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ABSTRACT

Thai traditional medicine employs a wide range of indigenous
herbs in the forms of tincture or tea for the cure of skin and
systemic inflammatory diseases. The protection by Thai
plants extracts against UVB DNA damage and cytotoxicity
was investigated in human keratinocytes. Petroleum ether,
dichloromethane and ethanol extracts were prepared from 15
Thai herb species, and the total phenolic and flavonoid con-
tents, the antioxidant and UV-absorbing properties were
assessed by standard procedures. Cytoprotective effects were
evaluated on the basis of cell survival, caspase-3 activity and
pyrimidine dimers determination. High total phenolic and fla-
vonoid contents were found in the ethanol and dichlorome-
thane fractions. Dichloromethane extract of turmeric was
shown to possess the highest antioxidant activity. The maxi-
mum UV absorptions were found in the ethanol extract of
turmeric and in the dichloromethane extract of ginger. These
extracts stimulated the synthesis of Thioredoxin 1, an antioxi-
dant protein, and could protect human HaCaT keratinocytes
from UV-induced DNA damage and cytotoxicity. The present
data support the utilization of turmeric and ginger extracts
in anti-UV cosmetic pharmaceuticals.

INTRODUCTION
Exposure of the human skin to UV radiation induces many
adverse effects such as DNA damage, gene mutation, oxidative
stress, inflammation and immunosuppression. All of these events
are mediated by free radicals, mainly reactive oxygen species
(ROS), and cause many skin diseases including the development
of skin cancer (1,2). Several studies suggest that plant polyphe-
nols have the great potential to reduce adverse effects of
UV-induced cellular damages (3–5). The followings are some
examples. Luteolin, one of the most potent antioxidant plant
polyphenols, was shown to possess UV absorption properties
and to protect human keratinocytes from the deleterious effects
of UV radiation (6). Glycyrrhizic acid, a triterpenoid saponin

glycoside from the roots and rhizomes of licorice, protected
human dermal fibroblasts from UVB irradiation-induced photoag-
ing (5). Ginsenoids from traditional Chinese medicinal herbs
were shown to attenuate the cell growth arrest of human fibro-
blasts induced by repeated subcytotoxic UVB exposure (4).
Finally, the extract of Calendula officinalis was shown able to
preserve the antioxidant system in UV-irradiated skin by prevent-
ing the UV-induced depletion of reduced glutathione (7). The
potential benefits of plant components in preventing or attenuat-
ing UV-associated skin damages extend to their anti-inflamma-
tory and antiaging activities. For instance, curcumin, a
polyphenol enriched in Curcuma longa (commonly known as
turmeric), effectively inhibited the production of NF-jB and of
metalloproteases in human dermal fibroblasts exposed to UVB
irradiation (8). Furthermore, the water extract of ginger (Zingiber
officinale) rhizomes was shown to inhibit the UV-induced pro-
duction of cytokines by HaCaT cells and to also attenuate
inflammation in the skin of UV-irradiated mice (9).

In this study, we determined the total phenolic and total flavo-
noid contents and the antioxidant activity of the organic extracts
of 15 species of Thai plants that are part of the traditional medi-
cine pharmacopea. In addition, we examined the UV absorption
properties and the potential of these extracts to protect from
UV-induced DNA damage and cytotoxicity in cultured human
keratinocytes. We found that the extracts of turmeric and of gin-
ger (dichloromethane fraction) could absorb UVB and could pro-
tect HaCaT keratinocytes from DNA damage and apoptosis
induced by a toxic dose of UVB irradiation. Of note, these
extracts greatly increased the expression of Thioredoxin 1, a pro-
tein involved in the protection of mitochondria from oxidative
stress. We propose that the preexposure to turmeric and ginger
extracts activates several antioxidant defenses, including the thi-
oredoxin system, which render the skin cells able to face the oxi-
dative stress induced by UVB.

MATERIALS AND METHODS

Chemicals and reagents. Analytical grade reagents were used in this study.
Folin–Ciocalteu’s phenol reagent, 2,2′-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), potassium persulfate, quercetin and fetal bovine
serum (FBS) were purchased from Sigma-Aldrich Co. (St Louis, MO,
USA). Aluminum chloride (AlCl3), 2,2-diphenyl-1-picrylhydrazyl (DPPH),

*Corresponding author emails: isidoro@med.unipmn.it (Ciro Isidoro);
tewin.t@chula.ac.th (Tewin Tencomnao)
© 2013 The American Society of Photobiology

214



gallic acid, sodium carbonate (Na2CO3), sodium acetate (NaC2H3O2),
ascorbic acid (vitamin C), methanol, ethanol, petroleum ether, dichlorome-
thane, dimethyl sulfoxide (DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) were purchased from Merck
(Darmstadt, Germany). Dulbecco’s modified Eagle medium/high glucose
(DMEM/HG) and penicillin-streptomycin solution were purchased from
Hyclone (Logan, UT). ApoTargetTM caspase-3 protease assay and trypan
blue solution were purchased from Invitrogen (Carlsbad, USA). Cell Death
Detection ELISA plus kit was purchased from Roche (Roche Diagnostic
GmbH, Mannheim, Germany). OxiSelectTM Cellular UV-Induced DNA
Damage ELISA Kit (cyclobutane pyrimidine dimers [CPD]) was purchased
from Cell Biolabs (San Diego, USA).

