ZREREBXRE T % Nitrofuran #|DRE2MESFIC DWW T

mBEXR-BHPEH - =ZH
HERFREFTREDFRE

(FBFN 48 42 12 B 15 HZM)

# E

=t w77 VHEEOREERVEE S h, ThilE
R ELTHERNCIER & AR E 57201319444 Dopd
& STILLMAND{Z X % Furacin DR RLETH %, Hr\EH
T3\ T H 1946 FEYEREP 12 X h Furacin 238 I R,
ZOHEERA A BEI N TR, 4 D=ta75vH
BENARINTE, . &2 AP, FD#, Penicillin
DFERLEEBE L THEDEOHE L LV REDOEIH,H L
Xh, FRIEE= e 75 vFHEEDMEIRD b
OISR, FiAEMBE OB RIS L b SRR 2 R 4 1
nofEENCS b, bR 3 F R bR
HoHBE ML BEIND X 5 I2isot, 20X 5ictE
BTEHY= tr 7 7 VHEED RE I 28EIC/cD
T& 7, 19514EMBHEG® 12X 5T Panazon 23R X
n, FRR SO BRBOBEAL LTHERIATWS
P, ZHEHYP, HH 6P 13k F ¥ Panazon 7L
H V) FETCHEBSHEFPTINRT I 2 LicX hiEhiedt
HIERARTHWEERBL, Tofir 1,2, 4-Y
7OVEEERETAEHE = v 7 5 vHEA Panfuran T
HBHZ EPHB LI, LA L, Panfuran 134 *T
LTHEVHEENEZRTED 0 bT, EERECRVT
MENH DT, b Panfuran # Y~ Fr i
F v A F LT HZ LI X T Panfuran-S® 4K X
R, BEROMERRDSRDIEEO, B ERIA
o=t w7 7 VHEEEOFEECOWTIR P ROMEE
AVWTTTRBEINT V5219,
FAEDINFERBEROSHMLERS X ORZTHEL &
D1eE L DEtRERAVTHIRIh TV 3R E /=1t =
7 7 V5 BOESZES R RS, HEHIOKE, =1
w7 7 VHMEEO S EERTL, Shigela TiXIEEIRNZ,
Proteus Ti¥. species Bz, Salmonela Ti% group 3
5= tr 77 VEIORZMOIE, FAEHEED
TR, L ORBRER= + =7 5 Vo REE
LERDOWTHRET LD THET %,

EERMHE B K UERSE

1) EREkS L OVF o3RRI

M LRI B 813k © Shigella (1969 47 4 B

#), E.coli (19714F), Ps. aeruginosa (1966~19684F),
Proteus(1967~19704E), Salmonella(19714E), F XS,
aureus (19705) DB D 100k TH %, Shigela i3,
TC, CP, SM, SA® 4 HIfiftEpE508k, %D 4 #lic AB-
PC, KM % 7ot NA fit:ohni>o e 5 Al 154k,
3 AliitEs & 1 FiiE: & c&MHER O Bk25Hk, Bzt
B10tk D AFE 100 B AV 7o T OATRER D Shige-
lla % MR ENE N sonnei 49%k, flexneri 50#k,
dysenteriae 1#k%{E LTzo E. coli (% Shigela LRLT
X 5 4 AR 344, FHuc ABPC ¥7:13 KM i
Mool 55, 6 HIitEE10%, 3AImMELS 1H
Tl DR AR36KE, RPMEI200kD A5 100 k& FAV o
Proteus 1% E.coli QMR L3I CE LR, 6 FIi
MDD 1 FliHE & CEMMER O BRI, BZHE 3%
DEEF 100 EfAVTeo Th b & TRHEE O Proteus %
species Bl FNF N mirabilis 318k, morganii 158k, -
vulgaris 22kk, retigeri 25%k%, inconstance T HRE{FERA L
tco Salmonella VX SA 71 KM 1 HIidEEE430k, &
ofitkic TC, CP, SM, KM # %1% PCitt: D
7o 2 e B 5 KMo &R o Bik3stk, R
E22kk D AR 100 kB oo TR D RTRIER. D Salmo-
nella % group Pl rhFH ARE 1 #k, BE50Rk, CEE
258k, DEEISKL, EREO MR& (A Lice S. aureus 1% TC,
CP, SM, SA, KM, PC % 7ix EM 1R DR D
Fafb & ot 6 FlidiEs b 1 HMHE F coBMmERO
BERTOMk, RZM RO AR 100 BkE AV 7o Ps. ae-
ruginosa ¥ TC, CP, SM, SA, KM % X0 ABPC
mEEH L TEVIREL R T 02 EH LI,

2) EHEHA

Panfuran-S (FT), Panfuran acetate (FT-Ac),
Panazon (PZ) XEIL{t¥T % K. K., Furazolidone
(F2) 3 RHEEHTE K. K, Furadantin (FD) 13Uz
AREIEE K. K. o5& hicb o 2 H L o (Table
1o

