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The worldwide increase of multidrug resistance in both community- and health-care associated bacterial infections has impaired
the current antimicrobial therapy, warranting the search for other alternatives. We aimed to find the in vitro antibacterial activity
of ethanolic extracts of 16 different traditionally used medicinal plants of Nepal against 13 clinical and 2 reference bacterial species
using microbroth dilution method. The evaluated plants species were found to exert a range of in vitro growth inhibitory action
against the tested bacterial species, and Cynodon dactylon was found to exhibit moderate inhibitory action against 13 bacterial
species including methicillin-resistant Staphylococcus aureus, imipenem-resistant Pseudomonas aeruginosa, multidrug-resistant
Salmonella typhi, and S. typhimurium. The minimum inhibitory concentration (MIC) values of tested ethanolic extracts were
found from 31 to >25,000 pg/mL. Notably, ethanolic extracts of Cinnamomum camphora, Curculigo orchioides, and Curcuma longa
exhibited the highest antibacterial activity against S. pyogenes with a MIC of 49, 49, and 195 ug/mL, respectively; whereas chloroform
fraction of Cynodon dactylon exhibited best antibacterial activity against S. aureus with a MIC of 31 yg/mL. Among all, C. dactylon,
C. camphora, C. orchioides, and C. longa plant extracts displayed a potential antibacterial activity of MIC < 100 pg/mL.

1. Introduction

The emergence and spread of multidrug-resistant (MDR)
bacterial pathogens have substantially threatened the current
antibacterial therapy [1]. MDR bacterial infections often lead
to increased mortality, longer length of stays in hospitals, and
higher cost of treatment and care [1, 2]. The most problematic
bacteria include, but are not limited to, extended-spectrum
B-lactamase-producing Escherichia coli (ESBL-EC) and Kleb-
siella pneumoniae (ESBL-KP), carbapenem-resistant Enter-
obacteriaceae, Pseudomonas aeruginosa, and Acinetobacter
baumannii, hospital-acquired methicillin-resistant Staphylo-
coccus aureus (MRSA), and vancomycin resistant Entero-
coccus (VRE) [2-4]. Thus, Infectious Diseases Society of

America has recognized MRSA, VRE, ESBL-EP, ESBL-KP,
and Pseudomonas aeruginosa as notorious pathogens among
the six major pathogens to which therapies with effective
newer antimicrobials are urgently required [1, 4].

The therapeutic options for these pathogens are extremely
limited and physicians are forced to use expensive or pre-
viously discarded drugs, such as colistin, that are associ-
ated with significant side effect to the patients’ health [1].
Therefore, it is necessary to search the other alternatives
that can potentially be effective in the treatment of these
problematic bacterial infections. The usefulness of plant
extracts for antimicrobial therapy and/or other diseases have
been observed to be promising remedies since ancient time
in Chinese medicine, Ayurveda, Arabic, and Unani medicine
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[5]. The inclusion of traditionally used medicines including
phytomedicine, if they prove safe and effective, into national
health care system is suggested by World Health Organization
[5]. Although a large number of medicinal plants (>500
plants) have been reported to be used by Nepalese people
since a long time for primary health care, there has been a
paucity in data regarding their in vitro or in vivo efficacy [6].
In this study, we aimed to determine the in vitro antibacterial
activity of extracts from some selected medicinal plants from
Nepal against the most common bacterial pathogens includ-
ing MDR bacteria. The sixteen selected plants in this study
have remained as integral part of traditional medicine in
Nepal to treat different types of infectious diseases, including
diarrhea, respiratory tract infection, cholera, and skin and
wound infections (Table 1).

2. Materials and Methods

2.1. Plant Materials and Extract Preparation. Popular plants
used in traditional medicine by the Nepalese people across
the country, based upon previous ethnobotanical literatures
and potential medicinal values as judged by local healers,
were screened and selected to include in the present study.
The collected plants were identified at the National Herbar-
ium and Plant Laboratories, Kathmandu, and the voucher
specimens have been deposited at National Academy of
Science and Technology, Nepal. The most potential parts of
the plants that could exhibit antimicrobial activity as judged
by the traditional trend for the parts to be used for the
treatment of diseases were selected for the study (Table 1). All
collected plant materials were air-dried at room temperature
under shade, and pulverized into fine powder and processed
for extract isolation. The elaborated steps for the isolation
and processing of the plant materials are covered in supple-
mentary information (details are in Supplementary Material
available online at http://dx.doi.org/10.1155/2015/265425).

