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ARTICLE INFO ABSTRACT

Articde history: Ohjective: To investigats the efficacy of 17 sthnomedicinal plants helonging to Apooynacess
Recaived 24 February 2014 family used in combination with 16 conventional antibioties agrinst non-multidrog resistant—,
Recrived im revised fieen 15 March 2014 multidrug resistant (MDR)—, and extennsive drug resistant (XDR) Acinstobacier baumannii
Accepled LY Apail 2014 (A, Baumanndi). Methods: Antibacterial activity and resistance modifying ability of 272
Available cnline 20 June 2014 combinations were determined by growth inhibition assays and further confirmed by timekill
aseay. Hesnlts: Among the combinations of the antibiotics with Apecynacene ethanol exiracts
] om this pathogen, 15 (3%) had synergistic effects, 23 (849 had partial synergistic effsots and 234
Keg:m:ﬁ. = (86%) had no effects. Synergistic activity was nbeerved mostly when the Apoeynacese extracts
Am'. |lmm wers combinad with rifarapicin or cefeeolin, Interestingly, 10 out of 17 combinations betwesan
Resist if i ; the extracts and rifampicin displayed symergistic or partial synergistio hehaviors. Holerrhena
Apocynaceas antidysenterica extract was additionally tested to restore rifampicin activity against clinical
Combination inolates of MDA and XDR A. beumannii. With reapect to total or partial synergy, 70% was XDR
Synergistic effect A. dmmannii isolates and 66% was MDR A, boumannil igolates. Concluslong: Holarrkena
ontidyrenferica extrect clearly demonstrated the ability to restore rifumpicin activity against both
A boumannii ATCC19606 and clinically isalated A. baumannii. Additional studies exmmining its
active principles as well as mechaimms of actioms such as the effects on afflnx pumpes and outer

membmoe permeahility alierabions are recommended,
example which uses a combination of amoxicillin and a
1. Introduection microbial-derived beta—lactamase inhibitor as 8 RMA

Increasing prevalence of multidrug resistant (MDR)
bacteria and limited treatment options have necessitated
the discovery of new antibacterial and resistance modifying
which potentiaie the activity of an antibiotic against a
reziztant strain and may also target and inhibit MDR
mechaniamalll, An application of a RMA with a conventional
antibiotic is well accepted. Augmentin” is an important
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(clavulanate)2], Recent experiments have additionally
demonstrated that molecules capable of blocking the
action of efflux pumps have the potential to circumvent
antimicrobial resistanceld], Stermitz ez el reported for the
first time the aynergiatic effect of a plant—derived ineffective
sotibacterial agent, berberine and a multidrug resistance
pump inhibitor, §’'-methoxyhydnacarpin produced by
Berberis apecies againat 8. aureusi]. Furthermore, aeveral
plani—derived alkaloids and polyphenols such as reserpine,
quinine, harmaline, piperine, epigallocatechin gallate,
tellimagrandin I, and Tugesin B have been demonstrated to
act as efflux pump inhibitors for Gram positive pathogenisl.
Recently, we have demonstrated that Holarrhena
antidysenterica (Linn) Wall. (Apocynaceae} possessed a
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remarkable RMA ability in combination with novobiocin
against Acinetobacter baumannii (A. baumannii) ATCC
19606161,

To our knowledge, there is no report on the RMA activity of
other ethnomedicinal plants from the family Apocynaceae
as well as relatively few studies have been carried out to
evaluate RMA activities of plant—derived compounds on A,
baumannii. Therefore, thia study was aimed to investigate
the RMA activity of medicinal plants belonging to the family
Apocynaceae in combination with conventional antibiotics
againat A. haumannii ATCC 19606 and a collection of clinical
A. boumannii inolates.

