Pharmacogn J. 2019; 11(5):951-961.

A Multifaceted Journal in the field of Natural Products and Pharmacognosy

www.phcogj.com

Original Article

Evaluation of Antioxidant Activity and Phytochemical Screening
of Leaves, Barks, Stems and Fruits of Alphitonia philippinensis
(Rhamnaceae) From Brunei Darussalam

Jamiuddin Ahmed'3**, Kamariah Abu Salim’, Linda B.L. Lim?, Abdalla Mohamed Jama’

Jamiuddin Ahmed'3#*,
Kamariah Abu Salim’, Linda
B.L. Lim? Abdalla Mohamed
Jama’

'Environmental and Life Sciences, Faculty
of Science, Universiti Brunei Darussalam,
Tungku Link Road, Bandar Seri Begawan BE
1410, BRUNEI DARUSSALAM.

2Chemical Sciences, Faculty of Science,
Universiti Brunei Darussalam, Tungku
Link Road, Bandar Seri Begawan BE 1410,
BRUNEI DARUSSALAM.

*Department of Pharmacy, Noakhali
Science and Technology University,
BANGLADESH.

Correspondence
Jamiuddin Ahmed

Environmental and Life Sciences, Faculty
of Science, Universiti Brunei Darussalam,
Tungku Link Road, Bandar Seri Begawan
BE 1410, BRUNEI DARUSSALAM;
Department of Pharmacy, Noakhali Science
and Technology University, BANGLADESH.

E-mail: ajami_ju@yahoo.com
History

e Submission Date: 10-05-2019;
* Review completed: 20-05-2019;
e Accepted Date: 24-05-2019.

DOI : 10.5530/pj.2019.11.151

Article Available online
http://www.phcogj.com/v11/i5
Copyright

© 2019 Phcogj.Com. This is an open-
access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Phcogj.co

951

ABSTRACT

Phytochemical screening of Alphitonia philippinensis extracts revealed the presence of cardiac
glycosides, tannins, saponins and steroids in different plant parts. Total phenolic content
(TPC), total flavonoid content (TFC) and total flavonol content (TFIC) were measured using
spectrophotometric methods where gallic acid and quercetin were the standards. Antioxidant
activity of extracts was assessed using 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS),

free radical scavenging and ferric reducing

antioxidant power (FRAP) assays using ascorbic acid and trolox were used as standards.
Among the four different crude methanol extracts studies, leaves showed highest antioxidant
capacity. EC,, values of the leaves extract from DPPH and ABTS method found 32 and 45
pg/mL respectively. The higher antioxidant activity of the leaves extract could be correlated
with the presence of higher total phenolic content, total flavonoid, and total flavonol contents.
According to antioxidant contents and assay results leaves extract possesses highest
antioxidant property following fruits, barks and stems.

Key words: A philippinensis, Phytochemical investigation, Total phenolic contents, Antioxidant

property.

INTRODUCTION

Throughout history, humans have relied on nature
to manage their basic needs for food, shelter,
garments, transportation, fertilizers, medicines
and essence. Numerous medicines have been
derived from natural sources for the treatment of
various types of diseases in humans and animals
from the very beginning of human civilization
and most of them come from plants. These plant-
based treatments play a vital role in many health
care systems. The World Health Organization
(WHO) reported that approximately 80% of the
world’s inhabitants rely mainly on traditional
medicines for their primary health care."” Plants
contain a wide range of secondary metabolites
and phytochemicals such as phenols, flavonoids,
steroids, tannins, anthraquinones, saponins,
nitrogen compounds (alkaloids, amines, and
betalains), terpenoids and many other endogenous
-molecules.*® Many scientific reports provide
evidence for their antioxidant, antimicrobial anti-
inﬂammatory, analgesic, antipyretic, anticancer,
antitumor, antiviral, antidiabetic, and many others
therapeutic values.>”

Free radicals, oxidants, and various reactive
oxygen species (ROS) are produced by common
essential metabolic processes or from external
sources such as cigarette smoking, air pollutants,
ozone, industrial chemicals, and exposure to
X-rays. Free radicals are liable to generate a large
number of diseases including cardiovascular
disease, neural disorders (Alzheimer’s disease,
Parkinsons  disease, —muscular  dystrophy),

cancer, hypertension, inflammatory diseases (e.g.,
arthritis, vasculitis, glomerulonephritis), aging and
degenerative diseases. The human body possesses
a beneficial complex system of natural enzymatic
and non-enzymatic antioxidant defenses to protect
against the destructive effects of free radicals
other oxidants.’®!? Synthetic antioxidants such as
butylatedhydroxytoluene (BHT), propyl gallate
(PG), butylated hydroxyanisole (BHA), and fert-
butylhydroquinone are firmly regulated to use in food
and medicinal products due to suspicions of their
safety and side effects like carcinogenesis and liver
damage.” Thus, increased attention is now turned to
natural antioxidants such as those of phytochemicals
which are relatively safer, more abundant and have
the stronger efficiency to scavenge free radicals
compared to synthetic antioxidants.'

