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Careya arborea Roxb. (family Lecythidaceae) has long been used as a medicinal plant for the 
treatment of many diseases. In this study, extracts were taken from the stem bark, wood and 
leaves using methanol and then investigated for antioxidant activities, such as 2,2-diphenyl-1-
picrylhydrazyl free radical scavenging activity, nitric oxide radical scavenging activity (NO), 
superoxide radical scavenging activity (SOD), ferric reducing antioxidant power (FRAP), total 
phenolic content (TPC) and total flavonoid content (TFC). For the antioxidant activities, the stem 
bark extract had the highest mean (±SD) levels (623.96 ± 12.50 µg/mL, 140.86 ± 2.63 µg/mL,  
152.38 ± 6.35 µg/mL, 252.44 ± 4.87 mg Trolox equivalent/g and 128.19 ± 2.12 mg gallic acid 
equivalent/g, respectively) except for the total flavonoid content, for which the leaf extract produced 
the highest amount (30.62 ± 0.29 mg quercetin equivalent/g). However, regarding the anti-human 
immunodeficiency virus (HIV) activity using an HIV-1 reverse transcriptase inhibition assay, the 
stem bark and leaf extracts had a high inhibitory effect against HIV-1 reverse transcriptase with 
values of more than 100% of the relative inhibition for a comparable level of the standard drug 
(Nevirapine). The highest ranking of the antioxidant and anti-HIV activities of the fractions was 
the stem bark followed by the leaf and wood extracts, respectively. Stigmasterol was isolated from 
combined fraction number 3 of the lipophilic extract eluted from n-hexane-ethyl acetate (95:5) via 
column chromatography. The 1H and 13C NMR data obtained were in accordance with previous 
reports. Future study will investigate further isolation of these bioactive compounds and evaluation 
of their bioactivities.
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Introduction 

	 In recent years, the destructive effects of free radicals and other 
oxidants have been recognized globally as a serious concern, as the 

imbalance of reactive oxygen species (ROS) and oxidative stress 
in organisms can damage important cellular structures including 
proteins, lipids and nucleic acids (Pizzino et al., 2017). This is not 
the only impact following exposure by various endogenous systems 
as it can also impact different pathological states. For example, free 
radicals are responsible for causing several diseases including cancer, 
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cardiovascular disease, neural disorders, Alzheimer’s disease, mild 
cognitive impairment, Parkinson’s disease, alcohol-induced liver 
disease, ulcerative colitis, aging and atherosclerosis (Alam et al., 
2013). Therefore, investigating the potential sources of antioxidants is 
a key to improving the quality of life against cell degeneration from 
degenerative diseases.
	 HIV (human immunodeficiency virus) is a virus resulting in 
acquired immunodeficiency syndrome (AIDS). Since the virus first 
began spreading, approximately 37.9 million people have been 
infected as at 2018 (United Nations Programme on HIV and AIDS 
[UNAIDS], 2020). In addition, AIDS is the most important cause 
of mortality in low-income countries and one of the 10 leading 
causes of death worldwide (Sonar et al., 2017). Because HIV-1 is a 
retrovirus, the first process for viral propagation in host cells is reverse 
transcription. The enzyme HIV-1 reverse transcriptase (HIV-1 RT) is 
responsible for the transcription of viral RNA into DNA, which is later 
integrated into the host cell and carries information for the synthesis 
of new viral particles and this enzyme is one of the main targets for 
inhibiting the reproduction of HIV (Silprasit et al., 2011). Nowadays, 
the development of virus resistance to drugs is a continuing problem. 
Therefore, a new source for anti-viral drugs is necessary. Recently, 
natural products such as plant extracts seem to have become a major 
focus for anti-HIV drug discovery and development (Yang et al., 2012).
	 There are many plants in the forest that have been used for 
medicinal purposes in many regions for a long time. For example, in 
rural areas, many medicinal plants are used in the treatment of various 
diseases to cure the sickness by themselves because they are easy 
to be found in the local area and are well-known by practitioners of 
traditional medicine (Palombo, 2006). The secondary metabolites are 
useful compounds that can be produced under controlled conditions 
independent of climatic, environmental changes or soil conditions due 
to over pollution (Tiwari and Rana, 2015). Many plant extracts are 
thought to have anti-HIV properties (Behbahani, 2014). For example, 
the stem bark extract of Hymenodictyon orixense (Roxb.) Mabb. had 
a high relative inhibition against HIV-1 RT compared with nevirapine, 
an anti-HIV drug, as a positive control (Soun-udom et al., 2019). 
Srisombat et al. (2019) reported the methanolic extract from the stem 
bark of Cratoxylum formosum subsp. pruniflorum (Kurz) Gogelein 
also had, at least a similarly high level of anti-HIV-1 RT activity as 
the standard drug. The alkaloids extract from Phyllanthus niruri could 
decrease cytopathogenicity in MT-4 cells caused by HIV infection 
(Kim et al., 2011) and Camellia sinensis extract, which contain 
epicatechin gallate and other substances, expressed inhibitory effects 
on the HIV RT enzyme using radioactive assay (Nagao et al., 1996). In 
addition, the metabolites could also be used as natural precursors for 
the semi-synthesis of high potential compounds and this modification 
can also improve the already proven high levels of bioactivity, such 
as anti-viral activity, of several basic structures (Venditti et al., 2017). 
Therefore, plant metabolites have drawn a large amount of attention as 
a potential source for developing new drugs for the above-mentioned 
diseases.
	 Careya arborea Roxb. is a deciduous plant in the family 
Lecythidaceae that is distributed throughout many regions in South 

