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Abstract

The hydroglycolic extracts from 7erminalia chebula Retzius, Terminalia bellerica Roxb and Rafflesia
kerrii Meijer were investigated for total phenolic content (TPC), cytotoxicity, mutagenicity,
antimutagenicity and antityrosinase for safety assessment as novel botanical-based cosmeceutical
ingredients. These plant extracts showed TPC between 4.90 + 0.02 and 112.40 + 0.08 mg GAE g!
of extract when using the Folin-Ciocalteu method. The cytotoxicity study revealed that the 50%
cytotoxicity dose (CDsg) towards normal mouse fibroblast L929 and mouse melanoma B16F10 cell
lines was 5.43 + 0.18 - 39.39 + 0.14 mg mL-" and 4.35 + 0.33 - 58.23 + 0.18 mg mL"", respectively.
In genotoxicity investigation, it was found that all extracts were not mutagenic at the concentrations
up to 87.34 mg 0.1 mL"" when tested with Sa/monelia typhimurium strains TA98 and TA100 in the
presence and absence of metabolic activation (S9 microsomal fraction). The extracts were further
tested for antimutagenic activity against 2-aminoanthracene (2-AA) and 2-(2-furyl)-3-(5-nitro-2-furyl)
acrylamide (AF-2) which were used as the tested mutagens. Interestingly, all hydroglycolic extracts
exhibited the inhibitory effect on the mutagenicity after being induced by 2AA and AF-2 in S.
typhimurium strains TA98 and TA100 in the presence and absence of metabolic activation. All plant
extracts were further investigated for tyrosinase inhibitory activity. Results showed that all extracts
possessed tyrosinase inhibitory activity with 50% inhibitory concentration values (ICsq) of 1.27 +
0.49 - 39.96 + 0.21 mg mL". Overall studies including their antimutagenicity and antityrosinase
activities suggest that the hydroglycolic extracts of these three plants may be used as potential
candidates for skin-care cosmeceutical ingredients.

Keywords: T7erminalia chebula Retzius, Terminalia bellerica Roxb, Rafflesia kerri Meijer,
genotoxicity, tyrosinase inhibition activity.

Introduction

antiinflammatory, anticancer, and analgesic properties [5-7]. The 7.
chebula Retz fruits have been found to contain chemically active
compounds such as chebulagic acid and 1,2,3,4,6-penta- G-galloyl-

Exposure to UV radiation can induce a number of biological
responses, including cell membrane and DNA damage,
sunburning, photoaging, melanogenesis and skin cancer. To
protect and reduce the harmful effects of UV radiation, synthetic
and botanical-based cosmeceutical products are recommended to
be used as active photoprotectives. In recent years, naturally
occurring compounds derived from plant extracts have gained
considerable attention as protective agents due to their low
mammalian toxicity [1-3]. In this work, plant extracts of 7erminalia
chebula Retz., Terminalia bellerica Roxb and Rafflesia kerri Meijer
were investigated for novel properties in cosmeceutical
applications.

T. chebula Retz. belongs to the family Combretaceae. It is
found in the Southern Asia, India including Thailand. The fruits are
used as a traditional medicine [4,5]. 7. chebula Retz. extract has
been reported to have strong antianaphylactic action, as well as
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B-D-glucose (PGG) which are reported to have antiinflammatory
and inhibitory effects on elastase and hyaluronidase, respectively
(8,9].

T. bellerica Roxb belongs to the same family as 7. chebula
Retz., Combretaceae. Its fruits are also used in traditional medicine
and proven to have biological activities including antimicrobial,
antidiabetic, antioxidant, anti-HIV, and antiproliferative (against
cancer cells) acitivities [10-13]. Chemically, the fruit shows the
presence of galic acid, ellagic acid, belleric acid, B-sitosterol, ethyle
gallate, and galloyl glucose [13-14].

Rafflesia kerrii Meijer is in the family of Rafflesiaceae. It is
found in Southeast Asia such as in the rainforests of Southern
Thailand, Malaysia, Indonesia and Philippines. In Thai traditional
medicine, a decoction of the flower buds is used to help restore the
female uterus after giving birth. It is also used to treat fever and
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backache. Recently, the structural determination of the five
compounds in A. kerrii Meijer was reported [15]: Four hydrolyzable
tannins i.e., 1,2,4,6-tetra- O-galloyl-3-D-glucopyranoside, 1,2,6-tri-
O-galloyl-#-D-glucopyranoside, 1,4,6-tri- O-galloyl- 5-D-
glucopyranoside and 1,2,4-tri- Ggalloyl-#-D-glucopyranoside, and
one phenylpropanoid glucoside were isolated from 95% aqueous
ethanol extract.