2.2. Antimicrobial Testing

2.2.1. Bacteria. A total of 15 bacterial species were used in
the study, which includes ten Gram-negative bacteria (clinical
strains: ESBL-EC, Citrobacter freundii, Enterobacter cloacae,
ESBL-KP, imipenem-resistant P. aeruginosa, S. enteritidis,
MDR S. typhi, S. typhimurium, and Vibrio cholerae and a
reference strain E. coli ATCC 25922) and five Gram-positive
bacteria (clinical strains: MRSA, Enterococcus faecalis, Strep-
tococcus agalactiae, and S. pyogenes and a reference stain
S. aureus ATCC 25923). All of the tested bacteria were
identified and characterized by culturing in the specific
appropriate media followed by the rapid testing (Grams
stain, catalase, oxidase, coagulase, and bile solubility) and
the biochemical testing (IMViC (Indole, methyl red, Voges-
Proskauer, and citrate), TSI (triple sugar iron), O/F (oxida-
tion/fermentation), urease, and nitrate reduction). Antimi-
crobial susceptibility was performed for all tested clinical
bacterial strains by disk diffusion method following Clinical
and Laboratory Standards Institute (CLSI) recommendations
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[7]. For the characterization of MDR bacteria, a recently stan-
dardized definition for MDR by European Centre for Disease
Prevention and Control (ECDC) and Centers for Disease
Control and Prevention (CDC) was followed; accordingly
MDR was defined as acquired nonsusceptibility to at least
one agent in three or more antimicrobial categories [3]. The
antibiotic resistance pattern of tested bacteria is shown in
Supplemental Table 1.

2.3. Standardization of Bacterial Suspension. The bacterial
suspensions were standardized following the CLSI guidelines
for aerobic bacteria [8]. All of the tested bacteria were
grown in Mueller Hinton Broth (MHB, Hi-Media) for 18-
24 h, followed by the matching of bacterial suspension to
the turbidity equivalent to 0.5 McFarland solution (1-2 x
10% CFU/mL) with the addition of sterile saline.

2.4. Minimum Inhibitory Concentration (MIC) Determi-
nation. Antibacterial activities of the extracts were first
screened by agar-well diffusion method as described previ-
ously [9]. The MIC testing was performed for all the plant
extracts that were judged as active (inhibition zone > 7 mm)
against at least one test organism by agar-well diffusion
method. The MIC values were determined by microbroth
dilution method using 96-well plates (detailed procedure is
in Supplementary Material).

3. Results and Discussion

A total of 16 ethanolic extracts from 16 nonrepetitive plants
were tested for antibacterial activity qualitatively as well as
quantitatively against the 13 clinical bacterial species and
the 2 reference bacterial species. The MDR and non-MDR
clinical strains used in this work were isolated from human
infections diagnosed in a tertiary care hospital of Nepal
(Supplemental Table 1). Although some extracts exhibited a
good antibacterial activity towards different tested bacterial
isolates, many plant extracts exhibited a limited antibacterial
activity against the test bacterial isolates as judged by their
higher MIC values (Table 2). However, these extracts showed
the larger inhibition zone (by agar-well diffusion method,
Supplemental Table 2) as well as low MIC values (Table 2)
against the Gram-positive bacteria when compared against
the Gram-negative bacteria. Our results are in agreement
with several previous findings demonstrating greater activity
of the plant extracts towards Gram-positive bacteria com-
pared to Gram-negative bacteria [10, 11]. One of the most
plausible reasons behind such observation, as also mentioned
by others, is the different nature of cell wall among Gram-
positive and Gram-negative bacteria [11]; however efflux
pump system of Gram-negative bacteria may mediate for
such difference [12].

The strongest antibacterial activity (MIC = 49 yg/mL)
was observed for the extracts from Curculigo orchioides and
Cinnamomum camphora against S. pyogenes, followed by
Curcuma longa extract against E. faecalis (MIC = 98 ug/mL)
(Table 2), establishing the traditional values of the use of these
plants for the remedies of bronchitis, and skin and/or wound



