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Abstract

Thai Traditional Medicine believes that human body is composed of four elements. It also mentions that skin problems
related to each element can be alleviated by using suitable plants. This study aimed to determine the bioactivities related to skin
effects of Aloe vera, Cucumis sativus, Alpinia galanga and Phyllanthus emblica. The plants were extracted with 50% ethanol
prior to bioactivity evaluation. The highest anti-oxidant activity (ICso, 14.01 pg/ml) was found for P. emblica. Tyrosinase
inhibition was found with P. emblica (41.92% inhibition) and A. vera (26.67% inhibition) at 500 pug/ml concentrations. The cells
treated with 500 pg/ml A. vera and 15.62 pg/ml P. emblica had after 48 h increased collagen type-1 production by around 14 and
4 -fold from those of untreated cells. Anti-glycation was found with P. emblica. P. emblica, A. galanga and C. sativus at 62.5
pg/ml exhibited anti-inflammatory activity. This information supports evidence based use of these plants as food and cosmetic

ingredients.
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1. Introduction

Traditional Thai Medicine (TTM) principles purport
that the human body is composed of four elements (or ‘tard’
in the Thai language), namely earth, water, air and fire. If one
element dominates in an individual, it can encourage certain
personality and habitual traits to develop in that person. The
body elements are correlated to emotions, temperament, direc-
tion, skin color, tastes, body type, illnesses, thinking style, and
character. A person who knows which element dominates
their body and what that imbalance causes can take care of
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their health to compensate for the imbalance (Laohapand,
2014).

In Thai scripture, the skin types were distinguished
according to the body elements, and also suitable specific
diets with some plants or vegetables were suggested ac-
cordingly. The care of health and skin was then managed by
consuming appropriate plants or vegetables associated with
the individual body elements. Those who are dominated by
the fire element generally tend to have fairly dark skin, and
suitable diets include cool or bitter flavors, such as water-
melon and cucumber. Dominance of the air element promotes
thin bodies and dry skin, and spicy flavored food with ginger,
galangal and pepper is appropriate. Those with a large water
element usually have healthy and sensitive skin, and
preferable food ingredients include juicy and sour or bitter
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flavored food, such as orange, tomato, aloe or cucumber. The
earth element generally induces fairly dark complexion and
oily skin, and appropriate diet includes astringent, sweet or
salty flavored foods, such as guava, banana, taro root, amla
and potato (Akarayosapong, 2010; Laohapand, 2014).

Nowadays, botanical extracts play an increasingly
important role in food and cosmetics due to the effectiveness
of such extracts in improving skin properties, especially
elasticity and moisture (Ribeiro et al.et al., 2015). There is a
large numbers of plant extracts that have chemical compounds
suitable for use as food supplements or in cosmetic products.

However, the bioactivity of plants in relation to the
body elements, according to Traditional Thai Medicine (TTM)
principles, should be determined, and currently only few
products are designated for individual body elements. Thus,
the purpose of the current study was to investigate the
bioactivities of plant extracts selected according to the body
element principle. The plants included were Aloe vera (L.)
Burm.f (Aloe), Cucumis sativus L. (Cucumber), Alpinia
galanga (L.) Wild (Galangal) and Phyllanthus emblica L.
(Amla), which were selected to match the body elements
water, fire, air and earth in respective order. The selected
plants are common in daily food, in Thailand. Moreover, some
reports indicate that these plants possess many bioactive
compounds associated with skin related benefits. Compounds
such as 1-acetoxycavichol acetate and catechin have been
reported in A. galanga (Mahae & Chaiseri, 2009), while
flavonoids, polyphenols, glycosides and tannins are mainly
found in C. sativus (Narra, Nisha, & Nagesh, 2015). The fruit
of P. embrica contain flavonoids and proanthocyanidins (Liu,
Zhao, Wang, Yang, & Jiang, 2008) and A. vera has aloesin
and aloe sterols (Takahashi et al., 2009; Tanaka et al., 2015).
Thus the results from this study may be useful for further
development of food supplements and skincare products
containing suitable plant extracts related to each body element
of TTM.