In the present study, the 7. chebula Retz., 7. bellerica Roxb and A.
kerrifMeijer extracts were investigated with the expectation for use
in cosmeceutical industry. These plants were extracted with
hydroglycol which is the colorless and odorless solvent. This
solvent has a boiling point higher than 180 C and a freezing point
lower than 30 C. Additionally, hydroglycol possesses humectant
and antimicrobial properties. Its safety has made it be able to be
used in foods, medicines, and cosmetics [16]. The hydroglycolic
extracts from fruits of 7. chebula Retz. and 7. bellerica Roxb and
flowers of A. kerrii Meijer were examined for total phenolic content
(TPC), cytotoxicity, —mutagenicity, — antimutagenicity, and
antityrosinase activity.

Material and Methods

Chemicals and Reagents

Chemicals and reagents used for total phenolic content were Folin-
Ciocalteu reagent, sodium carbonate (Carlo Eebo, Italy) and gallic
acid (Prolabro, France). For cytotoxicity assay, RPMI 1640
medium, fetal bovine serum (FBS), glutamine, penicillin,
streptomycin (Gibco, England) and 3-(4 5-dimethylthiazol-2-yl)-2,
S-diphenyltetrazolium bromide (MTT; Sigma-Aldrich, USA) were
used; while Oxoid nutrient broth (Criterion, USA), Bacto agar
(Difco, USA), biotin, glucose-6-phosphate, histidine hydrochloride,
nicotinamide  adenine  dinucleotide  phosphate  (NADP),
nicotinamide adenine dinucleotide phosphate reduced (NADPH),
dimethyl ~ sulfoxide (DMSO;  Sigma-Aldrich, USA), 2-
aminoanthracene  (2-AA)  and  2-(2-furyl)-3-5-nitro-2-furyl)
acrylamide (AF-2; Sigma-Aldrich, USA) were used in mutaganicity
and antimutagenicity tests. For antityrosinase assay, mushroom
tyrosinase, L-3, 4-dihydroxyphenylalanine (L-Dopa; Sigma-Aldrich,
USA), ascorbic acid and kojic acid (Sigma-Aldrich, USA) were
used.

Plant Extraction

The fruits of 7. chebula Retz. and 7. bellerica Roxb and flowers of
A. kerrii Meijer were obtained as the powder from CR Pure Light,
Thailand. Its product specification, material data sheets and the
voucher specimens were kept in Research & Development
Division, SJI, Thailand. Briefly, these extracts were obtained from
the extraction of dried powders by macerating in 70% hydroglycol
(the first two former plants), and 50% hydroglycol (the latter plant)
for 48 h. The extracted plants were then filtered and all filtrates

were kept as if according to the method described previously at
4°C [16].

Total Phenolic Content (TPC) Analysis

TPC of the tested plant extracts were analyzed by the Folin-
Ciocalteu method as described previously [17] with slight
modification. One hundred microliters of each extract at different
concentrations (0.1- 5.0 mg mL"") was mixed thoroughly with 4 mL
of distilled water and 0.5 mL of 2 N Folin-Ciocalteu reagent. The
mixtures were pre-incubated at room temperature for 5 min before
adding 0.4 mL of 20% sodium carbonate and incubated for 30 min.
Absorption was measured at 765 nm using the UV-visible
spectrophotometer model Lamda 25. Gallic acid was used as a
standard for the calibration curve and TPC was expressed as mg
of gallic acid equivalent per mg of the extract. The experiments
were done in triplicate.

Cytotoxicity Assay

The cytotoxic effect of the tested plant extracts was studied using
the normal mouse fibroblast (L929) and mouse melanoma
(B16F10) cell lines by MTT (3—(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay as described previously [18].
These two cell lines were purchased from the American Type
Culture Collection (ATCC), USA. The cell culture facility was kindly
provided by Dr. Nisa Chawapun, Department of Radiology, Faculty
of Medicine, Thailand. The fibroblast cell lines were separately
seeded in 96-well plates at a concentration of 1 105 cells mL"' and
cultured at 37°C in an atmosphere of 5% CO, for 48 h. The RPMI
1640 medium containing the plant extracts at different
concentrations (0.008 - 87.340 mg mL"") was then added in and
incubated at 37°C for 48 h. Twenty microliters of MTT solution was
finally added and the cells were incubated at the same temperature
for another 4 h. Afterwards, the mixture was removed and 100 plL
of DMSO was added into each well to solubilise formazan crystal
product. The plates were measured using the microplate reader at
550 nm and 620 nm as test and reference wavelengths,
respectively. The 50% cytotoxic dose (CDsg) or the concentration
of the tested plant extracts affected 50% of viable cells was
calculated and compared with that of the untreated control. The
experiments were done in triplicate.

