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Medicinal plants Active constituents/Active extracts Antibiotics Pathogens
Alpinia officinarum Galangin (gﬂﬁ 2ﬂ) ceftazidime penicillins-resistant
methicillin Staphylococcus aureus®’
Berberidaceae Flavone, 6,7-DF6,7-DF, 3',4'-DF7,8-DF, methicillin methicillin resistant
and Senna Luteolin, Kaempferol, Apigenin S. aureus (MRSA)
petersiana (3U7 21)* methicillin susceptible
S. aureus (MSSA)
Caesalpinia Ethyl gallate (3), Propyl gallate (4), cephapirin MRSA/MSSA
spinosa Isobutyl gallate (5) Butyl gallate (6) oxacillin
isoAmyl gallate (7), Pentyl gallate (8)
(5Ufl 22)*
Camellia sinensis Epicatechin gallate (ECg) Lae epigallocatechin oxacillin mecA-containing strains
gallate (EGCg) (3UM 22 ), epicatechin (EC) of S. aureus
ua epigallocatechin (EGC) (3U7 27)*
EGC™® carbapenem MRSA
Ecg® oxacillin MRSA
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Medicinal plants
(Target sites)

Berberis aetnensis®’
(Efflux pump inhibitor: EPI)
Berberis trifoliolata'’

Camellia sinensis*® (EPI)
Carpobrotus edulis*®

(EPI)

. g 50
Chamaecyparis lawsoniana

(EPI)

51
Ipomoea pes-caprae

(EPI)

Jatropha elliptica’®

(EPl)
Levisticum officinale®® (EPI)

Lycopus europaeus”

(EPI)

Mirabilis jalapa’

(EPI)

. . 56
Momordica balsamina

(EPI)

Piper nigrum’’
Piper longum (EPI)
Quercus infectoria™®

(EPI)

Rhus coriaria’®

(EPI)

Rosmarinus officinalis”® (EPI)

. . . 60,61
Scutellaria baicalensis

(EPI)

Thymus maroccanus
T. broussonetii™
(EPI and/or permeabilizer)

NA; Not applicable

Active constituents/

Active extracts

5'-methoxyhydnocarpin-D
(5 MHC-D) (3Uf 2a)

pheophorbide a (3U7 20y)

epigallocatechin gallate
uvaol (3UM 29)

furruginol (g‘dﬁ 29)
pescaprein XVIII (g‘d“?i 23)

2,6-dimethyl-4-phenylpyridine-
3,5—dicarpoxylic acid diethyl
ester (U 2n)

chloroform extract

linoleic acid falcgrindiol
diterpenes (FU7 26u)

N-trans-feruloyl 4'-0-
methyldopamine (gﬂ‘ﬁ 204)
balsaminoside A

(g‘dq?'i 25)

balsaminagenin B (gﬂﬁ 26)
piperine (gﬂ‘ﬁ 20)

ellagic acid (5Ufl 2n)

ethanol extract

carmosic acid I(g‘d“?i 20)
camosol (3U7 2u)
baicalein (3U7 2u)

essential oils

Antibiotics

ciprofloxacin

ciprofloxacin

tetracycline
tetracycline

ciprofloxacin oxacillin

NA

norfloxacin

ciprofloxacin
norfloxacin
pefloxacin
ciprofloxacin

tetracycline
erythromycin
norfloxacin

NA

NA
ciprofloxacin

novobiocin coumermycin

chlorobiocin
rifampicin fusidic
cephalexin
sulfadimethoxine
enrofloxacin
oxytetracycline
erythromycin
erythromycin
ciprofloxacin
oxytetracycline
tetracycline
chloramphenical

Pathogens

Escherichia coli
Pseudomonas aeruginosa
Staphylococcus aureus

E. coli

P. aeruginosa

S. aureus

S. aureus

Methicillin resistant S. aureus
(MRSA)

Multidrug resistant (MDR)
S. aureus

MDR S. aureus

NorA resistant S. aureus

Salmonella enterica serotype
Typhimurium
MDR S. aureus

NorA resistant S. aureus
MRSA

Enterococcus faecalis
MRSA

multidrug resistant
Acinetobacter baumannii
(MDRAB)

MDR P. aeruginosa

S. aureus
S. aureus
MRSA

S. Typhimurium
P. aeruginosa
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Abstract

Resistance-M odifying Agents:. New Trendsin the Utilization of M edicinal Plants
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Multidrug-resistant gram-positive and gram-negative bacteria are major causes for hospi-
tal-related infections and deaths. M oreover, the lack of effective antibiotics against such patho-
gensresultsin high mortality rates. Resistance-modifying agents (RM As) can be co-administered
with antibioticsto treat bacterial infections. The advantages of the combinations are to decrease
the degree of drug resistance of the bacteria as well as reduce the emergence of drug-resistant
bacterial strains. It israther difficult and expensiveto develop new drugs; therefore, the applica-
tion of RM As becomesimportant to find new approachesto reduce theincreasein resistance to
antibiotics by pathogens. The aim of this review is to present an overview of the continuing
central role of medicinal plants and medicinal plant-derived compounds in the discovery and
development of RMAs. Selected examples of 28 medicinal plants and medicinal plant-derived
compounds are discussed. A brief overview of plant secondary metabolites as modifiers of
multidrug resistance mechanisms was additionally described including (i) inhibition of antibi-
otic-degrading enzymes, (ii) inhibition of antibiotic-bacterial receptor modifications, and (iii) in-
creasing drug accumulation. The review additionally reveals some promising medicinal plants
such asAlpinia officinarum, Camellia sinensis, and Quercusinfectoriathat have been proposed to
possess multiple resistance-modifying mechanisms. Interestingly, medicinal plants that inhibit
bacterial efflux pumps and increase bacterial membrane per meability can reduce theresistance
of gram-negative bacteria to a wide variety of antimicrobial agents. Effective RMAs that are
natural-derived compounds will be a new and alternative approach to using natural products
and a new method of suppressing resistance mechanisms of bacteria, particularly multidrug-
resistant strains.
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