BioMed Research International

ersdodsAp ‘qeayrrerprjue

[z 12] SE OTUTWI[2YIUE ST ‘BUIZD3 ‘DSEISIP UG sired [eray (0yreIIYD) BPAIIYD (srR0RUENUDD)) "qXOY VJIADAIY? DILIMS -SA
[ee 1z “61] mzmwowwwﬁwwﬂmmw\wgHMMWMWMMMNMW 100y (eypueSedres) sunuadiag (sraoeuhoody) T vuruadias vifjomnvy 12-S)
[zz 12] erIw JIeq ‘saARaT (nnepag ‘equiy) eaens) (9®a0RIAIN) T vavlvnd wnmpisq 02-S)
‘soq1d ‘spunom ‘synd L193uasLp “edyrrer(y : : e
[zz 12 mw“ﬂwmﬂwﬂ MMQMM_MMMEMMMMHM Mﬂw saAed] (08yurn) ofxurn (srade0BUID) “Budids vqoyrq oSyurD 61-)
[zz “12] ondasnue se s[10q ‘spunom ‘syny S9ARY] (exewrueq) L103edng ‘paom uoyor)  (seysodwo))) “Juaxds winioydouapy wintiogpdnyg ST-SM
[zz ‘12 ‘61) SOISNUISTIUE SB ‘9[LIQIJIIUE SB dA1jexe] yuerd spoypm (orel1qy) paamPIYD) MOUSIUYA (sraoeAydokieny) "prIpm vivp.0d vrivwliq L1-S)
[2z 1z “61] STOpIOSIP juerd a[oy M (oqn(q) ssexd qoo(q ‘sserdepnuriog (sr20RO0q) " UOA10VP UOpOUAD) 91-
£reurmo)ruag ‘uonsadipur ‘spunom ‘synd 149109 q 4 P 1410p uop
o snurwRyue se danedind se ‘spunom )
[z ‘12 “61) I WSHRUMAYI DYIPYIPWIOS T9Ad] juerd sjoym (1129 9seyey) 19ppoq (9B20BINDSND)) "qXOY VXIfa4 DINISNY) ST-SY
e SIOPIOSIP JOAT[ “@dTpune( . .
[zz ‘12 “61] nuIYIUe se spunom syns ondasuy SaWozZIYY (TpreH ‘Tesaq) oraunIng, (seaoeIaqISury) 1 vuo] vuinainy PI-S
[zz “12] OSLOSIP UPIS SAWOZIYY (o[Isny(J “TresSnIA OeY]) S[eSNUI Yor[g  (SBIOLPI[[ATRWY) UIIdRD) SapP101Y240 031nIIN)) -
ONINIP JUIDNWIP KI2JUsSAp “BIYLIRI] : : ’ : o :
. £sdaqids “eruowmaudoypuoiq . . .
[zz 1z] ‘sTyoU01q ondesTue sy YIeq ‘Spass ‘saABd (100dey]) Joydurey (seaoene) T vioyduwd wnwowvuui) -
[zz ‘12 “61) uonsaBiput ‘sixdpn Asoxday yuerd spoy (a1deypoyn)) 310mAUuag 197eM (srIayI[PqUIN)) T PIYVISD D]jAIU)) 11-SM
UOTJOIJUT 0BT} ATRULIN ‘SISLISIP UDS ’ o
. OLI)UISApriue . .
[zz ‘12 ‘61] e “eoqLIEIp So[qNOx ATeuniy) Wd)S ‘SaWOZIYY (o[umy]) LreAejeys (9B22®IIT) "PIIM SHSOU200.L SNSDIVASY 01-S
[zz T2] éﬁboﬁ&“%wﬂ%ﬁﬁ MMMMMWMW syred ey (rredor) 310M 3NN (seysodwo))) T suvna visiualLy 6-S
] duIwPyjue se )
[zz 1] T —— SIART (oInsy) nu 1eqeeN (seadeyyuRdY) T VIISVA DPOIVYPY 8-S
[0z “61] upys .m:oﬁhww_ﬂwm%w %MMNMM%MM .NMMMU@ SAWOZIYY (oylog) snurere)) ‘Jeyy j0amg (Seadr1y) "I snuwvpI sni0dy £~
SOUISY SN [eUDIPaWOUY) AJ[BUONIPLI) PIsn S}Ieq JWeU ([BJ0]) UOWWIO)) (Arurey) sureu [estuejog IoquuInu ISYdNOA

‘uonjenyeAd AJ1A1OE [eLIa)oRqnUE 31} 10J pasn [edoN Jo sjue[d Pajda[as Jo elep [eUIdIpaWOUY)Y ;] A1dV],



