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Abstract. “Yahom-Navakot” (YN) is a Thai herbal remedy for treating
fatigue and post-fever maladies (“Lom Plai Khai”). YN is composed
of 55 plant materials based on a Thai essential medicines list. Extracts
obtained by maceration with 95% ethanol (YNE) and water decoction (YNW)
were analyzed by gas chromatography-mass spectrometry. Anti-bacterial
activities of YNE and YNW were based on minimal inhibitory and minimum
bactericidal concentrations against a set of four Gram-positive and four
Gram-negative bacteria, showing YNE was capable of inhibiting Gram-positive
(all but one) but not Gram-negative bacteria while YNW did not exhibit
any bactericidal activity. Anti-inflammatory activities of YNE and YNW
were examined by the measuring of nitric oxide, prostaglandin E2 and
tumor necrosis factor-alpha production in lipopolysaccharide-stimulated
RAW 264.7 cell line, with YNE exhibiting greater anti-inflammatory
potency than YNW. YNE contained greater relative amounts of borneol,
-caryophyllene, 5-a-cholestane, eugenol, fatty acids, and [3-selinene
compared to YNW, many of which have proven anti-bacterial and
anti-inflammatory activities, providing a possible explanation for YNE
superior anti-inflammatory property. These findings should assist in furthering
studies of bioactive components in YN as possible adjuvant treatments of
bacterial infections and inflammation processes.

Keywords: anti-bacterial activity, anti-inflammatory activity, ethanol extract, gas
chromatography-mass spectrometry, Thai traditional medicine, water decoction,
Yahom-Navakot
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INTRODUCTION

Infections and inflammations are
the main causes of fever (Walter et al,
2016), which is treated with antipyretics,
eg nonsteroidal anti-inflammatory
drugs and paracetamol, and antibiotics,
eg amoxicillin and ciprofloxacin (Doyle
and Schortgen, 2016). However,
improper use of these drugs can cause
adverse side effects, such as heartburn
and stomach pain, and drug-resistance
can result in prolonged treatment and
impact quality of life (Henry, 1988;
Granowitz and Brown, 2008). Many
studies have reported the efficacy of
natural products as an alternative
method to treat fever through their
anti-bacterial and anti-inflammatory
activities (Wu et al, 2012; Khan et al,
2017). Thai traditional medicine is
one of the country’s cultural heritages,
which has provided alternative effective
remedies as evidenced by scientific
studies on Thai herbs and concoctions
(Chootip et al, 2017; Chokpaisarn et al,
2019).

“Yahom-Navakot” (YN) is one
of the traditional herbal remedies
still in current use, being in the Thai
essential medicines list under the
category treatment of the circulatory
system, specifically “Lom Plai Khai”
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(NDSDC, 2018). Lom Plai Khai is
defined as symptoms, which appear
after abatement of fever, such as
dizziness, fatigue and body pain.
From conventional medicine point of
view, Lom Plai Khai could be related
to late stages of fever stemming from
infection and inflammation. Pyrogens
are the main causes of fever, being
divided into two major groups,
endogenous (cytokines) and exogenous
(infections) pyrogens (Dinarello, 2004).
Pro-inflammatory cytokines involved
fever mechanism include, among others,
nitric oxide (NO), prostaglandin E,
(PGE2) and tumor necrotic factor-alpha
(TNF-a) (Zhang, 2007). NO is capable
of inducing inflammatory cytokines
and in regulating functional activities
of several inflammatory and immune
cell types, viz macrophages, mast cells,
natural killer cells, and neutrophils
(Coleman, 2001). In addition, NO can
increase body temperature during a
fever state (Pritchard et al, 2005). PGE2
is a potent pyrogen, stimulating other
pyrogens and cytokines (Coceani et
al, 1986). TNF-a is a central regulator
of inflammation, in particular acute
inflammatory processes (Zelova and
Hosek, 2013). In vivo study in rabbits
showed injection of TNF-a induces rise
in body temperature during the first
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phase of fever (Mabika and Laburn,
1999).