Plant materials and extract preparation. Fifteen species of Thai plants
in this study were collected from Bang pra subdistrict, Chonburi prov-
ince, Thailand. They were authenticated by Professor Dr. Thaweesakdi
Boonkerd and deposited at the Professor Dr. Kasin Suvatabhandhu
Herbarium, Department of Botany, Faculty of Science, Chulalongkorn
University, Thailand. The scientific names and parts used for this study
are presented in Table 1 (note that, for simplicity, in the text the common
name is used). All Thai plants were successively extracted using a Soxh-
let extractor. Briefly, 100 g of fresh sample was extracted in organic sol-
vents (1:4, w/v) using series of organic solvents with increasing polarities
(petroleum ether, dichloromethane and ethanol) until exhaustion. The
plant extracts were concentrated in a vacuum rotary evaporator under
reduced pressure using the MiVac Quattro concentrator. Finally, the plant
extracts were dissolved in DMSO in the concentration of 100 mg mL�1

as stocks, and stored with protection from light at �20°C.
Determination of phenolic and flavonoid contents. The total phenolic

content of plant extracts was determined by the Folin–Ciocalteu method
as described by Singelton et al. (10). Briefly, 50 lL of the extracts
(1 mg mL�1) or gallic acid (100–6.25 lg mL�1) was added to 50 lL of
10% Folin–Ciocalteu’s phenol reagent followed by 50 lL of Na2CO3
(10% w/v). After incubation at room temperature for 1 h in the dark, the
absorbance of the reaction mixture was measured at a wavelength of
760 nm. Gallic acid was served as a standard. The results are expressed
as mg gallic acid equivalent (GAE) per g fresh weight of sample. All
samples were analyzed in triplicate.

Aluminum chloride colorimetric method was used to determine the
total flavonoid content of plant extracts as described previously
(11). Briefly, 50 lL of the extracts (1 mg mL�1) or quercetin
(200–1.56 lg mL�1) was mixed with 150 lL of absolute ethanol and
10 lL of 1 M NaC2H3O2. Thereafter, 10 lL of AlCl3 solution (10% w/v)
was added to mixture. The absorbance of the reaction mixture was mea-
sured immediately at a wavelength of 415 nm after incubation for
40 min in the dark at room temperature; quercetin was served as a stan-
dard. The results are expressed as mg quercetin equivalent (QE) per g
fresh weight of sample.

Determination of antioxidant activities. The DPPH assay was per-
formed according to the method of Brand-Williams et al. (12). To gener-
ate the stable free radical DPPH (DPPH•), DPPH was dissolved in
absolute methanol. Fresh DPPH solution was prepared daily, and absor-
bance of the DPPH solution was adjusted to 0.650 � 0.020 at 517 nm
using absolute methanol. Thereafter, 20 lL of the extracts (1 mg mL�1)

or Ascorbic acid (serving as a standard) (25–1.56 lg mL�1) was mixed
with 180 lL of DPPH solution and incubated for 30 min in the dark at
room temperature. The absorbance of the reaction mixture was measured
at a wavelength of 517 nm. The results are expressed as mg ascorbic
acid equivalent per g fresh weight of sample. The IC50 was determined
in comparison with ascorbic acid. The % scavenging activity (% SC) was
calculated using the following formula:

% SC = {[Abs. control � (Abs. sample � Abs. blank sample)]/Abs.
control} * 100

Control contained 180 lL of DPPH solution and 20 lL of absolute
methanol; whereas, blank sample contained 180 lL of absolute methanol
and 20 lL of extracts.

The ABTS assay was performed according to the previously described
method (13). The working solution or ABTS•+ solution was prepared by
mixing 8 mL of 7.4 mM ABTS•+ and 12 mL of 2.45 mM potassium per-
sulfate solution, and was subsequently incubated for 16–18 h at room
temperature in the dark. After that, ABTS•+ solution was diluted by mix-
ing with absolute ethanol to obtain an absorbance of 0.700 � 0.020 at
734 nm. A quantity of 20 lL of the extracts (1 mg mL�1) or ascorbic
acid (serving as a standard) (50–1.56 lg mL�1) was reacted with 180 lL
of ABTS•+ solution for 45 min in the dark. The absorbance of the reac-
tion mixture was measured spectrophotometrically at 734 nm. The results
are expressed as mg ascorbic acid (vitamin C) equivalent per g fresh
weight of sample. The IC50 was determined in comparison with ascorbic
acid. The % SC was calculated using the following formula:

% SC = {[Abs. control � (Abs. sample � Abs. blank sample)]/Abs.
control} * 100

Control contained 180 lL of ABTS•+ solution and 20 lL of absolute
ethanol; whereas, blank sample contained 180 lL of absolute ethanol and
20 lL of extracts.

Determination of UV absorption. The UV absorption properties of
extracts were investigated spectrophotometrically at wavelengths
315–400 nm for UVA and 280–315 nm for UVB. The extracts were
measured using a quartz cuvette at a distance of 1 mm. DMSO (0.1% in
PBS) was used as a blank solution for this assay. Plant extract samples
were measured at the concentration of 100 lg mL�1 by dissolving the
stocks in PBS.

UVB irradiation. A narrowband TL 20W/01 lamp (Philip, Holland),
which emits at 305 and 315 nm with a peak emission at 311 nm, was used
to irradiate the cells as described previously (14). A spectro-radiometer (So-
larmeter) was used to monitor UVB dosage (mJ cm�2) at a fixed distance.