2. Mnteriaks and neethods
2.1. Bacterial strains and culture condition

Clinically isolated A. beumannii isolates were obtained
from Songklanakarin Hospital from pus (r=1), blood (r=2),
spuium (=5}, body fluid {3=4), and urine (n=7) samples of
infected patients, A, bamansii ATCC 19606 was employed
in this study as a quality control strain. The straina were
cultured on tryptic soy agar (TSA) (Difce Laboratories,
Detroit, MIy and incubated at 37 'C ovemnight. Colonies from
the plates were grown in Mueller Hinton broth (MHB) (Difeo
Laboratories, Detroit, MI) at 37 'C for 18—24 h and adjusted to
MeFardand standards No. 0.5, The suspensions were further
dihuted with MHB to obtain inocula containing 1x10° CFUAmL.

Susceptibility test was performed by the disk diffusion
method according to Clinical and Labaratory Standard
Imstitute (CLSD) recommendations(7l. MDR phenotypes
were defined as isolates registamt to at least three different
antimicrobial classes and the igolates resistant to all tested
agents were classified as extensive drug reaistant (XDR)

phenotypes(¥.

2.2, Medicinal plan: mazerials omd extraction

Seventeen selected plant species belonging to the
Apocynaceas family were selected based on their potential
use in folk medicine for treatments of diseases, or known
to have smtimicrobial activities as described in Table 1.
The medicinal plants were purchased from medicinal
herb retailers in Songkhla, Thailand and authenticated
by a taxonomist, Dr. Katesarin Maneencon and voucher
gpecimens were deposited at the Faculty of Traditional Thai
Medicine, Prince of Songkla University, Hat Yai, Songkhla,
Thailand. The samples were washed with distilled water
and dried at 80 *C overnight. Ground plant material (100 2
was macerated with 95% (v/) ethanol (500 mL) for 7 days
at room temperature. After filtratione through 8 Whatman
No. 1 paper, the filtrates were concentrated using a rotatory
evaporator, and kept at 55 C until they were completely
dried. Yields (%; w/w) of each extracts were calculated as
the ratio of the weight of the extract to the weight of the
herh powder. 4 stock aolution (200 mg/ml) was prepared
by dissolving the dried extract in dimethylsulfoxide [DMS0)
(Merck, Germarny),

2.3, Resistors modifying obility of medicinal plant exiracts

Intrinsic anti-A. baumannii ATCC10606 activities
of the Apoeynacene extracts and a panel of selected
antihiotics consisting of cell wall inhibitors (penicillin,
oxacillin, ampicillin, imipenem, cefazolin, ceftazidime,
and vancomyein), protein synthesis inhibitors (amikacin,
gentamicin, streptomyein, fusidic acid, erythromyein, and
tetracycline), DNA synthesis inhibitors (novobiocin and
ciproflozacin), and RNA synthesis inhibitors (rifampicing
were determined by growth inhibition assays as previously
deacribed®l. Briefly, the culture, containing 1x10°
CFU/mL (100 [ 1) was inoculated intc a 96—well microtiter

Takle 1

Medicinal properties and extmaetion yiclds of ethanol extracts of sclected Apocynacese ethoomedicinsl plants.

Medicingl plantg (Flant parts) Medicinal propertics Extraction yield (5 wiw)
Adenium obesum (Forask.) Rosmn. & Schult. (Laaves) Anti—cancer activity(20] 1.85
Allamande cothartics L. (Flowemn) Treating malaria and jaundice21] 479
Alnonin mecrophylls Wall. {Bak) Body tonic and anti—{ever agents(22] .76
Alstonia scholaris (L.} R.Br. (Bark) Treating asthms. and candian23) 443
Alyxia reinswardtii BL. var. fucida Markgy. (Branch) Antioxidant activity[24 4.51
LCarissa spinarum L. (Bmnch) Wound healing activity[27] 3150
Cotharanthus rarens L, (Branch) Used for treating cancers[26] 6,14
Cerbera manghas L. (Bark) Anti—cancer activity[27] 12.20
Lerbern odollam Gaerin, (Bark) Anti—cancer activity[28] 1546
Holorrhena antidyrenterice (L) Wall. (Bark) Antihacterial activity[29] 272
Holarrhena curtisi King & Gamble (Branch}) Ledahmanicidal activities[30] 251
Nerium olsander L. (Branch) Treating skin diseasea31] 4.52
Plumeria obtusa (Bark) Treating skin diseasea3Z] 68,75
Flismeria robra L, (Bark) Antibactetial activity[?] 752
Bawolfia serpenting (L.} Benth. ax Kirez (Root) Antiharterial astivity34 1.78
Thevetia perusiana {Pem.) K. (Bark) Antidiarrhoeal and antimicrobial activities[35] 11.66
Wrightic tomeniosa Roem. & Schult. (Branch) Antibacterial activity[35] 2.75
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plate containing 50 {2 L of the extract (1 000 f gfmL) or
the antibiotic and 50 p L of MHB. The antibiotics were
purchased from Becton Dickingom Microbiology Systems
(Sparks, MDD, USA), Difco (Detroit, MI, UBA) or made using the
laboratary collection of antibiotics.