YN ingredients include Angelica
dahurica (Hoffm.) Benth. & Hook.f.
ex Franch. & Sav. (Lechner et al,
2004), Picrorrhiza kurroa Royle ex
Benth. (Rathee et al, 2016), Saussurea
lappa (Decne.) Sch. Bip. (Hasson et
al, 2013), and Tinospora crispa (L.)
Hook. f. & Thomson (Igbal et al,
2012). Biological activities of YN main
ingredient (“Phikud Navakot”) are
antioxidative effects (Chiangsom et al,
2019; Nalinratana et al, 2014), exerting
vascular properties (Nusuetrong et al,
2012), anti-inflammation effects (in rats)
(Gerdprasert et al, 2019), protection
against ischemia/reperfusion injury
(in rats) (Kengkoom et al, 2015), anti-
lipidemic effects of both YN and Phikud
Navakot (Tirawanchai et al, 2018).

There are a limited number
of investigations on YN chemical
components and their respective
biological properties (Chootip et al,
2017). Here, chemical compositions
of YN aqueous and ethanol were
investigated using gas chromatography/
mass spectrometry (GC/MS) to identify
potential anti-bacterial and anti-
inflammatory compounds.

MATERIALS AND METHODS

Preparation of YN extracts

YN is composed of 55 plant materials
based on the Thai essential medicines
list (Table 1). All plant materials,
obtained from traditional drugstores in
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Bangkok, Thailand, were washed, thinly
sliced, and oven-dried at 50°C for 24
hours, then ground and mixed together.
Quality of YN powder was assured by
methods according to the Thai herbal
pharmacopeia guidelines (Department
of Medical Sciences, 2017). YN powder
(215 g) was macerated with 1000 ml of
95% ethanol for 7 days using a 3000ml
macerated bottle (DURAN Group
GmbH, Wertheim am Main, Germany),
then the extract was filtered through a
Whatman filter paper (No. 1) (Merck,
Darmstadt, Germany) and filtrate
concentrated using a rotary evaporator
to yield YNE. Another portion of YN
powder (215 g) was boiled in 1000 ml
of distilled water for 15 minutes, filtered
as described above. The decoction was
repeated three time and the combined
filtrates were concentrated to 1/3 of its
original volume by boiling, then freeze-
dried to yield YNW. Both preparations
were separately stored at -20°C in an
air-tight glass container until used.

GC-MS analysis protocol

GC-MS analysis was performed
using a Thermo Focus GC equipped
with a polaris Q MS detector, TG-5 slims
column and an auto sampler injector
(GC-MS; Agilent Technologies, Santa
Clara, CA). Injection port temperature
was set at 200°C with injection mode
split ratio of 50:1 and injection volume
of 1.0 pl. Carrier gas was helium. Oven
temperature was initially set at 60°C,
then increased at a rate of 5°C/minute
until 300°C and held at 300°C for 5
minutes. The mass spectrum of each
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peak was recorded and the chemical
components were analysed by the
Herb and Thai Tradtional Medicine
Division, BIOTEC Pilot Plant (Thailand
Science Park, Bangkok, Thailand).
The compounds which were separated
by Gas Chromatography were identified
by mass values of compounds which
were matched with chemical library
program.

Anti-inflammatory activity assays

Murine macrophage leukaemia
RAW 264.7 cell line (ATCC®
TIB-71™) was maintained in
Dulbecco’s Modified Eagle medium
(DMEM) (Difco Laboratories Inc,
Franklin Lakes, NJ) supplemented with
RPMI 1640 medium (Gibco; Thermo
Fisher Scientific, Carlsbad, CA) at 37°C
under a humified atmosphere of 5%
CO,. A 100 pl aliquot cell suspension
(1x10° cells) was added to wells of a
96-well plate, incubated for 24 hours
as described above, replenished with
containing 5 ng/ml lipopolysaccharide
(LPS) (Sigma-Aldrich, St Louis, MO)
for NO and TNF-a assays or 80 ng/
ml LPS (Sigma-Aldrich, St Louis, MO)
for PGE2 assay. Then, a 100 ul of YNE
or YNW (1, 10, 30, 50, and 100 pg/ml)
was added, incubated for 24 hours as
described above prior to determination
of nitric oxide production. Nitric
oxide production was determined
by measuring the accumulation of
nitrite in the culture supernatant using
Griess reagent (2.5% phosphoric acid
containing 1% sulfanilamide and
0.1% N(1-naphthyl ethylenediamine