Cells and treatments. Immortalized human epidermal keratinocyte
HaCaT cell line was purchased from Cell line service (Heidelberg,
Germany). The cells were cultured in DMEM/HG, supplemented with
10% FBS and antibiotics (100 U mL�1 penicillin and 100 lg mL�1

streptomycin) at 37°C in a humidified atmosphere at 5% CO2. The cells
were seeded and let adhere on cell culture plate for 24 h prior to start the
treatments. HaCaT cells were irradiated with UVB by two different
experimental protocols. In the first protocol, the cells were pretreated
with plant extracts for 30 min, 2, 8, 16 and 24 h, followed by exposition
to UVB and further incubated for 24 and 48 h. In the second protocol,
the cells were exposed to UVB followed by treatment of plant extracts
for 24 h. At the end, cytotoxicity and DNA damage were determined.

Table 1. Details of common species of Thai plants.

Scientific name Family Common name Part used Herbarium number

Curcuma longa L. Zingiberaceae Turmeric Rhizome 013396 (BCU)
Centella asiatica (L.) Urb. Umbelliferae Asiatic pennywort Leaf 013400 (BCU)
Zingiber officinale Roscoe Zingiberaceae Ginger Rhizome 013407 (BCU)
Coccinia grandis L. Cucurbitaceae Ivy gourd Rhizome 013439 (BCU)
Allium ascalonicum L. Alliaceae Shallot Whole body 013440 (BCU)
Ocimum basilicum L. Labiatae (Lamiaceae) Common basil Leaf 013441 (BCU)
Moringa oleifera Lam. Moringaceae Horseradish tree Fruit 013442 (BCU)
Morinda citrifolia L. Rubiaceae Indian mulberry Leaf 013443 (BCU)
Mentha cordifolia Opiz ex Fresen Labiatae (Lamiaceae) Kitchen mint Leaf 013445 (BCU)
Solanum torvum Sw. Solanaceae Common Asiatic weed Fruit 013446 (BCU)
Citrus hystrix DC. Rutaceae Leech lime Leaf 013447 (BCU)
Ocimum tenuiflorum L. Labiatae (Lamiaceae) Holy basil Leaf 013448 (BCU)
Cucumis sativus L. Cucurbitaceae Common cucumber Fruit 013449 (BCU)
Solanum aculeatissimum Jacq. Solanaceae Yellow-berried nightshade Fruit 013450 (BCU)
Aloe vera (L.) Burm. f. Asphodelaceae Aloe Gel 013451 (BCU)
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MTT assay, cell counting and trypan blue dye exclusion assay. The
cytotoxic effect of UVB and of plant extracts treatments was preliminary
assessed by MTT assay. This assay is based on measuring the activity of
the mitochondrial enzyme NADH-dependent succinate dehydrogenase
that reduces MTT to the purple-colored formazan insoluble product in
metabolically active cells. Briefly, at indicated time, MTT was added in
each well (final concentration 0.5 mg mL�1) and the cells were incubated
at 37°C in 5% CO2 incubator for 4 h, afterward the medium was
removed and 200 lL of DMSO was added to each well to dissolve for-
mazan. The absorbance was measured at a wavelength of 550 nm. The
results were expressed as% cell survival, assuming as 100% the absor-
bance in control untreated cells. To discriminate viable cells and necrotic
cells, the trypan blue dye exclusion test based on permeability of cell
membrane was used. The cells were counted with a hemocytometer.

Detection of apoptotic cells. Apoptosis was estimated by photometric
enzyme-immunoassay of mono- and oligonucleosomes with the Cell
Death Detection ELISA plus kit, following manufacturer’s instructions.
In brief, the cells were plated in microplate and treated as described in
the Results section. Necrotic cells in suspension were discharged. Apop-
tosis in the cell lysate was determined as histone-associated DNA frag-
ments detected by specific monoclonal antibodies labeled with peroxidase
and revealed with an appropriate chromogenic substrate. Absorbance was
determined with a spectrophotometer. Negative and positive controls
were included in the test. Cells unexposed to UVB are referred to as
“sham.”

Caspase-3 activity. The activity of caspase-3 was determined by the
ApoTargetTM caspase-3 protease assay kit. The assay is based on the
caspases-3 cleavage of the amino acid sequence DEVD (Asp-Glu-Val-
Asp) which is labeled at its C-terminus with para-nitroaniline (pNA). The
absorption of free pNA was quantified using a spectrophotometer at
405 nm.

Detection of CPDs. Assay of UVB-induced CPDs was performed by
OxiSelectTM Cellular UV-Induced DNA Damage ELISA Kit according to
the manufacturer’s instructions. Briefly, after UVB irradiation, the cells
were fixed and denatured, and the cell containing CPDs was probed with
anti-CPD antibody. The absorbance was measured at a wavelength of
450 nm. Cells unexposed to UVB are referred to as “sham.”