Alphitonia, a genus of the Rhamnaceae family with,
approximately 20 species, are available in the tropical
regions of Southeast Asia, Polynesia and Oceania.'>'®
This genus is mainly used in traditional medicine
by the inhabitants of Samoa, Fiji, Tahiti, Vanuatu,
Tonga, Northern Australia and Brunei Darussalam
for coughs, constipation, headaches, stomachaches,
menstrual pain, prolapsed rectum after postpartum
woman, facilitate childbirth, swelling, fever, earache,
cancer, skin diseases (eczema, ecthyma, pityriasis),
inflammation, rheumatic pains, ulcer, gastro-
intestinal and urogenital disorders.’*"* Isolation
of a range of bioactive compounds were reported
from this genus having antioxidant, antimicrobial,
cytotoxic, antiulcer, antityrosinase, inhibitions of
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prostaglandin biosynthesis and replication on herpes simplex virus
type—l.“’m'zo

Alphitonia philippinensis Braid is vernacularly known by the Malays
in Brunei Darussalam as “balik angin”. Locally it is used in traditional
medicine where its leaves are used for the treatment of stomachaches
and herbal bath for women to regain strength after delivery. Freshly cut
and separated bark and stem of the plant produce a pleasant aromatic
smell. Isolated triterpenoids (lupeol, betulinic acid, ceanothic acid) and
flavonoid glycosides (derivatives of quercetin and isorhamnetin) from
the stems of A. philippinensis exhibited cytotoxicity against human
PC-3 cells and hepatoma HA22T cells. Replication of herpes simplex
virus type-1 was inhibited in trial by some of these compounds.*

This current study was designed to screen methanolic extracts of
leaves, stems, barks and fruits of this plant for phytochemicals, and
to determine their total phenolic, flavonoid, flavonol contents and
antioxidant activity. To date and to the best of our knowledge, no report
has been published on the phytochemical screening and antioxidant
activity of A. philippinensis. This study will, therefore, provide further
insight into the potential of A. philippinensis as a medicinal plant.

MATERIALS AND METHODS

Chemicals and reagents

Allthe chemicals and reagents used in this study were of analytical grade.
Ascorbic acid, 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 1,1-diphenyl-2-
picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (trolox), quercetin dihydrate, gallic acid, anhydrous
sodium carbonate, aluminum trichloride, potassium acetate, sodium
acetate, ferric chloride hexahydrate (FeCl,.6H,0), Folin Ciocalteu
reagent, Mayers’s reagent, Dragendorff’s reagent, mercuric chloride,
potassium iodide, iodine were purchased from Sigma-Aldrich Chemie
(Steinheim, Germany). Ethanol, methanol, hydrochloric acid (HCI),
sulfuric acid (H,SO,), chloroform, ammonia, glacial acetic acid,
sodium hydroxide (NaOH) were purchased from Merck (Germany)
and potassium peroxodisulfate from Fluka (Germany).

Plant materials

The leaves, stems, barks and fruits of A. philippinensis were collected
from a slope of a vegetated roadside area in Kampung Katok, situated
in the Brunei-Muara District, Brunei Darussalam in May 2015. The
species was identified by Dr. Kamariah Abu Salim (Universiti Brunei
Darussalam) and authenticated by comparing it with a reference
specimen at the National Herbarium of Brunei Darussalam (BRUN).
A voucher specimen (No. JA-1) was prepared and deposited in the
Universiti Brunei Darussalam Herbarium (UBDH).

Preparation of methanolic extracts

Different parts of the plant (leaves, stems, barks and fruits) were
separated, rinsed, and cut into small pieces. The plant materials were
dried in open air at 25°C under the shade and then freeze dried under
vacuum for two days. All the four parts of the plants were ground into
fine powder using a laboratory mill (Model: MF 10 B, IKA). The powder
(35 g) was placed in a thimble and extracted with 250 mL of absolute
methanol using a soxhlet apparatus for 6-8 h. The solvent was then
evaporated under reduced pressure at 50°C using a rotary evaporator
(BuchiRotavapor, Model: R-114). The crude extracts were dried in
a freeze dryer until a constant mass was obtained and stored at 4°C
in the dark. All the measurements for total phenolic content (TPC),
total flavonoid content (TFC) and total flavonol content (TFIC) and
others of experiments were expressed in gram of freeze dried powder
sample which is converted from the gram freeze-dried crude extract.
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The percentage yield of methanolic extract for each plant part was
calculated using the equation (1) as shown below:

Yield(%) = A/B X 100 cooeeerrrerrer. (1)
Here, A = Weight of freeze-dried crude extract (g)
B = Freeze dried powder sample (g)

Phytochemical screening

All the plant extracts were subjected to a variety of phytochemical
tests following the methods as described by Evans® and Sofowora?®
to detect the presence of tannins, saponins, steroids, alkaloids,
cardiac glycosides, anthraquinones, and terpenoids. The presence
or absence of a particular phytochemical was confirmed by color
change or precipitate formation by visual observation.

Determination of phenolic compounds
Determination of TPC

The total phenolic content was determined using the standard Folin-
Ciocalteu method by Chlopicka et al., with minor modification.?’ The
plant extract (0.3 mL of 1 mg/mL solution) was mixed with the Folin-
Ciocalteu phenol reagent (2.25 mL) and 6% sodium carbonate (2.25
mL) was added after 5 min. The mixture was left to stand for 90 min at
25°C and then the absorbance was measured at 725 nm using a UV -
visible spectrophotometer (UV-1800, Shimadzu). Following the same
procedure, a standard calibration curve of gallic acid was prepared in
the concentration range of 0-200 ug/mL. The results were expressed as
mg gallic acid equivalents per gram dry weight of powdered plant parts
(mg GAE/g DW).