814

dihydrochloride) (Sigma-Aldrich,
St Louis, MO). The absorbance was
measured at 540 nm in a microplate
reader (Giustarini et al, 2008). PGE2
was determined by EIA kit (Cayman
Chemical, Ann Arbor, MI) and TNF-a
was determined by Mouse TNF-a ELISA
test kit (R&D Systems, Minneapolis,
MN) respectively. Prednisolone
(Sigma-Aldrich, St Louis, MO) was
diluted by DMSO (RCI Labscan,
Bangkok, Thailand) to be serial
dilution (1 mg/ml) and it was used as
positive control. Percent inhibition
was calculated as follows: [control
value - sample value)/control value] x
100 and IC5;, values were calculated from
the Prism program (GraphPad Software,
San Diego, CA)

Anti-bacterial activity assay

Test bacteria were selected from
common bacterial species known to
cause respiratory and gastrointestinal
diseases (Kovacs et al, 1997): Escherirchia
coli ATCC 25922, Klebsiella pneumoniae
ATCC 700603, Pneumococcus aeruginosa
ATCC9027, Staphylococcus aureus ATCC
25923, Staphylococcus aureus MRSA
DMST 20651, Staphylococcus epidermidis
ATCC 12228, Shigella dysenteriae DMST
15111, and Salmonella typhi DMST
22842.

Minimum inhibitory concentration
(MIC) assay was modified from a
resazurin-in-broth microdilution
assay (Sarker et al, 2007). Resazurin
(Sigma-Aldrich, St Louis, MO) (1 mg/
ml 7-Hydroxy-3H-phenoxazin-3-one

Vol 52 No.6 November 2021
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10-oxide) (to determine bacterial cell
growth) was filtered through a 0.2 um
filter (Sigma-Aldrich, St Louis, MO)
and stored at 4°C until used. YNE
stock solution prepared in dimethyl
sulfoxide and YNW in distilled water
were diluted in their respective solvent
when used in the assays. A 50 u; aliquot
of test sample (0.0001-5 mg/ml) and a 50
ul aliquot of test microbial suspension
[1.0x10° CFU/ml Mueller Hinton broth
(Difco Laboratories Inc, Franklin Lakes,
NJ)] were added to wells of a 96-well
plate, incubated at 37°C for 18 hours as
described above, then a 10 ul aliquot
of resazurin solution was added into
each well and cell suspension incubated
for a further 2-hour period. Bacterial
growth reduces resazurin (blue color)
to resorufin (pink color) (Chen et al,
2015) and minimum concentration
of test sample inhibiting pink to
blue color change is defined as MIC.
Each assay of test sample was performed
in triplicate. After determination
of MIC, an aliquot of solution from
each well was streaked on nutrient
agar (Difco Laboratories Inc, Franklin
Lakes, NJ), incubated at 37°C for 24
hours and minimum concentration
of test sample in well from which no
bacterial colony was observed is defined
as minimum bactericidal concentration
(MBCQ).

Statistical analysis

Results are reported as mean *
standard error of the mean (SEM) of
three independent experiments. ICs
values were calculated using a Prism

Vol 52 No.6 November 2021

program version 5 package (GraphPad
Software, San Diego, CA).

RESULTS

GC-MS analysis of Yahom-Navakot
extracts

GC-MS analysis of the YN extracts
(Fig1)led totheidentification of 12 and 26
chemical compoundsin YNW and YNE
(Table 2). Predominant constituents of
YNE were fatty acids and 5-a -cholestane,
while the major aromatic compound
was eugenol followed by borneol, and
other volatile compounds included
B-caryophyllene, hexadecamethyl-
cycloheptasiloxane and {-selinene.
The predominant constituents of YNW
were a-tolunitrile, followed by 7,
9-di-tert-butyl-1-oxaspiro[4.5]
deca-6,9-diene-2,8-dione, then
1,11-dihydrododecamethylhexa-
siloxane, di-tert-butylphenol,
tromacaps, and 2,5-diisopropyl-p-
xylene. Compounds present in both
YNE and YNW were linoleic acid,
hexadecamethyl-cycloheptasiloxane
and aromatic substances, with a larger
amount in the former extract (Table 2).