Asia and South-east Asia. In Thailand, this plant is known as ‘kra 
don’ and can be found in deciduous dipterocarp forests as well as 
dry evergreen forests (Office of the Forest Herbarium, National Park, 
Wildlife and Plant Conservation Department, 2012). From previous 
studies concerning the ethnobotany and bioactivity of this plant, many 
parts of the plant have been used in many regions as ingredients for 
traditional medicine. (Karunamoorthi et al., 2012). For example, 
the whole plant can be used for healing snake bites (Bhandary and 
Chandrashekhar, 2000), while the stem bark is used to treat skin 
diseases (Malhotra and Moorthy, 1973). The leaf extract can inhibit 
the growth of Leishmania donovani (strain AG 83) by approximately 
75% in 7 d (Mandal et al., 2006). The extract from the bark has also 
shown potent cytotoxicity against cancer cell lines, such as cancerous 
RD, HEp-2 and HeLa (Senthilkumar et al., 2007). Until now, there 
has been no report of phytochemical investigation concerning the 
antioxidant properties from wood and no report on the anti-HIV 
properties of this plant.
	 Therefore, the purpose of this study was to investigate the 
antioxidant and HIV-1 RT activities of three parts of this plant (stem 
bark, wood, leaf) using different assays and to isolate any potent 
compounds.

Materials and Methods

Plant material preparation

	 Careya arborea Roxb. stem bark, wood and leaves were collected 
from a deciduous dipterocarp forest in Chai Nat province, Thailand. 
The plant was identified to the species level by Mr. Sorawit Bapia, 
Department of Botany, Kasetsart University, Bangkok, Thailand. 
The dried plant materials and voucher specimens preserved for 
further reference (No. PCERU_CA004) were deposited at the Phyto-
Chemodiversity and Ecology Research Unit, Department of Botany, 
Kasetsart University. Samples of the stem bark, wood and leaves of 
this plant were cleaned, air-dried at room temperature and separately 
ground into powder using an electric grinder.

Extraction and fractionation

	 The extract from the dried stem bark was obtained using methanol 
(7 d per extraction with three repetitions) at room temperature. 
The extracted methanol solution was filtered and evaporated in a 
rotary evaporator at a reduced pressure to provide a crude methanol 
extract, which was used for the bioactivities screening. Then, the 
crude methanol extract, which has the highest potential bioactivity 
levels, was re-extracted with a mixture of water and chloroform to 
separate it based on polarity into two layers, namely the lipophilic and 
hydrophilic solutions. The lipophilic solution, (the lower layer) was 
evaporated to give a crude lipophilic extract.
	 The crude lipophilic extract was fractionated using column 
chromatography with a wet column technique over a 0.2–0.5 mm 
Merck Si gel column and eluted with mixtures of n-hexane, n-hexane-
ethyl acetate (95:5), n-hexane-ethyl acetate (9:1), n-hexane-ethyl 
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acetate (7:3), n-hexane-ethyl acetate (1:1), n-hexane-ethyl acetate 
(3:7), ethyl acetate, acetone and methanol. Collection of 500 mL of 
each fraction was carried out, and each fraction was evaporated in a 
rotary evaporator at reduced pressure until dry.
	 After fractionation, the thin-layer chromatography (TLC) 
technique was used in the investigation of the chemical profile of each 
fraction. TLC was performed on the surface of an aluminum plate, 
which was coated with a thin layer of silica gel. The fractions having 
similar chemical profiles were combined. Then, the plate was placed 
in a closed chamber with a mobile phase mixture organic solvent and 
the chemical profile was investigated under ultraviolet light at 254 and 
365 nm wavelengths.

