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ABSTRACT

The leaves and stem bark extracts of B. penangiana were screened to evaluate their antioxidant, antimicrobial,
tyrosinase, lipoxygenase, and acetylcholinesterase activities. Evaluation of antioxidant activities were tested against
DPPH, ABTS, and total phenolic content (TPC) assays. The antimicrobial activity were investigated by microdilution
method for determination of MIC, MBC, and MFC. Tyrosinase and lipoxygenase inhibitory activities were analysed
using mushroom tyrosinase and lipoxygenase enzymes, respectively. In addition, the acetylcholinesterase activity was
tested using cholinesterase enzyme. The methanol extract of stem bark showed the highest phenolic content (176.8 mg
GAE/g), DPPH free radical scavenging (ICsy 95.5 pg/mL), ABTS (ICsy 124.8 pg/mL), and lipoxygenase inhibitory
activity (I: 46.3%). All extracts showed from moderate to weak activity with MIC/MBC/MFC values in the ranged of
62.5-1000 pg/mL. The ethyl acetate stem bark extract revealed the highest percentage inhibition on tyrosinase activity
(I: 83.2%), while for acetylcholinesterase activity showed by the methanol leaves extract with percentage inhibition of
69.4%. The results revealed that the extracts of B. penangiana possessed significant activities on various biological
studies. Further investigations will be focussing on isolation of the secondary metabolites responsible for the

bioactivities.
Keywords: Beilschmiedia, Lauraceae,
Acetylcholinesterase.
1. INTRODUCTION

The genus Beilschmiedia comprises about 250 plant
species widely distributed in tropical Asia and Africa.
These plants produce several classes of natural products
including endiandric acid derivatives, essential oils,
lignans, neolignans, flavonoids, lactones and alkaloids.
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Antimicrobial,  Antityrosinase; Lipoxygenase,

Few of these compounds were reported to exhibit
antibacterial, antimalarial, anti-inflammatory, anti-
oxidant, anti-a-glucosidase, anti-leishmanial, anti-fungal,
anti-cholinesterase and antituberculosis activities."* In
Africa, some of the species from this genus were used as
folk medicines in treating uterine tumors, rheumatism,
and pulmonary diseases.” Several biological activities of
the extracts of Beilschmiedia species also had been
reported. Previous reports on the extracts of B. obscura,
B. cinnamomea, B. tovarensis, B. acuta and B.
cinnamomea had shown antibacterial and antifungal
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properties. The extract of B. erythrophloia was found as
radical scavenger, while B. erythrophloia and B. tsangii
displayed potent inhibition on anti-inflammatory
activity.>®

Beilschmiedia penangiana is commonly known as
‘medang ayer’ in Malaysia. It grows in lowland or hill
forests.’® The chemical compositions and biological
activities of the leaf and bark oils from B. penangiana
had been reported recently. The essential oils showed
significant -carotene/linoleic acid bleaching (leaf 67.2%;
bark 112.4%) and DPPH radical-scavenging (ICsy: leaf
92.4 pg/mL; bark 88.3 pg/mL) activities, and strong
antifungal property against Candida glabra (MIC 31.3
pg/mL). Besides, the essential oils also displayed
significant inhibition of tyrosinase (leaf 80.6%; bark
82.5%), acetylcholinesterase (leaf 51.8%; bark 47.1%),
and lipoxygenase (leaf 32.0%; bark 45.8%) activities.*" In
continuation of our bioactivity studies on this species,
herein we report the antioxidant, antimicrobial,
antityrosinase, lipoxygenase, and acetylcholinesterase
activities from the leaves and stem bark extracts of B.
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penangiana.

MATERIALS AND METHODS
Plant material

B. penangiana (Voucher no. SK2572/14) was
collected from Kluang, Johor in October 2014. The
species were identified by Dr. Shamsul Khamis (UPM)
and the wvoucher specimens were deposited at the
Herbarium of Institute of Bioscience, Universiti Putra
Malaysia.

