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ABSTRACT

The present study investigated water extraction )(&fel methanol extraction (ME) of A. malaccensigditeaves
(DL) and fresh leaves (FL) for its in vitro antidgint activity that may contribute to their pharmbogical effects.
Total phenolic content (TPC) of this plant was deieed by Folin-Ciaocalteu assay, while antioxidamttential
were evaluated by TAC, CUPRAC and DPPH method.sTiest steroids, triterpenoids, flavonoids, saponins
tannins and alkaloids were positive in both wated anethanol extracts. WEDL showed the highest ititribof the
DPPH radical (48.07 £0.68 %) at concentration 1006/ml and |G, value was found to be 1.091 mg/ml, relative
to ascorbic acid, having an kgof 0.219 mg/millt also showed the highest CUPRAC value (3.32 4&y0ml) as
well as the highest TPC and TAC (181.11 + 0.61 808.74 + 0.66gallic acid equivalent (GAE) mg/g) at a
concentration of 100@g/ml) as compared to the other studied extratiisconclusion, the results of this study
clearly indicated that the extracts of A. malacésp®ssess significant antioxidant activities andld be used as a
potential source of natural antioxidant agents thety be due to the presence of phytochemicals.
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INTRODUCTION

Aquilaria spp. are the most valuable and highly fragrantsfopgoducts locally known as agarwood, aloeswood,
eaglewood, gaharu, kalamabak or oudh dependingherdgion [1]. Several genera that might be a sowfc
agarwood production from the family Thymelaeaceéghtnbe endangered due to the deterioration of tieural
resources includédquilaria, Gonystulusand Gyrinops having been listed in Appendix Il of the Convention
Internal Trade in Endangered Species of Wild Faamé Flora [2]. In Malaysia and Indonesia, therrgsioduced

by Aquilaria species generally called as a gaharufAnchalaccensiknown as a main genus to produce agarwood
or gaharu. Agarwood has many uses such as perfumeesse and medicines. The main markets for thes#ucts
are in South and East Asia and the Middle East [3].

The identification of the botanical and ecologiaapects of this species has been widely identif@u a chemical

constituent point of view that can be explain iges as an important and excellent source of phautiaal
products [4]. Many parts of this plant, includifgetleaves, skin, seeds, wood and roots are valualtedicinal
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properties. It is highly sought after for its resimd essential oils while less has been focusatehealth beneficial
effects of other parts of the plant despite thdéousr ethnopharmacological evidences. These inchrdimxidant
activities, analgesic, antipyretic, anti-inflammtd5,6], antihyperglycemic [7], and antimicrobifbr various
medicinal purposes.

Antioxidant have been able to destroy a single erygnolecule and neutralize chemically active prosluaf
metabolism in order to protecting oxidative damamgeells, which cause several diseases such asrcageing [8]
and diabetes [9]. Most researchers commonly usferdift methods for measuring antioxidant capacftyhe
compound extract. The antioxidant capacity andoffing properties of many plant extracts is reldtethe presence
of phenolic compounds such as phenolic acids, pegpls and flavonoids [10]. However, there is teliknown
about the potential phenolic compounds and antani@ctivity of herbs on human health [11]. Evieaugh more
research works has been carried out on this plaretiding woods and leaves, but there is no en@egimtific data
available on the antioxidant activities of variaracts of the dried and fresh leaves. Thus, we karried out the
research work on antioxidant activities by usingtantioxidant activity (TAC), radical scavengiagsays such as
2,2-diphenyl-1-picrylhydrazy (DPPH) and cupric reihg antioxidant capacity (CUPRAC) assay. The prestudy
was also investigating the total phenolic contemnt phytochemical screening by using standard msthod

EXPERIMENTAL SECTION

Plant Collection and identification

TheA. malacenssikaves were collected at Ladang Karas, Merchafigiengganu. Plants were identified with the
herbarium of Institute of Bioscience UPM, vouchpeamen No. SK 2422/14. The fresh leaves were elbamd
dried in oven at £« (not exceeding 5C) [12]. These were hereafter referred to as doea. The leaves were cut
into small slices (~ 0.5-1.5 cm) and powdered usiryy grinder.