Determination of TFC

Aluminum chloride colorimetric method by Lin and Tang,” with some
modifications, was used to determine the total flavonoid content (TFC)
of each of the plant extracts. Quercetin was used as the standard and a
calibration curve was prepared in the concentration range 0-200 pg/
mL. Both standard and extract (0.5 mL) were placed in different test
tubes and to each 10% aluminum chloride (0.1 mL), 1 M potassium
acetate (0.1 mL), 80% methanol (1.5 mL) and distilled water (2.8 mL)
were added and mixed. Likewise, a blank was prepared in the same
manner but distilled water (0.5 mL) was used instead of the sample
or standard and aluminum chloride was also replaced by distilled
water in the same amount. All the tubes were incubated at 25°C for 30
min, and the absorbance was measured at 415 nm using a UV-visible
spectrophotometer. The concentration of flavonoid was expressed as
mg quercetin equivalents per gram dry weight of powdered plant parts
(mg QE/g DW).

Determination of TFIC

Total flavonol content (TFIC) was determined using the aluminum
chloride colorimetric method as described by Kumaran and
Karunakaran,” with minor modification. A standard calibration
curve was prepared using quercetin in the concentration range of
0-35 ug/mL. The plant extract (1 mL) and standard solution (1 mL)
were placed in different test tubes and then 2% aluminum chloride
(1 mL), 5% sodium acetate (3 mL) were added and mixed well. The
reaction mixture was then centrifuged at 3000 rpm for 20 min at 25°C
and the absorbance of standard and sample were measured at 440 nm
using a UV-visible spectrophotometer. The concentration of flavonol
was expressed as mg quercetin equivalents per gram dry weight of
powdered plant parts (mg QE/g DW).
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Evaluation of antioxidant activity
EC, value determination

DPPH (1,1-Diphenyl-2-picrylhydrazyl) free radical-scavenging
assay: 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
capacity of the methanolic extracts (leaves, barks, stems and fruits) was
determined using the assay method as described by Abdul-Wahab et
al.,** with minor modifications. A methanol solution of 0.1 mM DPPH
was prepared as well as all the extracts in different concentrations
ranging from 1-200 pg/mL. Trolox and ascorbic acid were used as
the standards and a series of these standards were prepared in the
concentration range of 1-12 pg/mL. The free radical scavenging activity
was expressed as EC, | (effective concentration in ug/mL of sample or
standard which reduces the absorbance of DPPH by 50% as calculated
from the standard graph).

The extracts (leaves, barks, stems and fruits; 1.5 mL each) and standard
solutions (1.5 mL) were placed in different test tubes. The DPPH
solution (1.5 mL) was added to each of the test tubes. The reaction was
allowed to react in the dark for 30 min and its absorbance was measured
at 517 nm by using a UV- visible spectrophotometer. The percentage
(%) inhibition of both samples and standards were calculated for each
concentration and plotted in graphs of percentage inhibition against
concentration. The EC, values of standards and samples were calculated
from these graphs The percentage inhibition was calculated according
to the equation (2) as shown below

Inhibition(%) = Ab-At/Ab X 100..........oorrrere. )
Here, Ab = Absorbance of blank (Ab)

At = Absorbance of test sample(At)

ABTS radical scavenging assay

2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free
radical scavenging assay was carried out according to the method
as described by Lobo et al.,” with minor modifications. Methanolic
extracts (leaves, barks, stems and fruits) were prepared at different
concentrations ranging from 5 to 200 ug/mL. Trolox and ascorbic acid
were used as the standards, and a series of standards were prepared in
the concentration range from 1 to 12 pg/mL. The ABTS stock solution
was prepared by mixing 7 mM ABTS solution and 2.4 mM potassium
persulfate solution in the ratio of 1:1 and followed by incubation
at 25°C in the dark for 12 h. The working solution was prepared by
diluting the resulting solution (1 mL) with methanol (60 mL) until an
absorbance of 0.70 + 0.01 arbitrary units at A = 734 nm using a UV-
visible spectrophotometer. All the extracts and standards were then
allowed to react with the ABTS working solution at a ratio of 1:1 for 30
min at 25°C in the dark and the absorbance was measured at A = 734
nm. The free radical scavenging activity was expressed as EC,  (effective
concentration in pug/mL of sample extract or standard that reduces the
absorbance of ABTS by 50% calculated from the standard graph). The
percentage (%) inhibition of samples and standards were calculated for
each concentration using equation (II) above. Graphs of percentage
inhibition against concentration were plotted and the EC, values of the
test sample and two standards were calculated from these graphs.

FRAP assay

The assay was conducted according to the methods as described by
Thiapong et al.,”* with minor modifications. The FRAP reagent was
freshly prepared by mixing 300 mM sodium acetate buffer (100 mL), 10
mM TPTZ solution (10 mL) and 20 mM FeCl,.6H,0 (10 mL) solution
and kept warmed at 37°C until used. Trolox and ascorbic acid were used
as the standards and the calibration curve for each was prepared in the
range 1-250 pg/mL.
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The extracts (leaves, barks, stems and fruits; 150 pL each) and the
standard solution (150 pL) were allowed to react with the FRAP
solution (2850 uL) in different test tubes for 30 min in the dark at 25°C.
The increase in absorbance due to the reduction of Fe**-TPTZ to Fe?**-
TPTZ (ferrous-tripyridyltriazine complex) was measured at 593 nm by
using a UV-visible spectrophotometer. The results were expressed as
mg of trolox equivalent and mg of ascorbic acid equivalent per gram
dry weight of powdered plant parts (mg TE/g DW and mg AAE/g DW),
which were estimated from standard graphs.