Extraction method

The dried and powdered leaves (250 g) and stem bark
(200 g) were extracted with n-hexane (Hex), ethyl acetate
(EtOAc) and methanol (MeOH), sequentially. The
extracts were filtered and the solvent was removed under
vacuum using a rotary evaporator (Eyela, Germany) to
obtain the Hex, EtOAc and MeOH extracts. Percentage
yields (w/w) of the extracts obtained are shown in Table

().

Table (1)
Percentage of yield and antioxidant activities of B. penangiana extracts
Parts Extracts Yield DPPH ICs ABTS 1Cs TPC
(Hg/mL) (Hg/mL) (mg GAE/g)
Leaves Hex 1.829,0.91 % 105.0+0.3 157.14+0.1 1015+ 04
EtOAC 4.029,2.01% 200.5+0.1 215.9+0.2 66.8 +0.1
MeOH 7.76 g, 3.88 % 177.0+0.3 141.0+0.3 59.6+05
Stem Bark Hex 3549, L.77% 143.7+0.1 276.3+0.3 47.7+0.2
EtOAC 5.35¢g, 2.67 % 155.1+0.1 228.1+0.3 46.3+0.2
MeOH 8.829,441% 95.5+0.3 124.8+0.1 176.8 + 0.3
BHT 18.5 52.2 ND

Data represent as mean + SD of three independent experiments; ND — not determined; TPC - Total phenolic content;

GAE — gallic acid equivalent; BHT - Butylated hydroxytoluene

Solvents and chemicals

Analytical grade n-hexane, ethyl acetate and methanol
used for extraction were purchased from Merck
(Germany). Antioxidants: 1,1-diphenyl-2-picrylhydrazyl
(DPPH), gallic acid and butylated hydroxytoluene (BHT)
were obtained from Sigma-Aldrich  (Germany).
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Analytical grade methanol, ethanol and
dimethylsulfoxide (DMSO), HPLC grade chloroform,
and Folin—Ciocalteu’s reagent were purchased from
Merck (Germany). Antimicrobial: Nutrient agar (NA),
nutrient broth (NB), sabouraud dextrose agar (SDA),
sabouraud dextrose broth (SDB), streptomycin sulphate
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and nystatin were purchased from Oxoid (ltaly). All
tested microorganisms were purchased from Mutiara
Scientific (Malaysia). Tyrosinase: Mushroom tyrosinase
enzyme (EC1.14.18.1), kojic acid and vr-dopa were
purchased from Sigma-Aldrich (Germany).
Lipoxygenase: Lipoxygenase inhibitor screening assay kit
(Item No. 760700 Cayman Chemicals Co) was purchased
from i-DNA Biotechnology (M) Sdn. Bhd. (Malaysia).
Acetylcholinesterase:  AChE  enzyme  (Type-VI-S,
EC3.1.1.7), acetylthiocholine iodide, 5,5'-dithio-bis (2-
nitrobenzoic) acid (DTNB), and galantamine were
purchased from Sigma-Aldrich (Germany).

Antioxidant activity
DPPH free radical scavenging assay

The free radical scavenging activity was measured by
the DPPH method with minor modifications.*? Briefly,
0.1 mM DPPH (1 mL) dissolved in EtOH was added to
an EtOH solution (3 mL) of the tested samples and
standard (BHT) at different concentrations (200, 150,
100, 50, 25 pg/mL). An equal volume of EtOH was
added in the control test. The mixture was shaken
vigorously and allowed to stand at room temperature for
30 min. Then the absorbance at 517 nm was measured
with a UV-vis spectrophotometer. The percentage of
inhibitions (1%) of DPPH radical were calculated as
follow:

1% = [Ablank*Asample / Ablank] x 100

where Ay iS the absorbance value of the control
reaction (containing all reagents except the test extracts)
and  Agmple IS the absorbance values of the test
extracts/standard. The sample concentration providing
50% inhibition (ICsy) was calculated by plotting
inhibition percentages against concentrations of the
sample. All tests and ICs, values were reported as means
+ SD of triplicates.