Western blotting analyses. HaCaT cells were plated in petri dishes
and incubated with Thai herbs extracts as indicated, and thereafter cell
homogenates were prepared by freeze thawing and ultrasonication in a
buffer containing detergents and protease inhibitors as previously
reported (15). A quantity of 30 lg of cell proteins was denatured with
Laemmli sample buffer, separated by electrophoresis on a 12% SDS-
containing polyacrylamide gel and then electroblotted onto PVDF mem-
brane (Biorad, Hercules, CA, USA). The filter was first probed with the
rabbit polyclonal antithioredoxin 1 (ab26320, Abcam, UK) antibody, and
after stripping it was reprobed with the mouse monoclonal anti-b-tubulin
(T 5293, Sigma, Missouri, USA) antibody. b-Tubulin was used as
homogenate protein loading control in the lanes. Immunocomplexes were
revealed using an appropriate peroxidase-conjugated secondary antibody
(cod. 170-6515 and 170-6516, respectively; Biorad), and subsequent per-
oxidase-induced chemiluminescence reaction (cod. NEL105001EA; Perk-
inElmer, Waltham, MA, USA). Western blotting data were reproduced
three times independently. Intensity of the bands was estimated by densi-
tometry (Quantity one software, Biorad; ImageJ software).

Statistical analysis. All experiments were performed independently at
least three times and in triplicates or quadruplicates as indicated. Data are
expressed as the mean � SE of the mean (SEM). The correlation coeffi-
cient (R2) between antioxidant contents and antioxidant activities was
determined using MS Excel 2007. The statistical probability for correla-
tion coefficients was calculated using the software “Statistic calculators,”
version 3.0 BETA. When two means were compared, significance was
determined using Student’s t-test (statistical level of significance was set
at P < 0.05).

RESULTS

Extraction yields and total phenolic and total flavonoid
contents

We took advantage of the successive extraction method to use
small quantity of plant materials and solvents and to also reduce

organic wastes. The percentage yield of all Thai plants that were
successively extracted with petroleum ether, dichloromethane and
ethanol ranged from 0.04% to 3.28% (Table 2). In general, the
highest percentage yields were obtained from ethanol fractions.
Total phenolic and total flavonoid contents (shown in Table 3)
varied depending on the plant type and solvents used. Total phe-
nolic content in extracts ranged from 85.66 � 2.75 to
3.23 � 0.09 mg GAE per g fresh weight of sample using the
standard curve of GAE (R2 = 0.9993). In each solvent used for
extraction, turmeric was shown to contain the highest level of
total phenol, followed by ginger. The lowest content of phenol
was found in aloe extract from the petroleum ether fraction.
Total flavonoid content ranged from 1092.71 � 117.49 to
0.75 � 0.38 mg QE per g fresh weight of sample using the stan-
dard curve of quercetin (R2 = 0.9992). No total flavonoid content
was detected in extracts from horseradish tree (petroleum ether
and dichloromethane fractions), common cucumber (dichlorome-
thane and ethanol fractions), yellow-berried nightshade (petro-
leum ether fraction) and aloe (all fractions). The lowest, but
detectable, total flavonoid content was found in common Asiatic
weed extract from the petroleum ether fraction. Although the
richest total phenolic and total flavonoid contents were found in
extracts derived from dichloromethane fractions, extracts from
ethanol fractions showed higher total phenolic and total flavonoid
contents than dichloromethane fraction extracts in most plants
analyzed in this current study. The highest level of total flavo-
noid content was detected in turmeric extract from dichlorome-
thane fraction, followed by turmeric extract from petroleum ether
fraction.

Antioxidant activities

Two different experimental approaches were employed for deter-
mination of antioxidant activities. DPPH assay is based on
hydrogen donor property of antioxidants and is widely used in
natural antioxidant studies because of its simplicity and sensitiv-
ity. ABTS assay has also been widely used to evaluate antioxi-
dant activities due to its applicability in both aqueous and lipid
phases (16,17). Results of the DPPH and ABTS assays are listed
in Tables 4 and 5, respectively. In all antioxidant activity assays,

Table 2. Extraction yield (%) of common species of Thai plants
extracted successively in petroleum ether, dichloromethane and ethanol.

Types of plant

% Yield of plant extractions (w/w)

Petroleum ether Dichloromethane Ethanol

Turmeric 0.37 0.50 1.24
Asiatic pennywort 0.34 0.45 1.65
Ginger 0.80 0.33 0.79
Ivy gourd 0.06 0.16 0.79
Shallot 0.62 0.15 1.22
Common basil 0.35 0.56 1.87
Horseradish tree 0.69 0.84 1.81
Indian mulberry 0.14 0.61 3.28
Kitchen mint 0.12 0.15 0.42
Common Asiatic weed 0.19 0.18 2.04
Leech lime 0.43 0.19 2.75
Holy basil 0.42 0.51 1.07
Common cucumber 0.05 0.08 1.05
Yellow-berried nightshade 0.04 0.12 0.70
Aloe 0.34 0.63 0.39
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turmeric extract from dichloromethane fraction had the richest
antioxidant activity (85.30 � 1.02% SC, IC50 =
141.78 lg mL�1 by the DPPH assay and 93.60 � 0.25% SC,
IC50 = 88.05 lg mL�1 by the ABTS assay), followed by ginger
extract from dichloromethane fraction (85.21 � 0.18% SC,
IC50 = 165.18 lg mL�1 by the DPPH assay and 93.44 � 0.53%
SC, IC50 = 100.52 lg mL�1 by the ABTS assay). The lowest
antioxidant activity was found in Asiatic pennywort
(2.52 � 0.58% SC by the DPPH assay) and yellow-berried
nightshade (6.34 � 0.94% SC by the ABTS assay). Of note, the
extracts obtained from solvents with higher polarities (dichlorom-
ethane and ethanol) showed greater antioxidant activities than
those of solvents with lower polarities (petroleum ether).