Isolation and elucidation of structure

	 The recrystallization technique involving column chromatography 
with a wet column technique over a Sephadex LH-20, and preparative 
thin-layer chromatography were performed using silica gel GF254 to 
isolate and purify the chemical compounds from the extract. Then, the 
structural elucidation of compounds was investigated using proton 
(1H) and carbon-13 (13C) heteronuclear data and comparisons were 
made with Cayme and Ragasa (2004). The 1H and 13C spectral data 
were obtained using nuclear magnetic resonance with chloroform-d 
(CDCl3) as the solvent (Bruker Avance III HD 400 MHz NMR 
spectrometer; USA), in which the chemical shift values were reported 
in parts per million. In addition, the mass spectra of the compounds 
were determined using mass spectrometry (Bruker-micrOTOF-Q 
III; USA) at the Department of Chemistry and Scientific Equipment 
Center, Faculty of Science, Kasetsart University.

Antioxidant activities screening 

	 2,2-Diphenyl-1-picrylhydrazyl free radical scavenging activity 
	 Free radicals were evaluated using a 2,2-diphenyl-1-picrylhydrazyl 
free radical scavenging activity (DPPH) test as described by Khlift et 
al. (2013) and Gourine et al. (2010) with some modifications. Various 
concentrations of plant samples (31.25–2,000 µg/mL, 1 mL) were 
mixed with DPPH in methanol (0.1 mM, 1 mL), incubated for 30 min 
in darkness. Then the absorbance (Asample) was measured at 517 nm 
against a blank sample (Acontrol). The free radical scavenging activity 
was calculated as the percentage inhibition using Equation 1:

	 %Inhibition = × 100Acontrol – Asample

Acontrol

	 (1)

	 The activity of plant samples was express in terms of the half-
maximal inhibitory concentration (IC50) to find the concentration of 
plant sample that could decrease the DPPH concentration to 50%.

	 Nitric oxide radical scavenging activity 
	 To evaluated nitric oxide radical scavenging (NO), this assay 
used sodium nitroprusside to generate nitric oxide in solution; the 
interaction of nitric oxide with oxygen which produced nitrite ion was 

detected using Griess reagent. Nitric oxide radical scavenging assay 
was evaluated using the method of Ferreres et al. (2017) with some 
modification. Various concentrations of plant sample (31.25–1,000 
µg/mL, 0.5 mL) were mixed with sodium nitroprusside in phosphate 
buffer (0.1 M, pH 7.4, 0.5 mL) and incubated for 150 min in darkness. 
Then, the mixture was added with Griess reagent (1 mL) and the 
absorbance (Asample) was measured at 560 nm against a blank sample 
(Acontrol). The free radical scavenging activity was calculated as the 
percentage inhibition using Equation 2:

	 %Inhibition = × 100Acontrol – Asample

Acontrol

	 (2)

	 The activity of plant samples was express in terms of the IC50 to 
find the concentration of plant samples that could inhibit the nitric 
oxide radical by 50%.

	 Superoxide radical scavenging activity
	 Superoxide anion scavenging (SOD) was evaluated using the 
method of Alam et al. (2013) with some modifications. Various 
concentrations of plant sample (31.25–1,000 µg/mL, 100 µl) were 
mixed with 0.3 mM Nitroblue tetrazolium in 16 mM Tris-HCl (200 
µL), NADH solution (936 mM, 1,000 µL) and Tris-HCl (16 mM, pH 
8.0, 50 µL), with reaction occurring when phenazine methosulfate 
(0.12 mM, 200 µL) was added into the mixture. Then, the absorbance 
(Asample) was measured at 560 nm against a blank sample (Acontrol). 
The free radical scavenging activity was calculated as the percentage 
inhibition using Equation 3:

	 %Inhibition = × 100Acontrol – Asample

Acontrol

	 (3)

	
	 The activity of plant samples was expressed in terms of the IC50 
to find the concentration of plant samples that could decrease the 
superoxide radical concentration to 50%. 
 
	 Ferric reducing antioxidant power assay
	 Ferric reducing antioxidant power (FRAP) assay is a simple 
means of measuring antioxidant capacity. The FRAP assay was 
evaluated using a modified method of Iqbal et al. (2015) and Gourine 
et al. (2010). Acetate buffer (300 mM, 100 ml, pH 3.6), 10 mM 
2,4,6-tripyridyl-s-triazine in 40 mM HCl; 10 mL) and ferric chloride 
(FeCl3

.6H2O; 20 mM, 10 mL) were mixed together for preparing 
fresh FRAP reagent. The plant sample (0.1 mg/mL, 0.15 mL) was 
mixed with fresh FRAP reagent (2.85 mL) and incubated for 30 min 
in darkness. The absorbance was measured at 593 nm against a blank 
sample. Trolox was used as the standard. The results were expressed 
as Trolox equivalent (TE) per gram of extract.