BioMed Research International

“A[oAT)20dsar “e119)0eq 9AnIsOd-ureIn) pue aAne3aU-UIRID) () JOJ PIsn SINIP 2dUIYAY = q PUE ©
“A[oAaryoadsar “er1a3oeq 2AT)IS0d-WeID) pUR B1I2)0Bq JAI}ESIU-UIRIL) J0J SSNLIP 2OUIJAT SB PASN 2TIM UIDATWODURA PUB UIDIUIRIUDD) "dV4I]0YD OLIQIA IA ‘WintinuiiydA] vjjououvs :uijs 9ydqj vjjauouips yueisisai-Snipnmu
\LS-IAIN ‘sauadodd sn220203da.g :ds ssipiniagua vjjououvs a8 av1ov|pdy s1n220203da41S VS SNaINY s122020]AYydpi TURISISII-UI[DIYIIW YV SYIA (76T DDLY) SHa4nv sn22020]Aydv3§ s ‘DsouLdnLov SvUOULOPNasq
jue)sisal-wauadIw (Y Y] oviuownaud vjjaisqap-Sutonpoid-aseurejoe]-g wnioads-papuaixa: M-S 02 viyriaysg Junnpoid-asewre)de[-g wnioads-papuaixs :DF-TGSH {(TT6ST) 102 v1yd1IaYISH 7 ‘SipIav)
SN22000491UT : [ 90IV0]D 42]0VQOIIIUT 0T HpunaLf 1219vqo410) :f7) {(3NIp 90UIJAI 10) 159) 0] A[LIINS JOU JO POYIIW UOISHYIP [[om-TeSe £q 1090 £10JIqIYUT 9y} MOYS JOU PIP s}oe1xa Jue[d asnesaq paysa) Jou : —

> > > > > — — — — — — — — — — QUIDTUODUBA
- - — - - 79 > > ¥9 o1 > 43 > > 79 LUIEIUD
- — 059 — 0529 00Sz1 - - - rats - — 00sTl  00STI — vifvinyd viIoMg
sTle STIE 0579 0ST9 079 0529 —  0ST9  STE 0579 - 00sTt  —  00STI - vujuadias vijjomnvy
- sTie  0ST9  STE 0§79 szig 0S79  STIE I8 0579 0529 e oostt  — — vavfond wnipisd
00SZl  0SZ9 0579 00STL  00STI - - — - - - - - - — vqop1q 051D
— 059 suE  STE SUIE 0529 - - sue - 0529 —  00STL  00STI — win.oydouapo wntiopdng
00szl  STIE 0579 — 00T 0529 —  0S79 0§79 00SCI — — 059 — — vyppi0d VLPUAL
sTie 8L s6l - T6€ T6€ 0S79 TSI I8, 0579 2951 - 18/ 18. 2951 uojijovp uopoutd
- 8. 0S79  00STL  00STI 0529 - —  0SZ9 00Tl 0579 - T9ST  00STI — vX3}fa4 DRI
0S79  S6I  STIE 86 0529 - - - - - - - 95T 0879 — vSuo) punoIn)
- 6% 00sTl  —  00STI 029 - — 00STl  0S79 - — o0oszt  — — sap1on{240 0Zn2n)
- 34 stre sue - rats - I8 - - — — 0579 0879 — pa0yduiv) wnuowUUL)
00sTl  STIE 0579 — 00T - - — - - - - - - — vI1DISY V]ja1UI)
— 16€ —  o00sT — — — — 0509 — 00821 — — — - snsouiov. snspvdsy
- 6 STle  0sT9  STIE 0529 —  0s%9 079  — 0529 - rats - - sLvSina visualy
00stI 005t - - - - - - - - - - - 0529 — vIIsvA vpoIwypy
0s79  suie — 0509 - - - - 059 — 00sz1 — seig - — snuvjv) sniosy

1v8 ds vs A VSIN  d-IgsE oS w4S VMl pd ISUAN D I\ o Od-14SH sorads Juv
eLId)ORq 2AT)ISOd-wreIn) BLID)ORQ JAT}ESOU-TIRID) : Id

"eL12)08(q JsUTESE SOI0IqIIUE 2OUIJI pue s3oenxa juefd [ouey)a jo (Tu/SH DIIA) UOIIBIIUOUO0d AIONqIYUT WNWIUIIA g TIIV],