Correlation analyses were used to evaluate the correlations
between the two assays for antioxidant activity (Fig. 1a) and
between the antioxidant contents and antioxidant activities
(Fig. 1b–f). We found a high correlation between the two tech-
niques employed for evaluating antioxidant activities
(R2 = 0.9102), in agreement with a previous study (18). The

highest correlation was observed between the total phenolic con-
tent and antioxidant activity with regard to the DPPH assay
(R2 = 0.8203; Fig. 1b) and the ABTS assay (R2 = 0.7213,
Fig. 1c), in agreement with a previous report (19). On the con-
trary, total flavonoid content showed low correlation with total
phenolic content (R2 = 0.4593), and antioxidant activity as
assayed with DPPH (R2 = 0.272) and ABTS (R2 = 0.2027)
methods (Figs. 1d–f, respectively). A similar low correlation
between total flavonoid and total phenolic contents was already
reported (20). This suggests that phenolic compounds are major
contributor to antioxidant activities in these Thai plants. The high
antioxidant activities and high levels of phenolics and flavonoids
in Thai plants found in this study support the contention that
they may have beneficial health effects.

UV absorption properties

The spectrum of UV reaching the earth’s surface has wave-
lengths from 280 to 400 nm: UVA (315–400 nm) and UVB

Table 3. Total phenolic and flavonoid contents of common species of Thai plant extracts derived from different solvents.

Types of plant

Total phenolic content* Total flavonoid content†

Petroleum ether Dichloromethane Ethanol Petroleum ether Dichloromethane Ethanol

Turmeric 37.19 � 2.76 85.66 � 2.75 54.94 � 4.57 281.50 � 27.75‡ 1092.71 � 117.49‡ 91.06 � 12.37‡

Asiatic pennywort 4.59 � 1.11 5.57 � 1.13 8.28 � 2.45 6.97 � 3.28 4.99 � 1.50 16.38 � 3.24
Ginger 18.56 � 2.76 78.49 � 3.90 27.63 � 1.59 4.96 � 0.30 2.67 � 0.32 2.14 � 0.84
Ivy gourd 7.86 � 1.46 10.64 � 1.68 13.63 � 0.25 4.27 � 0.84 17.74 � 3.14 19.17 � 2.38
Shallot 6.97 � 1.21 17.02 � 1.76 12.10 � 2.38 3.55 � 0.72 20.18 � 1.61 7.81 � 1.13
Common basil 3.61 � 0.24 9.05 � 1.22 21.21 � 2.93 3.35 � 0.85 8.03 � 1.97 18.84 � 2.10
Horseradish tree 4.86 � 0.82 5.34 � 1.23 10.55 � 1.22 NA NA 2.07 � 0.95
Indian mulberry 8.10 � 0.69 16.02 � 0.90 9.80 � 1.03 13.20 � 3.09 31.29 � 2.02 27.32 � 3.11
Kitchen mint 5.64 � 0.91 17.20 � 1.76 25.03 � 2.52 3.88 � 1.52 14.01 � 2.76 41.73 � 2.60
Common Asiatic weed 5.60 � 1.70 10.37 � 0.07 9.60 � 1.16 0.75 � 0.38 8.40 � 1.69 3.83 � 1.59
Leech lime 5.87 � 1.61 20.00 � 1.50 22.73 � 1.58 8.55 � 2.51 80.34 � 3.90 14.61 � 3.25
Holy basil 6.83 � 0.18 10.51 � 1.37 19.67 � 1.82 3.31 � 2.20 7.64 � 1.35 22.94 � 4.46
Common cucumber 8.51 � 1.07 6.26 � 1.48 7.50 � 0.80 1.32 � 0.48 NA NA
Yellow-berried nightshade 8.29 � 1.95 5.05 � 0.12 8.37 � 0.55 NA 1.28 � 0.68 5.90 � 1.56
Aloe 3.23 � 0.09 4.55 � 1.21 4.59 � 1.07 NA NA NA

NA = not available; Values are means � SD of triplicate independent analyses. *Total phenolic content expressed as mg gallic acid equivalent per g
fresh weight of sample; †total flavonoid content expressed as mg quercetin per g fresh weight of sample; ‡Curcuminoids might interfere with this
method.

Table 4. Antioxidant activities of 15 species of Thai plant extracts derived from different solvents by DPPH assay.