Sample Preparation

Methanol extractAbout 50 g of each ground samples were separateighed and soaked in 1000 ml of methanol
for 72 hours at room temperature. The supernatastfitered using Whatman No. 1 filter paper. Thtée filtrates
were removed under reduced pressure at 40 °C hy asiotary evaporator until it was dried.

Water extract From grounded powder, a 50 g of each samples s@aked with distilled water at a ratio of 1:1 and
boiled for 30 min [13]. Then, it was filtered byvéhatman No.1 filter paper and freeze dried using@ium freeze
dried for 72 hours to remove solvent.

The extracts were labelled as water extractionrigfddleaves (WEDL), water extraction of fresh leay@/EFL),
methanol extraction of dried leaves (MEDL) and raethl extraction of fresh leaves (MEFL). The process
repeated triplicates for each different samples® @ktracts were placed in a glass bottle and ttmed at -4 °C
prior analysis.

Phytochemical analysis
The extracts were tested by the Libermann BurcHaatkowski, Shinoda, Foam, Ferric chloride and Maytests
determine the presence of steroids, triterpen@i@aynoids, saponins, tannins and alkaloids respslgt

Determination of total phenol content

Samples were measured for total phenolic contestrding to the previous method [13]. Briefly, amgabt of 12.5
ul of each plant was mixed with 250 of 2% sodium carbonate solution in 96-well midadp and allowed to react
for 5 min at room temperature. Then 1g1%f diluted Folin-Ciocalteu phenol reagent (1:Xtwivater) and allowed
to stand for 30 min at room temperature beforeatbeorbance of the reaction mixture was read atn®@sing a
spectrophotometer. Calibration was achieved wittagueous garlic acid solution. The TPC of the ex$ravas
expressed as mg gallic acid equivalent (GAE) pamgof each plant on dry basis and all determinatiwere
performed in triplicates.

Antioxidant assay

Total antioxidant activity (TAC)

The antioxidant capacity of the extracts was evallidy the phosphomolybdenum assay [13]. Aboutn@l. bf
sample solution was mixed separately with 1 mleafgent solution (0.6 M sulfuric acid, 28 mM sodiphosphate
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and 4 mM ammonium molybdate). Then, the reactioxtung was incubated at 95°C for 90 min. The fororatf

the green phosphate complex by the sample andipwesl the reduction of Mo (VI) to Mo (V) at aciditd. By

using a spectrophotometer, the mixture was measatral695 nm against blank after cooling at roemgerature.
The results of antioxidant activity were reportedtiae number of equivalents of ascorbic acid inrogams per
gram of extract.

2,2-diphenyl-1-picrylhydrazy (DPPH) radical scavenging activity

The scavenging activity of the extracts was deteedhiusing DPPH-scavenging assay. Briefly, 1 mlamheextract
was allowed to react with | ml of 0.2 mM DPPH in%®3nethanol. The solution was then incubated in daroom
temperature for 30 min and the absorbance (A) waasored at 517 nm using a spectrophotometer. Alpkes
were performed in triplicates. Ascorbic acid wasdigs a positive control. The scavenging activiég walculated
as a percentage of DPPH decolouration relativertegative control using the following equation:

Free-radical scavenging activity (%) = A (blank {extract) / A (blank) x 100

Cupric reducing antioxidant capacity (CUPRAC)

The capacity to reduce cupric ions was determirgtdguthe CUPRAC assay. The extracts were mixed othl
samples extracted, 30 of CuCh, solution (1.0x18M), 50 ul of neocuproine alcoholic solution (7.5%x%@) and 50
ul NH4Ac buffer solution. Absorbance against a reagesmliblvas measured at 450 nm after 30 minutes.

Statistical Analysis

The data obtained in this study are means + condielénterval of three replicate determinatiorfStatistical
comparisons employed Tukey's testth P<0.05 considered statistically significa@obncentrations yielding 50%
inhibition (ICsg) value werecalculated by interpolation from linear regressioralysis All statistical analyses used
SPSS software.