2. Materials and Methods
2.1 Preparation of plant extracts
2.1.1 A. vera extract

The preparation of A. vera extract followed the
method reported by Lee et al. (2012). The A. vera leaves were
peeled, then the gel was collected and freeze-dried. The A
vera powder was then extracted using 50 %(v/v) ethanol at a
solid (g): solvent (ml) ratio of 2: 400 for 24 h. The mixture
was then centrifuged for 5 minutes at 10,000 rpm. The super-
natant was collected and concentrated in a rotary evaporator at
40°C.

2.1.2 C. sativus extract

The C. sativus extract was prepared according to the
method presented by Narra, Nisha, and Nagesh (2015). Whole
fruit of C. sativus were cut into small pieces and dried in
shade at room temperature. The dry material was mecha-
nically crushed into coarse powder. The powder was
subsequently extracted with 50 %(v/v) ethanol at a solid ():
solvent (ml) ratio of 1: 20 for 24 h. The extract was filtered
through a No.1 sinter glass funnel and concentrated using a
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rotary evaporator at 40°C.

2.1.3 A. galanga extract

Extraction of A. galanga was done according to the
method reported by Mahae and Chaiseri (2009). Fresh A.
galanga rhizomes were cleaned, washed with water, cut into
small pieces and dried in a tray dryer at 50°C. The dried
sample was ground to a fine powder using a blender. The
powder was extracted using 50 %(v/v) ethanol at a solid (g):
solvent (ml) ratio of 1:10 for 24 h. The extract was filtered
through a No.1 sinter glass funnel and concentrated using a
rotary evaporator at 40°C.

2.1.4 P. emblica extract

The P. emblica extract was prepared according to
the method presented by Mayachiew & Devahastin (2008). P.
emblica fresh fruit were cleaned, washed with water, and
dried in a tray dryer at 50°C. The dried materials were pul-
verized into coarse powder. P. emblica powder was extracted
using 50 %(v/v) ethanol at a solid (g): solvent (ml) ratio of
1:10 for 24 h. The extract was filtered through a No.1 sinter
glass funnel and concentrated using a rotary evaporator at
40°C.

2.2 Biological activity

2.2.1 Anti-oxidant activity

The anti-oxidant activity was determined with a 2,
2-Diphenyl-1-picrylhydrazyl (DPPH) assay. The extracts and
the positive control, L-ascorbic acid, were dissolved in 2%v/v
DMSO in PBS buffer at the concentration of 156.25-40,000
pg/ml (A. vera), 24.41-100,000 pg/ml (C. sativus), 62.50-
10,000 pg/ml (A. galanga), 0.49-1,000 pg/ml (P. emblica) and
0.98-250 pg/ml (L-ascorbic acid). Briefly, 75 ul of each
extracted solution were mixed with 150 pl of 0.2 mM DPPH.
The blends were allowed to react in dark for 30 minutes.
Then, the absorbance at 517 nm was measured and the inhi-
bition of radical was calculated using the following equation.

% Inhibition of
DPPH radical =

(As17 control-Asi7 sample) x 100
Asi17 sample

The ICso was determined by log-probit analysis
using GraphPadPrism software version 7.0 (GraphPad Soft-
ware, USA).

2.2.2 Tyrosinase inhibition assay

B16-F1 mouse melanoma cell line (ATCC® CRL-
6323 ™) was injected into a 96-well plate at 10° cells/well in
complete low glucose DMEM containing 10% Fetal Bovine
Serum and 1% 10 pg/ml penicillin, and 10 pg/ml strepto-
mycin, at 37 °C with 5% COz in a humidified atmosphere.
One-hundred ml of an extract solution (or Kkojic acid as
positive control) in the concentration range 0-500 pg/ml was
added, and then 20 mM L-DOPA (100 pl) was added as the
substrate in order to induce the reaction. The plate was left in
dark for 1 h at room temperature. Conversion of L-DOPA to
dopachrome was measured spectrophotometrically at 450 nm
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by a microplate reader. The inhibition of tyrosinase activity
was calculated as follows.