Types of plant

% scavenging activity (% SC) mg Vit C g�1 fresh weight of sample

Petroleum ether Dichloromethane Ethanol Petroleum ether Dichloromethane Ethanol

Turmeric 72.56 � 0.88 85.30 � 1.02 81.29 � 0.58 23.00 � 0.29 27.14 � 0.33 25.84 � 0.19
Asiatic pennywort 2.52 � 0.58 4.13 � 0.90 7.83 � 0.71 0.22 � 0.19 0.74 � 0.29 1.95 � 0.23
Ginger 46.33 � 3.76 85.21 � 0.18 62.98 � 0.44 14.47 � 1.22 27.11 � 0.06 19.88 � 0.14
Ivy gourd NA 8.35 � 0.17 14.20 � 1.24 NA 2.11 � 0.06 4.02 � 0.40
Shallot 2.82 � 1.14 21.32 � 0.55 10.07 � 1.56 0.32 � 0.37 6.33 � 0.18 2.67 � 0.51
Common basil 3.52 � 0.51 10.14 � 0.31 50.40 � 4.42 0.54 � 0.17 2.70 � 0.10 15.79 � 1.44
Horseradish tree 4.17 � 0.24 4.85 � 1.49 14.21 � 0.77 0.76 � 0.08 0.98 � 0.49 4.02 � 0.25
Indian mulberry 6.96 � 0.68 12.2 � 0.45 16.09 � 0.88 1.66 � 0.22 3.38 � 0.15 4.63 � 0.29
Kitchen mint 5.51 � 0.43 30.76 � 1.19 50.57 � 2.60 1.19 � 0.14 9.40 � 0.39 15.84 � 0.85
Common Asiatic weed 5.19 � 0.18 15.67 � 3.08 12.33 � 1.68 1.09 � 0.06 4.49 � 1.00 3.41 � 0.55
Leech lime 5.85 � 1.46 31.66 � 0.79 27.22 � 0.42 1.30 � 0.48 9.70 � 0.26 8.25 � 0.14
Holy basil 14.56 � 0.86 15.58 � 0.96 41.75 � 3.08 4.13 � 0.28 4.46 � 0.31 12.98 � 1.00
Common cucumber NA 3.80 � 0.99 4.95 � 1.52 NA 0.64 � 0.32 1.01 � 0.49
Yellow-berried nightshade 6.40 � 0.95 3.44 � 1.17 16.35 � 0.94 1.48 � 0.31 0.52 � 0.38 4.72 � 0.31
Aloe 4.84 � 0.15 2.56 � 1.02 4.05 � 1.08 0.97 � 0.05 0.39 � 0.28 0.71 � 0.35

DPPH = 2,2-diphenyl-1-picrylhydrazyl; NA = not available; Values are means � SD of triplicate independent analyses.
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Table 5. Antioxidant activities of 15 species of Thai plant extracts derived from different solvents by ABTS assay.

Types of plant

% Scavenging activity (% SC) mg Vit C g�1 fresh weight of sample

Petroleum ether Dichloromethane Ethanol Petroleum ether Dichloromethane Ethanol

Turmeric 78.44 � 0.70 93.60 � 0.25 92.68 � 0.02 44.19 � 0.42 53.37 � 0.15 52.81 � 0.01
Asiatic pennywort NA 12.09 � 0.93 17.08 � 0.33 NA 4.01 � 0.56 7.03 � 0.20
Ginger 60.48 � 1.66 93.44 � 0.53 91.28 � 1.36 33.31 � 1.00 53.27 � 0.32 51.96 � 0.83
Ivy gourd NA 17.36 � 3.98 32.57 � 1.22 NA 7.20 � 2.41 16.41 � 0.74
Shallot 7.23 � 1.70 41.45 � 1.56 32.08 � 2.11 1.07 � 1.03 21.79 � 0.94 16.12 � 1.28
Common basil 7.08 � 1.16 22.30 � 2.23 53.29 � 1.89 0.98 � 0.70 10.20 � 1.35 28.96 � 1.15
Horseradish tree NA 9.02 � 2.00 31.36 � 2.71 NA 2.15 � 1.21 15.68 � 1.64
Indian mulberry 11.57 � 2.30 31.47 � 4.27 24.72 � 1.33 3.69 � 1.39 15.75 � 2.58 11.66 � 0.80
Kitchen mint 12.39 � 2.25 43.75 � 2.07 62.39 � 5.31 4.19 � 1.36 23.18 � 1.25 34.47 � 3.21
Common Asiatic weed 8.25 � 1.55 38.87 � 1.61 38.62 � 2.72 1.68 � 0.94 20.23 � 0.97 20.08 � 1.65
Leech lime 6.74 � 1.63 52.04 � 0.77 64.58 � 2.28 0.77 � 0.99 28.20 � 0.47 35.80 � 1.38
Holy basil 16.10 � 2.38 27.34 � 1.30 58.36 � 1.66 6.44 � 1.44 13.24 � 0.79 32.03 � 1.01
Common cucumber NA 12.00 � 1.27 14.84 � 0.60 NA 3.96 � 0.77 5.67 � 0.36
Yellow-berried nightshade 6.34 � 0.94 7.57 � 2.19 24.37 � 1.19 0.53 � 0.57 1.27 � 1.33 11.45 � 0.72
Aloe 6.78 � 0.39 12.75 � 3.85 NA 0.80 � 0.24 4.41 � 2.33 NA

ABTS = 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid; NA = not available; Values are means � SD of triplicate independent analyses.
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Figure 1. Correlation analyses. Correlations (R2) between different antioxidant activity and total phenolic content (TPC) or total flavonoid content
(TFC) of 15 species of Thai plant extracts. (a) 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
assays (R2 = 0.9102); (b) TPC and DPPH assay (R2 = 0.8203). (c) TPC and ABTS assay (R2 = 0.7213); (d) TPC and TFC (R2 = 0.4593); (e) TFC and
DPPH assay (R2 = 0.2720) (f) TFC and ABTS assay (R2 = 0.2027). The statistical significance is indicated.
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(280–315 nm). UV-absorbing properties of 15 species of Thai
plant extracts are presented in Fig. 2. The maximum UVA
absorption was found in turmeric extracts from the ethanol and
dichloromethane fractions, whereas the maximum UVB absorp-
tion was found in ginger extract from dichloromethane fraction,
followed by turmeric extract from ethanol fraction. In Fig. 2d,
the comparison of UVB absorption among the three most active
extracts is shown.