RESULTSAND DISCUSSION

The preliminary phytochemical screening tests lier ¢rude extracts &. malacenssiteaves revealed the presence
of alkaloids, terpenoids, flavonoids, steroids,csaps and tannins (Table 1). Some of the secondeatabolites
from a single or combined with others in plant agts are liable for the antioxidant activif¥4]. Some
phytochemicals have antioxidant activity where ribyides protection against damage and the riskevklbping
chronic disease can be substantially red{it&f

Table 1: Phytochemical screening of methanol and water extracts of A. malaccensis

WEDL WEFL MEDL MEFL

Steroids + + + +

Terpernoids + + + +

Flavonoids + + + +

Saponins + + + +

Tannins + + + +

Alkaloids + + + +
+ = Present

* WEDL,; water extraction of dried leaves, WEFL; eméxtraction of fresh leaves, MEDL; methanol esticn of dried leaves, MEFL; methanol
extraction of fresh leaves.

The total phenol content is reported in Table galbc acid equivalents by reference to a standarste (Y= 0.002x

- 0.045 and r2=0. 996). Among the samples studiediOi0 to 1000 pg/ml, WEDL has the highest totalnulie
content (181.11 + 0.6fng GAE/g) followed by MEDL<MEFL<WEFL. The phenolimontents in these extracts
showing the leaf extracts contain the main actimsmpound groups and acts as a type of antioxidémtsrevious
studies ofAquilaria spp., the presence of various polyphenol compowadsreported [16, 17, 18]. Boiling water
extracted more polyphenols from dried plant that {e higher total phenols being extracted compacethe
methanol extract. For fresh leaf extract, methdredhg volatile and organic solvent which able tgrdee the cell,
whereas in water they are degraded polyphenolssreiktract [19].
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Table 2: Total phenalic content of methanol and water extractsof A. malaccensis

Total Phenolic Content GAE (mg/g)
Concentration (ug/ml)
Sample 100 200 400 600 800 1000
WEDL 33.87+0.61 55.89+0.38 7275+1.01 107.18+0.94 142.33+0.47 181.11+0.61
WEFL 19.13+0.98 34.87+1.08 56.22+0.7f 8538+1.8% 10851+0.6%2 129.79+2.08
MEDL 31.72+1.03 42.66+1.33 68.07+1.69 102.84+0.29 139.98+1.40 176.17+1.1%
MEFL 27.71+0.20 39.95+0.586 60.30+1.4% 94.74+0.72 138.35+0.40 158.26+0.32
Each value in the tables above were performedifiti¢ates and represented as Mean + SEM (n=3). Meaith different superscripts in a
column are significantly different (P < 0.05).

Meanwhile, the total antioxidant activities of @ifént extracts of this plant are recorded in T8blerom the results,
the total antioxidant activity is the highest inedr plants. Hence, the TAC activity of both extsaatas found to be
increasing continuously as the concentration irsgeaThe highest TAC activity was observed in WHRIr 0.1
mg/ml, 155.22; for 0.2 mg/ml, 180.74; for 0.4 mg/@89.57; for 0.8mg/ml, 276.55; for 0.8mg/ml, 35B#&nd for
1mg/ml, 398.74 pg/mg equivalent of ascorbic acidje increase in antioxidant activity may be destilby the
increase of solvent polarity. Since, high phenahteat present in WEDL was significantly correlateidh the
highest antioxidant compared to others.

Table 3: Total antioxidant activity of methanol and water extracts of A. malaccensis

Total Antioxidant Capacity GAE (mg/g)
Concentration (ug/ml)
Sample 100 200 400 600 800 1000
WEDL 155.22+0.77 180.74+0.60 239.57 £+0.23 276.55+0.45 353.09 +0.84 398.74 +0.66
WEFL  93.87+0.23 102.98+0.74 116.05+0.47 151.76+0.81 172.17+0.39 187.04 +0.79
MEDL 138.04+1.20 168.81+0.53 210.56+0.30 244.17+0.7% 279.24+0.65 325.48+0.98
MEFL 97.64+0.66 98.33+0.69 123.57+0.28 149.86+0.65 188.56+0.57 230.11+0.32
Each value in the tables above were performedifiti¢ates and represented as Mean + SEM (n=3). Meaith different superscripts in a
column are significantly different (P < 0.05).

In addition, the chromogenic oxidizing reagent bé tdeveloped CUPRAC, i.e., bis-(neocuproine) coggr
chloride (Cu (I1)-Nc) reacts with polyphenolic amtidants and oxidized them into the correspondinigp@nes and
Cu(ll)-Nc. Table 4 shows the dose-response curethe reducing powers of different solvent exsamimparable
with that of ascorbic acid (the positive controlhe result showed the reducing power of the ledfaek also
increased with increasing the concentrations. Taezeit is highly probable that these extracts magsence of
reductones [21]. Compounds by providing reducedgyow act as electron donors that may act as pyiraad

secondary antioxidants [22].

