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Abstract 
Four compounds were isolated from the petroleum ether and ethyl acetate extracts of the stem bark of 

Hopea scaphula Roxb. The structures of the isolated compounds were elucidated as stigmasterol (1), 1,2-
dimethoxy-4-allylbenzene (2), 3,4-dimethoxycinnamaldehyde (3) and fi-amyrin (4) by extensive 
spectroscopic studies. The isolated compounds and crude extracts were subjected to antioxidant 
screening through free radical scavenging activity by DPPH (1, 1-diphenyl-2-picrylhydrazyl), where 
compounds 1 and 2 showed substantial antioxidant activity with IC50 value 18.0 and 63.0 fig/ml, 
respectively. In case of fi-glucosidase inhibition assay, the ethyl acetate extract revealed strong inhibitory 
activity (94.18%) while the petroleum ether extract showed 79.11% enzyme inhibition. This is the first 
report of antioxidant and fi-glucosidase inhibitory activities of H. scaphula Roxb. 
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Hopea scaphula Roxb’un Sekonder Metabolitlerinin Yanisira Antioksidan ve 
P-glukosidaz Inhibisyonu Potensiyeli 

Hopea scaphula Roxb kabugunun etil asetat ve petrol eteri ekstraktlarmdan 4 komponent izole 
edilmistir. hole edilen bu komponentlerin yapilan spektroskopik çalsmalar vasitasi aydinlatilmis ve 
stigmasterol (1), 1,2-dimethoxy-4-alkylbenzene (2), 3,4- dimethoxycinnamaldehyde (3) ve - -amyrin (4) 
olduklan anlasilmistir. Izole edilen komponentler ve ham ekstraktlarm DPPH (l,l-diphenyl-2-
picrylhydrazyl) ile serbest radikal yakalama aktivitesi yoluyla antioksidan etkileri taranmistir. Bu tarama 
sonunda 1 ve 2’ci komponentler onemli antioksidan aktivite gostermistir. Buna gore elde edilen IC50 
degerleri sirasiyla 18.0 ve 63.0 pig/ml olarak tespit edilmistir. fi-Glukosidaz inhibisyon testi sonuglarma 
gore ise, etil asetat ekstresi guglu bir inhibisyon aktivitesi (% 94.18) gosterirken petrol eteri ekstrakti 
%71.1 oranmda enzim inhibisyonu gostermistir. Bu cahsma, H. scaphula Roxb’un antioksidan ve fi-
glukosidaz inhibisyonu etkisi oldugunu gosteren ilk gahsmadir. 

Anahtar kelimeler: Hopea scaphula Roxb., Dipterocarpaceae, Stigmasterol, 1,2-dimethoxy-4-
allylbenzene, 3,4-dimethoxycinnamaldehyde, fi-amyrin, Antioksidan, /3-glucosidase inhibisyonu 
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INTRODUCTION 

Plants are the reservoir of enormous secondary metabolites, which made it possible to 
remain as essential element for healing arts and to provide diversified lead compounds for the 
drug development. In recent times, natural products are applied extensively to combat free 
radical mediated disorders like cancer, aging, neurodegenerative disease, arteriosclerosis and 
other pathological events (1,2). As a result, a number of plant-derived antioxidants have come 
into light (3-10). Besides, medicinal plants and herbs are also screened to search the /?-
glucosidase inhibitor, which are useful as antiviral, antibacterial, antimetastatic or 
immunostimulatory agents (11-12). On our way to continuous exploration of natural resources 
of Bangladesh, we investigated the plant Hopea scaphula Roxb. for the present study. 

H. scaphula Roxb. (Syn: Anisoptera scaphula, Vatica scaphula and Scaphula glabra; 
Bengali name-Boilsur, Boilam or Sada Boilam; Family- Dipterocarpaceae) is a tall tree that 
grows in Chittagong and Chittagong Hill-Tracts of Bangladesh (13). The plant is reported to 
have significant antimicrobial activity and cytotoxicity (14). Various species of this genus are 
also reported to have anititumor (15), anti-HIV (16), astringent, CNS depressant, hypotensive 
and antifungal (17) properties. Previous phytochemical investigations of Hopea species led to 
the isolation of hopeanolin (17), (-)-hopeaphenol (18), balanocaprol, dibalanocaprol (16), 
cycloartane triterpenoid (19), hopeaphenol A, isohopeaphenol A (20) and vaticanol C (15). We, 
herein, report the isolation of stigmasterol (1), 1,2-dimethoxy-4-allylbenzene (2), 3,4-
dimethoxycinnamaldehyde (3) and (3-amyrin (4) as well as antioxidant and (3-glucosidase 
inhibitory potential of H. scaphula Roxb. for the first time. 