Mutagenicity Assay

The mutagenicity of the tested plant extracts were performed by
Ames test [19]. The tester strains were Salmonelia typhimurium
TA98 for detection of base-pair substitution mutation of 4isD3052
and S. fphimurium TA100 for detection of frameshift mutation of
hisG46[20]. Both strains were kindly provided by Prof. Dr. Usanee
Viniketkummuen, Department of Biochemistry, Faculty of Medicine,
Chiang Mai University, Thailand. The mouse liver microsome S9
(S9 microsomal fraction) for metabolic activation test were
prepared from mouse liver which were previously induced by
phenobarbital and 5,6-benzoflavone followed the methods as
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described previously [21]. The Ames assay was performed using
the pre-incubation technique propounded by Mortelmans and
Zeiger et a/[20]. The tested mixture consisted of 50 pL of the plant
extracts at different concentrations (0.088 - 87.43 mg mL") and
100 L of the bacterial culture (approximately 1-2 x10° cells), to
which was then added with either 500 pL of the S9 mix (for
metabolic activation) or 0.2 M sodium phosphate buffer, pH 7.4 (for
non-metabolic activation). The mixture was pre-incubated at 30 C
in a shaker water bath for 30 min before added with 2 mL of molten
top agar (45°C) containing 0.5 mM of histidine-biotin, mixed well
and poured onto the minimal glucose agar plate. The plates were
incubated at 37 C for 48 h. The criteria to interpret the results were
regarding to the regulatory guidelines OECD test guideline No.
471(1997) [22]. The numbers of revertant colonies were counted
and compared with negative controls (50% hydroglycol, 70%
hydroglycol and DMSO), and positive controls (2-AA for metabolic
activation and AF-2 for non-metabolic activation). The experiments
were performed in triplicate and two plates were used for the
calculation of the average of the revertant colonies.

Antimugenicity Assay

The antimutagenicity assay was done using the modified Ames
test. The reaction mixture consisted of 50 pL of mutagen (2-AA for
metabolic activation and AF-2 for non-metabolic activation), 50 pL
of the plant extracts at different concentrations (10 - 80 mg mL-),
500 pL of S9 mix or 0.2 M sodium phosphate buffer, pH 7.4, and
100 pL of bacterial culture (approximately 1-2 x109 cells). After
pre-incubating for 30 min, the mixture was added with 2 ml of
molten top agar (45°C) containing 0.5 mM of histidine-biotin, mixed
well and poured onto the minimal glucose agar plate. The plates
were incubated at 37 C for 48 h. The numbers of revertant colonies
were counted and compared with negative controls (50%
hydroglycol, 70% hydroglycol, and DMSO), and positive controls
(2-AA and AF-2). The experiments were performed in duplicate.
The numbers of revertants were used to calculate the % inhibition
of mutagenesis using the formula 100-[(A-C/B-D) x100], where A is
the number of revertant colonies induced by the mutagen plus the
extract, B is the number of revertant colonies induced by the
mutagen, C is the number of spontaneous revertants induced by
the solvent, and D is the number of spontaneous revertants
(DMSO).

Antityrosinase Activity Evaluation

The plant extracts were tested for antityrosinase activity by
dopachrome method using L-3,4-dihydroxyphenylalanine (L-Dopa)
as a substrate regarding to Chan ef a/[17]. The mixture contained
the plant extracts at different concentrations (0.1 - 80.0 mg mL""),
0.1 mM potassium phosphate buffer, pH 6.8, and 0.06 mg mL"! of
mushroom tyrosinase solution. The mixture was incubated at 37 C
for 5 min and then added with 2.5 mM L-Dopa before incubated at
37 C for 5 min. The tyrosinase activity was measured under a UV-
visible spectrophotometer at 475 nm. Ascorbic acid and kojic acid
were used as the positive controls. Hydroglycol at 50 and 70%