FZ=trr77 VAN, N-C2F Lk L a7 3 F
(FEMIZE, S50 B, BEARKCHRINL CE
)i R A
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Table 1 Chemical structure of nitrofuran derivatives

Abbrevi-
Chemical structure Compound ation
H
Cy Dihydroxymethyl
O,N- ~CH=CH- %/ N /CH OH furatrizine
N2 CNGH, oH FT
N (Panfuran-S)
H
D,N—” “ H=CH- C/C§N Acetyl ‘furatrizine FTAc
0 N\N/C'NHCOCHB (Panfuran Acetate)
i
/CHz C-H Furazolidone .
0. N- ~CH=N—-N_ FZ
i
(0]
CH;'C =0 Nitrofurantoin
0, N- H=N-N.
: C—I\! -H (Furadantin) FD
. Difurazone HCl
0, N- CH=CH-(-CH-CH~ -NO, PZ
N'NH-C NH (Panazon)
NH;HCl

3) BEMEORE

FEDITC, 18I~ b v (BEREEE) KiFHKY
100f5 /ML, Thi 1 ALET O 2 EREFRIh
£=1tr7 7 vHIa4at Heart Infusion Agar (3HF,
HIA) pH7.4 T3 2 BRPRAREL AV 7o H
TEVREEEEASTC, 18RRI R/ NEHILIEIEE (MIC)
ZRD Tz,

4) EHEEEOKET

508k Shigella ZFV, FhbD-27 + v kh37C,
18R £ 0 ¥ ¥ (KD v, H B\, 10, 100,
1000 35 X T'10000 AR L7cd D, fEMRD>TRRYX D
108, 10%, 104 10° % X 00 102 EICAEMS 2 R ERIE OB
BEAEEL, 37C, 18RHERKIsDIsOD MIC ZHl
ELT,

5) KRR T FT ML

Shigella 2#k L E. coi 2H%RY, ThblBaLH
#:f L7 Brain Heart Infusion broth (Difco, BHI
broth) pH7.4 o 37°C, 18WsfilsEapk % Fiftt/c BHI 5%

HC 10 (57 IR% 37C, 4RHIREIEERL, T ORER
(10 m1) # 3000 rpm, 10%3% 0% LT 10% cells/mi
CiEBX 5B LI, FOERKYEFTBEXEL N
Y H A K — BEEREH (BTB ¥R) i 0.1ml §
DBML, 37C, 48MfHIEE LI, PRECEF L=
v=—%X5K% FT BEAY &l BTB ST single
colony isolation L, 37°C, 18E:fEIEE LT, MBE
D FT #eUDFRECEF Licaw=—% FT EE
L L7 20 FT fitEED MIC i1 813HO HETHIZE L
7o

6) FT MtpEoMkERc X 5 FT MEoZEHE

FEO ATHZE S FT EE LR 1 =2 v
(=7 v1%, W=%x%x1%, NaCl 0.5%, pH 7.4)
w1 BEEEmE L, 37C, 4R[SR Ui, TONER
DIBSEYIRES 1 3 VicEERE L, 37C, 24RfnsE
L5 X5 i RMRISREI5EMT /eo. 1, 2, 3,
5, 103 L O'150 B oz » FT fitko MIC 1281
DHEETHIE Lo
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Fig. 1 Relation between inoculum size and
antibacterial activity
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Fig. 2 Antibacterial activity of nitrofuran
derivatives against Shigella strains
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1) #HEEE & B2 OBR

RRPIRFFREOBEBERIL= b = 7 7 vHILUA O
EWMEIZOWT, TTRHREZhTVWAY, =tu73
VR R\ CHEREE L RS MOFEE Fig. 1 12
R U7, 18RERRTEESEM 100, 1000, 10000f37HR L T
HOMDOE = 7 BWEB Lis\ 2 Eddbhote, 0T
foFEWBEOBELAKIC= + v 7 7 VEIOHESHI
W A 100 EHFER L 7cd o&#>T MIC ZHIET S
FENBYTH B2 B BT D,

2) Shigella =xt3% =+ =7 5 VHEIOFEE
BZMSHi% Fig. 2 R L, 5D=ta75v
Ko< FT &b EBEOMEBEC Mo —2 (0.1
rg/ml, SEESERE38%) #RL, FT 6.25 pg/ml LIk

Fig. 3 Relgtion between antibacterial activity
of nitrofuran derivatives and serotype
of Shigella strains
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Fig. 4 Antibacterial activity of nitrofuran
derivatives against E. coli strains
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O MIC #R3THITRD bhichotc, Shigella % [nvE
BN BZM 5 i TR L (Fig. 8), FT s X O
FT-Ac W CEREOHETY —~ 7 DMLEBEIIEEI L
Tehxoitchs, Sh. sonmei DIE S5 H > v — e Highiigd
RL7e FZ 128\~ T Sh. sonnei DIT 5 HMEBEDE
MDD — 27 %R LTI,