	 Total phenolic content 
	 The total phenolic content (TPC) was evaluated using the method 
of Folin and Ciocalteu (1927) as described by Khlift et al. (2013) with 
some modification. The plant sample (1 mg/mL, 0.25 mL) was mixed 



36 S. Bapia et al. / Agr. Nat. Resour. 55 (2021) 33–42

with Folin-Ciocalteu reagent (0.2 N, 1.25 mL) and incubated for 5 
min at room temperature. Then sodium carbonate (75 g/L in water, 1 
mL) was added and incubated for 1 hr. The absorbance was measured 
at 765 nm against a blank sample. Gallic acid was used as a standard. 
The results were expressed as milligrams of gallic acid equivalent 
(GAE) per gram of extract.

	 Total flavonoid content 
	 The total flavonoid content (TFC) was evaluated using Dowd’s 
method as described by Khlift et al. (2013) with some modifications. 
The plant sample (1 mg/mL, 0.8 mL) was added with aluminum 
trichloride (AlCl3) in methanol (2% weight per volume, 0.8 mL) 
and incubated for 15 min at room temperature. The absorbance was 
measured at 415 nm against a blank sample consisting of extract and 
methanol. Quercetin acid was used as a standard. The results were 
expressed as quercetin equivalent (QE) per gram of extract.

Anti-HIV activity screening

	 HIV-1 reverse transcriptase inhibition assay
	 Anti-HIV1 RT activity was determined using the protocol in 
Silprasit et al. (2011) and Kanyara and Njagi (2005). All reagents 
were from the Reverse Transcriptase Assay Kit, (EnzChek; the 
Netherlands). The samples (RT sample) consisted of 5 µL of 25 nM/µL 
purified HIV-1 RT and 5 µL of 50 µg/mL of the extract and fractions, 
or 300 µM of the HIV-1 RT inhibitor Nevirapine (GPO, Thailand). 
All samples were mixed into each well of a 96-well fluorescence 
plate (Cortar; USA). Thereafter, 15 µL of primer and template 
polymerization buffer were added. The reactions were stopped by the 
addition of 2 µL of 0.2 M ethylenediaminetetraacetic acid (EDTA) 
after incubation at 25°C for 30 min. The addition of 5 µL of Tris buffer 
(Merck; USA) was used in place of the samples as the control reaction 
(RT control), and the background reaction was stopped by the immediate 
addition of EDTA (RT background), respectively. The inhibitory effect on 
HIV-1 RT was measured as the production of nucleic acid by adding 
173 µL of picogreen in TE buffer (1:1500) and using a fluorescence 
microplate reader with an excitation wavelength of 485 nm and an 
emission wavelength of 535 nm. The results were compared based on 
the percentage of relative inhibition using Equation 4:

	 %Relative Inhibition = × 100(RTcontrol – RTbackground) – (RTsample – RTbackground)
Acontrol

       (4)

	 The percentages of relative inhibition of methanolic extracts were 
plotted on a graph to compare their inhibitory effects.

Statistical analysis

	 Each test in the antioxidant and anti-HIV1 RT assays had three 
replicates per extract or fraction. The results were expressed as mean  
± SD (n = 3). The differences among the treatments were determined, 
using analysis of variance and a least significant difference test for the 
post-hoc comparison at 95% confidence interval. The analyses were 
performed using the R Statistical Programming Language (R Core 
Team, 2017).