(Aaso of control — Asso of
sample)
Auso of control

Inhibition % = x 100

Here, Asso of control is the absorbance at 450 nm of
a case without the plant extracts or kojic acid, while Asso of
sample is the absorbance at 450 nm of a case treated with a
plant extracts or with kojic acid.

2.2.3 Procollagen type-1 assay

The procollagen type-1 assay was performed with
primary human dermal fibroblast (HDF) cells isolated from
neonate foreskin. The extracts were dissolved in 2%v/v
DMSO in PBS buffer at the following concentrations: 250 and
500 pg/ml (A. vera), 7.81 and 15.62 pg/ml (P. emblica), and
100 uM (17.6 pg/ml) (L-ascorbic acid, a positive control).
The HDF cells were seeded onto 24-well plates at 5x10*
cells/well in complete high glucose Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 10% Fetal Bovine
Serum, 1% Gluta max, 1% 10 ug/ml penicillin, and 10 pg/ml
streptomycin at 37 °C with 5% COz in a humidified atmos-
phere. After that, the cells were exposed to 1 ml of a selected
concentrations of extracts or L-ascorbic acid for 48 h. Then,
the cell-free supernatant was collected to determine the pro-
collagen type | content. At the same time, 1 ml of new
medium was added for replacement prior to further incubation
for 24 h without the extracts or positive control. The cell-free
supernatant was collected and the amount of procollagen type
I was determined by using a commercial human procollagen
type-1 C-peptide EIA kit (Abcam, USA).

2.2.4 Anti-inflammatory activity assay

The anti-inflammatory activity was determined with
RAW 246.7 macrophage cells (ATCC® TIB-71) in a nitric
oxide assay. The extracts and methylarginine (positive
control) were dissolved in 2%v/v DMSO in PBS buffer at
concentrations of 0-62.50 pg/ml. The cells were seeded at
approximately 2x10* cells/well in 96-well culture plates in
complete low glucose DMEM containing 10% Fetal Bovine
Serum, 1% 10 pg/ml penicillin, and 10 pg/ml streptomycin at
37 °C with 5% COz in a humidified atmosphere. Then, the
wells were supplemented with 90 pl of selected concentration
of an extract or positive control and 10 pl of LPS (10 pg/ml),
and incubated for 24 h. The nitric oxide production was
determined using a Griess reagent system (Promega, USA)
according to the protocol descripted by the manufacturer.

2.2.5 Determination of anti-glycation activity

The extracts were dissolved in 2%v/v DMSO in
PBS buffer at concentrations of 125-10,000 pg/ml (A. vera),
3.91-125 pg/ml (P. emblica) and 15.62-1,000 pg/ml (rutin
hydrated, positive control). Bovine serum albumin (BSA), 10
mg/ml in 50 mM phosphate buffer at pH 7.4 containing 0.02%
sodium azide, was pre-incubated with the 50 pl extract
solution or rutin hydrate. In control, the extracts were replaced
by the buffer in the same volume. After that, 100 pl glucose
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solution was added to the reaction mixture and incubated at
37°C for 3 days. The fluorescence intensity (FI) was measured
at an excitation wavelength of 350 nm and an emission
wavelength of 450 nm by a microplate reader. The results are
expressed as ‘percentage inhibition” of the advanced glycation
end products (AGEs) formed.

Inhibition of AGEs
formation (%) =

(Fc — Fb) - (Fs — Fsb)
(Fc - Fb)

x 100

Here, Fc is the fluorescence intensity of incubated
BSA, glucose, and 2%v/v DMSO in PBS buffer (control), Fb
is the fluorescence intensity of incubated BSA alone (blank),
Fs is the fluorescence intensity of the incubated BSA, glucose,
and an extract or rutin hydrate (positive control), and Fsb is
the fluorescence intensity of incubated BSA with an extract or
rutin hydrate (positive control).