were used as the negative controls. The experiments were done in
triplicate. The percentage inhibition of tyrosinase was calculated as
the 50% inhibitory concentration (ICsp), or the concentration of the
tested extracts that could inhibit tyrosinase activity at 50%. The
percentage inhibition of tyrosinase was calculated using the
following formula: % tyrosinase inhibition = [(A-B)-(C-D)/A-B] x 100,
where A is the absorbance of the control (L-Dopa mixed with
tyrosinase in buffer), B is the absorbance of the blank (L-Dopa in
buffer), C is the absorbance of the reaction mixture, and D is the
absorbance of the blank of C (L-Dopa mixed with the test sample
without adding tyrosinase in buffer).

Statistical Analysis

The experiment was performed at least in duplicate. The results
were expressed as the mean + standard deviation (S.D.). The
statistical analysis was performed by Student #test using the SPSS
11.5 statistical software. The p value of <0.05 was considered to
be significantly different.

Results & Discussion

Table 1 showed that A. kerrii Meijer extract had the highest TPC.
The amount was shown to be 112.40 = 0.08 mg GAE g of wet
weight, followed by 7. chebula Retz. and 7. bellerica Roxb which
were revealed to have TPC at 101.18 + 0.07 and 94.37 + 0.03 mg
GAE g of wet weight, respectively. The same Table revealed the
cytotoxic effects of 7. chebula Retz., 7. bellerica Roxb and A. kerrii
Meijer extracts on fibroblast cells. The cytotoxic doses expressed
as 50% cytotoxicity (CDsp) of these extracts were 5.43 + 0.18 -
39.39 + 0.21 and 2.00 + 0.18 - 26.47 + 0.47mg mL-" for normal
mouse fibroblast (L929) and mouse melanoma (B16F10) cell lines,
respectively. The extract from 7. bellerrica Roxb seemed to be
most toxic as its CDsq towards both cell lines were 5.43 + 0.18 and
2.00 + 0.18 mg mL"! or the lowest CDsg, respectively, while A,
kerrif Meijer showed the least toxicity as its CDs towards both cell
lines were 39.39 + 0.21 and 26.47 + 0.47 mg mL™! or the highest
CDsy, respectively. The CDsq of 7. chebula Retz. towards L929
and B16F10 cell lines were 11.96 + 0.80 and 4.35 + 0.33 mg mL"!,
respectively.

In mutagenicity test, all studied plant extracts were not mutagenic
towards S. fyphimuium strains TA98 and TA100 in either
metabolic or non-metabolic activation. Table 2 revealed the
extracts from 7. chebula Retz., T. bellerica Roxb and A. kerri
Meijer did not show the dose responding manner with the number
of Ais+ revertant colonies. Besides, they could not induce these
revertant colonies to have the number of higher than 2 folds of the
revertant colonies from spontaneous mutation shown by negative
controls even the tested concentration was up to 87.34 mg 0.1 mL-
1in the presence or absence of metabolic activation. The extracts
from 7. chebula Retz., T. bellerica Roxb and A. kerrii Meijer were
investigated for antimutagenicity against 2-AA and AF-2 in S.
typhimurium strains TA98 and TA100.

Results are illustrated in Table 3 and Figure 1.
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Table 1. TPC and cytotoxic effect on mouse fibroblast cell lines of extracts

Plant extracts % CDs (mg m-1)
(mg GAE g" of extract) 1929 cell line B16F10 cell line
T, chebula Retz. 101.18 +0.07 11.96 + 0.80 4.35+0.33
T, bellerica Roxb 94.37 + 0.03 5.43+0.18 2,00+ 0.18
R, keriMeijer 112.40 £ 0.08 39.39 £ 0.21 26.47 + 0.47

Note:2Estimated as mean =+ standard division of the triplicate experiments. PExpressed as the mean + standard division of triplicate
experiments. The data were analyzed by Bio DataFit software v1.02 from Chang Biosciences Inc.

Table 2. Mutagenicity of 7. chebulaRetz., T. bellerica Roxb and A. kerriiMeijer extracts towards S. fphimurium strains TA98 and TA100

No. His+revertant colonies/plate?