Results and Discussion

Antioxidant activity screening

	 The antioxidant activities of the crude methanolic extracts of C. arborea  
were evaluated using six different assays to measure the potency of activity  
against free radicals as well as the amounts of chemical substances that  
were known to exhibit antioxidant activity. Evaluating the antioxidant 
activities using only 1–2 assays would not accurately represent the 
overall antioxidant potential of each plant because the antioxidant 
activity of plants can be influenced by many factors; thus, it is 
important to use a variety of antioxidant activity measurements to 
assess the various mechanisms of antioxidant action (Gan et al., 2010). 
	 The free-radical scavenging activities of the stem bark, wood and 
leaf samples were evaluated using three different assays, as shown in 
Fig. 1A–C. The results were expressed in terms of the IC50. DPPH 
radical scavenging activity, the activity against DPPH radicals of stem 
bark, wood and leaf extracts were 623.96 ± 12.50 µg/mL, 1,135.88 ± 
12.52 µg/mL and 551.25 ± 0.81 µg/mL, respectively. For nitric oxide 
radical scavenging activity, the activity levels against nitric oxide 
radicals of stem bark, wood and leaf extracts were 140.86 ± 2.63 µg/
mL, 588.69 ± 94.54 µg/mL and 379.79 ± 55.91 µg/mL, respectively. 
In terms of superoxide radical scavenging activity, the activity levels 
against superoxide radicals of stem bark wood were 152.38 ± 6.35 µg/
mL, 931.37 ± 1.49 µg/mL and 809.53 ± 9.68 µg/mL, respectively.
	 The ferric reducing antioxidant power assay, total phenolic 
content and total flavonoid content are shown in Fig. 1D–F. The 
results were calculated from the standard graph, which was linear 
over the calibration range with coefficient of determination (R2) 
values of 0.9936, 0.9999 and 0.9870, respectively. The FRAP assay 
is dependent on the reduction of ferric ion into ferrous ion (Benzie 
and Strain, 1996). The extract from stem bark had higher activity than 
the extracts from wood and leaf (252.44 ± 4.87 mg TE/g, 118.20 ± 
0.13 mg TE/g and 188.11 ± 16.38 mg TE/g, respectively. The total 
phenolic content values of stem bark, wood and leaf extracts showed 
that bark (128.19 ± 2.12 mg GAE/g) had a higher amount of phenolic 
compounds than the wood and leaf extracts (60.09 ± 1.10 mg GAE/g 
and 112.18 ± 0.12 mg GAE/g, respectively). The total flavonoid 
content values in the leaf extract (30.62±0.29 mg QE/g) had a higher 
content of phenolic compounds than stem bark and wood extracts 
(2.03 ± 0.05 mg QE/g and 0.89 ± 0.03 mg QE/g, respectively).
	 Many parts of C. arborea are known to be used for therapeutic 
properties, but little supporting scientific evidence exists, such as 
for antioxidant activity. In fact, there is no report on antioxidant 
research of the wood. Taking into account the results of all the 
antioxidant assays in the current study, the stem bark extract had the 
highest antioxidant activity. This was consistent with Senthilkumar 
et al. (2007) who evaluated antioxidant activity and cytotoxicity and 
they reported that the methanolic extract from the stem bark of C. 
arborea had strong antioxidant activity against many oxidants such 
as 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and 
DPPH free radicals, hydrogen peroxide, nitric oxide, the hydroxyl 
radical by deoxyribose and by p-NDA and the superoxide radical by 
alkaline DMSO and lipid peroxidation.
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with the ability to inhibit HIV-1 RT would be an obvious therapeutic 
target for drug design in the future.
	 The extract from stem bark wood and leaf of C. arborea were 
utilized for evaluation of anti-HIV activity using an HIV-1 reverse 
transcriptase assay. At a final concentration of 10 µg/mL, the results 
indicated that the relative inhibition levels of stem bark wood and 
leaf extracts of C. arborea were 143.33 ± 2.21%, 74.52 ± 4.45% 
and 124.36 ± 1.36%, respectively (Fig. 2). The relative inhibition of 
Nevirapine at a concentration of 300 µM was 98.82 ± 0.80%. These 
results suggested that the stem bark and leaf extracts had higher levels 
of HIV-1 RT activity than the standard drug. 
	 This study was the first report concerning the HIV-1 RT enzyme 
of this plant species. Based on the report of (Silprasit et al., 2011), 
an extract should show relative inhibition of more than 80% to be 
considered having a strong inhibitory action against HIV-1 RT. 
Therefore, the stem bark and leaf extracts could be considered to 
exhibit high inhibition activity, while the wood extract could be 
considered to have moderate inhibitory activity for HIV-1 RT.
	 Some literature has reported that the high value of phenolic, 
flavonoids and the high antioxidant activities also imply high activity 
against HIV-1 reverse transcriptase (Eldeen et al., 2011) because the 
accumulation of ROSs has been linked to the simulation of HIV-1 
developing into AIDS (Gil et al., 2003). Therefore, antioxidants can  
protect cells against the excessive free radicals that have been implicated  
in the causality of many diseases (Devasagayam et. al., 2004).
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Fig. 1	 Autoxidation activity screening of stem bark and wood extract of 
C. arborea in six assays: (A) 2,2-diphenyl-1-picrylhydrazyl free radical 
scavenging activity (DPPH); (B) nitric oxide radical scavenging activity 
(NO); (C) superoxide radical scavenging activity (SOD); (D) ferric reducing 
antioxidant power assay (FRAP); (E) total phenolic content (TPC); (F) total 
flavonoid content (TFC), where n=3, values are presented as mean ± SD and 
IC50 = the half-maximal inhibitory concentration. Different letters above bars 
indicate significant differences (p < 0.05) among the treatments.
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	 The current results could also be observed in the absence of 
flavonoid content in the stem bark and wood extract. This was 
consistent with Kapoor et al. (1972), who investigated the apparent 
absence of alkaloids and flavonoids from stem bark.
	 Polyphenols are normally abundant in stem bark (Vazquez et 
al., 2008) and comprise a very important plant constituent because 
of their scavenging ability on free radicals due to their hydroxyl 
groups (Tosun et al., 2009). They also have high potential in 
many bioactivities. Most of these effects are believed to be due to 
antioxidant properties (Moure et al., 2001). An extract that has high 
amounts of phenolic and flavonoid compounds also shows high 
activity in terms of ferric reducing antioxidant power (Hwang et al., 
2013; Khanum et al., 2014).

