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Drug-resistant pathogens has been globally spreading in medical settings and become one of the
most serious health threats throughout the world. The WHO alerts in “GLOBAL ACTION PLAN ON
ANTIMICROBIAL RESISTANCE in 2015” that development of novel antimicrobial agents is one of the
most urgent matters in the world health. We have identified several drug-resistant factors spreading in
Asian countries, including Japan, Myanmar, Nepal and Vietnam, thorough our molecular epidemiological
studies of multidrug-resistant pathogens isolated from medical settings in these countries. In this study, we
used four isolates, which are collected thorough these epidemiological studies, including
carbapenem-resistant Enterobacteriaceae, multidrug-resistant Acinetobacter baumannii and Pseudomonas
aeruginosa, and drug-resistant Mycobacterium tuberculosis, for screening of library of plant extracts. We
also set up a screening method of carbapenem inhibitors using recombinant proteins of drug-resistant
determinants from carbapenem-resistant pathogens. Plant extracts for screening were collected by
Research Center for Medicinal Plant Resources, National Institutes of Biomedical Innovation, Health and
Nutrition (NIBIHN). In vitro screening was conducted at Department of Microbiology, Juntendo
University Graduate School of Medicine. In vivo infection experiment in mice was conducted at
Department of Microbiology, Tochigi Prefecture Institute of Public Health and Environmental Science.

To expand the library of plant extracts, we newly collected plants in Tohoku and Shikoku regions
during this study periods at Research Center for Medicinal Plant Resources, NIBIHN. As the results, the
library has more than 12,000 samples of extracts derived from plants in Japan and other countries.

In the first screening, 11,742 samples were screened against drug-resistant M. tuberculosis and
multidrug-resistant P. aeruginosa. 11,758 samples were screened against carbapenemase inhibitors.
11,684 samples were screened against multidrug-resistant A. baumannii and carbapenem-resistant
Enterobacteriaceae. Of them, hit samples were further screened by availability, publications and patents.
As the results, we selected Cryptotaenia japonica, Pinus strobus and Pinus koraiensis as candidate plants
containing antimicrobial activities against drug-resistant M. tuberculosis; Paeonia lactiflora, All Spice
and Podocarpus macrophyllus against multidrug-resistant P. aeruginosa; Paeonia lactiflora, Reynoutria
sachalinensis and Datura stramonium against carbapenem-resistant Enterobacteriaceae; Rheum
rhabarbarum, Reynoutria sachalinensis and Anacardium occidentale against multidrug-resistant A.
baumannii; Vaccinium smallii, Leucaena leucocephala and Caesalpinia sappan as candidates of
carbapenemae inhibitors.

In the first screening for drug-resistant M. tuberculosis, 563 samples (positive rates: 4.8%) were
selected. Of them, 4 kinds of chemical compounds with different basial structures were identified. Based
on the chemical structures of 3 of these 4 samples, further screening were conducted using another
chemical library at Drug Discovery Initiative, The University of Tokyo, in collaboration with Structural
Analysis Unit, Basis for Supporting Innovative Drug Discovery and Life Science Research (BINDS). Of
613 screened samples, 31 were positive (positive rate: 5.1%). Compound TKxx showed strong activities
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against drug-resistant M. tuberculosis with MIC of 0.71 ug/ml. Of 291 related compounds, 6 compounds
including TKyy (MIC of 0.82 ug/ml) also showed strong activities. TKxx had antimicrobial activities
against drug-sensitive M. tuberculosis (MIC of 0.71 ug/ml) and M. bovis BCG (MIC of 1.42 ug/ml). TKxx
had weak toxicity against a human cell-line (HepG2) (IC50 of 14.9 ug/ml). We have a plan to assess the
compound in mice infection experiments.

In the first screening, 607 samples were positive (positive rate: 5.2%) for multidrug-resistant P.
aeruginosa; 489 samples were positive (positive rate: 4.2%) for multidrug-resistant A. baumannii; 16
samples were positive (positive rate: 0.14%) for carbapenem-resistant Enterobacteriaceae. Of them, we
identified positive fractions from 10 samples which had antimicrobial activities against both
multidrug-resistant A. baumannii and P. aeruginosa; 4 samples against both multidrug-resistant A.
baumannii and carbapenem-resistant Enterobacteriaceae; and a sample against multidrug-resistant A.
baumannii, P. aeruginosa and carbapenem-resistant Enterobacteriaceae.

Screening for carbapenemase inhibitors were conducted using IMP-1, NDM-1 and VIM-2. 147
samples showed inhibitory activities against IMP-1 (positive rate: 1.3%); 236 samples showed inhibitory
activities against NDM-1 (positive rate: 2.0%); and 24 samples showed inhibitory activities against VIM-2
(positive rate: 0.2%).