3) E. coli x5 = w77 vHORENE

B Ffi% Fig. 4 WRLT, 5D =t+=w735 v
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Fig. 5 Antibacterial activity of nifrofuran de-
rivatives against Ps. aeruginosa strains
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Fig. 6 Antibacterial activity of nitrofuran
derivatives against Proteus strains
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be 75 vEIOE#IL FT, FT-Ac XU FZ o451
IR OIS X 5BV MIC 2 7RT#4%80% T,
fhD20% Dk E\N Y MIC DREFFCEHKT OB X5 X
S LTV T,

4) Ps. aeruginosa 3 5=t w77 vHloOHEME

B fi% Fig. 5 WRL1, 5BO=tr75 v
HloseT FT 3G migic e —2 (50 pg/ml, 4
HESERE 58%) %L, FT 400 pg/ml Ll ko MIC %
RTHRIIFAD L hishote, FT A=t r 735 vH
D\ TR ¥t 5 ¢ Fig. 51cR Lic MIC L)

Fig. 7 Relation between antibacterial activity
of FT and species of Proteus
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Fig. 8 Antibacterial activity of nitrofuran de-
rivatives against Salmonella strains
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Fig. 9 Relation between antibacterial activity
of FT and group of Salmonella
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6) Salmonella =55 =t »n 77 vEOHEY

B S Hi% Fig. 8 WRLI, 5O =tru75v
FlodeT FT & FZ 5 1.6 pg/ml OB IS HRRE s
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DRIBIZ $19% D /NI — 7 ZIRTEEY B olc, £
51T, FT B3M% group BIICMyT LicfER% Fig.
9 TR Lo Fhdd MIC 0.2 pg/ml OB Y — 27
#7RL7c group (X, E group KR HFTH b, 1.6
pg/ml OB Y — 7 %R L7 group & B LU C
group AKRIFHTH ok, EHIC FT oW\ T 12.5
pg/ml Ll ED MIC %7R3HRILERD bhiedols,

7) S. aureus X35 =+ n 75 vEIOHEME

ML Fi%E Fig. 10CR L, 5BD=trr735 v
FlodT FT s bEBECMBCSFOY—2 (0.1
pg/ml, SEEEES6%) %=L, FT 0.8 pg/ml [ Eo
MIC ZRTHRITFED b high Dt S. aureus xE$5
BEIVCThoRHICd ~ v - Fin Mg e RL, &
BED MIC DI 5 ~RBEZFI\TW sl

8) % X it

Shigella 3s X% E. coli DhhbHSHIMMER & B2t
HEBAT, TAHLOEICH TS =1 r 735 vHo MIC
% Table 2 35 X 0" Table 3i1IZ7R Lo £NOD D Shi-
gella X O° E. coli &b SRR & B2 & DT
=tw 735 vE|jp MIC imZhi\ 2 &b, TC, CP,

Fig. 10 Antibacterial activity of nitrofuran
derivatives against S. aureus
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SM, SA, KM X0 ABPC L=t r735 vElDRIIC
TR E S BD b hish ot

VOiE5, A group & Bgroup i+ 5L, FT
DE MIC #RTHRIMtDo 4Bo= =75 VEICH
B MIC 27R32 Enb= b e 75 vEOMTREXm
HrED b I,

9) RBREN FT Mtk L OCALMEEO #k [ 5%

#iL kb FT MEORENE

MIC 0.2 pg/ml %757z Shigella JS 11811 3 X ¢
1.6 pg/ml %R L7 JS 11789 % L, one-step T
FT M s DB D168E, 45 LR L7 (Fig. 11), &
5 X 51 MIC 0.2 pg/ml 7R L7 E. coli GN 3646 ¥
X0 3,12 pg/ml %#7R L7 GN 3506 % f# f L, one-
step T FT a3 d 8f5ic ER L (Fig. 12),
Shigella 3s X O E. coli &% FT #1513 one-step
THRELSHEO EFAERDLN, BEFTHYEIE
iotc, ER b ALMMERY 74 2 v ClRIER TS
& Shigella (JS 11789 ¥ X O JS 11811) ¥4, FT
MRS B TR AL ECRBKR L D 1EF W
MIC ¥ TET Lo WoIE S, E.coli (GN 3506 35 X U°
GN 3646) DA, FT MiEEL5 HETHEKL D 1K
B\ MIC T, Fhix2 BETHEKLAT MIC 2T
ETF L, ThboZ &b ATHIE bhi FTiRE
BREETHD LV XD,