Anti-HIV activity screening

	 HIV type 1 (HIV-1) is the main type of AIDS infection worldwide 
and reverse transcription is an essential step for retroviral replication 
(Hu and Hughes, 2012). Most chemotherapeutic agents are directed to 
the HIV-1 RT, a key enzyme that plays an essential and multifunctional 
role in the replication of HIV-1 (Castro et al., 2006). A natural product 

Fig. 2	 Percentage of relative inhibition of anti-human immunodeficiency 
virus reverse transcriptase (HIV-1 RT) of stem bark and wood extract of C. 
arborea at 10 µg/mL compared with standard drug (Nevirapine), where n=3 
and values are mean ± SD. Different letters above bars indicate significant 
differences (p < 0.05) among the treatments.

Ranking of antioxidant and anti-HIV activities of C. arborea extract

	 For selecting the parts of C. arborea having the highest levels of 
bioactivity against free radicals and HIV, the overall results from six 
assays of antioxidant activities and anti-HIV activity of three parts 
were ranked according to the method described by Silva and Sirasa 
(2018). From the rankings (Table 1), the extract from the stem bark 
was ranked first in terms of overall antioxidant activities, though not 
for total flavonoid content. The stem bark extract was also ranked first 
in terms of HIV-1 reverse transcriptase activity.
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	 The high levels of antioxidant activity might promote the reduction  
of the viral load in HIV-infection (Kapewangolo et al., 2013). Oxidative  
stress has been linked to the development of HIV and has also been 
implicated in the pathogenesis of HIV/AIDS, since the virus replicates 
in a highly oxidized environment (Valle et al., 2013). Antioxidants have  
been shown to reduce oxidative stress and in the process, may also contribute  
to a reduction in viral load (Allard et al., 1998). From the current results,  
it could be concluded that a plant part having a high level of polyphenol, 
such as the stem bark, can inhibit the HIV virus better than other parts.
	 Various pieces of related literature have reported that phenolic 
compounds, especially tannin, can inhibit the activity of HIV. Lu et al.  
(2004) studied the inhibition of tannin (a phenolic compound) from HIV-1  
entry by targeting gp41. They concluded that tannin is a potent anti-HIV  
agent with many mechanisms, such as inhibiting HIV-1 replication, inhibiting  
HIV-1 mediated cell-fusion and interfering with gp41 six-helix bundle 
formation. The findings from the study of Lu et al. (2004) were also 
consistent with the current results that showed the stem bark extract 
contained a high amount of phenolic compounds as well as having 
substantial activity against HIV through the inhibition of HIV-1 RT activity. 
Therefore, the stem bark extract was subjected to further fractionation and 
isolation to investigate the bioactive compounds in more detail.

Extraction and fractionation

	 Stem bark extract was prepared again with the same method 
described above. Then, the extract was separated to get the lipophilic 

extract. The lipophilic extract was chromatographed with mixtures of 
ethyl acetate-n-hexane. In total, 149 fractions were identified: 1–20 
(n-hexane), 21–40 (n-hexane-ethyl acetate, 95:5), 41–60 (n-hexane-
ethyl acetate, 9:1), 61–80 (n-hexane-ethyl acetate, 7:3), 81–100 
(n-hexane-ethyl acetate, 1:1), 101–120 (n-hexane-ethyl acetate, 3:7), 
121–130 (ethyl acetate), 131–142 (acetone) and 143–149 (methanol). 
The fractions with similar profiles were aggregated into 11 combined 
fractions as shown in Table 2 to isolate bioactive compounds further.