3. Results and Discussion

3.1 Extraction

The final output from extracting each plant was
sticky resin with a distinct color. The A. vera extract was clear
yellow, while A. galanga and P. emblica extracts were brown
and dark brown, respectively. These differed from the C.
sativus extract that was dark green in color. The extraction
yields are presented in Table 1. With the chosen extraction
methods, the highest yield was obtained from P. emblica at
64.89%, followed by C. sativus at 36.31%, A. galanga at
18.24%, and the lowest yield was from A. vera at 10.36%. The
extraction yields are related to the polarity of compounds in
the plants, since hydrophilic compounds tend to be extracted
(dissolved) by highly polar solvents. High yields were mainly
obtained on extracting fruits, as was done with P. emblica and
C. sativus.

Table 1. The extraction yields of crude ethanolic extracts from A.
vera, C. sativus, A. galanga and P. Emblica.
Plant Part used Extraction yield (%)
Aloe vera Leaf (gel) 10.36+2.85
Cucumis sativus Fruit 36.31+0.34
Alpinia galanga Rhizome 18.24+1.94
Phyllanthus emblica Fruit 64.89+2.79

3.2 Anti-oxidant activity

The DPPH anti-oxidant activities of the extracts are
expressed as I1Cso values, and are shown in Table 2. P. emblica
extract showed the highest antioxidant activity with 1Cso of
14.10 £ 2.66 pg/ml, followed by the A. galanga extract with
ICs0 = 826.00 £ 60.73 pg/ml, C. sativus extract with 1Cso =
4,339.00 + 1537.96 pg/ml, and A. vera extract with 1Cso =
5,333.00 + 252.95 pg/ml. As regards the positive control, L-
ascorbic acid, its ICso was around 7.47 + 1.15 pg/ml. The P.
emblica extract had very strong anti-oxidant activity in com-
parison to the other extracts. The strong anti-oxidant potential
of an extract may be due to tannins, phenolic compounds, and
L-ascorbic acid that have been reported in P. emblica (Tasduq
et al., 2015; Yokozawa, Kim & Kim, 2007). L-ascorbic acid,
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Table 2. The antioxidant activities (ICso) of A. vera, C. sativus, A.
galangal, and P. emblica extracts, and L-ascorbic acid
(positive control) in a DPPH assay.

Plant or substance Antioxidant activity 1Cso (ug/ml)

Aloe vera 5,333.00 £ 252.95
Cucumis sativus 4,339.00 + 1537.96
Alpinia galanga 826.00 + 60.73
Phyllanthus emblica 14.01+ 2.66
L-ascorbic acid 747+1.15

an essential anti-oxidant, was also previously reported in P.
emblica at around 3.25-4.50% w/w (Khopde et al., 2001),
while the total phenol content was approximately 81-120 mg
gallic acid equivalent/g (Liu, Zhao, Wang, Yang, & Jiang,
2008). Due to its powerful anti-oxidant potential, this extract
can act as a natural functional ingredient in food supplements
and cosmetic products.

3.3 Tyrosinase inhibition assay

The tyrosinase enzyme induces the production of
melanin, which leads to hyperpigmentation (Thangboonyjit,
Limsaeng-u-rai, Pluemsamran & Panich, 2014). In this study,
the inhibition of melanin production was determined by anti-
tyrosinase activity in B16F1 cells, when treated with the
extracts and the positive control, kojic acid. The results reveal
that A. vera extract and P. emblica extract possessed tyro-
sinase inhibitory activity, whereas C. sativus and A. galanga
extracts did not show such activity in this study. The A. vera
extract and P. emblica extract exhibited dose-dependent
inhibition of tyrosinase activity in the cells. Considering the
tyrosinase inhibition at the concentration of 500 pg/ml, A.
vera and P. emblica extracts exhibited 26.67+2.39% and
41.92+1.88% respective inhibitions. Kojic acid at the same
concentration showed anti-tyrosinase activity of around
94.48+1.06%. This tyrosinase inhibition activity of A. vera
extract is in agreement with a prior report, in which tyrosinase
inhibition increased with dose of the extract (Gupta &
Masakapalli, 2013). However, the result for P. emblica extract
with a prior report of Homklob, Winitchai, Rimkeeree,
Luangprasert & Haruthaithanasan (2012), who reported high
tyrosinase inhibition of crude ethyl acetate extract of P.
emblica. This might be due to the different extraction
solvents, as well as the assay protocols, since they used a
mushroom tyrosinase assay to determine tyrosinase inhibition.

