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Abstract

Antibiotic resistant bacteria are being considered a serious public health challenge.
Levofloxacin is a broad-spectrum antibiotic, developed to replace previously resistant
antimicrobials. The use of natural products as an antimicrobial drug is an alternative way to
reduce bacterial resistance by synthesized drugs and enhance their efficacy. Yahom-Navakot
(YN) is a Thai remedy in the Thai essential drug list. The indications for YN treatment
are to relieve fatigue, dizziness, malaise, and vomiting after alleviation of fever. Previous
studies have reported antibiotic enhancing effects of YN. This study was aimed to evaluate
the antibacterial activities of levofloxacin and Yahom-Navakot Remedy Extract.

YN remedy was macerated with 95% ethanol, after solvent evaporation the extract was
combined with levofloxacin (1:1). By using modified resazurin in the broth micro-dilution
assay, the antibacterial activities of the combination were evaluated against the pathogenic
bacteria; Staphylococcus aureus (DMST 20651), Methicillin-Resistant Staphylococcus
aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), Pseudomonas
aeruginosa (ATCC 27853), Klebsiella pneumoniae (ATCC BAA 2789), Salmonella typhi
(DMST 22842), Shigella dysenteriae (DMST 15111), and Escherichia coli (ATCC 25922).
P. aeruginosa, MRSA, S. typhi, S. dysenteriae, and E. coli were antibiotic resistant bacteria
strains according to WHO criteria. Levofloxacin was used as a control in this study.

In vitro YN extract showed potent antibacterial effect against S. aureus (MIC = 0.625,
MBC = 0.39 mg/mL), MRSA (MIC = 0.625, MBC = 25 mg/mL), and S. epidermidis
(MIC=0.3125, MBC =50 mg/mL). YN extract (At MICs against selected bacteria strains)
demonstrated enhanced antibacterial activities of levofloxacin against MRSA (MIC <3x107%,
MBC < 3x10*® pg/mL) and S. epidermidis (MIC = 0.048, MBC = 25 pg/mL) as determined
by reduced MICs and MBCs. However, it did not affect other selected bacteria strains;
P. aeruginosa, K. pneumoniae, S. typhi, S. dysenteriae, and E. coli (MIC > 5 mg/mL).

YN showed evidence of antibacterial activity. It had potential antibiotic enhanced activity
with levofloxacin; however, further in vivo and clinical studies are essential to evaluate YN’s
efficacy and safety.

Yahom-Navakot remedy, Levofloxacin, Bacterial antibiotic resistance, Antibacterial
activities
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Introduction

Antibiotic resistance bacteria is a serious
public health challenge caused by the overuse of
antibiotics, inappropriate prescriptions, extensive
use in agriculture, unavailability and expense of
new antibiotics, and regulatory barriers.! MRSA
(Methicillin-resistant Staphylococcus aureus)
infection is one of the causes of nosocomial
infections and an important unsolved problem in
health systems. It can cause skin and soft tissue
infections, bone and joint infection, pneumonia,
bacteremia, and endocarditis.” The prevalence of
MRSA infection differs around the world. The range
of invasive MRSA isolated in Europe was between
0.9% to 56%.> When compared with S. aureus
infections, MRSA infection was found between
13 to 74%.* Several studies indicate prevalence of
MRSA in Thailand.> ¢ From 2009 - 2014, MRSA
prevalence among S. aureus bacteremia cases was
10% in rural Thailand.> One of the studies reported
that 17% of MRSA infection was evident from
patients who attended outpatient and inpatient
departments from January to December 2017 at
King Chulalongkorn Memorial Hospital, a tertiary
care center and a university hospital in Bangkok,
Thailand in 2017.¢ Comorbidities significantly
associated with MRSA were cardiovascular,
neurological, and chronic lung diseases.®

It is imperative to judiciously prescribe
appropriate antibiotics for treatment of infections.
Many generations of broad-spectrum antibiotics
have been developed. Levofloxacin is one of the
new generation antibiotics and is a broad-spectrum,
third-generation fluoroquinolone antibiotic. It is an
antibiotic of choice to treat respiratory infection,
especially; nosocomial pneumonia, urinary tract
infection, and skin infections.” According to many
in vitro reports, levofloxacin showed better effec-
tiveness against some drug-resistant bacteria such
as Methicillin-Resistant Staphylococcus aureus
(MRSA) than other members of the fluoroquino-
lone group.®® However, the high dose and volume
of prescription and overuse may cause many side
effects with patients including antibiotic resistant
problems. Accordingly, the World Health Organi-
zation (WHO) has responded to this problem by
suggesting a global action plan on antimicrobial
resistance to reduce bacterial resistant problems.!'?
Studies on how to enhance the antibiotic effect and

reduce the overuse of antibiotics were amongst the
WHO'’s strategies outlined.