(z;’gcgg";“ﬁ?)s TA98 TA100
Absence Presence Absence Presence
of 89 Mix of S9 Mix of 89 Mix of S9 Mix

DMSO 38.67 £ 4.93" 41.67 £4.51* 122.33 + 8.08* 147.67 £ 10.79*
50% Hydroglycol 28.00 + 7.94* 43.00 £ 2.00* 122.33 £ 17.62* 146.00 + 8.72*
70% Hydroglycol 58.00 = 8.00* 68.33 £ 3.51* 124.00 = 7.00* 149.67 + 3.79*
7. chebula Retz.

0.088 62.00 + 3.46" 62.33 £ 3.21* 104.33 + 4.62* 115.00 + 6.24*

0.873 58.00 + 5.57* 58.67 £ 1.15* 118.67 £ 6.66* 132.00 £ 7.55*

8.734 50.67 £ 7.57* 56.33 £ 2.89* 109.67 + 9.61* 131.33 £ 8.96*

87.34 57.33 £ 7.51* 61.00 + 4.36" 125.00 £ 12.17* 133.33 £ 4.51*
T. bellerica Roxb

0.088 51.00 £ 7.94* 65.67 £ 4.04* 114.00 + 3.00* 109.67 £ 2.31*

0.873 50.00 + 4.00* 58.33 + 6.66" 113.00 + 11.00* 113.00 £ 4.00*

8.734 55.33 £ 9.87* 64.00 £ 4.58* 119.33 £ 6.51* 123.00 = 6.00*

87.34 58.67 £ 9.61* 68.33 £ 3.79" 112.00 + 6.08* 136.33 £+ 7.77*
R. kerriiMeijer

0.088 36.33 £ 1.15* 42.00 £ 1.00* 120.00 £ 7.81* 136.00 + 4.00*

0.873 35.33 £ 3.51* 47.00 = 1.00* 119.33 £ 10.02* 130.67 + 8.08*

8.734 34.33 £1.15* 48.00 + 4.36* 112.33 £ 4.93* 127.67 £ 7.02

87.34 43.67 £ 2.89* 55.00 £ 2.65* 115.00 = 5.29* 133.00 + 6.08*
AF-20.10 pg 0.1 mL"1 360.00 + 32.74 NA 638.00 + 51.16 NA
2-AA 1.00 pg 0.1 mL"! NA 461.00 + 33.87 NA 1290.33 £ 7.64

Note: @ Expressed as the mean + standard division of triplicate experiments. NA: not applicable, *Statistically significant with respect
to the positive controls by Student £test (0<0.05).
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Table 3. Inhibition of mutagenicity by 7. chebula Retz., 7. bellerica Roxb, and A. kerriiMeijer extracts towards S. fphimurium strains TA98
and TA100

No. His* revertant colonies/plate?

Concentrations TA%8 TA100
(mg 0.1 mL) Absence % Inhibition Presence % Inhibition Absence % Inhibition Presence % Inhibition
of S9 Mix of mutagenesis of S9 Mix of mutagenesis of S9 Mix of mutagenesis of S9 Mix of mutagenesis
DMSO 25.50 +0.71 - 3750+2.12 - 84.50+2.12 - 93.00 + 4.24
50% Hydroglycol 31.00 + 1.41 - 31.50+2.12 - 85.00+7.07 - 82.50 + 17.68
70% Hydroglycol 27.50 + 4.95 - 28.50 £ 0.71 - 88.50 + 0.71 - 85.00 + 14.14
T. chebula Retz.
10.00 331.00 + 39.60 3.50 470.50 + 10.61* 16.21 512.00 + 8.49 5.89 396.50 + 12.02* 35.10
20.00 313.50 + 13.44 9.06 287.00 + 24.04" 51.00 460.00 + 4.24* 17.44 205.50 + 28.99* 74.90
40.00 277.00 £ 9.90* 20.67 54.00 + 11.31* 95.17 454.00 + 8.49* 18.78 124.50 + 0.71* 91.77
60.00 270.00 + 12.73" 22.89 40.00 + 1.41* 97.82 405.00 + 14.14* 29.67 118.50 +7.78* 93.02
80.00 266.50 +0.71* 24.01 30.50 £ 0.71* 99.62 406.00 + 5.66" 29.44 104.50 + 4.95* 95.94
T. bellerica Roxb
10.00 279.50 + 14.85 19.87 55150 £9.19 0.85 520.00 + 8.49 411 41250 + 2.12* 31.77
20.00 273.50 + 6.36* 21.78 498.50 + 2.12* 10.90 413.00 + 16.97* 27.89 343.00 + 14.14* 46.25
40.00 288.50 + 7.78* 17.01 122.50 +7.78* 82.18 440.50 + 13.44" 21.78 144.00 + 5.66* 87.71
60.00 273.50 £ 0.71* 21.78 52.50 +0.71* 95.45 420.00 + 5.66* 26.33 142.50 + 6.36" 88.02
80.00 224.50 + 16.26" 37.36 33.50+0.71* 99.05 335.50 +20.51* 4511 103.50 + 2.12* 96.15
R. kerriiMeijer
10.00 338.00 + 4.24 2.38 340.50 + 14.85" 41.42 513.00 £ 12.73 4.89 448.50 + 19.09 23.75
20.00 325.00 +2.83" 6.25 109.00 + 8.49* 85.31 511.00 £ 9.90 5.33 138.00 + 19.80" 88.44
40.00 307.50 + 2.12* 12.08 56.00 + 5.66" 95.36 497.50 + 14.85 8.33 107.00 + 8.49* 94.90
60.00 230.50 + 4.95* 36.57 46.50 + 0.71* 97.16 476.50 + 7.78* 13.00 101.00 + 12.73* 96.15
80.00 222.00 + 5.66* 39.67 36.50 +0.71* 99.05 464.00 + 11.31* 15.78 91.50 + 17.68" 98.13
AF-2 (ug 0.1 mL*")
0.02 NA - NA - 534.50 +7.78 - NA
0.10 340.00 + 12.73 - NA - NA - NA
2-AA (ug 0.1 mL)
0.50 NA - NA - NA - 573.00 + 14.14
1.00 NA - 565.00 + 8.49 - NA - NA -