In vitro biological test of protection against UV cell damages
by Thai herbs extracts

The above data showed that certain Thai plant extracts particu-
larly rich in polyphenols have UV-absorbing properties, which
could protect against UV-induced cellular damage. We therefore
attempted to assess the potential for these extracts to prevent
DNA damage and toxicity induced by UV irradiation. Human
immortalized HaCaT keratinocyte cells closely resemble normal
human keratinocytes and therefore represent a valuable in vitro
cell model for testing the effects of natural products of cosmetic
interest (21). HaCaT cells are currently widely employed to
study the cytotoxic effect of UV irradiation and to evaluate the
potential protection by natural compounds (4,9,22–24). In a first
set of experiments, we used the MTT assay to assess the toxic-
ity of the Thai herbs in HaCaT cells exposed for 24 h to con-
centrations of extracts (dissolved in DMSO) ranging from 0.625
to 5 lg mL�1. DMSO itself was not toxic at 0.05%, corre-
sponding to the final content in the incubation medium with the
highest concentration of extract (not shown). Most of the 45
extracts were revealed as not toxic (data not shown), with the
exceptions as detailed below. Dichloromethane extract at all
concentrations tested of common basil, cucumber and leech
lime consistently improved by 20% the metabolic activity of
HaCaT cells as measured by formazan precipitates (see Figure
S1). Strikingly, the petroleum ether extract of cucumber and
leech lime was by contrast very toxic at any concentration
tested (Figure S1). Petroleum ether extract of common Asiatic
weed (at all concentrations), holy basil (at 2.5–5.0 lg mL�1),
and the ethanol extract of Indian mulberry (at 5.0 lg mL�1)
also revealed slightly cytotoxic. We further assessed the toxicity
of selected extracts at much higher concentration and for a per-
iod of incubation up to 48 h by counting the adherent viable
cells. The dichloromethane extract of aloe and the ethanol
extracts of Asiatic pennywort, of kitchen mint and of leech lime
showed no toxicity at concentrations ranging from 5 to
100 lg mL�1 for up to 48 h (not shown). In fact, the latter at
5 and 50 lg mL�1 stimulated HaCaT cell growth by some
50% by 48 h (Figure S2). Dichloromethane extracts of turmeric
at 1 lg mL�1 and of ginger at 5 lg mL�1 were not toxic,
while these same extracts at concentrations of 5–10 lg mL�1

and 50–100 lg mL�1, respectively, were shown very toxic
(Figure S2).

Next, we tested under several incubation protocols the poten-
tial of some extracts to protect HaCaT cells from UVB cytotox-
icity. The presence of apoptotic cells in the treated cultures was
assayed by determining the amount of mono- and oligonucleo-
somes in the cytoplasm (see Materials and Methods section). In
one set of experiments, a 30 min pretreatment of the cells with
0.625, 1.25 and 2.5 lg mL�1 ethanol extracts of leech lime, of
Asiatic pennywort and dichloromethane extracts of aloe was suf-
ficient to significantly reduce (by approximately 20%) the extent

of apoptosis in cultures exposed to 200 mJ cm�2 and further
incubated for 24 h in normal culture medium (Fig. 3).

Based on cytotoxic, antioxidant and UVB absorption data, for
the next experiments we chose to investigate more in depth the cyto-
protective potential of turmeric (at 1 lg mL�1) and ginger (at
5 lg mL�1) extracts (dichloromethane fraction) toward cell toxic-
ity and DNA damage induced by UVB. In these experiments, we
adopted a protocol using a dosage of UVB irradiation of
120 mJ cm�2, which was shown to cause approximately 50–60%
cell loss by 24–48 h post irradiation in HaCaT cultures (Fig. 4a),
and a significant accumulation of CPDs in the cells (Fig. 4b). Also,
120 mJ cm�2 UVB irradiation caused a 3.5-fold increase in cas-
pase-3 activity in the cells by 24 h post irradiation (not shown), and
strongly limited the cloning efficiency of treated cells between 24
and 48 h (Fig. 4a; compare cell density at 24 and 48 h of UV-trea-
ted versus control, considering that cell density at day 0 was
25.000 � 6.000 cells cm�2). We then tested the protective activity
in several protocols of preincubation time with the herbs extracts.
Optimal protection was observed with a 8 h preincubation with
1 lg mL�1 turmeric or 5 lg mL�1 ginger, followed by UVB expo-
sure and further incubation for 24 or 48 h in serum-free medium
supplemented with a halved concentration of extracts. Under this
condition, turmeric and ginger extracts elicited a significant reduc-
tion in the accumulation of CPDs at 24 and 48 h in live but not in
dead cells (Fig. 5a), which associated with reduced activation of
caspase-3 activity at 48 h (Fig. 5b) and some cell protection (not
shown). A similar protocol, in which the preincubation time was
increased to 24 h elicited almost a similar protection, albeit less
extensive (not shown). To gain an insight on the possible mecha-
nisms underlying such protective effect, we checked the expression
of antioxidant proteins in HaCaT cells exposed to turmeric and gin-
ger extracts. We focused on Thioredoxin-1 (TRX), a 12 kDa redox-
active protein that protects the cells from oxidative stress (25) and
apoptosis (26). While a 1 h incubation was inefficient (data not
shown), an 8 h incubation with 1 lg mL�1 turmeric or 5 lg mL�1

ginger extract (dichloromethane fraction) was sufficient to deter-
mine a strong increase in the expression of Thioredoxin 1 (Fig. 6).