Yahom-Navakot (YN) is a well known and
widely herbal remedy used in Thailand. Its proper-
ties are suggested to relieve dizziness, malaise,
and vomiting, especially; to treat Lom Plai Khai
(The symptoms after fever decreasing such as body
pain, debility, dizziness, and flatulence). From the
analysis of YN’s ingredients (show in Table 1), some
of the ingredients are known to have antibacterial
effects and antibiotic-enhancing effects, such as
Zingiber officinale Roscoe, Glycyrrhiza glabra
L., and Carum carvi L.** Moreover, 43 out of the
55 herbal ingredients of YN have demonstrated
antibacterial activities against gram positive and
gram negative bacteria. Bacteria examined to be
susceptible to YN include Staphylococcus aureus,
S. epidermidis, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Salmonella typhi, Shigella dysenteriae,
and Escherichia coli. Only 5 herbs were active
against Methicillin-Resistant Staphylococcus
aureus (MRSA). These were the extracts of Eleusine
indica, Myristica fragrans, Piper sarmentosum,
Pogostemon cablin, and Terminalia bellirica
(Table 2).

Many investigations using natural products
to reduce resistant-bacterial strains, side effects of
antibiotics, and enhancing antibiotics effect have
been undertaken.! There were several studies
about the combinations of antibiotics and natural
products, for example, the study of the combination
of Chinese herbal medicine and antibiotics on
extensively drug-resistant enterobacteria and
non-fermentative bacterial infection'? and the study
of the combination effects of ethanolic extract of
buffalo thorn (Ziziphus mucronata Willd. subsp.
mucronata Willd.)" and antibiotics against clinically
essential bacteria.®

There were several studies using combina-
tions of antibiotics with many herbal ingredients in
YN (Table 3). The seeds of Carum carvi were shown
to enhance the bioavailability of cefdinir (89%)
and cloxacillin (100%).'* Cuminum cyminum seeds
provided antibiotic bioenhancing activity in the
range of 25 - 335%.'* Glycyrrhizin; the main chemical
component of Glycyrrhiza glabra, enhanced
bioactivity of rifampicin, ampicillin, tetracycline,
and nalidixic acids against M. smegmatis, B. subtilis,
and E. coli.'* Methanol and hexane extracts of
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Nigella sativa L. could increase the permeation of
amoxicillin significantly (P < 0.001) as compared
to the control.” The extract of Pimpinella anisum
seeds showed synergism with cephradine against
S. pneumonia and S. aureus as evaluated using the
disc diffusion method.®® Sophoraflavanone B; the
main chemical constituent from Sophora tomentosa
L., markedly reduced the MICs of the B-lactam
antibiotics; ampicillin (AMP) and oxacillin, ami-
noglycosides gentamicin, quinolones ciprofloxacin
and norfloxacin against S. aureus; MRSA.% The
essential oil from Trachyspermum ammi can reduce
the MICs and inhibition zone of gentamicin against

S. aureus; MRSA.” Ginger enhanced the bioavail-
ability of rifampicin by 65%, ethionamide by 56%
and Azithromycin by 78% (Table 3). The results
of these studies, supported the possibility of using
traditional medicines including herbs to enhance the
therapeutic effects of antibiotics.

Analysis of YN’s ingredients suggests
further study of YN as an antibiotic enhancer is
scientifically prudent. There has been no research
published to date on this issue. This study was aimed
to evaluate the combined antibacterial activities
using levofloxacin and YN extract.
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Methods

1. Plant Material and Extract Preparation

YN is composed of 55 herbs, shown in
Table 1. All YN’s ingredients were bought from a
local market in Bangkok, Thailand. All 55 crude
drugs were identified by a Thai traditional doctor,
and then mixed according to the Thai National
essential drug list. The herbal mixture was macer-
ated with 95% ethanol for three days. The 95%
ethanolic extract of Yahom-Navakot remedy (YNE)
was filtered through Whatman no.1 filter paper and
concentrated using a rotary evaporator. The crude
extract was allowed to dry at 50°C and refrigerated
at -20°C. The extract was redissolved by dimethyl
sulfoxide (DMSO) before antibacterial testing.