Note: @ Expressed as the mean + standard division of triplicate experiments. NA: not applicable, *Statistically significant with respect to the
positive controls by Student £test (0<0.05).

PAGE |97 [



Nittayajaiprom ef a/. International Journal of Phytomedicine 6 (1) 93-102 | [2014]

G
I
[14]
[+
&
[14]
IRl

Yo Inhibition of mutagenicity

Y Inhibition of mutagenicity
N

3]
6

A
=
&
©
"
L=
=]
i
b

E z e —
[ [F] r 7 -
=, = ann Ty
c 800 c 30.0 i
o o /- Y
= - ir 4
= = i/ /

o ] i’ g

= = i /

S ann S &00 4 /4 s

= ©S0¢ = €00 ¥ Y,

£ £ i g

. - £ /

B = A4 =

o - L= S A1

— oo pa — o s

= Al iy A = an Sr

5 408 P 5 400 -l

= — o - = e

= il _a8——=e = 7

Ee S T— ==t £ r

= aaa ~ —— = aan -1

= 200 Py S _ = 200

c A i —A =

= S A = =

== =

El
©
(=]
(=]

Figure 1: The antimutagenic activities of 7. chebula Retz., T. bellerica Roxb and A. kerriiMeijer extracts at different concentrations in S.
Hyphimurium treated with AF-2 and 2-AA in the absence and presence of metabolic activation. (A), (B): % inhibition of mutagenesis of extracts in
the absence and presence of metabolic activation in S. fyphimurium strain TA98. (C), (D): % inhibition of mutagenesis of extracts in the absence
and presence of metabolic activation in S. fyphimurium strain TA100.

It could be seen that mutagenesis induced by above mutagens in activation, the antimutagenic potentials of all extracts were
both strains was reduced by all of these extracts either in the observed to be higher in S. &phimurium strain TA100 than TA98.
presence or absence of metabolic activation. The % inhibition of When the plant extracts were compared, the extract from 7.
metagenesis by the studied extracts increased with the increasing bellerica Roxb seemed to have the highest antimutagenic potential
dose regardless in the presence or absence of metabolic expressed in both strains of S. #yphimurium induced by AF2
activation. In S. fyphimurium strain TA98 with metabolic activation, (without metabolic activation). The % inhibition of mutagenesis in
the extracts from 7. chebula Retz., T. bellerica Roxb and A. kerrii strains TA98 and TA100 was 19.87 — 37.36 and 4.11 — 45.11,
Meijer showed better % inhibition of mutagenesis than non- respectively. While the extract from A. kerrii Meijer showed the
metabolic activation. The same result was found in strain TA100. In highest potential induced by 2-AA (with metabolic activation) in
the presence of metabolic activation, the mutagenesis inhibition by both strains. Such mutagenesis inhibition values in strains TA98
these extracts was over 50%, while under non-metabolic activation, and TA100 were 41.42 —99.05 and 23.75 — 98.13, respectively.