The intrinsic antibacterial sctivity was exhibited ga the
percentage of growth inhibition (GI) after incubation at 37 1C
for 18 h and caleulated from the following equation:
& () = (OD,_,—0D VOB 100, {h

where, O}, is optical density (OD)) 620 nm of bacieria
culture in MHB supplemented with 1% (v/v) DMSO as a
positive control and OD,,, ia OD 620 nm of the bacterial
culture: in MHBE supplemented with the tested agent, The
0D, of respective blanka having only the extract was
subtracted to give the final 0D, G, and GI; represent the
percentage inhibition of bactenisl growth of the antibiotie
and extract, respectively.

Resistance modifying ability of each exiract was ohserved
by adding of 50 L of the tested extract into the tested
plate supplemented with the antibiotic instead of MHB. This
biclogical activity was exhihited as the percentage of growth
inhibition as well but calculated from the following equation:
%Grawth inhibition of the combination (Gl = 0D .-
0D, 0D . *100. @

where, OB, iz OD 620 nm of the positive control culture
and 0D, 1a 0D 620 nm of the bacterial eulture in MHB
supplemented with the extract in combination with the
antibiotic.

The interpretation of the combination waz classified as
synergism when GL/GI, and GI/GI; ratios were 22.0,
partial synergism when 1,55the ratios<2.0, and no effect
when the ratios <1.5. Ellagic acid at 40 # mol/L was
included as a pogitive control RMA in combination with
erythromyecin, novobiocin, and rifampiein against A.
baumannii ATCC19606,

The efficacy of combination therapy of the promising
medicinal plants in combination with the antibiotics was
additionally determined against 19 clinically isolated A.
baumannii isolates using the growth inhibition assay as
described above and further confirmed by a time—kill assay.

I'able 2
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3. Resylts

In this present investigation, the growth inhibition assay
was employed o develop another approach for combating 4.
baumannii infectiona using medicinal plants to potentiate
the: activity of antibiotics. Independently, 15 out of 17 tested
ethanol extracts st concentration of 1 000 ¢ g/ml. displayed
low inherent anti-A. beumannii activity (% of bacterial
growth inhibition was less than 75%) (Table 2. Only Alsionic
macrophylle and Carisse spirarum which completely
inhibited the bacterial growth at this ¢concentration
poaseased moderate antibacterial activity.

From 272 combinations tested between 17 medicinal
plants and 16 antibiotica, 15 (5%) showed synergism, 23
(8%) had partial aynergistic interaction, and 234 (86%) had
no effect. Synergistic activity was observed mostly when
the Apocynaceae extracts were combined with rifampicin
or cefnzalin agpinst A. baumannii ATCC19606. Synergistic
behaviors were displayed in cefazolin in combination
with Alsionia schelariz, Cerbera odollam, Holarrhena
anfidysenierica, Nerivm oleander, or Thevetia perumiana or
rifampicin in combination with Adenizon abesum, Holmrrhena
antidysenterica, Plumeria obiuse, Thevetia peruvigns, or
Wrightia pubescens (Table 3).