BioMed Research International 5
TaBLE 3: MIC (ug/mL) of subfraction of ethanol extracts of Cynodon dactylon and reference antibiotics against bacteria.
Solvent system Gram-negative bacteria Gram-positive bacteria
ESBL-EC  Ec Ve Cf MDR-ST Ecd IRPA Stm Se ESBL-KP MRSA Ef Sa  Sp Sal
n-Hexane — — — — — — — 500 — — — — - = —
Chloroform 250 63 — — — 125 — 500 — — 63 R —
n-Butanol — - — - = - 250 125 500 63 — @ —
Water — — 500 — — — — — — — — — - — —
Gentamicin® 64 <1 <1 32 <1 16 64 <1 <1 64 — — - - =
Vancomicin® — — — — — — — — — — <1 <1 <1 <1 <1

“—”: not tested because plant extracts did not show the inhibitory effect by agar-well diffusion method or not suitable to test (for reference drug); Cf: Citrobacter
freundii; Ecl: Enterobacter cloacae; Ef: Enterococcus faecalis; Ec: Escherichia coli (25922); ESBL-EC: extended-spectrum f-lactamase-producing Escherichia coli;
ESBL-KP: extended-spectrum f-lactamase-producing-Klebsiella pneumoniae; IRPA: imipenem-resistant Pseudomonas aeruginosa; Sa: Staphylococcus aureus
(ATCC 25923); MRSA: methicillin-resistant Staphylococcus aureus; Sal: Streptococcus agalactiae; Se: Salmonella enteritidis; Sp: Streptococcus pyogenes; MDR-
ST: multidrug-resistant Salmonella typhi; Stm: Salmonella typhimurium; Vc: Vibrio cholerae; a and b: gentamicin and vancomycin were used as reference drugs

for Gram-negative bacteria and Gram-positive bacteria, respectively.

infections. C. dactylon extract showed a broad-spectrum
antibacterial activity compared to other extracts inhibiting
12 bacterial species including MDR-ST, ESBL-EC, ESBL-KP,
and MRSA with MIC values ranging from 391 to 3125 ug/mL
(Table 2). Therefore, ethanolic extractof C. dactylon fraction-
ated into different solvents to evaluate its antibacterial prop-
erty and chloroform fraction exhibited good inhibitory effect
with MIC values ranging from 31 to 250 ug/mL (Table 3).
The minimum bactericidal concentration (MBC) values of
the plant extracts against tested bacterial species were also
found largely higher and ranged from 98 to >25,000 pg/mL
(Supplemental Table 3). The observed MIC and MBC values
of the plant extracts in this study are in a range or lower
than the values of other plant extracts reported from different
countries [13-15], but are higher than those values that have
been reported in a number of reports [11, 16, 17]. The high
temperature during soxhlet extraction in our study might
be responsible for the degradation of antibacterial active
ingredients.

In our study, the plant extracts from C. longa, G. biloba,
and R. serpentina were demonstrated to inhibit the growth
of all tested Gram-positive bacteria, whereas only the plant
extract from C. dactylon was observed to inhibit the growth of
all tested Gram-negative bacteria except C. freundii (Table 2
and Supplemental Table 2). Recent studies on antimicrobial
effect of C. dactylon had shown that it is also effective
against some other bacteria, such as Bacillus subtilis and
Aeromonas hydrophila [18]. Although certain number of
extracts exhibited good antibacterial potency, in contrary
to our expectation, a limited antibacterial potency of some
plants suggest that there is no complete agreement between
the traditional use of medicinal plants in the crude form for
the remedy of infectious diseases. Further study, however,
is still warranted to explore their effectiveness to inhibit the
growth of parasites, viruses, and/or fungi. Another possibility
for the limited antibacterial potency of some plants may be
due to soxhlet extraction method and use of crude extracts.
Instead of it, percolation extraction, subfraction, semipure
compound, or pure compounds isolated from these plants
might exhibit better antibacterial activity. Although we have
shown the potent in vitro activity of few traditional plant

extracts (e.g., C. camphora, C. orchioides, and C. longa) for
certain bacteria, we are not certain about if such activity
will be translated in vivo. Future epidemiological studies are
necessary to understand the effectiveness/impact of use of
extracts from such medicinal plants in population.

4. Conclusion

In this study we evaluated the antibacterial activity of 16
commonly used traditional medicinal plants from Nepal.
Some extracts displayed a potent antibacterial activity with
MIC <100 pg/mL, indicating that these plants could be a good
source for the antibacterials to combat MDR bacterial infec-
tions. Further studies are necessary for these potent plant
extracts to evaluate the other parameters of antimicrobial
efficacy (e.g., in vivo efficacy, toxicity, and antimycobacterial,
antiviral, and antiparasitic activity).
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