ABTS radical scavenging

The antioxidant capacity was estimated by ABTS
radical scavenging activity following the previously
reported method.”®* Briefly, ABTS was obtained by
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reacting 14 mM ABTS stock solution (5 mL) with 4.9
mM potassium persulfate (5 mL) and the mixture was left
to stand in the dark at room temperature for 12-16 h
before use. The ABTS solution (stable for 2 days) was
diluted with distilled water to an absorbance at 734 nm of
0.70 £ 0.02 by UV-vis spectrophotometer. After the
addition of 15 pL of extracts (concentration of 200, 150,
100, 50, 25 pg/mL) to 285 pL of diluted ABTS solution,
the absorbance was measured after 30 min. The same
procedure was repeated for the standard gallic acid
solutions. The percentage inhibition (1%) of ABTS
radical-scavenging activity of the extracts was expressed
as:

1% = [Acontrol - Asample / Acontrol ] x 100

where Acnirol 1S the absorbance of the blank control
(ABTS solution without extracts) and Agmpe iS the
absorbance of the extracts. All tests were carried out in
triplicate.

Total phenolic content (TPC) assay

TPC of the extracts was measured using gallic acid
equivalent with minor modifications.** A sample of stock
solution (1.0 mg/mL) was diluted in MeOH to final
concentrations of 1000 pg/mL. A 0.1 mL aliquot of
sample was pipetted into a test tube containing 0.9 mL of
methanol, then 0.05 mL Folin-Ciocalteu’s reagent was
added, and the flask was thoroughly shaken. After 3min,
0.5 mL of 5% Na,COj; solution was added and the
mixture was allowed to stand for 2 h with intermittent
shaking. Then, 2.5 mL of methanol was added and left to
stand in the dark for 1 h. The absorbance measurements
were recorded at 765 nm. The same procedure was
repeated for the standard gallic acid solutions. The
concentration of total phenolic compounds in the extracts
was expressed as mg of gallic acid equivalent per gram of
sample (mg GAE/q). Tests were performed in triplicates.

Antimicrobial activity
Microbial strains

Nine microorganisms; three Gram-positive bacteria;
Bacillus subtilis (ATCC6633), Staphylococcus aureus
(ATCC29737) and Enterococcus faecalis (ATCC19433),
three Gram-negative bacteria; Pseudomonas aeruginosa
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(ATCC9027), Escherichia coli (ATCC10536) and
Klebsiella pneumoniae (ATCC13883) and three
fungal/yeast Aspergillus niger (ATCC16888), Candida
glabrata (ATCC2001) and Saccharomyces cerevisiae
(ATCC7754) were used. The strains were grown on NA
for the bacteria and SDA for fungal/yeast. For the activity
tests, NB for bacteria and SDB for fungal/yeast strains
were used.

Microdilution method

Antimicrobial test was carried out by MIC (minimum
inhibitory concentration), MBC (minimum bactericidal
concentration) and MFC  (minimum  fungicidal
concentration) by broth micro dilution method using 96-
well microplates.? The inocula of the microbial strains
were prepared from 24 h broth cultures and suspensions
were adjusted to 0.5 McFarland standard turbidity. The
extracts (1 mg) were dissolved in DMSO (1 mL) to get
1000 pg/mL stock solution. A number of wells (A—H)
were reserved in each plate for positive and negative
controls. Sterile broth (100 pL) was added to the wells
from row B to H. The stock solutions of samples (100
puL) were added to the wells at row A and B. Then, the
mixture of samples and sterile broth (100 uL) at row B
were transferred to each well in order to obtain a twofold
serial dilution of the stock samples (concentration of
1000, 500, 250, 125, 62.5, 31.3, 15.6 and 7.8 pg/mL).
The inoculum (100 puL) was added to each well. The final
volumes in each well were 200 pL. Streptomycin
sulphate for bacteria and nystatin for fungal/yeast were
used as positive controls. Plates were incubated at 37°C
for 24 h. Microbial growth was indicated by the presence
of turbidity and a pellet at the bottom of the well.
Samples from the MIC study which did not show any
growth of bacteria were removed from each well (10 mL)
and then subculture on the surface of the freshly prepared
nutrient agar in disposable Petri dishes (50mmx15 mm).
Then, the Petri dishes were inverted and incubated for 16-
20 h at 37°C. After 16-20 h, the number of surviving
organisms was determined.