ABTS assay

The ABTS assay methods as described by Thiapong et al.,* was used
to determine the antioxidant activity of the extracts in terms of weight
of trolox and ascorbic acid equivalents. The ABTS stock solution was
prepared by mixing an equal amount of 7.4 mM ABTS solution and
2.6 mM potassium persulfate solution followed by incubation at 25°C
in the dark for 12 h. The working solution was prepared by diluting
the resulting solution (1 mL) with methanol (20 mL) until reach at an
absorbance of 1.1 + 0.05 arbitrary units at A = 734 nm using a UV-
visible spectrophotometer. A series of standards were prepared in the
concentration range of 1-125 pg/mL.

Standard solution (150 pL) and sample extract (150 uL) were placed in
different test tubes and then the ABTS working solution (2850 uL) was
added to each oe. All the mixtures were allowed to react in the dark
for 30 min, and their absorbance was measured at 734 nm by using a
UV - visible spectrophotometer. The percentage (%) inhibition of the
two standards and extracts were calculated for each concentration and
plotted in graphs of percentage inhibition against concentration. The
results were expressed as mg of trolox or ascorbic acid equivalent per
gram dry weight of powdered plant parts (mg TE/g DW and mg AAE/g
DW), which were estimated from standard graphs.

Statistical analyses

All the experiments were carried out in triplicates and the results were
expressed as means + standard deviations (unless otherwise stated).
The results of antioxidants contents and antioxidant activity were
analyzed using correlation and regression of Microsoft Excel 2007.
Statistical analyses were done using SPSS software version 20.0 (IBM
Corp., Armonk, NY, USA). Analysis of variance (ANOVA), Kruskall-
Wallis, Tukey’s HSD, and independent sample t-tests were applied for
comparisons of means and medians, where significant differences were
considered at P < 0.05. The Pearson’s correlation coefficient test was
done using SPSS to verify inter-relationships between TPC, TFC, TFIC,
and antioxidant activity.

RESULTS

Yield of crude extracts

The extraction yields of crude methanolic extracts of leaves, barks,
stems, and fruits were 34.60, 12.70, 3.18, 18.81 % per g of the freeze-
dried weight of the sample, respectively, and they differed significantly
(P < 0.05) from each other (Figure 1). Thus, ranked from highest to
lowest, the % yield is in the order of leaves > fruits > barks > stems.

Phytochemical screening

The phytochemical screening of crude methanolic extracts of the leaves,
barks, stems and fruits of A. philippinensis showed the presence of some
secondary metabolites such as steroids, tannins, saponins and cardiac
glycosides (Table 1). Cardiac glycosides and steroids were detected in
all plant parts of the A. philippinensis. Saponins were detected in leaves
and barks whereas tannins were only found in leaves. Alkaloids and
anthraquinone glycosides were absent from all plant parts.

Pharmacognosy Journal, Vol 11, Issue 5, Sep-Oct, 2019
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Figure 1: Percentage yield (mean, N=3) of methanolic extracts of leaves,
barks, stems and fruits of A. philippinensis. The bars represent standard errors

of means.

Table 1: Phytochemicals detected in methanolic extracts of leaves, barks, stems and fruits of A. philippinensis.

Phytochemical Test performed Leaves Barks Stems Fruits
Dragendorff’s Test - = . _
Alkaloids Mayer’s Test -
Wagner’s Test - - s -
. . Salkowski Test + + 4 4
Steroids/terpenoids .
Libermann Burchard Test + + + +
Tannins Ferric chloride test + - = B
Saponins Frothing test + + = -
Anthraquinone
Glycosides - - = .
Glycosides (Borntrager’s Test)
Cardiac Glycoside
+ + + +

(Keller-Killiani Test)

+ Present, - absent
Total phenolic, flavonoid, and flavonol contents

The total phenolic, flavonoid and flavonol contents of the extracts of A.
philippinensis varied significantly (P < 0.05) with different plant parts
(Table 2). Among the four plant parts (leaves, stems, barks and fruits),
leaves exhibited the highest amount of total phenolic, flavonoid and
flavonol contents, followed by fruits, barks and stems. The TPC was
also the highest of all four plant parts, followed by the TFC and TFIC.

Evaluation of antioxidant activity

The antioxidant activities of extracts of A. philippinensis were
determined using three different assays i.e. DPPH, ABTS and FRAP,
as well as two different standards, trolox and ascorbic acid (Tables
3 and 4). Different assays and standards were used to evaluate the
antioxidant activities of samples since a single method can detect
only a very specific antioxidant from its large and many varieties and
cannot cover the whole antioxidant activity measurement of a sample.
The delocalization of the spare electron of DPPH makes it a stable free
radical. When DPPH accepts an electron from the antioxidant, its
deep purple color changes to yellow. The ABTS is also a stable blue-
green free radical and losses its color by the addition of an antioxidant.
The FRAP method measures the ability of antioxidants based on the
reduction of the complex of ferric ion and TPTZ to the ferrous form at
low pH. All these three methods are simple, inexpensive and reliable to
measure antioxidant activity.

Correlation between antioxidant contents and

antioxidant activity

According to the Pearson’s correlation analysis, correlation is positively
high if 0.61< r 0.97 and negatively high if -0.61< r < -0.97.2%* Negative
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value signifies that the relations between two parameters are inversely
correlated. In this study we determined the correlations between
antioxidants contents (TPC, TFC and TFIC) of leaves, barks, stems
and fruits extracts of A. philippinensis and their activities detected by
different in vitro antioxidant assays (ABTS, FRAP and DPPH). The
results are presented in Tables 5A to 5D.

