).

Many recent  studies  on the extracts  from the
species  of  genus  Dipterocarpus have  shown  their
resistance to many cancer cell  lines.  For example,
it was showed that the methanol extracts from the

Fig.  2. Antibacterial  activity  of  hexane  (H),  chloroform  (C)  and
ethyl  acetate  (E)  fractions  from  D.  intricatus flowers  against  6
bacterial  strains.  A.  B.  cereus,  B.  E.  coli,  C.  P.  aeruginosa,  D.  S.
enteritidis, E. S. typhimurium, F. S. aureus. (-) Negative control with
sterilized distilled water, (+) Positive control with discs containing
gentamicin.

Table 1. Inhibition zone of hexane, chloroform and ethyl acetate fractions isolated from the aerial parts D. intricatus flowers against six
bacterial strains

Tested bacteria
Growth inhibition zone (mm)

Hexane Chloroform Ethyl acetate Possitive control
Bacillus cereus 9.2±0.3Ba 9.3±0.6Ca 9.5±0.5BCa 18.2±0.3Cb

Escherichia coli - 11.2±1.0Da 10.7±0.6Da 15.3±0.6Bb

Pseudomonas aeruginosa - 8.3±0.3BCb 7.3±0.6Aa 15.2±0.3Bc

Salmonella enteritidis 7.3±0.6Aa 10.8±0.8Dc 8.8±0.8Bb 13.8±0.3Ad

Salmonella typhimurium - 8.2±0.3ABa 10.3±0.3CDb 17.8±0.3Cc

Staphylococcus aureus - 7.2±0.3Aa 12.5±0.5Eb 13.3±0.6Ab
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leaf,  bark  and  twig  of  D.  alatus had  cytotoxic
effects on 5 cell lines, including HCT116, SKLU1, SK-
MEL2, SiHa and U937, in which, 3 types of extracts

from the leaf, bark and twig of D. alatus were most
active  against  U937 cell  lines with IC50 of  91.3 µg/
ml, 106.2 µg/ml and 128.9 µg/ml, respectively (20).
Similarly,  in  a  recent  study,  the  leaves,  bark  and
twig  extracts  of  D.  alatus were  also  shown  to  be
effective  against several  cancer cell  lines,  such as
Vero,  HepG2,  HeLa  and  Jurkat  (22).  In  addition,
many  chemical  compounds  from  Dipterocarpus
have also been shown to inhibit  many cancer cell
lines.  For  example,  6  compounds  including
Diptoindonesin E,  (-)  -  ε-Viniferin,  (-)  -  α-Viniferin,
Vaticanol  B and (-)  -  Hopeaphenol  extracted  from
D.  hasseltii were  investigated  against  murine
leukemia P-388 cell lines with IC50 of 73.8 µM, 18.1
µM,  25.7µM,  46.4 µM and 5.2  M respectively  (13).
Five  new  compounds  of  triterpene  groups  were
extracted from the stem of D. obtusifolius, of which
2 compounds (27-demethyl-20 (S) -dammar-23-ene-
20-ol-3,  25-dione  and  3-epi-Cecropic  Acid)  were
active  against  to  5  cancer  cell  lines,  including
HepG2, SK-OV-3, A-549, MCF-7 and SNU-1 (23).

Conclusion

The  study  showed  that  the  antibacterial  ability  of
chloroform and ethyl acetate fractions were effective
against six strains of bacteria, including B. cereus,  E.
coli,  P. aeruginosa,  S. enteritidis,  S. typhimurium and
S. aureus while hexane fraction  showed remarkable
antimicrobial  activity  against B.  cereus and  S.
enteritidis strains.  In  addition,  hexane,  chloroform
and  ethyl  acetate  fractions  had  an  antioxidant
activity on DPPH radical as well as a cytotoxic effect
on HepG2 cell lines. Based on the results in this study,
fractions isolated from D. intricatus flowers could be
potentially used as natural antimicrobial, antioxidant
and cytotoxic agents for medicine.
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