3.4 Effects on the synthesis of procollagen type 1

The effects of the extracts on procollagen type 1
synthesis were studied in a fibroblast cell model. The results
are expressed as percentages of pro-collagen type 1 in the test
groups versus that in the control group. The result indicate
that only A. vera and P. emblica extracts stimulated procol-
lagen type 1 synthesis. At 48 h, the A. vera extract showed
concentration dependent activation of procollagen type 1
synthesis since increasing the concentration from 250 to 500
pa/ml increased pro collagen type 1 contents by about 7.3 to
14.4 -fold from that in the control. This differs from P.
emblica extract, which increased procollagen type 1 content
approximately by 9.1 and 7.4 -fold with treatment concen-
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trations 7.81 to 15.62 ug/ml, respectively, without significant
mutual difference. Regarding the test concentration, P.
emblica was more efficient in improving procollagen type 1
synthesis as a low concentration, 7.81 pg/ml elevated the pro-
collagen type 1 contents by 9.1 fold. However, this effect is
still lesser than that found with L-ascorbic acid at 100 pM
(17.6 pg/ml) that can raise the procollagen type 1 content by
around 12.3 fold within 48 h (Figurel).

After 48 h, the cells were incubated with fresh
medium without an extract for 24h. In this period the pro-
collagen type 1 content decreased. In the groups treated with
250 and 500 pg/ml of A. vera extract, the amount of pro-
collagen type 1 was measured as around 2.9 and 2.1 fold,
respectively, whereas using 7.81 and 15.62 pg/ml of P.
emblica extract, the procollagen type 1 was detected at around
3.3 and 3.6 fold, respectively. On increasing incubation time
to 72 h, the procollagen type 1 content decreased due to
shortage of the extracts. This was clearly different from the
observations at 48 h, in that the amount of procollagen type 1
in the extract treated cells was higher than that found when
treated with L-ascorbic acid by 1.1% (Figure 1).

There are reports indicating that aloesin in A. vera
gel can induce human fibroblast proliferation, and that both
aloesin and aloe sterols could promote type 1 collagen syn-
thesis (Takahashi et al., 2009; Tanaka et al., 2015). Moreover,
our results also agree with the report of Fujii, Wakaizumi,
lkami & Saito (2008), who suggested that P. emblica extract
induces prolonged production of procollagen in a concen-
tration and time-dependent manner. The time-dependent
production of carboxy-terminal propeptide of procollagen type
1 (PIP) showed that PIP was significantly increased at 48 h
although not significantly at 24 h.
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Figure 1. Pro-collagen type 1 synthesis by human dermal fibroblast
cells after treatments with A. vera extracts at concen-
trations of 250 pug/ml and 500 pg/ml, P. emblica extracts at
concentrations of 7.81 pg/ml and 15.62 pg/ml and L-
ascorbic acid at a concentration of 100 pM for 48 h, and
then in fresh medium without an extract before deter-
mination at 72 h. Each bar represents the mean value + SE
of three replicates (n = 3). *p < 0.05, **p< 0.01 when com-
pared with untreated cells (Student’s t-test).
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3.5 Anti-inflammatory activity

Nitric oxide (NO) in macrophages is an important
signaling and effector molecule in inflammation and immu-
nity (MacMicking et al., 1997). Thus, inhibiting excessive
production of NO could serve as a criterion to evaluate po-
tential anti-inflammatory compounds (Sarkar et al., 2005).
This study investigated inhibition of the production of NO in
RAW 246.7 macrophage activated by the endotoxin LPS. The
results indicate that the extracts of C. sativus, A. galanga and
P. emblica exhibited nitric oxide inhibition activity. The inhi-
bitory effect increased consistently with the concentration
from 3.91 to 62.5 pg/ml for all these extracts (Figure 2). The
P. emblica extract showed the highest nitric oxide inhibition
of 87.99+1.93 % at 62.5 pg/ml. This inhibition level was
almost similar to the positive control, methylarginine, while it
was higher than those of A. galanga and C. sativus extracts
that exhibited nitric oxide inhibitions of 57.62+0.28% and
36.50+0.79%, respectively.