the mutagenesis inhibition shown by the extracts from 7. chebula
Retz., 7. bellerica Roxb and A. kerrii Meijer was less than 50%.
Comparing between these two strains under the metabolic
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Table 4. Tyrosinase inhibitory activity of plant extracts on mushroom tyrosinase

Plant extracts and % Tyrosinase

tyrosinase inhibitor inhibitory activity (Csp (mg mL-7)?
T. chebula Retz. 77.04 £ 3.61 39.98 +0.33
T. bellerica Roxb 74.90 + 3.87 20.05+0.25
R. kerriiMeijer 94.49 +0.98 1.92+0.44
Ascorbic acid 98.95 +0.90 0.032 £ 0.43
Kojic acid 98.66 + 0.34 0.019£0.10

Note: 3Expressed as the mean =+ standard division of triplicate experiments. The data of ICsq
were analyzed using Bio DataFit software v1.02 from Chang Biosciences Inc.

Figure 2: The effect of plant extracts on the mushroom tyrosinase activity. *Statistically significant with respect to the controls by Student £test

(p<0.05).
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The aforementioned plant extracts were further investigated for
antityrosinase activity. All of these plant extracts showed tyrosinase
inhibitory activity as demonstrated in Table 4 and Figure 2. The
extract from A. kerii Meijer produced the most pronounced
activity. Its tyrosinase inhibitory activity was shown to be 94.49 +
0.98%, followed by the extracts from 7. chebula Retz. and 7.
bellerica Roxb by which their inhibition activities towards tyrosinase
were 77.04 + 3.61% and 74.90 + 3.87%, respectively. When the %
tyrosinase inhibitory activities of each extract were calculated into
ICs0, it can be seen from Table 4 that the extracts from A. kerri
Meijer had the most appreciable ICs, value which was 1.92 + 0.44
mg mL-", while the extracts from 7. chebula Retz. and 7. bellerica
Roxb showed the ICsq values of 39.98 + 0.33 and 20.05 + 0.25 mg
mL1, respectively.

T. chebula Retz. and 7. bellerica Roxb have been well-known as
the ingredients in triphala of Ayurvedic medicines and a number of
Thai traditional medicines. Regarding to indications of use, one
benefit is for rejuvenation to make these ingredients be interested
for application in pharmaceuticals and cosmetics. The extracts
from these two plants that have been widely studied on the
biological activities are now popularly used in pharmaceutical and
cosmetic industries [23-25]. For A. kerri Meijer, its biological
potentials have not been fully investigated especially the activities
relating to cosmeceutical use. In the present study, A. kerrii Meijer
was mainly focused to see its possibility in application as a
cosmetic ingredient like that has been successful from the
aforementioned plants. The hydroglycolic extract of A, kerri Meijer
was carried out on its biological activities by comparing with the
hydroglycolic extracts of 7. chebula Retz. and 7. bellerica Roxb. All
extracts were examined for TPC, cytotoxicity, mutagenicity,
antimutagenicity, and antityrosinase. Results from TPC analysis
revealed A. kerrii Meijer had the highest content in comparison to
T. chebula Retz. and 7. bellerica Roxb. Regarding to published
reports, A. kerrii Meijer is in the presence of hydrolyzable tannins
and phenylpropanoid [15], whereas 7. chebula Retz. and T.
bellerica Roxb contain phenolic groups of lignans, flavones,
flavonls, phenylpropanoid, and tannin [13,14,26,27].

When cytotoxicity was considered, A, kerrii Meijer extract showed
the lowest cytotoxic effect upon normal mouse fibroblast L929 and
melanoma mouse fibroblast B16F10 cell lines. The extract from 7.
bellerica Roxb seemed to have the highest cytotoxicity. There were
reports revealed that 7. bellerica Roxb was toxic on hepatocellular
carcinoma and lung cancer cell lines [28] and exhibited
antiproliferative effects in several cancer cell lines including breast
cancer and prostate cancer cell lines [12]. The extract from 7.
chebula Retz. had less cytotoxic effect than 7. bellerica Roxb on
the above tested cell lines. Some previous findings showed 7.
chebula Retz. was cytotoxic on several malignant cell lines
including human breast cancer, mouse breast cancer, human
osteosarcoma, human prostate cancer, and human prostate cell
lines [7].