2. Antibiotic Preparation

Thammasat University Hospital, Thailand,
supplied levofloxacin used in this study. Levofloxa-
cin was prepared at 100 mg/mL concentration by
dissolving levofloxacin 500 mg (Tablet) in distilled
water and mixed by vortex mixer until completely
dissolved. The dissolved levofloxacin was kept in
the refrigerator at 4°C.

3. Bacterial Strain

The pathogenic bacteria were selected
based on the incidence rates of antibiotic resis-
tances and common clinical bacterial pathogens.
All bacterial strains were purchase from ATCC and
DMST. These were Staphylococcus aureus (DMST
20651), Methicillin-Resistant Staphylococcus
aureus (ATCC 25923), Staphylococcus epidermidis
(ATCC 12228), Pseudomonas aeruginosa (ATCC
27853), Klebsiella pneumoniae (ATCC BAA
2789), Salmonella typhi (DMST 22842), Shigella
dysenteriae (DMST 15111), and Escherichia coli
(ATCC 25922). P. aeruginosa, MRSA, S. typhi,
S. dysenteriae, and E. coli were antibiotic resistant
bacteria strains according to WHO criteria.”
Selected bacterial strains were cultured in nutrient
agar (NA) plates and incubated at 37°C for 24 hours.
The cultured bacterial strains were transferred from
NA plate to tubes containing Mueller-Hinton broth
(MHB) and incubated at 37°C for 2 hours. The
turbidity of selected bacterial strain was controlled
at 0.5 McFarland before the determination of
antibacterial activities.

4. Determination of Minimum Inhibitory
Concentration (MIC)

Modified Resazurin in broth microdilution
assay'> was used to determine the minimum
inhibitory concentration of YNE and the combination
therapy of levofloxacin and YNE. The concentration
of levofloxacin was 0.003 - 100 pg/mL and
0.039 - Smg/mL for the YN extract. The mixtures
were prepared by 2-fold serial dilutions in MHB.
The concentrations of YNE were fixed at MIC
values against each selected bacterial strains. The
final volume was 100 uL, and the final bacterial
concentration was 5x10° CFU/mL in each well.
The controls included, MHB alone, MHB contain-
ing selected bacterial strains, and MHB+0.02%
DMSO. A 96-well plate was incubated at 37°C for
18 hours. In the evaluation step, resazurin (10 pL)
was added into a 96-well plate and incubated again
for 2 hours. The resazurin color was observed and
recorded for antibacterial activity evaluation. All
tests were done in triplicate.

5. Determination of Minimum Bactericidal
Concentration (MBC)

After determining MIC values, a portion
of solution (5 pL) from each well that showed no
growth of bacteria was streaked onto a nutrient
agar plate and incubated at 37°C for 24 hours. The
minimum concentration with no bacterial growth
was determined to be the MBC value.

Results

From the results of antibacterial activities
of YNE, the extract showed antibacterial effects
against selected bacterial strains including S. aureus
(MIC = 0.625 mg/mL), MRSA (MIC = 0.625 mg/
mL), and S. epidermidis (MIC = 0.3125 mg/mL).
However, YNE did not have inhibitory activities
against other selected bacterial strains (MIC > 5
mg/mL).

In the determination of the combination of
levofloxacin and YNE in the antibacterial activities
assay, the concentrations of the extract at MIC
values against each selected bacterial strains were
used (S. aureus; MIC =0.625 mg/mL, MRSA; MIC
=0.625mg/mL, and S. epidermidis; MIC = 0.3125
mg/mL). On the other hand, for the non-susceptible
bacterial strains the MIC was greater than 5 mg/mL
(K. pneumoniae, P. aeruginosa, E. coli, S. dysenteriae,
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and S. typhi). The combination therapy with
levofloxacin and YNE showed lower MIC and
MBC values against MRSA and S. epidermidis
than levofloxacin alone. The combination showed
the most effective against MRSA as demonstrated
by reduced MIC and MBC values (MIC < 3x10*
pg/mL and MBC < 3x10®*ug/mL) compared with
levofloxacin alone (MIC = 6.25 pg/mL, MBC = 25
pug/mL). An attempt was made to determine MIC
and MBC values by reducing the proportion of YNE
by half, however this combination did not show any
enhancing effect (Table 4). These findings suggest
that the concentration of YNE in the combination
was the optimal concentration for a synergistic
effect with levofloxacin. For S. epidermidis, the
MIC value of the combination was equal to levo-
floxacin’s MIC value (MIC = 0.048 pg/mL) but
the MBC value was lowered (MBC combination
=25 ng/mL, MBC levofloxacin = 50 pg/mL). The
antibacterial activities of the combination against
S. aureus, K. pneumoniae, P. aeruginosa, E. coli,
S. dysenteriae, and S. typhi, did not show any
enhancing effect of YNE with levofloxacin
(Table 4).

