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Background: The oxidative stress (OS) and antioxidants play a key role in the pathogenesis of inflammatory diseases such
as fever which is promoted by the production of reactive oxygen species and impaired antioxidant defense mechanisms. The
Kheaw-Hom remedy is popularly used as anti-pyretic drug in Thai traditional medicine.
Objective: To investigate antioxidant activity of the ethanolic and aqueous extracts of Kheaw-Hom remedy and its plant
ingredients by three assays such as DPPH, ABTS radical scavenging assays and NBT dye reduction assay.
Material and Method: The extract procedures were maceration method with 95% ethanol, dried by an evaporator, or the
decoction by boiling in water, filtrated, dried by lyophilizer. In the preliminary studies, all extracts were evaluated for
antioxidant activity through two chemical assays: DPPH radical-scavenging and ABTS radical-scavenging assay, as well as
through cell-based assay: scavenging capacity of intracellular ROS in HL-60 cells using the NBT reduction.
Results: The ethanolic extract of Khaew-Hom remedy showed higher antioxidant activity using DPPH and ABTS assays but
it had no antioxidant activity using cell-based assay (EC

50 
=

 
16.96, 30.91 and IC

50
 >100 μg/mL, respectively). The ethanolic

extract of Cyathea gigantea and Tacca chantrieri showed the highest antioxidant activity using DPPH assay with EC
50

 = 7.55
and 8.00 μg/mL, respectively. The ethanolic extract of Dracaena loureiri and Globba malaccensis exhibited the best antioxidant
activity using ABTS radical scavenging with EC

50
 = 7.88 and 8.06 μg/mL, respectively.  For the NBT dye reduction assay, only

the ethanolic and aqueous extracts of Tacca chantrieri were effective having IC
50

 = 63.38 and 70.65 μg/mL, respectively.
Conclusion: The ethanolic of Khaew-Hom showed antioxidant activity only with chemical based assay but both ethanolic and
aqueous extracts of Tacca chantrieri (rhizome) showed high antioxidant activities on chemical-based and cell line-based
assay. Thus, this plant should be developed to be health products in the future.
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Free radicals are products from the metabolism
of various substances in the liver. The stimuli of free
radicals production are pollution, dust, cigarette smoke,
unsaturated fat food, sunlight, heat, chemicals and
medicine(1). They can stimulate immune system to
produce radical for eliminate the disguise. The
downside of free radicals are, if there are too many free

radicals, they destroy tissue proteins and cells,
including white blood cells(2). On the opposite side,
benefit of free radicals is killing of  antigens such as
bacteria, virus or parasite and it implicate in
inflammation(3,4). Inflammation is immune exhibition and
appears in many diseases such as fever, recurrent
aphthous stomatitis(5). For example, exanthematous
fever,   the cause of this fever could be viral, bacterial
infection and allergic medicine(6). The inflammatory
condition can cause progessive disease. There is
support evidence that ROS are essential second
messengers in innate and adaptive immune cells and
excessive of ROS within immune cells can result in
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hyperactivation of inflammatory responses(7). So that,
if ROS decreased, the inflammation would be reduced.

In Thai traditional medicine, there are many
antipyretics, one of them is Kheaw-Hom remedy. It is
antipyretic for exanthematous fever in Thai traditional
medicine. It has been published in National List of
Essential Herbal Medicines, Ministry of Public Health,
2013(8). This remedy consists of eighteen Thai herbs
shown in Table 1 with each herb in equal amount. Some
herbs in remedy have been previously studied for
antioxidant activity such as Mimusops elengi Linn(9),
Mesua ferrea Linn(10), Mammea siamensis Kosterm(11),
Nelumbo nucifera Gaertn(12), Sophora exigua Craib(13),
Vetiveria zizanioides (L.) Nash ex Small(14), but
Kheaw-Hom remedy has not been studied. So that, the
objective of this study was to investigate the
antioxidant activity of the ethanolic and aqueous
extracts of Kheaw-Hom remedy and its plant
ingredients.

Material and Method
Chemicals and reagents

95% ethanol (CMJ Anchor company,
Thailand), Distilled water (Milford, USA), 2, 2-diphenyl-
l-picrylhydrazyl (Fluka, Germany), Butylated
hydroxytoluene (BHT) (Fluka, Germany), 2, 2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid) (Sigma-
ALDRICH, USA), 6-hydroxy-2, 5, 7, 8-tetramethyl
chroman-2-carboxylic acid (Trolox) (Sigma-ALDRICH,
USA), Potassium sulfate (Sigma-ALDRICH, USA),
Dimethyl sulfoxide (CH

3
)

2 
SO (DMSO) (RCI Labscan,

Thailand), Nitroblue tetrazolium chloride (NBT) (Sigma,
USA), Phorbol myristate acetate (PMA) (Sigma, USA),
Thiazolyl blue tetrazolium bromide (MTT) (Sigma,
USA).