EXPERIMENTAL 

General experimental procedures 
The 1H NMR spectra were recorded using a Bruker AMX-400 (400 MHz) instrument. For 

NMR studies deuterated chloroform was used and the NMR instrument was locked at the solvent 
peak and the 8 values for 1H are reported relative to the residual nondeuterated solvent signal. 
Column chromatography (CC) was carried on Merck Si gel 60 H. TLC and PTLC were conducted 
on glass plate coated with Merck Si gel 60 PF254 at a thickness of 0.5 mm. Spots on TLC and PTLC 
plates were visualized under UV light (254 and 366 nm) and by spraying with 1% vanillin in 
sulfuric acid, followed by heating. 

Plant Material 
Stem bark of Hopea scaphula Roxb. was collected from Dhaka, Bangladesh in the month of 

August 2006. A voucher specimen (DACB, AN-32064) has been deposited in Bangladesh National 
Herbarium, Dhaka for this collection. 

Extraction and Isolation 
The air-dried and powdered plant material (200.5 g) was extracted with petroleum ether 

followed by ethyl acetate at room temperature with occasional shaking and stirring for 7 days for 
each successive extraction. It was then filtered through a fresh cotton plug and finally with a 
Whatman No.1 filter paper. The filtrates were then evaporated using a Buchii rotavapor at low 
temperature and pressure to afford petroleum ether (1.7 g) and ethyl acetate (1.5 g) extracts. 

The petroleum ether extract was subjected to column chromatography over silica gel (Kiesel 
gel 60H, mesh 70-230) and the column was eluted with petroleum ether followed by mixtures of 
petroleum ether and ethyl acetate in order of increasing polarities. Compound 1 was isolated as 
colorless needles from the column fraction of the petroleum ether fraction eluted with 30% ethyl 
acetate in petroleum ether. 
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1.5 g of ethyl acetate extract was subjected to gel permeation chromatography over Sephadex 
LH-20 (Lipophilic) and the column was eluted with hexane-dichloromethane-methanol (2:5:1) 
mixture (300 ml) to give a total of 30 fractions (each 10 ml). Fractions 11 and 12 provided 
compounds 2, 3 and 4 in pure forms upon rechromatographed over silica gel using 12% ethyl acetate 
in toluene, as the developing solvents. 

Compounds isolated 
Stigmasterol (1) (5 mg, 0.003% yield): White needles; 1H NMR (400 MHz, CDCl3): 5 5.34 

(1H, br. s, H-6), 5.14 (1H, dd, .7=15.0, 6.5 Hz H-22), 5.04 (1H, dd, J = 15.0, 9.0 Hz, H-23), 3.51 
(1H, m, H-3), 1.00 (3H, s, Me-19), 0.92 (3H, d, J= 6.0 Hz, Me-21), 0.84 (3H, d, J= 6.0 Hz, Me-26), 
0.82 (3H, t, J= 6.5 Hz, Me-29), 0.80 (3H, d, J= 6.0 Hz, Me-27), 0.67 (3H, s, Me-18). 

1,2-Dimethoxy-4-allylbenzene (2) (4 mg, 0.002% yield): Pale yellow oily liquid; 1H NMR 
(400 MHz, CDCl3): 5 6.78 (1H, d, 7=8.0 Hz, H-6), 6.72 (1H, br. d, .7=8.0 Hz, H-5), 6.70 (1H, br. s, 
H-3), 5.94 (1H, m, H-8), 5.06 (1H, s, Ha-9), 5.04 (1H, m, Hb-9), 3.86 (3H, s, OMe-2), 3.85 (3H, s, 
OMe-1), 3.32 (2H, d, .7=6.5 Hz, H2-7). 

3,4-Dimethoxycinnamaldehyde (3) (4 mg, 0.002% yield): White amorphous powder; 1H NMR 
(400 MHz, CDCl3): 5 9.80 (1H, s, CHO-9), 7.41 (1H, d, J= 16.0 Hz, H-7), 7.15 (1H, dd, J= 8.0, 1.5 
Hz, H-6), 7.00 (1H, br.s, H-2), 6.89 (1H, d, J= 8.0 Hz, H-5), 6.60 (1H, dd, J= 16.0 Hz, H-8), 3.93 
(3H, s, OMe-3), 3.92 (3H, s, OMe-4). 