The ability of a representative effective resistance
modifier, Holarrhera cnitdysenierica to potentiate the
antibacterial activity of rifampicin against clinically isolated
A. baumannii was additionally evaluated to explore the
potential of developing a promising EMA (Table 4). The
interaction hetween the sthanol exiract and rifampicin was
synergistic and partially synergistic in £ (42.1%) and 3 (15.8%)
isolates of A. baumannii tested, respectively. With respect
ta total or paritial synexgy, 70%, 66%, and 33% of the isolates
were XDR A. baumannii, MDR A. baumannii, and non—MRD
A. botenannii, respectively.

The synergistic effect of this combination was further
confirmed by time-kill assay as illustrated in Figure
1. At the tested concentration, the exiract exhibited no
antibacterial potencies, but it was shown to be a powerful
RMA in combination with rifampicin against A. boumenndi
ATCC 19606, non—MDR A. beumenrit, and XDR A.

[ntringic anti—Acinetobacter acti jl_\" ol 'lpur:\ naceas ethnomedicinal ||];LI1I-..

Bactenal growth inhibition (%) No. of Apocynaceae (Plant species)

(-25 3 (Allamanda cathartica: Cerbere manghus; Phevetin peruviona)

2644 B (Adenium obesum: Cathoranthus roseus: Holarrhena antidyvsenterica: Holarchena curtisii: Nerinm oleander:
PMlumeria obrusa: Plumeria rubra: W rigfitia I|'Jlr|'l.l-"\|'t'."i_\|

50-75 4 (Alstonia scholaris: Alvain refnweardiin; Cerbera odollam: Raw uJ_',fM serpeiline)

Te-100 2 (Alstonia mieraph vila: Carissa spndariim)

‘An antihacterial ;u'ti\il} ol thj\l:u hemicals is considered 1o be ~iy|‘|i|'i|'illlt if MIC values are below 100 12 IL_l,."l[ll. for crude extract and 10 i IL_',."I[JI.

for pure compounds|37).

by i B & s s
Ihe percentage inhibition of bacterial T th was ealeulated ||:\.- usmng the eyl ie:

Bacterial growth inhibition (%) = (00 _.—00,) /0D, ..

<100, Where, QD vepresents the oplical density at 620 nm of the control culture

in MHB containing 1% (v/fv) M S0, ol represents the |F!I|it';t| lll'll?—j[:'i al 620 nm of the culture in MHB containing 1 mg/ml of the ethanol

extract. The O, of respective blanks hiaving only the extracl was subitracted to give the final 00,
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of .'!.||ul'_|. nacene ethanol extractz in combination with selected antibiotics against Acinetobacter houmannii ATCC

Plant species

Number of synergy or pariial svnergy

interactions [Antibioties™; (G1:GL/GI, :l;',_]l |

. i
Pk T T

Partial synergy’

Adentuwm abesum 1 RIF(2.8/2.0) 3 MEM {1.8M4.6), GEN (L5/1.7), ERY (1.5/4.9)

Allamanda cathartiva 0 - 1 FUS(1.72/3.3)

Alstonin macrophylla 0 - 0 -

Alstoniea scholaris 1 KZ{(21.6/7.9) o -

Alyxia reinwardtii 0 - 2 KZ(17.8/L.5), RIF (2.6/1.5)

Catharanthus roseus 0 - 1 STR{1.8/22.0)

Llarissa spirarm X = 0 -

Cerbera manghus 3 MEM (3.5/4.7), GEN (4.2/2.6). ERY (2.4/4.3) 2 AMP(L.7/3.6), RIF (4.7/1.8)

Cerbera odollam 1 KZ{21.4/3.5) 5 PEN(2.4/1.9), OXA E:.E." 1.9y, AMP (2.3/1 008 AN
(2.7/1.5), RIF (2.0/1.9)

Holarrhena antidysenterica 3 KZ (21.4/3.5), 8TR (3.9/9.5), BIF (2.7/3.0 0 -

Holarrhena enrtistt 0 - L KZ(11.91.6)

Nerium oleander 1 KZ (15.7/2.7) 1 RIF{1.7/2.0)

Plumeria abiusa 1 RIF{(2.0/4.2) 0 -

Plimeria rubra - 2 GEN (1.6/2.3), RIF (1.7/1.5)