In addition to cytotoxicity study, the genotoxicity of the
hydroglycolic extracts from 7. chebula Retz., 7. bellerica Roxb and
R. kerrii Meijer was also performed using Ames test to show the

mutagenic potentials. All of these three plant extracts were
demonstrated to be non-mutagenic in either the presence or
absence of metabolic activation towards S. &phimurium strains
TA98 and TA100. On the contrary and interestingly, all these
extracts showed impressive inhibitory effects upon mutagenesis
induced by 2-AA and AF-2 which are strong mutagens in either the
presence or absence of metabolic activation towards both tested
bacterial strains. A kerri Meijer extract provided the best
antimutagnicity upon 2-AA induced mutagenesis as the % inhibition
of mutagenesis was highest in comparison to other two studied
plant extracts. This plant extract was also able to inhibit the
mutagenesis induced by AF2 shown in both TA98 and TA100.
From the above results, this study may be implied that the A. xerri
Meijer extract possesses the actives that can act on AF-2 which is
the direct mutagen but have to be metabolized to provide the
metabolites to act on 2-AA which is the indirect mutagen. Since the
extract was effective on both S. #phiumurium strains TA98 and
TA100, it seems that the actives and their metabolites from A. kerrii
Meijer can support the inhibition of base-pair substitution mutation
of AisD3052 (in TA98) and frameshift mutation of AisG46 (in
TA100) induced by 2-AA and AF2. The extracts from 7. chebula
Retz. and 7. bellerica Roxb also provided the similar antimutagnic
potentials. They showed the better inhibitory effects in 2-AA
induced mutagenesis than AF2 and such effects were shown in
both TA98 and TA100. Evidences revealed that 2-AA induced
mutation by forming adducts on the C8 position guanine in DNA in
the presence of microsomal activation, while AF-2 induced
mutagenicity by direct action without being activated by hepatic
microsomal enzymes to damage DNA [27, 29-31]. There were
studies showed hydrolyzable tannin from the fruit of 7. chebula
Retz. could inhibit the mutagenicity of 2-aminofluorene and 4-nitro-
O-phenylenediamine [27]. The existing hydrolysable tannin
compounds in 7. chebula Retz., T. bellerica Roxb and A. kerri
Meijer [15,27,32] tends to play an important role in protecting DNA
directly by these compounds themselves or indirectly through their
metabolites from microsomal enzyme activation or binding with
electrophilic metabolites of mutagen.

In cosmetic industry, the products containing herbs or plant
originated ingredients are preferred. The expected activities from
these natural sources in addition to antiaging are whitening. To
fulfill the whitening effect on skin, it is important for the ingredients
to have the potentials in inhibiting melanin synthesis or
accumulation. Actually, melanin is good for skin in being the major
contributor to skin pigmentation in protecting skin from damaging
by solar radiations. In mammalian melanin synthesis, tyrosinase, a
copper-containing monooxygenase, is the important enzyme
involving in the process. Abnormal tyrosinase production elevates
the level of melanin accumulation. Therefore, tyrosinase inhibitors
as well as depigmenting agents can help reduce such skin
hyperpigmentation issue [33-35]. In this study, 7. chebuia Retz., T.
bellerica Roxb and A. kerrii Meijer extracts were investigated for
their inhibitory effect on mushroom tyrosinase. Surprisingly, all
three extracts had the potentials in inhibiting this enzyme. Again, A.
kerrii Meijer extract showed the most appreciable activity. Its ICx
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was very low (1.27 + 0.49 mg mL"), while the IC5q of other two
plant extracts was much higher (ranged between 20.05 + 0.05 and
39.96 + 0.21 mg mL™"). The ability of all these plants in inhibiting
melanin synthesis is likely to be due to the phenolic compounds as
phenol derivatives containing 2 or 3 hydroxyl groups have been
evidenced to have the oxidation/reduction potential to reduce
melanin biosynthesis. Besides, the phenolic compounds isolated
from galls of 7. chebula Retz. had the ability to inhibit mushroom
tyrosinase and melanin synthesis with the inducing of &MSH on
B16 mouse melanoma cell line [35].

Conclusions

The finding of the present study suggests the possibility of the
studied plants especially A. erri Meijer in addition to 7. chebula
Retz. and 7. bellerica Roxb in form of hydroglycolic extracts to be
applied for use in botanical-based cosmeceutical use regarding to
their low cytotoxicity and non-mutagenicity, but potentials in
inhibition of mutagenesis and tyrosinase.
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