The methanolic extract of P. emblica fruit was
previously reported for nitric oxide scavenging activity of
around 12.94-70.16% and for anti-inflammatory activity in
carrageenan induced paw edema model (Middha et al. 2015).
Furthermore, nitric oxide scavenging activity of aqueous C.
sativus fruit extract was concentration-dependent (Kumar et
al., 2010), whereas 1-S-1-acetoxychavicol acetate from A.
galanga was reported to inhibit NO production strongly in a
macrophage-like cell line with ICso = 2.3 pM (Morikawa et
al., 2005). These are in agreement with our findings, except
for the information on A.vera extract. In our study, the A. vera
extract did not show any inhibition of nitric oxide production.
The leafy exudate of A. vera L. (AVL) has been reported to
reduce NO production in macrophages and to inhibit the
release of inflammatory inhibitors such as prostaglandins,
resulting in suppression of inflammation (Sarkar et al., 2005).
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Figure 2. The nitric oxide inhibition by various concentrations of C.

sativus extract, A. galanga extract, P. emblica extract, and
methyl arginine (positive control). The control group was
untreated cells. Each dot represents the mean value = SD
of three replicate determinations (n = 3).

3.6 Anti-glycation activity

Glycation is the covalent bonding of a protein or
lipid molecule with a reducing sugar molecule without the
controlling action of an enzyme. The final products of this
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non-enzymatic reaction are advanced glycation end products
(AGEs). The presence and accumulation of AGEs have been
etiologically implicated in aging (Tanaviyutpakdee, 2015). In
vitro anti-glycation activity of the selected plant extracts using
BSA-Glucose assay showed that only two extracts, of A. vera
and P. emblica, possessed anti-glycation activity. The A. vera
extract had concentration dependent activity in the range of
125-10,000 pg/ml (Figure 3A).

P. emblica extract was distinctive having activity at
the lowest concentration, 3.91 pg/ml, of 20.3% while the
95.5% maximum activity was found at 125 pg/ml (Figure 3B).
Comparing the 125 pg/ml concentrations of all extracts and
the positive control, the highest activity was found for P.
emblica extract, 95.5%, followed by rutin hydrate, 47.9%,
(Figure 3C) and A. vera extract with 15.2%.
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Figure 3. The inhibition of AGEs formation by (A) A. vera extract,

125-10,000 pg/ml, (B) P. emblica extract, 3.91-125 ug/ml,
and (C) rutin hydrate, 15.625-1,000 pg/ml. Each bar repre-
sents the mean value = SD of three replicate deter-
minations (n = 3).
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The high activity of P. emblica extract might be
influenced by compounds such as rutin, gallate, pyrogallate
and catechin persisting in the extracts. From previous reports,
the anti-glycation activity of P. emblica extract was positively
correlated with the total content of phenolics and flavonoids
(Gkogkolou, 2012; Han et al., 2015, Kusirisin et al., 2009).
Also, amino acids in A. vera, especially lysine, may parti-
cipate in anti-glycation activity (Sulochana et al., 2003).

4. Conclusions

The present work indicates that each tested plant
that was recommended for an individual body element of
Traditional Thai Medicine possessed some biological acti-
vities that might affect skin properties. C. sativus (for fire
element -type people) and A. galanga extracts (for air element
-type people) had anti-inflalmmatory and anti-oxidant acti-
vities. A. vera extract (for water element -type people) was
abundant in anti-oxidant, anti-tyrosinase, and anti-glycation
activities, and increased collagen synthesis. P. emblica extract
(for earth element -type people) showed anti-oxidant, anti-
tyrosinase, anti-inflammatory, and anti-glycation activities,
and collagen synthesis enhancement. This information might
be used in food or skin care product development, such that
relates to specify body elements in traditional Thai wisdom.