Discussion

The combination testing between herbs and
antibiotics of YNE had a potent enhancing effect
with Levofloxacin against MRSA and S. epider-
midis by decreasing MIC and MBC. However, it
did not affect other selected bacteria strains. It was
the first study on the antibiotic enhancing effect of
YNE and demonstrated the value of herbal medi-
cine in combination with conventional medicine.
There were many studies about antibiotic enhancing
effects of natural plants. Cai et al. studied Chinese
herbal medicine combined with antibiotics to reduce
drug-resistant enterobacteria and non-fermentative
bacterial infection.'? The combinations showed better
outcomes than using antibiotics alone.'" There were
many advantages of the combination between herbs
and antibiotics such as enhancement of antibacterial
activity, treatment of mixed or severe infections,
reducing the time needed for long-term antibacte-
rial therapy and prevention of the emergaence of
antibiotic resistant bacteria.”!

All studies above support the use of many
natural plants as antibiotic enhancers. It is fascinating
for many researchers worldwide to study the

combination between natural plants and modern
medicines that it could expand the antibacterial
spectrum, reduce the emergence of resistant mu-
tants, and decrease toxicity.!® The previous studies
described that there were many antibiotic enhancing
mechanisms of herbs such as bacterial active site
modification, bacterial receptor blocking,!” active
efflux'® enzymatic degradation, antibiotic modifi-
cation,!® and accumulation of the antibiotic within
the bacterial cell due to decreased outer membrane
permeability.”* However, the study about mecha-
nisms is still ongoing to investigate the precise
mechanisms.

YN is a well-known Thai remedy and listed
in the Thai essential regimens. From the analysis of
YN’s ingredients in Table 1, all YN’s ingredients
could be classified into 6 groups by their tastes. The
most frequently found taste was spicy (23 herbs)
followed by bitter (14 herbs), fragrant (10 herbs),
sweet (5 herbs), sour (2 herbs), and astringent
(1 herb). Previous studies reported that the biomark-
ers of some spicy herbs had antibacterial effects.?!
Bitter herbs also showed antibacterial effects and
there was a positive correlation between bitter taste
and antibacterial effects.”? These studies supported
Thai traditional medicine principles that spicy and
bitter herbs enhance the immune system and elimi-
nate pathogens. Moreover, there were 45 from 55
herbs in YN’s ingredients that demonstrated anti-
bacterial activities related to the results of YN on
antibacterial activities (Table 2).

Most of the YN’s ingredients are herbs con-
taining many alkaloids, glycosides, fatty acids, and
volatile oils. P. longum L., one of YN’s ingredients,
contains an alkaloid named piperine. The previous
studies showed that piperine had an efflux pump
inhibited effect and can enhance multiple drugs’
activity as well as a nutritional bioenhancer, which
enhanced bioavailability and absorption of nutrients
by acting on the gastrointestinal tract.'* There
were reports on some of YN’s ingredients that had
antibiotic enhancing effects shown in Table 3. These
were Carum carvi, Cuminum cyminum, Glycyrrhiza
glabra, Nigella sativa, Pimpinella anisum, Sophora
tomentosa, Trachyspermum ammi, and Zingiber
officinale.

Previous studies on YN’s ingredients as
antibiotic enhancers, supported our results in com-
bining levofloxacin and YNE which specifically
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active against MRSA. Our findings could be applied
to reduce the dose, drug-resistant problem, and to
increase the efficacy of levofloxacin.

Because of the limitation of this study, the
results of antibiotic enhanced effect did not show
in fractional inhibitory concentration (FIC) because
some of the MIC and MBC values were less than
the minimum concentrate of experimental method
(< 3x108%ug/mL). The solution was reducing the
proportion of YNE by haft and determine MIC
and MBC values, however these results did not
show any enhancing effect.

In the future, the study about antibiotic
enhanced effects of YN in synergistic effect, addi-
tive effect, antagonism effect, and time kill study
should be considered to understand the mechanism
about antibiotic enhanced effects of YN. /n vivo
and clinical studies are essential to evaluate YN’s
efficacy and safety.
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