Anti-inflammatory activities of YN
extracts

Anti-inflammatory properties were
conducted on LPS-treated murine
macrophage leukaemia RAW 264.7 cell
line. YNE inhibited production of nitric
oxide, PGE2 and TNF-a with I1Cy, value
(mean + SEM) of 22 + 1 pug/ml, 18 + 2
ug/ml, and 16 + 3 ug/ml, respectively,
whereas YNW demonstrated 1Cs, value

815
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Fig1- Gas chromatography-mass spectrometry (GC-MS) profile of “Yahom-Navakot” etha-

nolic (A) and water (B) extracts

GC-MS analysis was performed using a Thermo Focus GC equipped with a polaris Q
MS detector and TG-5 slims column (Agilent Technologies, Santa Clara, CA).

of IC5, >100 pg/ml for all three pro-
inflammatory factors and prednisolone
control exhibited ICs, value of 0.008 +
0.612 pg/ml, 0.073 + 0.003 pg/ml, and

0.073 + 0.003 ug/ml, respectively.

816

Antibacterial activities of YN extracts

Antibacterial activities of YN
extracts were evaluated against four
Gram-positive and four Gram-negative
bacteria species using both growth
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Table 2

Chemical compounds of “Yahom-Navakot” ethanolic (YNE) and water (YNW) extracts

identified by gas chromatography-mass spectrometry

Compound % Chemical compounds
YNE YNW
5-a-Cholestane 32.87 -
Oleic acid 18.99 -
a-Tolunitrile - 18.76
Linoleic acid 10.81 2.40
Eugenol 7.67 1.51
7,9-Di-tert-butyl-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione - 7.16
1,11-Dihydrododecamethylhexasiloxane - 7.08
Di-tert-butylphenol - 7.08
Palmitic acid 6.36 -
Borneol 3.81 1.47
Tromacaps - 3.29
Hexadecamethyl cycloheptasiloxane 3.05 1.99
2-Propenoic acid 2.72 -
Myristic acid 1.72 -
[-Selinene 1.42 1.22
p-Caryophyllene 1.33 1.16
Stearic acid 1.29 -
2,5-Diisopropyl-p-xylene - 1.28
Dillapiole 0.87 -
3-n-Butyl phthalide 0.71 -
Cuminal 0.49 -
Delta-cadinene 0.40 -
n-Docosane 0.38 -

Vol 52 No.6 November 2021
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Table 2 (cont)

Compound % Chemical compounds
YNE YNW
Elemicin 0.34 -
Camphor 0.31 -
Cinnamic acid 0.31 -
Delta-maaliene 0.31 -
1,3,4-Trimethyl-3-cyclohexen-1-carboxaldehyde 0.21 -
Cuparene 0.21 -
o -Muurolene 0.16 -
Ledene 0.13 -
a -Amorphene 0.09 -

in bacterial culture and on nutrient
agar. YNE inhibited the Gram-positive
bacteria, S. aureus, methicillin-resistant
S. aureus and S. epidermidis but not P.
aeruginosa or any of the Gram-negative
bacteria species, whereas YNW did not
inhibit any of the eight test bacterial
samples (Table 3).

DISCUSSION

YN is a Thai herbal remedy for
treating fatigue and fever (NDSDC,
2018). YNE demonstrated higher
anti-bacterial and anti-inflammatory
activities than YNW. A comparison
of chemical constituents using
GC-MS allowed us to identify
putative compounds in YN extract
responsible these properties, ie those
present in higher amounts or only in one
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type of extract compared to the other.

5-a-Cholestane (32.87% in YNE
only), the most abundant constituent,
has anabolic activity that would be
beneficial to patients with Lom Plai
Kai (NDSDC, 2018). This followed
by organic fatty acids, linoleic acid
and oleic acid (10.81 in YNE vs 2.40%
amount in YNW and 18.99 in YNE vs
0% amount in YNW respectively), that
reduce production of pro-inflammatory
cytokines IL-1 and TNF-a (Almeidaet al,
2013). A minor organic acid constituent,
cinnamic acid (0.31% amount in YNE
only), inhibits nitric oxide, PGE2 and
TNF-a production in LPS-induced
RAW 264.7 cells (Liao et al, 2012).