DISCUSSION

Extraction yields of the different plant parts of this study were
compared with some publish data and previous report showed
that extraction of A. philippinesis stem in ethanol using maceration
technique gave 1.50%,% a value almost half of what was obtained in
this study. Although there was no previous report on the leaves of
A. philippinesis, a search through literature revealed that the leaves
of A. xerocarpus gave a percentage yield of 34.67% in 80% methanol
by successive maceration technique,’® a result similar to what was
found in this study. Percentage yields of fruits of A. neocaledonica
by maceration technique was higher (29.54% in water) and lower
( 8.67% in n-butanol) than this study. To date, no published data
of percentage yield was found on barks of any species of Alphitonia.
However, when compared to Rhamnus alaternus (6.30% in methanol
and 16.60% in water by maceration) of the same Rhamnaceae
family®® the percentage yield of the barks of A. philippinensis was
higher by approximately two fold with methanol extract but close
to water extract. Percentage yields of different plant species may
vary due to the difference in genetic makeup of the plants, sampling
location, harvesting time, extraction method and solvent used in the
extraction. Different solvents have different polarity and hence have
the ability to extract different compounds, giving different percentage
yields of extracts. Sometimes the aqueous solution of organic solvents
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Table 2: Total phenolic, flavonoid and flavonol contents of methanolic extracts of leaves, barks, stems and fruits of A. philippinensis.

Plant parts Total phenolic content (mg *GAE /g) Total flavonoid content (mg *QE /g)  Total flavonol content (mg "QE /g)
Leaves 25.23+0.15 9.84+0.06 4.61+£0.03
Barks 6.26+0.11 0.28+0.01 0.12+0.01
Stems 1.04£0.02 0.03+£0.01 0.001+0.00
Fruits 14.17+0.31 1.06£0.02 1.82+0.04

Values are means + SD (n = 3). Mean values were significantly different between columns (P < 0.05). *GAE - gallic acid equivalent, "QE - quercetin equivalent.

Table 3: Comparison of the total phenolic content of methanolic extracts of leaves, barks, stems and
fruits of A. philippinensis with published data of some medicinal plants.

Plant name and family Plant part TPC(mg of GAE/g)
Leaves 25.23
Barks 6.26
A. philippinensis (Rhamnaceae) - this study - T
Stems 1.04
Colubrina asiatica (Rhamnaceae) Leaves 12:49
Stems 0.86
Etlingera coccinea (Zingiberaceae) Leaves 13.49
Stems 7.94
Ginkgo biloba (Ginkgoaceae) Leaves 11.55
. . Barks 68
Goniothalamus velutinus (Annonaceae)
Leaves 78
Morus alba (Moraceae) Leaves 10.94
Zizyphus jujube (Rhamnaceae) Fruits 2.52
Leaves 35.85
Zizyphus spina-christi (Rhamnaceae) Barks 42.53
Fruits 9.63
Leaves 68.16
Zizyphus xylopyrus (Rhamnaceae) _— -
Leaves 15.77
Ziziphus oxyphylla (Rhamnaceae) Fruits 27.61
Stems 17.49
Ziziphus mistol (Rhamnaceae) Fruits 7.97
Zizyphus lotus (Rhamnaceae) Fruits 40.78

Table 4: Antioxidant activities of extracts of different plant parts of A. philippinensis determined using ABTS and FRAP assays.

ABTS FRAP
Plant parts
mg °TE/g mg "AAE/g mg °TE/g mg "AAE/g
Leaves 10.05 + 0.05 10.05 + 0.05* 10.74 + 0.06 9.36 £ 0.05
Barks 0.69 £ 0.11 0.98 £0.11 1.01 £ 0.01 1.01 £ 0.01
Stems 0.08 £ 0.02 0.14 £ 0.02 0.12 £ 0.002 0.12 £ 0.002
Fruits 8.45+0.19 9.83 + 0.22* 7.53 £0.17 3.76 £ 0.08

Values are means + SD (n = 3), *TE trolox equivalent, PAAE ascorbic acid equivalent.
Mean values were significantly different between (P < 0.05) columns except that with the asterisk.

also used to facilitate the extraction of phytochemicals that are
soluble in water and/or organic solvent.” Similarity of polarity and
molecular weight of extraction solvent and extracted chemicals from
a given sample have also a good relation. It can be explained with
‘like dissolve like’ concept.*® Therefore, it is quite impossible to extract
all types of phenolic compounds from a sample in a single solvent.
A research study used five different solvents as hexane, petroleum
ether, chloroform, ethyl acetate and methanol for extraction and
results revealed that methanol extract contain highest number of
Phytochemicals compared to other solvent extracts.’® Another two
published reports also claimed to have found highest amount of total
phenolic content from methanolic extract when compared with some
other solvent extracts in different species.**** In this study, methanol
a highly polar solvent was chosen as the extraction solvent to extract
more polar compounds as well as phenolic compounds. Extracting
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all the four plant parts (leaves, barks, stems, and fruits) using the
same solvent and extraction method allows easier and consistent
comparison of results.