Tyrosinase inhibitory activity
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Tyrosinase inhibitiory assay was carried out following
the standard method with slight modifications.'* Briefly,
the extracts and kojic acid were dissolved in DMSO
prepared as 1 mg/mL. The reaction was carried out using
96-well microplate and microplate reader (Epoch Micro-
Volume Spectrophotometer, USA) was used to measure
the absorbance at 475 nm. 40 pL of extracts dissolved in
DMSO with 80 pL of phosphate buffer (pH 6.8), 40 uL
of tyrosinase enzyme and 40 pL of L-dopa were put in
each well. Each sample was accompanied by a blank that
had all the components except for L-dopa. Kojic acid was
used as reference standard inhibitor for comparison. The
percentage of tyrosinase inhibition (1%) was calculated as
follows:

1% = [Acontrol - Asample / Acontrol] x 100

where Aol 1S the absorbance of the control reaction
and Asmpie is the absorbance of the extracts/reference.
Analyses were expressed as means + SD of triplicates.

Lipoxygenase inhibitory activity

Lipoxygenase (LOX) inhibition was determined using
an enzyme immuno assay (EIA) kit (Catalog No. 760700,
Cayman Chemical, USA) according to the manufacturer’s
instructions. The Cayman Chemical lipoxygenase
inhibitor screening assay detects and measures the
hydroperoxides produced in the lipoxygenation reaction
using a purified lipoxygenase. Stock solutions of the
extracts were dissolved in a minimum volume of DMSO
and were diluted using the supplied buffer solution (0.1
M, Tris—HCI, pH 7.4). To a 90 pL solution of 5-LOX
enzyme in 0.1 M Tris—HCI, and pH 7.4 buffer, 10 pL of
various concentrations of test samples (final volume of
210 pL) were added and the lipoxygenase reaction was
initiated by the addition of 10 uL (100 pM) of
arachidonic acid. After maintaining the 96-well plates on
a shaker for 5 min, 100 pL of chromogen was added and
the plate was retained on a shaker for 5 min. The
lipoxygenase activity was determined after measuring
absorbance at a wavelength of 500 nm. The percentage
inhibition (1%) of the extracts was calculated as follows:

1% = [ Ainitial activity — Ainnibitor / Anitial activity 1 % 100

where Ainitiar activiy 1S the absorbance of 100% initial
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activity wells without sample and Ajmnibior 1S the
absorbance of extracts/reference. All tests were carried
out in triplicate and expressed as means + SD.

Acetylcholinesterase (AChE) activity

AChE inhibitory activity of the extracts was measured
by slightly modifying the spectrophotometric method.™
Electric eel AChE was used, while acetylthiocholine
iodide (AChl) was employed as the substrate of the
reaction. DTNB acid was used for the measurement of
the AChE activity. Briefly, 140 pL of sodium phosphate
buffer (pH 8.0), 20 pL of DTNB, 20 uL of test
compounds and 20 pL of AChE solution were added by
multichannel automatic pipette in a 96-well microplate
and incubated for 15 min at 25°C. The reaction was then
initiated with the addition of 10 uL of AChl. Hydrolysis
of AChl was monitored by the formation of the yellow 5-
thio-2-nitrobenzoate anion as a result of the reaction of
DTNB with thiocholines, catalyzed by enzymes at 412
nm utilizing a 96-well microplate reader (Epoch Micro-
Volume Spectrophotometer, USA). Percentage of
inhibition (1%) of AChE was determined by comparison
of rates of reaction of samples relative to blank sample
(EtOH in phosphate buffer pH = 8) using the formula:

1% =[E-S/E]x 100;

where E is the activity of enzyme without test sample
and S is the activity of enzyme with test sample. The
experiments were done in triplicate. Galantamine was
used as the positive controls.