Cell lines and culture conditions
Human leukemia cell line HL-60 cell was

purchased from ATCC. The cells were maintained by
twice weekly passages in RPMI-1640 medium
supplemented with 10% FBS, 1% Penicillin-
Streptomycins and incubated at 37°C in a 5% CO

2
.

Plant materials
The parts of 18 plants in Kheaw-Hom remedy

were collected from several regions of Thailand in 2015,
with voucher specimen numbers shown in Table 1.
The voucher specimens were carried out at the
herbarium of Southern Center of Thai Medicinal Plants
at Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Songkhla, Thailand.

Preparation of crude extracts
All plants were washed, sliced to small pieces,

dried in an oven at temperature 50°C and ground to
powder and extracted by maceration with 95% ethanol
and boiling in water as ethanolic and aqueous extract,
respectively. The ethanolic extract was prepared by
maceration of Kheaw-Hom remedy (1,170 grams), and
where each of its herbal ingredients (65 grams of each)
was macerated with 95% ethanol for 3 days. Filtrate
was obtained using Whatman No. 1 filter paper and
concentrated to dryness by an evaporator (Rotavapor
R-205, Germany). The aqueous extract of Kheaw-Hom
remedy (1,170 grams) and its herbal ingredients (65
grams of each) were prepared by boiling in distilled
water. The duration of decoction was 15 min. The
extracts were filtered through a Whatman No. 1 filter
paper and dried by lyophilization. The crude extracts
were kept at -20°C untill used.

Determination of antioxidant activity
DPPH radical scavenging assay(15)

The antioxidant activity was determined
using 2,2-diphenyl-1-picrylhydrazyl (DPPH). Sample
was dissolved in absolute ethanol or distilled water in
various concentrations including 100, 50, 10 and 1 μg/
mL. 100 μL of samples were transferred into a 96-well
microplate. Then 100 μl of 6 x 10-5 M DPPH (in absolute
ethanol) was added into each well. After incubation for
30 min in the dark at room temperature, the absorbance
was measured at 520 nm, where BHT was used as a
positive control. The concentration of antioxidant
needed to decrease the initial DPPH concentration
(EC

50
) by 50% is a parameter widely used to measure

the antioxidant activity. The scavenging activity was
calculated as percentage inhibition in the formulae
below:

% Inhibition =  ((Mean of OD
Control

 - Mean of OD
sample

)/
Mean of OD

Control
) x 100

Effective concentration of sample required to
scavenge DPPH radical by 50% (EC

50
) was obtained

by linear regression analysis of the dose-response
curve of % inhibition versus concentration, and EC

50
 is

calculated using prism program. All determinations were
carried out in triplicate.

ABTS radical scavenging assay(16)

The antioxidant activity was determined 2.45
mM ABTS•+ solution was prepared using potassium
persulfate diluted with DI water to get the absorbance
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of 0.68-0.72 at 734 nm before use. Each extract (20 μL) at
the same concentration range mentioned above was
mixed with ABTS•+ solution (180 μL) and incubated at
room temperature for 6 min. The absorbance of these
concentrations was measured at 734 nm. The percent
of ABTS•+ scavenging activity in this concentration
range was calculated, and EC

50
 (μg/mL) was determined

using the method described above. Trolox was used as
a positive control. Experiments were done in triplicate.
The calculation of percent scavenging activity is by
the following formula:

% Inhihition =  ((Mean of OD
Control

 – Mean of OD
sample

)/
Mean of OD

Control
) x 100

Effective concentration of sample required to
inhibited ABTS radical by 50% (EC

50
) was obtained

by linear regression analysis of the dose-response
curve of % inhibition versus concentration, and EC

50

is calculated using prism program. All determinations
were carried out in triplicate.

Intracellular superoxide anion scavenging
assay (NBT assay)(17)

Phorbol 12-myristate 13-acetate (PMA) was
used to stimulate differentiated HL-60 cells to generate
superoxide anions (O

2
•-) via respiratory burst, which

then reduced the nitroblue tetrazolium (NBT) solution
to blue formazan. Prior to performing the NBT assay,
the optimal concentration of sample with no cytotoxic
effects on HL-60 cells was determined using the MTT
assay.  In NBT assay, differentiated HL-60 cells (1x106

cells) in Hank’s buffered salt solution (HBSS) (200 μl)
was incubated with each sample (500 μl) at the optimal
concentration for 15 min 37°C in a 5% CO

2
 atmosphere.

Next, the mixture was incubated for 60 min with a final
concentration of 250 ng/ml  PMA and 0.625 mg/ml
NBT in HBSS. The reaction was stopped by adding
2 ml of 1 M HCl and centrifuged at 4,000 rpm for 10 min
to collect cell pellet containing formazan, which
was then dissolved in DMSO (300 μl). The absorbance
was determined at 572 nm. The O

2
•- scavenging activity

of the extract at the optimal concentration was
calculated:

Statistical analysis
All experiments were carried out in triplicate.