In terms of phytochemical screening study similar secondary
metabolites have also been reported in other species of this genus and
other genus of this family. For example, fruits of A. neocaledonic, leaves
of Zizyphus spina-christi, leaves and stem barks of Z. mauritiana, were
all reported to have similar Phytochemicals.'* 3% These phytochemicals
are known to have important traditional and medicinal uses. Crude
extracts of plants having cardiac glycosides had been used in ancient
time for arrow coatings, homicidal or suicidal aids, rat poison, heart
tonics, diuretics and emetics. Modern medicine has also developed
drugs to treat congestive heart failure and cardiac arrhythmia from
purified plant extracts or synthetic analogues of some of these cardiac
glycosides.¢3

Pharmacognosy Journal, Vol 11, Issue 5, Sep-Oct, 2019
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Table 5(A-D): Pearson’s correlation coefficients of (leaves, barks, stems and fruits) of A. philippinensis between antioxidant contents (TPC, TFC and TFIC)
and their activities detected using different antioxidant assays (ABTS, FRAP and DPPH).

A. Leaves
TPC 5TFC TF1C 41ABTS 2ABTS ¢'FRAP ©2FRAP ‘DPPH 9ABTS
TPC 1
TEC 0.999% 1
TF1C 0.169 0.12 1
dIABTS 0.801 0.83 0.454 1
2ABTS 0.965 0.951 0.421 0.617 1
IFRAP 1.000* 1.000* 0.143 0.817 0.958 1
2FRAP 0.999% 1.000** 0.12 0.83 0.951 1.000* 1
DPPH50 -0.879 -0.854 -0.619 -0.419 -0.973 -0.866 -0.854 1
ABTS50 -0.974 -0.961 -0.389 -0.644 -.999%* -0.967 -0.961 0.964 1
B. Barks
aTPC STFC TF1C 491ABTS 92ABTS ¢'FRAP €2FRAP ‘DPPH IABTS
TPC 1
TEC 0.991 1
TF1C 0.998* 0.982 1
JABTS 0.549 0.655 0.5 1
2ABTS 0.549 0.655 0.5 1.000%* 1
¢IFRAP 0.991 1.000** 0.982 0.655 0.655 1
2FRAP 0.991 1.000** 0.982 0.655 0.655 1.000** 1
DPPH50 -0.998* -0.982 -1.000** -0.5 -0.5 -0.982 -0.982 1
ABTS50 -0.661 -0.754 -0.616 -0.99 -0.99 -0.754 -0.754 0.616 1
C.Stems
TPC STFC TF1C 41ABTS 92ABTS ¢'FRAP °2FRAP ‘DPPH IABTS
TPC 1
TEC 0.996 1
TF1C 0.846 0.797 1
4ABTS 0.996 0.984 0.891 1
2ABTS 0.908 0.941 0.545 0.866 1
IFRAP 0.954 0.924 0.967 0.977 0.739 1
2FRAP 0.125 0.21 0.423 0.034 0.529 0.18 1
DPPH50 -0.971 -0.988 -0.693 -0.945 -0.982 -0.853 -0.359 1
ABTS50 -0.805 -0.853 -0.365 -0.748 -0.98 -0.589 -0.689 0.924 1
D. Fruits
aTPC STFC TF1C 41ABTS 92ABTS ¢'FRAP €2FRAP ‘DPPH 9IABTS
TPC 1
TEFC 1.000%* 1
TF1C 1.000%* 1.000** 1
dABTS 1.000* 1.000** 1.000%* 1
2ABTS 1.000* 1.000%* 1.000** 1.000%* 1
¢IFRAP 1.000** 1.000%* 1.000** 1.000%* 1.000** 1
2FRAP 1.000** 1.000%* 1.000** 1.000%* 1.000** 1.000%* 1
DPPH50 -0.507 -0.5 -0.5 -0.489 -0.491 -0.5 -0.5 1
ABTS50 -0.223 -0.216 -0.216 -0.203 -0.205 -0.216 -0.216 0.954 1

Total phenolic content, Total flavonoid content, “Total flavonol content.'ABTS & “?ABTS trolox and ascorbic acid equivalent in ABTS assay, respectively.c'FRAP
& “?FRAP trolox and ascorbic acid equivalent in FRAP assay, respectively. DPPH EC,  in DPPH assay, SABTS EC, in ABTS assay.** & * significant correlation at 0.01
and 0.05 level, respectively (2-tailed) while without asterisk means not significant, for Table 5( A-D).

Tannins are considered as a potent anticancer agent with antioxidant
properties.* Saponins are natural detergents known to have anti-
inflammatory, expectorant, immune stimulating, and antineoplastic
effects. They reduce blood cholesterol level by binding with cholesterol
and bile salts. Once bound to saponins, bile salts are unable to form
small micelles with cholesterol and thus prevent its absorption in
the intestinal tract.* Steroids found in both plants and animals
have many therapeutic uses. Steroids from plants are important
source of medicine having cardiotonic, antibacterial and insecticidal
properties.*!
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Since there were no reports on the TPC, TFC and TFIC of Alphitonia
species, the results obtained for A. philippinensis in this study were
compared to other known medicinal plants as shown in Table 3. The
TPC of A. philippinensis leaves in the present study was higher than
those of Colubrina asiatica,** Ginkgo biloba,** Etlingera coccinea,
Zizyphus oxyphylla,** and Morus alba,” but lower than Zizyphus spina-
christi,* Zizyphus xylopyrus,'® and Goniothalamus velutinus.> The
value of TPC for the barks was lower than those of Z. spina-christi*
and G. velutinus,®> whereas higher value was obtained for the fruits
than those of Z. jujube,” Z. mistol,*® and Z. spina-christi,* but lower
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than Z. lotus,” Z. oxyphylla,** and Z. xylopyrus.*® The TPC result for
stems in this study was higher than that of C. asiatica,* but lower than
E. coccinea,* and Z. oxyphylla.** In terms of the total flavonoid content,
leaves of A. philippinensis was also higher than those of Etlingera
belalongensis (3.77 mg catechin equivalent (CE) /g), E. volutina (7.63
mg CE/g) and Zingiber pseudopungens (2.87 mg CE/g).*® The leaves
also had the highest flavonol content (4.60 mg QE/g DW) compared
to barks (0.12 mg QE/g DW), stems (0.001 mg QE/g DW) and fruits
(1.82 mg QE/g DW).