Ruauvolfia serpentin 0 - 0 -

Spirolohivm cambodianum ) - 0 -

Thevetia peruviana 3 KZ(21.1/18.4), FUS (2.2/2.3), RIF (2.1/6.2) 0 -

Wrightia pubescens 1 RIF({2.0/2:1) 5 MEM (1.7/6.4), KZ (1.8/35.3), GEN (1.8/3.1), STR

(1.9/24.0), ERY (1.9/49.0),

PEN=Penicillin G; OXA=Oxacilling AMP=Ampicilling MEM=Meropenem:; KZ=Cephazoling VAN=Vancomyein: GEN=Gentamicing
STR=Streptomyein: FUS=Fugidie acid; ERY=Erythromyein: RIF=Rifampicin.

g . g s - g g . . . . . - '
Gl represents the percentage inhibition of bacterial growth of tested antibioties in combination with the extracts. GL, and Gl represent the

percentage inhibition ol bacterial It_-,l'uhlh of the antibioties and the exlracis, i'l".-'-|||'l'l'l'.'r'l_'._

Combinations were classified as ?-'-'}i'[l'l'\'_’\j:—'ulil' effects if both (;l, :[;l.. anil Ul,__'lilh raling were

ratios<2 ), indifferent eflects if the ratios were <1.5.
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Figure L. Time—kill activities of Holarrhena antidysenterica (HA: 125 e g/fmL), vifampicin (Ri: 14 MIC), novobioein (No: 1/4 MIC). the
combination of Helarchena antidysenterica and rifampicin (Ri+HA), and the combination of Holarrhenn antidysenterica and novobiocin (No+HA)
againt Acinetobacter bawmanni ATCC 19606 (AL non=MDR A. bawmanni (B), and XDR A, banmanni (C). Minimun inhibitory coneentrations
of R and No against A, bapmanni ATCC 19606, non—MDR A. bavmaenni, and XDR AL beumanni were 0.63 and 6,25, 5.00 and 25.00, and

1.25 and 6.25 i ;_'.lrml__ l'4-.-|ar"1'1i\ |"J_\'_

4, Discngsion

Uses of rifampicin in combination with colistin have been
studied for the treatment of MDR A. bawnannii infections,
Both in witro studies and clinical studies were employed
to recommend the safety and clinical effectiveness of
rifampicin in combination with celistin against this
pathogeni10-131. It was suggested that colistin probably
causes mpid permeabilization of the cuter membrane, which
enhances penetration and activity of rifampicin, Similarly,
plant—derived compounds that act as permeabilizers such as

coriander oil (Coriandron satvum)i4], geraniol (Helichrysum
italicum)1s], and [6]-dehydrogingerdione and [10]-gingerol
{Zingiber gfficinale)ii6] have been shown to reduce the
resistance of A, hawmannii to other antibictics. Even though
antibacterial activity of Holarrhena ansidysenterice and its
constituents have been reporied, there is to our knowledge
no published scientific literature of RMA activity on
rifampicin of thia plant or its constituents.

Rifampicin resistance in A. baumannii is related to the
gynergistic interaction between modifications of antibiotic
permeability, enzymatic modification by rifampicin
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Effects of Holarrhiena antidysenterica ethanol extract (HA: 125 ¢ g/ml) as a resistant modilving agent for rifampicin (Ri; 0.5 p g/ml) against

clinically isolated A, beumeannii.