Isolation and elucidation of structure

	 The combined fraction number 3 (fraction numbers 38–39) was 
eluted with n-hexane-ethyl acetate (95:5) and yielded crystals, which 
were purified using the recrystallization technique with a mixture of 
chloroform-methanol and then, subsequently purified using Sephadex 
LH-20 eluted with methanol to produce compound 1 that exhibited 
blue fluorescence under ultraviolet light at 365 nm. The chemical 
structures were identified according to their atmospheric pressure 
chemical ionization mass spectrometry (APCI-MS) using the 1H and 
13C NMR spectral data.
	 Compound 1 was isolated as a white crystalline solid. The 
1H-NMR spectrum of this compound showed protons combined with 
29 carbon signals from the 13C-NMR spectrum. The 1H and 13C NMR 
spectral data for this compound showed chemical shifts similar to 
those reported by Cayme and Ragasa (2004) as shown in Table 3, 
which might indicate that this compound was stigmasterol (C29H48O). 

Table 1	 Ranking of stem bark, wood and leaf extracts of C. arborea in six assays (n = 3) of antioxidant activities and anti-human immunodeficiency virus reverse 
transcriptase activity
Plant 
part

Antioxidant activity HIV-1 RT Σ Rank Ranking
DPPH NO SOD FRAP TPC TFC

Stem bark 1 1 1 1 1 2 1 8 1
Wood 3 3 3 3 3 3 2 20 3
Leaf 2 2 2 2 2 1 1 12 2

DPPH = 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity; NO = nitric oxide radical scavenging activity; SOD = superoxide radical scavenging 
activity; FRAP = ferric reducing antioxidant power assay; TPC = total phenolic content; TFC = total flavonoid content; HIV-1-RT = anti-human immunodeficiency 
virus reverse transcriptase

Table 2	 Combined fraction code, number of fractions, weight and ratio of solvent system for column chromatography of each combined fraction for bark extracts 
of C. arborea
Combined fraction Fraction number Weight (g) Solvent system
Fraction 1 1–25 1.6705 n-Hexane, n-hexane-ethyl acetate (95:5)
Fraction 2 26–35 1.2865 n-Hexane-ethyl acetate (95:5)
Fraction 3 36–43 2.1676 n-Hexane-ethyl acetate (95:5, 9:1)
Fraction 4 44–64 2.6342 n-Hexane-ethyl acetate (95:5, 9:1)
Fraction 5 65–74 0.8921 n-Hexane-ethyl acetate (7:3)
Fraction 6 75–80 0.9875 n-Hexane-ethyl acetate (7:3)
Fraction 7 81–88 1.0978 n-Hexane-ethyl acetate (1:1)
Fraction 8 89–104 0.9979 n-Hexane-ethyl acetate (1:1, 3:7)
Fraction 9 105–132 0.8859 n-Hexane-ethyl acetate (3:7), ethyl acetate, acetone
Fraction 10 133–142 4.6954 Acetone
Fraction 11 143–149 6.7381 Methanol
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	 The mass spectrum of this compound was determined using APCI-
MS. From the results, the base peak of this compound was observed 
at m/z 395.3648 (Fig. 3). Due to the atmospheric pressure chemical 
ionization, which is a soft ionization technique that affects the results 
shown in [M+H+-H2O], there were fragments indicating a loss of 
one water molecule. This observation corresponded to the results of 
Kemmo et al. (2007), in which the main fragment of stigmasterol 
was m/z 395.4 [M+H+-H2O]. To confirm whether this compound was 
stigmasterol, the exact mass from the experiment (412.3675) was 
determined and was similar to the monoisotopic mass of stigmasterol 
(412.3705). Therefore, compound 1 was confirmed as stigmasterol 
(Fig. 4).
	 Stigmasterol is one type of phytosterol that can be found in various 
plants (Grace et al., 2016; Miras-Moreno et al., 2016; Scapinello  

et al., 2018; Wang et al., 2018) and has been reported to have several 
interesting properties. For example, it can accelerate the oxidation 
of both methyl linoleate in solution and 1-palmitoyl-2-linoleoyl-
phosphatidylcholine liposomal membranes in aqueous dispersions 
(Yoshida and Niki, 2003). Phytosterols, such as stigmasterol, may 
offer protection against the most common cancers, including colon, 
breast and prostate cancer (Awad and Fink, 2000). Stigmasterol 
showed chemopreventive activity in an experimental model of cancer, 
which might be linked to the oxidative stress of stigmasterol (Ali et 
al., 2015). Stigmasterol also controlled inflammatory features, such as  
ear skin oedema and neutrophilia, and reduced the serum levels of 
TNFα induced by topical application of tissue plasminogen activator 
(Antwi et al., 2018) and thus is anti-inflammatory (Columba-
Palomares et al., 2018).