Statistical analysis

Data obtained from the biological activities are
expressed as mean +SD of triplicates. The statistical
analyses were carried out by employing one-way
ANOVA (p < 0.05). A statistical package (SPSS version
11.0) was used for the data analysis.

RESULTS AND DISCUSSION

Study of antioxidant efficiency in extracts using
ABTS and DPPH radical scavenging assay is an
important in in vitro analysis. Both methods apply
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decolorization assays to identify the existence of
antioxidant which annul the development of the ABTS
and DPPH radicals.”® The antioxidant activity of B.
penangiana extracts are summarised in Table (1). For
DPPH and ABTS assays, the highest activity was showed
by the MeOH stem bark extract with ICs, value of 95.5
and 124.8 pg/mL, respectively. In most of the assays to
determine the antioxidant properties, the ABTS activity
was strongly correlated with DPPH because both
methods are responsible for the same chemical property
of H or electron-donation to the antioxidant.’**’ In
addition, the MeOH stem bark extract also found to have
the highest TPC (176.8 mg GA/g). Phenolic compounds
are known as plants antioxidant agents due to their
capability as reducing agents, hydrogen donors, and
singlet oxygen scavengers.*® Phenolic compounds such as
flavonoids are noted as antioxidant agents. The plant
extracts also contained some flavonoids as reported
previously from Beilschmiedia species such as B. zenkeri,
B. tovarensis and B. miersii.**%

Table (2) shows the MIC, MBC, and MFC results
obtained from the leaves and stem bark extracts of B.
penangiana against nine microorganisms. The MeOH
stem bark extract showed the best activity against
Enterococcus faecalis with MIC value of 62.5 pg/mL.
However, other extracts displayed moderate to weak
activity with MIC/MBC/MFC ranging from 125-1000
pg/mL towards three Gram-positive bacteria (Bacillus
subtilis, Staphylococcus aureus and Enterococcus
faecalis) and three Gram-negative bacteria (Pseudomonas
aeruginosa, Escherichia coli and Klebsiella pneumonia).
It is often reported that Gram-negative bacteria are more
resistant to the plant extracts, since the hydrophilic cell
wall structure of Gram-negative bacteria is constituted
essentially of a lipopolysaccharide that blocks the
penetration of hydrophobic oil and avoids the
accumulation of extracts in the target cell membrane.
This is the reason that Gram-positive bacteria were found
to be more sensitive to the extracts of B. penangiana than
Gram-negative ones.”* For antifungal activity, the best
activity was showed by the MeOH stem bark extract with
MFC value of 125 pg/mL against the fungal strains
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(Aspergillus niger, Candida  glabrata, and species of Beilschmiedia which are beilschmiedic acid A,
Saccharomyces cerevisiae). Some isolated compounds beilschmiedic acid K, beilschmiedic acid L, cryptobeilic
from the genus Beilschmiedia have been reported to have acid A, and cryptobeilic acid B.#%

antimicrobial activities. Compounds with antifungal and
antibacterial activities have been isolated from other

Table (2)
Antimicrobial activity of B. penangiana extracts
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Results of MIC/MBC/MFC in pg/mL; SS — Streptomycin sulphate; NYS — nystatin; BS — Bacillus subtilis; SA —
Staphylococcus aureus; EF — Enterococcus faecalis; PA — Pseudomonas aeruginosa; EC — Escherichia coli; KP —
Klebsiella pneumonia; AN- Aspergillus niger; CG — Candida glabrata; SC— Saccharomyces cerevisiae; ND — not

determined.