Phenolic compounds from plants had been reported to show a
variety of biological functions such as antioxidant, antibacterial, anti-
inflammatory, anticarcinogenic, antiatherosclerotic and antiviral
activities.!”!#%* They also have a vital role in preventing osteoporosis,
neurodegenerative disease, diabetes and major cardiovascular ailments
like hypertension.***

Among polyphenols, flavonoids are a large group of compounds
having potent antioxidant activities. The special chemical structures
of flavonoids, compared with other polyphenols, such as the position
of hydroxyl group, carbonyl group and double bond are responsible for
their antioxidant activities.” They have a variety of biological activities
such as antibacterial, anti-inflammatory, antiallergic, antithrombotic,
and vasodilatoryactivities. Theyalso hamper the diffusion of free radicals
by stabilizing membrane fluidity and thus prevent the peroxidation
reaction.”® Flavonols such as quercetin, kaempferol, myricetin, rutin,
and azaleatin, have also been reported to show antioxidant properties.*

Phenolic compounds are the constitutive products of plants and
accumulate during normal growth and development. Some phenolic
compounds like flavonols and flavones are formed in plant in presence
of sunlight and mainly concentrated in the outer tissues.”® They are
found greatly in leaves and fruits than the other plant parts.”*** These
reports supports the results of this study as A.phillipinensis has the
highest phenolic contents in leaves followed by fruits, barks and stem
which is in agreement with other published reports.**

The antioxidant capacity of different plant parts of A. phlippinensis
varied significantly (P < 0.05) amongst them (Table 4). For each assay
(FRAP and ABTS), the rank of antioxidant activity, from highest to
lowest was, leaves > fruits > barks > stems. In comparison to some
other known medicinal plants, leaves of A. philippinensis showed higher
antioxidant activity than those of Z. jujuba (Rhamnaceae), Paeonia
lactiflora (Paeoniaceae), Cimicifuga foetida (Ranunculaceae), Lobelia
chinensis (Campanulaceae) and M. alba (Moraceae) with antioxidant
capacity values of 546, 85,349, 26 and 23 umol TE/g, respectively. These
plants have been reported to exhibit antispasmodic, anti-inflammatory,
analgesic and anticancer effect. Their uses in the treatment of fever,
stomach ache, swelling, sores and improved sleep by soothing nerves
have scientifically been proven.*>” The antioxidant activity of fruits
of A. philippinensis was also higher than those of M. alba (1.32 umol
TE/g), Ligustrum lucidum of the Oleaceae (2.34 pmol TE/g) and
Gardenia jasminoides of the Rubiacea (1.32 pmol TE/g). However, its
barks exhibited lower antioxidant activity than those of Cinnamomum
cassia of the Lauraceae (28 mg GAE/g DW) and Magnolia officinalis of
the Magnoliaceae (32 mg GAE/g DW). Similarly, the activity of stems
was lower than those of Spatholobus suberectus (Leguminosae) and
Dendrobium nobile (Orchidaceae) with antioxidant capacity values of
90 mg GAE/g DW and 22 mg GA, respectively.**

The antioxidant activities (expressed as EC_j values) of methanolic
extracts of A. philippinensis in comparison to trolox and ascorbic acids
as standard references, differed significantly amongst the four plant
parts for DPPH (Figure 2) and ABTS (Figure 3), except for leaves and
fruits. The rank from best to lowest scavengers for each assay was Trolox
> ascorbic acid > leaves > fruits > barks > stems. When their EC, values
were compared with those of other species of the same Rhamnaceae
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family, leaves of A. Philippinensis has lower value (stronger antioxidant
activity) than those of A. xerocarpus'® (180 ug/mL), Colubrina Asiatica*
(57 pg/mL), Ziziphus mauritiana® (101 pg/mL), but higher (lower
antioxidant activity) than those of Z. spina-christi* (18 pg/mL), and
Scuitia buxifolia®® (30 ug/mL). Stems of C. asiatica* (43 ug/mL), and
barks of S. buxifolia ** (29 pg/mL), showed lower EC , values than those
of A. philippinensis. Similar data for fruits of species of this family were
unavailable for comparison. With reference to other medicinal species
of different families, leaves of A. philippinensis showed the highest
antioxidant activity amongst Berberis integerrima and B. vulgaris of
Berberidaceae (210 & 450 pug/mL), Mentha piperita, Melissa officinalis
and Salvia officinalis of Lamiaceae (230, 400, 920 pg/mL), Artemisia
absinthium of Asteraceae (560 pg/mL), and Foenciculum vulgare of
Apiaceae (1060 pg/mL). Stems, barks and fruits of A. philippinensis
in this study also showed lower EC, values than leaves of the species
mentioned above.”