¥ E

NREBEED Shigella, E. coli, Ps. aeruginosa, Pro-
teus, Salmonella 35 X U S. aureus DI D 100 BkF>
o\~ T Panfuran-S, Panfuran acetate, Panazon,
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Table 2 Sensitivity of Shigella strains to nitrofuran derivatives

Sensitivity to nitrofuran derivatives
Group Strain Resistance pattern
FT FT-Ac FZ FD PZ
JS 11482 TC CP SM SA 0.1 0.2 0.2 12.5 6.25
JS 11377 TC CP SM SA KM 0.1 0.4 0.4 12.5 6.25
A JS 11215 TC CP SM SA ABPC 0.1 0.2 0.4 12.5 6.25
JS 11746 sensitive 0.1 0.4 0.8 25 6.25
JS 11866 sensitive 0.1 0.2 0.4 12.5 6.25
JS 11064 TC CP SM SA 0.8 1.6 3.12 12.5 25<
JS 11465 TC CP SM SA KM 0.4 1.6 1.6 12.5 25<
B JS 11413 TC CP SM SA ABPC 0.4 1.6 3.12 12.5 25<
JS 11767 sensitive 0.4 1.6 1.6 25 25<
JS 11886 sensitive 0.4 1.6 3.12 25 25<
MIC (ug/ml)
Table 3 Sensitivity of E. coli strains to nitrofuran derivatives
g Sensitivity to nitrofuran derivatives
Group Strain Resistance pattern
FT FT-Ac FZ FD PZ
GN 3464 TC CP SM SA KM 0.2 0.4 0.4 25 50
GN 3611 TC CP SM SA ABPC 0.2 0.4 0.4 50 50<
A GN 3465 TC CP SM SA ABPC KM 0.2 0.4 0.4 25 50<
GN 3438 sensitive 0.2 0.4 0.4 25 50<
GN 3474 sensitive 0.2 0.4 0.8 50 50<
GN 3469 TC CP SM SA 0.8 1.6 3.12 50 50<
GN 3629 TC CP SM SA 0.8 3.12 3.12 100 50<
B GN 3632 TC SM SA 1.6 3.12 3.12 100 50
GN 3499 TC SM SA ABPC 1.6 1.6 3.12 50 50<
GN 3477 sensitive 0.8 1.6 3.12 .| 100 50<

Fig. 11 Genetic properties of in vitro developed
FT resistance (Shigella)
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Fig. 12 Genetic properties of in vitro developed
FT resistance (E. coli)
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Furazolidone ¥ X ¢! Furadantin O EHZ LT,

ROKEREE I

1) ERPRFRET= =77 vHlO MIC HET
2956, EEERMOFAEYE L ARCHEERY
100 f7 35 ik (104 cells/plate) 234 T Ho
o

2) 5D = tnr 77 vEohTPanfuran-S )& &K
B ERECH L TRIBCTHENER LIS,

3 ) Panfuran-S i Shigella sonnei, Proteus morganii
¥ L O Salmonella ® E group X L CHEVWHEN
2R LT -

4) Zh¥ CORETILEE Panfuran-SitEp§ 13 4%
TREERE D 5B hishvols,

5) FEBREERECHLT= =7 7 vHlOBTEX
fittEn B b hicht, TC, CP, SM, SA, KM &k
O* ABPC &=t r 7 7 vRIOBICZEXEMERD B
nichot,

6) REREAT one-step = X 5 Panfuran-S i1z
THoERLHIRET, BE Panfuran-S 118
bhighotc, AR b7 Panfuran-S i
RRETHDN0

X 3
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STUDIES ON SUSCEPTIBILITY OF CLINICALLY ISOLATED
BACTERIAL STRAINS TO NITROFURAN DERIVATIVES

Tersvo TakasHiMa, TokuMiTsu TANAKA and SusuMu MITSUHASHI
Department of Microbiology, Gunma University School of Medicine

Antibacterial activity of Panfuran-S, Panfuran acetate, Panazon, Furazolidone and Furadantin was
investigated by using each 100 strains of Shigella, E. coli, Ps. aeruginosa, Proteus, Salmonella and S. aureus
which were isolated from clinical specimens.

1. In 5nitrofuran derivatives, Panfuran-S showed very strong antibacterial activity against bacte-
rial strains tested.

2. Panfuran-S showed strong antibacterial activity against Shigella sonnei, Proteus morganii, and E
groups of Salmonella.

3. The bacterial strains highly resistant to Panfuran-S were not isolated from our survey during
10 years.

4. Cross resistance was observed between nitrofuran derivatives, but not observed between nitro-
furan derivatives and TC, CP, SM, SA, KM and ABPC.

5. In vitro developed strains highlif resistant to Panfuran-S were not demonstrated so far as exami-
ned, and in vitro developed resistance was found to be labile and decreased after several subcultures
in nutrient broth,