Acknowledgements

This research financially supported by Naresuan
University and by International Research Network for Func-
tional Food Discovery and Development (IRN61W0005).

References

Akarayosapong, P. (2010). The four elements (tard) of the
body. Retrieved from http://www.ttmed.psu.ac.th/
english/index.php?page=18

Fujii, T., Wakaizumi, M., Ikami, T. & Saito, M. (2008). Amla
(Emblica officinalis Gaertn.) extract promotes
procollagen production and inhibits matrix metallo-
proteinase-1 in human skin fibroblasts. Journal of
Ethnopharmacology, 119, 53-57.

Gkogkolou, P. & Bohm, M. (2012). Advanced glycation end
products key players in skin aging. Dermato-Endo-
crinology, 3, 259-270.

Gupta, S. D. & Masakapalli, S. K. (2013). Mushroom tyro-
sinase inhibition activity of Aloe vera L. gel from
different germplasms. Chinese Journal of Natural
Medicines, 11, 616-620.

Han, J. H., Lee, K. Y. & Lee, S. Y. (2015). Inhibitory effects
of extracts from plant material on In Vitro glycation
and oxidation. Food engineering Progress, 19, 41-
49.

Homklob, J., Winitchai, S., Rimkeeree, H., Luangprasert, N.
& Haruthaithanasan, V. (2012). Free radical scaven-
ging capacity, tyrosinase inhibition activity and total
phenolics content of ethyl acetate extracts from
Indian Gooseberry (Phyllanthus emblica L.) in
Thailand. Thai National AGRIS Centre, 3-5, 1-9.

Laohapand, T. & Jaturatamrong, U. (2014). Thai Traditional
Medicine. Bangkok, Thailand: Supaanich Press.

B. Yudee et al. / Songklanakarin J. Sci. Technol. 42 (5), 1091-1097, 2020

Lee, E. M., Bai, H. W., Lee, S. S., Hong, S. H, Cho J. Y. &
Chung B. Y. (2012). Gamma irradiation improves
the anti-oxidant activity of Aloe vera (Aloe bar-
badensis miller) extracts. Radiation Physics and
Chemistry, 81, 1029-1032.

Liu, X., Zhao, M., Wang, J., Yang, B., & Jiang, Y. (2008).
Anti-oxidant activity of methanolic extract of
emblica fruit (Phyllanthus emblica L.) from six
regions in China. Journal of Food Composition and
Analysis, 21, 219-228.

Khopde, S. M., Priyadarsini, K. I., Mohan, H., Gawandi, V.
B., Satav, J. G., Yakhmi, J. V., . . . Mittal, J. P.
(2001). Characterizing the anti-oxidant activity
of amla (Phyllanthus emblica) extract. Current
Science, 81, 185-190.

Kumar, D., Kumar, S., Singh, J., Narender, Rashmi, Vashis
tha, B. & Singh, N. (2010). Free radical scavenging
and analgesic activities of Cucumis sativus L. fruit
extract. Journal of Young Pharmacists, 2, 365-368.

Kusirisin, W., Srichairatanakool, S., Lerttrakarnnon, P.,
Lailred, N., Suttajit, M., Jaikang, C. & Chaiyasut, C.
(2009). Anti-oxidative activity, polyphenolic con-
tent and anti-glycation effect of some Thai medi-
cinal plants traditionally used in diabetic patients.
Medicinal Chemistry, 5, 139-147.

Mahae, N. & Chaiseri, S. (2009). Anti-oxidant activities and
anti-oxidative components in extracts of Alpinia
galanga (L.) Sw. Kasetsart Journal (Natural
Science), 43(2), 358-369.