Table 3	 1H spectral data (400 MHz, CDCl3) and 13C NMR spectral data (100 MHz, CDCl3) of compound 1 and stigmasterol (C29H48O) (Cayme and Ragasa, 2004)
Position 1H spectral data of stigmasterol Compound 1 13C NMR spectral data of stigmasterol Compound 1

δ 1H (ppm) δ 1H (ppm) δ 13C (ppm) δ 13C (ppm)
1 1.08

1.83
1.08
1.83

37.2 37.3

2 1.49
1.82

1.49
1.82

31.6 31.6

3 3.53 (m) 3.52 (m) 71.8 71.8
4 2.24

2.28
2.24
2.28

42.27 42.3

5 - - 140.7 140.7
6 5.35 (d, 4.7 Hz) 5.35 (d, 5.2 Hz) 121.7 121.7
7 1.53

1.98
1.53
1.98

31.9 31.9

8 1.46 1.46 31.9 31.9
9 0.94 0.94 50.1 50.1
10 - - 36.5 36.5
11 1.45

1.48
1.45
1.48

21.06 21.08

12 1.15
1.97

1.15
1.97

39.7 39.7

13 - - 42.19 42.2
14 1.00 1.00 56.8 56.9
15 1.06

1.55
1.06
1.55

24.4 24.4

16 1.27
1.71

1.27
1.71

28.9 28.9

17 1.13 1.13 55.9 55.9
18 0.70 (s, Me) 0.70 (s, Me) 12.04 12.05
19 1.01 (s, Me) 0.99 (s, Me) 19.4 19.4
20 2.04 2.04 40.5 40.5
21 1.02 (d, 6.8 Hz, Me) 1.01 (d, 7.5 Hz, Me) 21.09 21.1
22 5.15 (dd, 8.4, 15.1 Hz) 5.15 (dd, 8.6, 15.2 Hz) 138.3 138.3
23 5.02 (dd, 8.4, 15.1 Hz) 5.01 (dd, 8.6, 15.2 Hz) 129.2 129.2
24 1.53 1.53 51.2 51.2
25 1.44 1.44 31.9 31.9
26 0.84 (d, 6.4 Hz, Me) 0.84 (d, 6.4 Hz, Me) 21.2 21.2
27 0.83 (d, 6.1 Hz, Me) 0.83 (d, 6.0 Hz, Me) 18.97 19.0
28 1.15 1.15 25.4 25.4
29 0.80 (t, 6.0 Hz, Me) 0.79 (t, 7.0 Hz, Me) 12.3 12.3

NMR = nuclear magnetic resonance; ppm = parts per million
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Fig. 4	 Chemical structure of stigmasterolFig. 3	 Mass spectrum of stigmasterol

	 The anti-HIV activity of this compound has not been reported 
yet. However, there are still several chemical compounds, especially 
triterpenoids, which are the precursor to all steroids, that are known 
to exert anti-HIV activity. Several triterpenoids have exhibited 
antiretroviral activity with different mechanisms of action. For 
example, betulinic acid, which is a triterpenoid substance, disrupts 
viral fusion to the cells in a post-binding step through interaction 
with the viral glycoprotein gp41, while other substances disrupt 
the assembly and budding of the HIV-1 virus (Asres et al., 2005). 
Oleanolic acid and pomolic acid, which were isolated from Rosa 
woodsii and Ternstromia gymnanthera, had anti-HIV activity and 
could inhibit uninfected H9 cell growth (Kashiwada et al., 1998). 
Nigranoic acid was also found to be a substance having high potential 
against HIV reverse transcriptase and in DNA polymerase assays  
(Sun et al., 1996).
	 In conclusion, the results from the current work suggested that the 
extract of C. arborea was a potential source for antioxidant and anti-
HIV activities. Specifically, the extract from stem bark had the highest 
antioxidant and HIV-1 reverse transcriptase levels of inhibition 
activity compared to the wood and leaf extracts. Stigmasterol was 
isolated from the stem bark extract. Future investigation should 
study: phytochemical analysis, the isolation of other pure compounds 
from the stem bark extract of C. arborea and the bioactivities of 
stigmasterol and other pure compounds.
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