P-Amyrin (4) (4 mg, 0.002% yield): Colorless powder; 1H NMR (400 MHz, CDCl3): 5 5.24 
(1H, m, H-12), 3.21 (1H, dd, .7=10.5, 4.7 Hz H-3), 1.07 (3H, s, H3-27), 0.98 (3H, s, H3-25), 0.98 
(3H, s, H3-26), 0.93 (3H, s, H3-23), 0.92 (3H, s, H3-24), 0.88 (3H, s, H3-29), 0.88 (3H, s, H3-30), 
0.84 (3H, s, H3-28). 

Antioxidant Activity 
The antioxidant activity (free radical scavenging activity) of the purified compounds on the 

stable radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) was determined by the method developed by 
Brand-Williams et al., 1995 (20). In the experiment, 2 mg of each of the compounds 1-4 and 
extracts were dissolved in methanol. Solution of varying concentrations such as 500 |lg/ml, 250 
|lg/ml, 125 |lg/ml, 62.50 |lg/ml, 31.25 |lg/ml, 15.62 |lg/ml, 7.8125 |lg/ml, 3.91 |lg/ml, 1.95 |lg/ml 
and 0.98 |lg/ml were obtained by serial dilution technique. 2 ml of a methanol solution of the extract 
of each concentration was mixed with 3 ml of a DPPH-methanol solution (20 ug/ml) and was 
allowed to stand for 20 minutes for the reaction to occur. Then the absorbance was determined at 
517 nm and from these values the corresponding percentage of inhibitions were calculated by using 
the following equation: % inhibition = [ 1- (ABSsample / ABScontrol)] x 100. 

Then % inhibitions were plotted against respective concentrations used and from the graph the 
IC50 was calculated. Here, butylated hydroxytoluene (BHT), a potential antioxidant, was used as 
positive control. 

P-glucosidase inhibitory activity 
(3-glucosidase inhibitory activity was measured sepctrophotometrically using /?-nitrophenyl-/?-

D-glucopyranoside as substrate as reported earlier (21,22). Due to the scarcity of the purified 
compounds, we evaluate the activity of extracts only. Here, 0.4 ml of substrate (p-nitrophenyl-/?-D-
glucopyranoside, 2 mg/ml), 1 mg of extract, 0.4 ml of pH 5 phosphate buffer (0.1M potassium 
hydrogen phthalate - NaOH) were placed in a tube and incubated at 37ºC for 10 min. Then, 0.2 ml 
of enzyme (/?-glucosidase, 20 mg/ml) solution was added and the mixture was incubated for another 
30 minutes at 37ºC. After this time, the reaction was terminated by adding 2.6 ml of pH 10 buffer 
(2M glycine-NaOH). In the positive control, a mixture of solvents was added instead of the extract, 
while in the negative control, pH 10 buffer was added at the beginning of the test in order to block 
enzyme activity. Absorbance of the test samples was measured at 410 nm and the activity was 
calculated using the following formula: 
% Enzymatic inhibition = 100 - [(ABSsample - ABSnegative control) / ABSpositive control] x 100 
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Statistics 
All the assays were carried out in triplicate and the results were expressed as mean ± SD. 

RESULTS AND DISCUSSION 

A total of four compounds were isolated (Figure 1) from petroleum ether and ethyl acetate 
soluble extracts of stem bark of H. scaphula by repeated chromatographic separation and 
purification over silica gel. The structures of the isolated compounds were solved by extensive NMR 
data analyses, comparison of their spectral data with literature and by co-TLC with authentic 
sample. 

The 1H NMR spectrum (400 MHz, CDCl3) of the compound 1 revealed a one-proton multiplet 
at δ 3.51, the position and multiplicity of which was indicative of H-3 of the steroidal nucleus. 
Analysis of the remaining signals and by comparison of the spectrum data with published values 
allowed us to characterize compound 1 as stigmasterol (23). 