MacMuicking, J. D., North, R. J., LaCourse, R., Mudgett, J. S.,
Shah, S. K. & Nathan, C. F. (1997). Identification of
nitric oxide synthase as a protective locus against
tuberculosis. Proceedings of the National Academy
of Sciences of the United States of America, 94(10),
5243-5248

Mayachiew, P. & Devahastin, S. (2008). Antimicrobial and
anti-oxidant activities of Indiangooseberry and
galangal extracts. LWT - Food Science and Techno-
logy, 41(7), 1153-1159.

Middha, S. K., Goyal, A. K., Lokesh, P., Yardi, V.
Mojamdar, L., Keni, D. S., ... Talambedu Usha, T.
(2015). Toxicological evaluation of Emblica
officinalis fruit extract and its anti-inflammatory and
free radical scavenging properties. Pharmacognosy
Magazine, 11, 427-433.

Morikawa, T., Ando, S., Matsuda, H., Kataoka, S., Muraoka,
O. & Yoshikawa, M. (2005). Inhibitors of nitric
oxide production from the rhizomes of Alpinia
galanga: Structures of new 8-9 linked neolignans
and sesquineolignan. Chemical and Pharmaceutical
Bulletin, 53, 625-630

Narra, S., Nisha, K. S. & Nagesh, H. S. (2015). Evaluation of
antiulcer activity of hydroalcoholic fruit pulp extract
of Cucumis Sativus. International Journal of Phar-
maceutical Sciences and Research, 6(11), 4712-
4720.

Ribeiro, A. S., Estanqueiro, M., Oliveira, M. B. & Lobo, J. M.
(2015). Main benefits and applicability of plant
extracts in skin care products. Cosmetics Journal, 2,
48-65.



B. Yudee et al. / Songklanakarin J. Sci. Technol. 42 (5), 1091-1097, 2020

Sarkar, D., Dutta, A., Das, M., Sarkar, K., Mandal, C. &
Chatterjee, M. (2005). Effect of Aloe Vera on nitric
oxide production by macrophages during inflam-
mation. Indian Journal of Pharmacology, 1-9.

Sulochana, K. N., Ramprasad, S., Coral, K., Lakshmi, S.,
Punitham, R., Narayanasany, A. & Ramakrishnan,
S. (2003). Glycation and glycoxidation studies in
vitro on islotaed human vitreous collagen. Medial
Science Monitor, 9(6), 219-223.

Takahashi, M., Kitamoto, D., Asikin, Y, Takara, K. & Wada,
K. (2009). Liposomes encapsulating Aloe vera Leaf
gel extract significantly enhance proliferation and
collagen synthesis in Human Skin Cell Lines.
Journal of Oleo Science, 58 (12), 643-650.

Tanaka, M., Misawa, E., Yamauchi, K., Abe, F. & Ishizaki, C.
(2015). Effects of plant sterols derived from Aloe
vera gel on human dermal fibroblasts in vitro and on
skin condition in Japanese women. Clinical, Cos-
metic and Investigational Dermatology, 8, 95-104.

1097

Tanaviyutpakdee P. (2015). Glycation and human diseases
development. Thai Journal of Toxicology, 31(2), 84-
96.

Tasdug, S. A., Kaisar, P., Gupta, D. K., Kapahi, B. K,
Jyotsna, S., Maheshwari, H. S. & Johri, R. K.
Protective effect of a 50% hydroalcoholic fruit
extract of Emblica officinalis against anti-tuber-
culosis drugs induced liver toxicity. Phytotherapy
Research. 19, 193-197 (2005).

Thangboonjit, W., Limsaeng-u-rai, S., Pluemsamran, T. &
Panich, U. (2014). Comparative evaluation of anti-
tyrosinase and anti-oxidant activities of dietary
phenolics and their activities in melanoma cells
exposed to UVA. Siriraj Medical Journal, 66, 5-10.

Yokozawa, T., Kim, H.Y. & Kim, J.H. (2007). Amla (Emblica
officinalis Gaertn.) attenuates age-related renal
dysfunction by oxidative stress. Journal of Agri-
cultural and Food Chemistry, 55, 7744-7752.