Table 4: The Reducing power of methanol and water extracts of A. malaccensis

Cupric Reducing Antioxidant Capacity (nm)
Concentration (ug/ml)
Sample 100 200 400 600 800 1000
AA 1.84+0.04 200+0.09 2.36+0.0%5 269+0.06 3.06+0.02 3.51+0.08

WEDL 0.63+0.01 1.08+0.0% 1.74+004 225+00% 292+004 3.32+0.01

WEFL 0.35+0.0f 0.63+0.08 1.01+0.01 1.51 +0.03 1.92+0.16 2.29+0.08

MEDL 0.54+0.0f 1.00+0.01 1.67+0.10 203+002 235+001 2.86+0.08

MEFL 0.48+00f 1.01+0.02 161+0.11 1.98+0.0f 225+0.02 2.68+0.04
Each value in the tables above were performedifiti¢ates and represented as Mean + SEM (n=3). Meaith different superscripts in a

column are significantly different (P < 0.05).

Besides, antioxidant activity was assessed by nhété@rg the percentage of inhibition of DPPH. Thelity of the
antioxidants in the extracts was determined byl@zg values which represent the concentration of tinepbaneed

to scavenge 50% of the DPPH free radicals. Ascabid was used as a standard for the present igatdeh. The
water and the methanol of dried leaves showed sianijar values percentage inhibition of DPPH abaaentration

of 1000ug/ml which is 48.07 £ 0.68 % and 40.76 + 0.55 %[€&b). The IG, of extracts is presented as in Table 6.
It showed that the lower the J¢value indicated the higher scavenging potentiakiiTlantioxidant activity is
affected by phenolic compound on DPPH which ablédioate hydrogen atoms to form stdBI&.
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Table5: The scavenging effect and | Cs; activity of methanol and water extracts of A. malaccensis

Per centage activity (%)
Concentration (ug/ml)
Sample 100 200 400 600 800 1000
AA 46.29+0.52 47.32+0.17 48.30+0.44 50.78+0.50 56.05+0.12 65.05+0.18 219
WEDL 13.94+0.4° 14.45+0.2° 1592+0.4° 1867 +0.0° 29.87+0.4° 48.07+0.6° 1091
WEFL 12.38+0.18 12.84+0.19 13.60+0.12 14.85+0.09 16.36+0.16 2277042 1326
MEDL 10.77+0.46 12.01+0.35 14.62+0.58 17.89+0.47 2458+0.15 40.76+0.55 1938
MEFL 11.08+0.1% 12.67+0.2° 1456+0.2° 17.47+0.3° 19.67+0.1° 32.28+0.2¢ 3792
Each value in the tables above were performedifiti¢ates and represented as Mean + SEM (n=3). Meaith different superscripts in a
column are significantly different (P < 0.05).

ICso
(ug/mL)

Overall, boiling water extraction of dridfl malaccensigesulted in higher levels of TPC and activities of
antioxidants mainly due to the fact that boilingteracould completely activate the degradative eresyars against
the methanol solven§o, the number of compounds with free hydroxyl gowas increased by exposure the plant
materials at high temperature during extractiorcess [23]. Nevertheless, methanol extract wasfstilhd to yield
lower recovery of TPC and their antioxidant progsrthan boiled water in dried plant materials, rehgolyphenol
oxidases have been inactivated. But, methanoliaete of fresh sample revealed higher activity athbTPC and
antioxidant activities compared to boiled waterrasts may be due to the methanol was able to dexththe
polyphenols oxidases [24].

CONCLUSION

The antioxidant activity correlated with active qooninds phytochemicals. Water and methanol extifadtied and
fresh leaves showed that it may account for itsoaittant properties irA. malaccensisThis study on in vitro
antioxidant activities onA. malaccensishas the beneficial input of the agarwood plantatias well as
pharmaceutical industry to stimulates the use @fhagod leaves as a new value added neutraceuticdliqts.
Further, the screening of phenolic compound andatit@xidant activities were found to be very usefols to
provide in depth the characteristic of phenolic #ire present in agarwood leaves.
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