The 1H NMR spectrum of compound 2 exhibited a doublet centered at δ 3.32 (J = 6.5 Hz), a 
one proton multiplet at δ 5.94 and two multiplets at δ 5.04 and δ 5.06. These signals were 
characteristic of an allylic side chain attached to a benzene ring. The aromatic protons at C-3, C-5 
and C-6 in the ring were assigned by the presence of 1H NMR signals at δ 6.70 (1H br. s), 6.72 (br. 
d, J = 8.0 Hz) and 6.78 (1H, d, J = 8.0 Hz). Two singlets (at δ 3.85 and δ 3.86) indicated the 
presence of two methoxy groups. From this spectral data compound 2 was indicated as 1, 2-
dimethoxy-4-allylbenzene, which is a methyl derivative of eugenol (24). This is the first time 
isolation of this compound from this genus. 
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The 1H NMR spectrum of compound 3 exhibited a doublet centered at 8 6.89 (1H, J = 8.0 Hz) 
and a double doublet 87.15 (1H, J= 8.0, 1.5 Hz) and a broad singlet was found at 8 7.0 (1H). All of 
these spectral features demonstrated the presence of 1, 3, 4-trisubstituted benzene ring. It also 
revealed two singlets at 8 3.92 and 8 3.93, which could be assigned to the methyl groups. A 
downfield double doublet centered at 8 6.60 (J= 16.0, 8.0 Hz) and another doublet 8 7.41 (J= 16.0 
Hz) suggested the presence of two trans coupled olefinic protons at H-7 and H-8, respectively. The 
1H NMR spectrum also exhibited a singlet of one proton intensity at 8 9.80, appropriate for an 
aldehydic proton. The spectral features are in close agreement to those observed for 3,4-dimethoxy 
cinnamaldehyde (25). On this basis, compound 3 was characterized as 3, 4-
dimethoxycinnamaldehyde. 

The 1H NMR spectrum (400 MHz, CDCl3) of compound 4 revealed eight three proton singlets 
at 8 0.84 (H3-28), 0.88 (H3-29, H3-30), 0.92 (H3-24), 0.93 (H3-23), 0.98 (H3-25, H3-26) and 1.07 (H3-
27), which suggested the presence of eight methyl groups in the molecule. It also revealed a broad 
singlet centered at 8 5.24, which could be assigned for an olefinic proton (H-12). The double doublet 
(J = 10.5, 4.7 Hz) centered at 8 3.21 can be ascribed to the oxymethine proton at C-3. The above 
spectral features are in close agreement to those observed for (3-amyrin (26). Thus the identity of 
compound 4 was confirmed as (3-amyrin. 

The isolated compounds and extracts of the plant were assessed for free radical scavenging 
activity and (3-glucosidase inhibitory effect and results are presented in table-1 and 2, respectively. 
The antioxidants act either by scavenging various types of free radicals derived from oxidative 
processes, by preventing free radical formation through reduction precursors or by chelating metals 
(27-29). The reduction of DPPH assay has been used to detect products with antioxidant activity as 
free radical scavengers (30-31). In this study, compound 3 showed the highest antioxidant activity 
with IC50 value of 18.0 ug/ml. At the same time, compound 2 exhibited moderate antioxidant 
activity (IC50=63.0 ug/ml), whereas compounds 1 and 4 displayed no free radical scavenging 
activity. However, the ethyl acetate and petroleum ether extract showed the IC50 = 77.19 and 103.58 
ug/ml, respectively. 

Table 1. Antioxidant activity of the extracts and compounds 1-4 of H. scaphula. 

Samples IC50 (|lg/ml)* 
BHT 19.0 ± 0.33 

Petroleum ether extract 103.58 ± 1.71 

Ethyl acetate extract 77.19 ± 1.33 

Stigmasterol (1) 

1, 2-Dimethoxy-4-allylbenzene (2) 63.0 ± 1.11 

3, 4-Dimethoxycinnamaldehyde (3) 18.0 ± 0.98 

(3-Amyrin (4) 

*The values of IC50 are expressed as mean ± SD (n=3); BHT: Butylated hydroxytoluene 
(Standard compound) 

The enzyme (3-glucosidase is responsible for many glycoprotein processing related disorders 
and so the inhibition of this enzyme is regarded as a preliminary tool for screening antiviral, 
antibacterial, antimetastatic or immunostimulatory agents (9-10). It has been reported that in 
screening plant crude extracts for (3-glucosidase inhibitory activity, an inhibitory activity 50% can be 
considered significant (27). In this study, ethyl acetate extract was very potent showing 94.18% (3-
glucosidase inhibition, where as petroleum ether extract showed 79.11% inhibition. 
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Table 2: (3-glucosidase inhibitory activity of the extracts of H. scaphula. 

Test samples % enzyme inhibition*  
Petroleum ether extract 79.11 ± 1.11 
Ethyl acetate extract 94.18 ± 1.30  
*The values of IC50 are expressed as mean ± SD (n=3) 

CONCLUSION 

Our present study demonstrated a secondary metabolite profile of H. scaphula bark. 
Besides, the potentiality of H. scaphula for counteracting many pathological events, at least as 
antioxidant and β-glucosidase inhibitor was also revealed. To the best of our knowledge, this 
is the first report of antioxidant and β-glucosidase inhibitory potential. Further comprehensive 
investigations are required to obtain more bioactive principles from H. scaphula and to 
elucidate their mechanism of action. 
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