Eugenol (7.67 in YNE wvs
1.51% amount in YNW) reduces
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MBC: minimum bactericidal concentration; MIC: minimum inhibitory concentration

pro-inflammatory cytokines levels
of IL-1, IL-6, nitric oxide, PGE2, and
TNF-a in vitro (Barboza et al, 20118)
and effect from murine LPS-induced
lung injury (Magalhaes et al, 2010). In
addition, eugenol has broad-spectrum
anti-bacterial activity (Marchese et al,
2017) and has been suggested as an
adjuvant therapy in treating multi-
antibiotic-resistant infection (Marchese
et al, 2017).

Borneol (3.81 in YNE vs 1.47%
amountin YNW), abicyclicmonoterpene,
is found in many Thai traditional
remedy and medicinal plants, such
as Pogostemon cablin (Blanco) Benth
(Feng et al, 2019). Borneol reduces
inflammation in murine carrageenan-
induced peritonitis (Almeida et al,
2013) and combined with camphor has
bactericidal activity against Clostridium
albicans, E. coli and S. typhimurium
(Tabanca et al, 2001).

Tromacaps (3.29% amount in YNW
only), a benzyl isothiocyanate (BITC),
inhibits LPS-induced expressions of
inducible nitric oxide synthase and
COX-2in RAW 264.7 macrophages (Lee
et al, 2009), 12-O-tetradecanoyl phorbol-
13-acetate-induced murine ear edema
(Lee et al, 2009). BIT has bactericidal
properties against E. coli (Nowicki et
al, 2016), P. aeruginosa (Kaiser et al,
2017), S. aureus (Aires et al, 2009), and
methicillin-resistant S. aureus (Dias et
al, 2014).

B-Selinene (1.42 in YNE us
1.22% amount in YNW), present
in Callicarpa macrophylla and
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Carum carvi L. (ingredient of YN),
inhibits inflammatory processes in
carrageenan-induced murine paw
edema and has antipyretic effect in mice
(Chandra et al, 2017). However, there
is no previous report on (3-selinene on
inhibiting specific pro-inflammatory
cytokines.

-Caryophyllene (1.33 in YNE
vs 1.16% amount in YNW), a bicyclic
sesquiterpene constituent of essential
oils, such as clove (Syzygium
aromaticum (L.) Merrill & Perry)
(Batiha et al, 2020) and cinnamon
(Cinnamomum loureirii Nees) (Liang
et al, 2019), reduces inflammation of
carrageenan-induced rat paw edema
(Bakir et al, 2008) and inhibits
production of pro-inflammatory
cytokines, such as IL-1(, IL-6, nitric
oxide, and TNF-«, activities of
cyclo-oxygenases (COXs)-1 and -2,
and NF-xB activity in activated B
cells (Francomano et al, 2019).
f-Caryophyllene demonstrates
potent antibacterial activities against
Bacillus cereus, B. subtilis, E. coli,
K. pneumoniae, P. aeruginosa and
S. aureus (Dahham et al, 2015).

The present study demonstrates
YN has anti-inflammatory property
through inhibiting pro-inflammatory
cytokines PGE2, nitric oxide and TNF-«a
production that are related to both acute
and chronic inflammatory processes
(Zhang and An, 2007; Landskron et
al, 2014). This not surprising as the
majority of YN plant ingredients have
anti-inflammatory activities (Table 1).
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The results are in accordance with a
previous study on YN main ingredients
(Pikad Navakot) demonstrating anti-
inflammatory activity (Gerdprasert et
al, 2019).

In conclusion, the study shows
aqueous and ethanolic extracts of
“Yahom-Navakot”, a Thai traditional
herbal remedy for treating post-fever
symptoms (“Lom Plai Khai”) still
in current use, exhibit anti-bacterial
and anti-inflammation properties. In
addition, identification of constituents
present in the two extracts by gas
chromatography-mass spectrometry
provides data leading to future
identification of key bioactive
compounds that could be exploited
in development of Thai medicinal
herbs for adjunct treatment of bacterial
infection and inflammatory symptoms.
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