This study found a good correlation evidence between antioxidant
content with antioxidant property and to the best of our knowledge this
is the first complete reported “antioxidant profile” for A. philippinensis.
TPC of leaves extract (Table 5A) showed good significant correlation
with TFC (r = 0.99, p<0.05) but not TFIC. Both TPC and TFC showed
linear correlation with ABTS and FRAP, when either trolox or ascorbic
acid was used as the standard, however the correlation was significant
only for FRAP. Strong negative correlations were observed for TPC,
TFC with DPPH EC,_ and ABTS EC,, indicating that increasing TPC
and TFC in leaves would increase the antioxidant activity. TFIC of the
leaves extract only showed correlation with DPPH EC_ (r = 0.61).

Unlike the leaves extract which showed no correlation between TFIC
with TPC and TFC, the bark extract (Table 5B), however, showed good
linear correlations between the three with r value 0.98. Strong linear
correlations were also observed for FRAP assays with TPC, TFC and
TFLC. Of these, significant correlations was found between FRAP and
TFC (r = 1.00, p < 0.05), while TPC and TFIC also showed significant
negative correlations with DPPH EC,, (r=-0.99,p < 0.05and r = -1.00,
p < 0.01, respectively).

As for the stem extract, except for FRAP assay using ascorbic acid as the
standard, generally there were correlations between TPC, TFC, TFIC
and all the antioxidant assays. However, none were significant. For the
DPPH and ABTS EC,  determination, TFC showed the highest negative
correlation (r value -0.98 and -0.85), followed by TPC (r value -0.97 and
-0.80) and TFIC (r value -0.69 and -0.36, respectively).

Of the four extracts studied, the fruit extract (Table 5D) showed
maximum correlation not only between TPC, TFC and TFIC but also
with FRAP and ABTS, all giving significant correlation of r = 1.00 and
P <0.01or p < 0.05. This is in line with literature reports in which fruits

DPPH ECso

Conc.pg/mL

Figure 2: Scavenging capacity (EC,)) of methanolic extracts of different
plant parts of A. philippinensis in comparison to standards determined by
DPPH assay. Values are means + SD (n = 3) and the bars represent standard
errors of means.
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Figure 3: Scavenging capacity (EC,) of methanolic extracts of different
plant parts of A. philippinensis in comparison to standards determined
by ABTS assay. Values are means + SD (n = 3) and the bars represent
standard errors of means.

and fruit juices have been known to show high correlation between TPC
and antioxidant activities.®*®' However, no correlation was observed for
EC,, of DPPH and ABTS.

Among the four plant parts leaves and fruits showed highest
correlation between the antioxidant contents and assays followed
by barks and fruits. These variations of correlation with antioxidant
contents and assays may happen due to the variation of mechanism
of action, delocalization of electron, solubility and redox potential.”2
FRAP can measure the activity of hydrophilic antioxidants, ABTS
can measure both hydrophilic and lipophilic antioxidants, and DPPH
can react only with those antioxidants that are soluble in organic
solvents.>** The evaluation of antioxidant capacity of these extracts
with different assay methods has made the results more reliable since
it has been shown that a single method of evaluating antioxidant
activity may not be sufficient as no one method will be able to fully
evaluate the antioxidant property of a given sample.® Our results
are consistent with other reports**** and indicate that phenolic
compounds could have a major contribution to the antioxidant
property of A. philippinensis. This is in line with reports where high
antioxidant activity is associated with high TPC and such observation
is not just limited to medicinal plants, but also in wild and cultivated
plants®, flour,®® seaweed,* fruits,” etc. However, it must be noted
that a report® showed in their study that other plant constituents
such as reducing carbohydrate, terpenes, ascorbates etc could also be
responsible for the antioxidant activity of a given plant.

CONCLUSIONS

The results of current study showed that methanolic extracts
of different plant parts (leaves, barks, stems and fruits) of A.
philippinensis revealed the presence of cardiac glycosides, steroids,
terpenoids, saponins and tannins. These phytochemicals have vital
roles in modern medicines and plants containing these constituents
are considered as important natural sources. Based on the antioxidant
contents (TPC, TFC, TFIC) and in vitro antioxidant assays (DPPH,
ABTS and FRAP), leaves of A. philippinensis showed the highest
antioxidant activity followed by fruits, barks and stems. Comparative
studies with different published data of some medicinal plants
conclude that the leaves of A. philippinensis are strong source of
natural antioxidants and can be used as a substitute for synthetic
antioxidants in food and pharmaceutical industries to extent the shelf
life of their products. A. philippinensis, known for its use in traditional
medicine in Brunei Darussalam, has not been sufficiently explored.
This is the first attempt and reports to evaluate its medicinal properties.
Further studies on the pharmacological evaluation and the isolation of
bioactive compounds of the plant are currently being carried out.
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« Alphitonia philippinensis Braid (Rhamnaceae) is vernacularly known by the Malays in Brunei Darussalam as “balik angin’
which leaves are used as traditional medicine by the inhabitant for the treatment of stomachaches and herbal bath for women
to regain strength after delivery.

» Methanolic extracts of different plant parts (leaves, barks, stems and fruits) of A. philippinensis revealed the presence of
cardiac glycosides, steroids, terpenoids, saponins and tannins.

» Based on the antioxidant contents (TPC, TFC, TFIC) and in vitro antioxidant assays (DPPH, ABTS and FRAP), leaves of A.
philippinensis showed the highest antioxidant activity followed by fruits, barks and stems.
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