G1i%) in the presence of

MDR- A, baumannii isolates (Sourees) \ll!i]]iur_'lu!'n |||=|E'i]r‘I

Hi{(0.5 ng/ml)

- GlaGLIGIEGL
HA (125 ¢t g/ml)

NPRC ABOOZ (BEF) SRISRSS55S 13.2+1.3 13.6x1.1 1.O/1.0
NPRC ABOO3 (S) RERRRRRRSK 40.8+1.4 35.9+1.0 2529
NFRC ABOOD4 (L) SRISISS555 89.2+1.2 20+1.7 L.I/7.0
NPRC ABOOS (L) RRERREB-RS1S 19.2+().6 -21.0x1.5 1.8/1.7
NFRC ABOLO (B) BRRERRER=R 30718 35.5+3.7 1.6/1.4
NPRC ABOLL (L) RERRRRRRIR 372405 37.3+1.3 1.O/1.0
NPRC ABOI3 (B) RERRBRRRRAR [7.8+£2.6 37.9+29 4.8/2.3
NPRC ABOL4 (L) SHRSR-SRIR 19.0x4.1 22.0+2.8 4.4/3.8
NPRC ABOLS (U) RERRR-RRER 25.3+0.7 23.0+1.4 2.1/2.3
NPRC ABO16 (U) SRRSERESES 5LE=1.9 23.8+3.0 1.2/2.7
NPRC ABO1T (BF) RERRRRRERR 64.7+0.9 56.1x1.1 1L.6/1.9
NPRC ABO1S (S) RERRBRRRRRR 32.8+2.4 34.8+2.0 2.01.9
NPRC ABOLY (5) RERRBRRRRR 33308 30.0=+0.8 2.3/2.5
NPRC ABO21 (S) SRISR-SRSR 40.7+2 8 27.5+1.6 2.1/3.2
NPRC ABO22 (U) RERRBRRRRR 18.1+1.6 39.2+1.1 2.1/0.4
NPRC ABO24 (BEF) -HER-R-R— 57.0+0.9 27.8+1.9 L.8/3.7
NPRC ABO26 (S) RERRBRRRESR 34407 37308 4.7/5.0
NPRC ABOZE (BF) BRRERRERIR 35.0+1.5 28.8x1.0 21726
NPRC ABO29 (P) SHSS555558 17.4+4.8 27.5+3.8 |.4/8.7

'{:|i|iil'u]]} isolated A, baumannii were abtained from s -{|’]_ hlood (B spulim (5} ]Ju||_\ [Muwicl IHl"I_ andd urine (1) Fill[l1Jll'_- of infected ]liliit'lllr.

The antibiogram profile is the susceptibility results for amikacin, ampicillin, cefotaxime, cefaroling celuroxime, ciprofloxacin, gentamicin,

ilnilll‘l[l'“l_ I'l'illil?]ll‘]il!.[lnl'l.‘-“”h'll'|i|l|l_ II|]IJ l]lt'fl!i“'llt'l'll.

1 represents the percentage inhibition of bacterial T th of the tested ['mnpnmnia.

“Combinations were classified as synergistic effeets (G121, and G12Gl; ratios

_2.0), partinlly synergetic effecis (1.3="G1:G1, and G1.Gl,

rativg<2.0)), indifferent effecis (Gl :G1 and GL:GL ratios <1.5). GL,, Gl and Gl represent the pereentage inhibition of bacterial growth of Ri.

HA. and the Ri+HA combination, |'r-.=p:-|-1il. |-|}'_

ADP-ribosyl—transfernse (arr—2), or mutation in rpoB(l7-
19]. A recent finding by Giannouli s of proposed that the
combined treatment with colistin/rifampicin versue colistin
alone were evident only in A. baumannii strains with no
chromosomal mutations in RNA polymerage B —subunit
1poB target genelll], Intereatingly, phenylalanine arginine
8 —naphthylamide (PA B Nj, an efflux pump inhibitor,
reduced the minimun inhibitory concentration of
rifampicin at 256 & g/mL hy approximately 30—fold in
A, baumannii isolate that showed no mutation in the rpoB
target gone{l1]

The present results indicate that the ethanol extract
of Holarrhena antidysenterica is a promising resistance
modifying agent for rifampicin against A. bawmanndi, due to
its synexgistic effect in combination with rifampicin against
bath A, baumannii ATCC19606 and clinically izolated
A, baumannii. The findings may lead to development
of an effective altermative treatment in combating the
antimicrobial resistance in A, baumannii. Therefore, the
mechanisms of action of this combination as well as the
active congtituents of Holarrhena antidysenterica should he
further investigated.
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