Statistical analysis was performed using Prism
Software.

(Mean of OD
control 

– Mean of OD
baseline

)-(Mean of OD
extract 

–Mean of OD
baseline

)

   Mean of OD
control 

– Mean of OD
baseline

% Inhibition =

Results
Antioxidant activity

The effect of the ethanolic and aqueous
extracts of  Kheaw-Hom remedy and each of its herbal
components were studied using DPPH radical
scavenging assay, ABTS radical scavenging assay and
NBT assay. IC

50
 values are summarized in Table 2, 3.

Discussion
Kheaw-Hom remedy was used in Thai

traditional medicine as antipyretic for exanthematous
fever such as measles and chickenpox. Kheaw-Hom
remedy was reported in the previous studies on several
biological activities such as antiviral, anti-inflammatory
and antimicrobial. Firstly, antiviral activity against
enterovirus 71 (EV71) which cause hand, foot and
mouth disease that its aqueous extract at concentration
of 400 μg/ml inhibited EV71 concentrate 25TCID50(18).
Secondly, anti-inflammatory activity by inhibiting nitric
oxide release in RAW 264.7 that the aqueous and
ethanolic extracts had weak activity showed IC

50 
value

of 48.86 and 59.77 μg/mL, respectively(18). Lastly, the
ethanolic extract had antimicrobial activity against three
gram-positive bacteria of skin infection complications
in exanthematous fever include Staphylococcus aureus,
Methicillin-resistant Staphylococcus aureus (MRSA),
Staphylococcus epidermis with an inhibition zone
of 7.33, 7.00, 8.00 mm, respectively; yet showed no
inhibition on fungus (Candida albicans)(19). This study
is the first report on antioxidant activity of Kheaw-
Hom remedy using DPPH and ABTS radical scavenging
assays that the ethanolic extract had strong activity in
DPPH radical scavenging assay and had weak activity
in ABTS radical scavenging assay. The aqueous extract
had weak activity in ABTS radical scavenging assay
and had no activity on DPPH radical scavenging assay.
All these results could support use of Kheaw-Hom
remedy related with Thai traditional medicine used for
exanthemathous fever.

There are nine plant ingredients in
Kheaw-Hom remedy that were reported in the previous
study on antioxidant activity using DPPH radical
scavenging assay including P. cablin, C. fruticosa,
V. zizanioides, M. fragrans, G. malaccensis, C.
gigantean, M. elengi, M. siamensis and N. nucifera.
Firstly, the previous study demonstrated the antioxidant
activity using DPPH radical scavenging assay and the
methanolic extract of N. nucifera(12) and vetiver oil of
V. zizanioides(14) dissolved in methanol had strong
activity and, this present study showed that the
aqueous extract of N. nucifera  had strong activity but,
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that of V. zizanioides had no activity. Secondly, the
ethanolic extract of P. cablin(20), the ethanolic and
aqueous extracts of M. fragrans(21), the ethanolic extract
of bark of C. gigantean(24) and  methanolic    extract of
flower of M. elengi(9) had moderate activity and, in this
present study the ethanolic extract of P. cablin had
weak activity, only the aqueous extract of M. fragrans
had moderate activity, the ethanolic extract of C.
gigantean had strong activity and the aqueous extract
of M. elengi had moderate activity. Finally, the aqueous
extract of P. cablin(20), the methanolic extract of C.
fruticosa (23) and the ethanolic extract of G.
malaccensis(24) had weak activity, and aqueous extract
of P. cablin had strong activity, the ethanolic extract of
of C. fruticosa had moderate activity and the ethanolic
extract of G. malaccensis had weak activity. The results
showed different values may be from the usage various
solvent in extraction and source of plants lead to the
chemical constituents of plants were different.

Interestingly, the ethanolic and aqueous
extracts of T. chantrieri showed strong efficacy in
DPPH and ABTS radical scavenging assays and had
weak efficacy in NBT assay. T. chantrieri was reported
in the previous study, ABTS radical scavenging assay
that ethanolic extract had moderate efficacy(25), but for
DPPH radical scavenging assay and NBT assay have
never been reported.

Conclusion
To the best of our knowledge, the best

antioxidant activity using DPPH  scavenging assay are
that of ethanolic extract of C. gigantean, T. chantrieri
and S. exigua having EC

50 
+SEM

 
values of 7.55+0.89,

8.00+2.37 and 9.42+2.11 μg/mL, respectively. The best
antioxidant activity using ABTS scavenging assay are
that of ethanolic extract of  D. loureiri, G. malaccensis
and T. chantrieri having EC

50 
+SEM

 
values of

7.88+0.65, 8.06+0.53 and 14.84+0.48 μg/mL,
respectively.

The best antioxidant activity using NBT dye
reduction assay are that of ethanolic and aqueous
extracts of T. chantrieri have IC

50 
+SEM values of

63.38+3.29 and 70.65+1.28 μg/mL, respectively.
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