DISCUSSION
UVB (280–320 nm) reaches the earth’s surface in amounts suf-
ficient to provoke harmful biological effects on the skin that
can eventually lead to skin malignancies and nonmelanoma can-
cers (1). UV is a complete carcinogen. UVB-induced DNA
damage generates photoproducts such as CPD and pyrimidine
(6-4) pyrimidone (27–29). Cells in which DNA damage is unre-
paired should undergo apoptosis (30), as a mechanism to pre-
vent the development of cancer. DNA damage and cytotoxicity
occur at UVB intensity of approximately 30 mJ cm�2, which
corresponds to a few minutes of exposition to sunlight (31). A
prolonged exposure to sunlight UVB can cause massive apopto-
sis in keratinocytes and consequently alters the natural barrier
functions of the skin, thus predisposing to inflammation, infec-
tions and cancer. Free radicals associated with UV radiation
exposure trigger skin inflammation, a condition that contributes
to the development of skin cancer (2,32). In this regard, cyclo-
oxygenase Cox-2 is one of the main player involved in inflam-
mation and skin carcinogenesis induced by UVB exposure
(33,34) and, consistently, natural products able to downregulate
its expression also exert preventive activity against UV injuries
(35,36).
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This study demonstrates that extracts of 15 species of Thai
plant possess varying degrees of total phenolic and total flavo-
noid contents as well as antioxidant activities, depending on
extraction solvents. In particular, extracts derived from ethanol
and dichloromethane fractions were found to possess higher total
phenolic and total flavonoid contents than those from petroleum
ether. A high correlation between total phenolic content and anti-
oxidant activity was found. The highest levels of total flavonoid
content were detected in turmeric extract from dichloromethane
fraction, followed by turmeric extract from petroleum ether frac-
tion. In addition, turmeric and ginger extracts were shown to
possess the highest content of antioxidants and the highest UV-
absorbing ability. Thus, one-first conclusion of this study is that
the method and solvent used for the preparation of the extract
greatly affect the physical-chemical properties, and possibly also
the biological activities, of the herb extract. Next, we tested the
ability of the extracts to prevent UVB-induced DNA damage and
cell death in keratinocytes. In general, low doses of UVB cause
DNA mutations that most likely lead to tumor initiation, whereas
high doses of UVB directly induce apoptosis as a consequence
of oxidative stress (37). Keratinocytes undergoing apoptosis are
known as “sunburn cells,” and their presence is assumed as indi-
cator of the severity of UVB-induced DNA damage (38). In this
study, we exposed keratinocytes to a relatively high dose of
UVB (120 mJ cm�2), which in fact caused DNA damage (as
indicated by a three-fold increase in CPDs) and apoptosis
(approximately 50% in the culture at 24 h post irradiation).
Remarkably, if prior to exposure to UVB the keratinocytes were
incubated with turmeric or ginger extracts (dichloromethane frac-
tion), CPDs were found in dead cells but not in living cells.
Also, preincubation with these extracts protected to some extent
from caspase-dependent apoptosis induced by UVB. Taken
together, these results suggest that turmeric and ginger extracts
could save those cells in which UVB-induced DNA damage was
prevented, although allowing cell death in those ones bearing
DNA mutations. It is conceivable that protection from UVB
damage was linked to the antioxidant properties of the herbs

extracts. In fact, Gingerol, the major component of ginger, was
shown to reduce the UVB induction of ROS, caspases and Cox-
2 in HaCaT cells (39), and curcumin, the major component of
turmeric, also was shown to downregulate Cox-2 expression
(40). In this study, we show that the incubation of HaCaT cells
with turmeric and ginger extracts increased the expression of
TRX, a protein that protects mitochondria from excessive oxida-
tive stress. The primary cytotoxic event in human epidermis
associated with UV exposure is the excessive production and
accumulation of ROS, which is the consequence of UV inactiva-
tion of the thioredoxin system (41). Therefore, the increased
expression of this antioxidant protein achieved by the preincuba-
tion with the turmeric and ginger extracts is likely to confer a
protection to keratinocytes exposed to UVB. In conclusion, we
propose that the pretreatment with turmeric or ginger extract ren-
ders skin cells more competent to face the oxidative stress
induced by UVB through the upregulation of diverse antioxidant
systems, including thioredoxin 1.

Cosmetic pharmaceuticals are demanded for chemoprevention
of damaging effects of UVB exposure. A plethora of compounds
naturally found in edible and nonedible vegetables and fruits have
been shown to exert a protective action against UV skin damages,
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including inflammation and cancer (9,35,36,42–44), and many of
these constitute the active pharmacologic ingredient of cosmetic for-
mulations that can prevent skin injuries (45) or improve skin repair

(21,46). The present data showing that turmeric and ginger extracts
could prevent UV-induced DNA and cellular toxicity in keratino-
cytes support their utilization in cosmetic biopharmaceuticals.
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