Table (3)
Tyrosinase, lipoxygenase, and acetylcholinesterase inhibitory activities of B. penangiana extracts
Parts Extracts Tyrosinase (196) Lipoxygenase (1%) | Acetylcholinesterase (1%0)
Leaves Hex 67.6 +0.3 39.8+0.2 65.3+0.5
EtOAC 80.4+0.1 45.8+0.2 69.3+0.5
MeOH 81.9+0.2 32.4+0.2 69.7+0.5
Stem Bark Hex 743+0.1 24.2+0.3 53.3+0.8
EtOAC 83.2+0.2 41.9+0.3 322+15
MeOH 81.2+0.2 46.3+0.4 202+1.2
Kojic acid 97.1+£0.1 ND ND
Quercetin ND 89.1 £0.2 ND
Acarbose ND ND 97.7+0.4

Data presented as mean + SD of three independent experiments; ND — not determined.

Table (3) summarizes the results of tyrosinase,
lipoxygenase, and acetylcholinesterase  inhibitory
activities at the concentration of 1 mg/mL. Tyrosinase
inhibitors are chemical agents capable of reducing
enzymatic reactions, such as food browning and
melanisation of human skin. Therefore, these agents have
good commercial potential in both food processing and
cosmetic industries. All extracts showed good inhibitory
activity with the percentage inhibition in the range of
67.6 - 83.2%. The EtOAc stem bark extract displayed the
highest tyrosinase inhibition activity which gave 83.2%
inhibition. The inhibition of tyrosinase might depend on
the hydroxyl groups of phenolic compounds of the
mushroom extracts that could form a hydrogen bond to
the active site of the enzyme, leading to a lower
enzymatic activity. Some tyrosinase inhibitors act
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through hydroxyl groups that bind to the active site on
tyrosinase enzyme, resulting in steric hindrance or change
in conformation.?

Lipoxygenases (LOX) are the key enzymes in the
biosynthesis of leukotrienes that play an important role in
several inflammatory diseases. Inhibition of LOX may
influence the inflammation processes and thus be of
interest for modulation of the lipoxygenase pathway.
Therefore, inhibitors of oxidative stress and LOX have
been considered as therapeutically useful in the treatment
of many related diseases such as liver disease, arthritis
and cancer.”® In lipoxygenase inhibitory activity, a
standard quercetin, inhibited lipoxygenase activity by
89.1% at 1 mg/mL. All extract exhibited weak to
moderate lipoxygenase inhibitory activity ranging from
24.2-46.3%. The highest activity showed by the MeOH
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stem bark extract with percentage inhibition of 46.3%. It
is noteworthy that, the MeOH stem bark extract had the
highest TPC with good antioxidant activity, a finding
which is consistent with a previous study which found a
relationship between the anti-inflammatory activity and
the presence of polyphenols. Antioxidants are also known
to inhibit plant lipoxygenases.?®

In acetylcholinesterase (AChE) activity, all extracts
were found to have weak to moderate activity, in the
range of 20.2- 69.7%, comparable to galantamine, 97.7%.
The MeOH leaves extract exerted the highest AChE
activity with inhibition of 69.7%, followed by their
EtOAc (69.3%) and Hex (65.3%) extract. Inhibition of
AChE, the key enzyme in the breakdown of
acetylcholine, is considered as one of the treatment
strategies against several neurological disorders such as
Alzheimer disease. Since the strongest synthetic or
natural product driven AChE inhibitors are known to
contain nitrogen, the promising activity of B. penangiana
extracts could be due to their alkaloidal contents.””*°
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CONCLUSION

Based on these results, it is conceive to conclude that
the leaves and stem bark extracts of B. penangiana had
significant  level of antioxidant, antimicrobial,
antityrosinase, lipoxygenase, and acetylcholinesterase
activities. Investigations are in progress to determine the
secondary metabolites of these extracts. Evaluation of
possible synergism among chemical components for their
biological activities also will be carried out in order to
study in-depth of their pharmacology safety to capitulate
potential new therapeutic drugs or drug leads.
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