VOL. 22 NO. 7

CHEMOTHERAPY 1153

3-Amino-6-[2-(5-nitro-2-furyl) vinyl]-1, 2, 4-triazine
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Table 1 Nitrofuran compound used

MIC
Compound Structure E_(ﬁf{;gl{ Hf{l?lz
JE 2100 R 100-1%
—N
a) FT-H oAl Oﬂﬁm=cw4§;;>*“m 0.5
=N CH,OH
/ 2
r—ﬂ ﬂ—cn:m N
b) FT N0 _<l:-N>— “\\CH,0H L0
N\
C) FTO-Ac 0, N o CH=CH \N_\]>—_NHAC 10-0
|
H

a) 3-Amino-6-[2-(5-nitro-2-furyl) vinyl]-1, 2, 4-triazine%®
b) 3-(N-Bis-hydroxymethyl) amino-6-[2-(5-nitro-2-furyl) vinyl)-2, 3, 4-triazine®
c) 3-Acetamido-6-(2-(5-nitro-2-furyl) vinyll-1, 2, 4-triazine-5(4H)-one®
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Fig. 1 Bacteriocidal Action of FT-H on Escheri-
chia coli K-12 JE 2100 R 100-1* Cells
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Kinetics of the treatment of Escherichia
coli K-12 JE 2100 R 100-1* with FT-H
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Table 2 Elimination of drug-resistance (R) factors of Escherichia coli
K-12 R* strains by treatment with FT-H

; R Segregation
. No. of colonies |[Frequency| No. of segre-
Expt . (Inoculum| FT-H ;l;gunte)a?f Viable [showing drug- |ofdrug su-| ?gstitseg;sée or gants/no. of
No, Strain size conc’n tion count [susceptibility/ |[sceptible suscentible drug-suscepti-
. (cells/mD)|(pg/ml) (cells/mDno. of colonies [colonies P ble colonies
(hr) ) o]
tested (%) \str cml tet sut|teSted
1. |JE2100 | 1.0x10¢ | 0 6 2,7x107 0/272 0
R 100-1* 9 6,8x108 1/237 0.4 |s s r s 1/1
24 5.6x108 0/211 0
2. 7.1x10% | 0.05 6 4,0x10* 4/42 9.5 |s s s s 4/4
9 7.0x10! 9/50 18.0 |s s s s 9/9
24 5.7x108 8/569 1.4 |s s s s 8/8
3. KE99 | 9.7x10% | 0.1 6 3.0x10! 1/9 11.1 |s s s s 1/1
R 100* 9 | 2.0x10 0/21 1 <4.8
24 5.1x108 27/754 3.6 26/27
4, JE177 |1.5X10% | 0.05 24 1.9%x10° 1/695 0.1 |s s r s 1/27
R 100-1* | 0.1 24 6.2x108 0/248 0
5. KE75 | 1.8x10% | 0.05 24 2.1x108 11/79 13.9 |r s s 1 { 11/11
R 100-1* 0.1 24 5.5x108 26/578 45 |r s s r 26/26
Y’ P-73772=NANKYT IF (SA) it 5 Shic,

M, lac 3L mal 135 7 b= ABIV=L b — ABREE
BB, e OBEBEHRYThLThFEDLLTV 5, JE #E
XOU'R100-1 & R100 RFixd &b & RRAY LhHSE
BELHOESEIRID D, KE S%RIXFSEOHE CHE
S hicboTHh B,
NF {t.&4 : Table 11273 3EDLEWE A 70

FT-H Q@RKFRET SWEREGEHINS, &®D
D2 LRI B FE T EGR SR AR SE 5

Bt : TEEO NF (LAHic X 2 BZME(LRRT
Penassay broth (pH7,0~7.6) Zf\ 7z, BbhicE
FHOMM = — » — BT OO ERICH - 5 55bico
Wi, THhETORILY KELT

R* B0 NF (LA X 5 BRZMH(LER : R BE2H
103~10° #fz/ml, BICEELI\TD NF b &L
Penassay broth B L, 24l F ©37C TIREREE
L, EMB-glucose agar Lzt CickFiEar=—%,
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Fig. 3 Reconstruction experiments between
Escherichia coli K-12 KE 75 (Jac- R*) and
KE 70 (Jac* R
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L

A2 2HS LSRR LEREED R A FEEE
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AiEE 37C, 208:M) LT~

® &

RY*E® NF {LEMIC & 2 B34 L 10°#f8/ml o JE
2100 R100-1*E% FT-H 10 pg/ml & &3 iclE+ 5
&, EFEBE104LIPIC 108 E8/ml ATl Lic
7% O.D. e & {bic <, NF LA 3R EER B 523,
BEBRI 2 Ehibhote (Fig. 1),

108~104 #f2/ml o JE 2100 R 100-1* &icFT-H %
0.05 pg/ml CEZBECIERAIRICHKD, £HFEEKD
REEE{LD 1% Fig. 2R L, RY BT S8
DL, 6RHEITRNNCEL, FOBRBOWM LT, 0
M, £FEEPHEEI.9%DHE (0.05 pg/ml, 9B5ED
TREMELGSHE I hi,

FT-H 1, KE75 R100-1*3 X 0° KE 99 R100* &ic
L THRAROBRZEMEREZR L, JE177 R100-
1" BT, BEALZDERRERY Richot, HE
DFERD 5L, FT-H i X 5% b o (Fig. 2 O
REET) wowT, Table 2 IKRLT,

FT 13 JE2100 R100-1*&izxi L, FT-H L3R L
BR (24.1%) TREZMERAL R LI, ZhiextLT,

Fig. 4 Metabolic reduction behaviors of FT-H,
FT, FTO-Ac in Escherichia coi K-12 JE
2100 R 100-1* culture
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ZHEOME~—» — D4R % — v %&§~, Table 2
ZRLTC, Tiedob, 4FIBRZHEDEM, tets, omls,
tets 38 X O° strs, cmls, suwls BRENEDLRI, Z D,
FT itk b, strs 3L suls BRELFHEINT,

ZD5b, cmls HD cmlr FEEAD BREIZBERE
BRREFTepd, 7T 1070 UFTholk,

wiz, 1H LD ERANOMERET2RE LIER
Bz o\T, KE74 R /lac-85 ~D R AF v A~
et TRUEZEEROT VI, T, 4FIMHEY
BRELICbODINTd, BEEHNFL/ICET Lich o
3 REhic

FiIkRER NF LAY X HMEE 0 RZM(bs,
THEEEARICD &b LHEETIRZHEOBIRICL %
P ONEIETS tdic, KET5 R100-1%/lac- & KE
70 R~/lact B% % 106 §fg/ml, FT-H % 0.05 zg/ml
4{s Penassay broth iz #:f& L, 248 % ©37C CIRE
KEEL, TOLEFEBEBIFL .

Fig. 3 ©RT X 5Kk, FT-H 24 BERC
LT, NFirkoT R™ ENBIRICHETEH 4
FRE&Ehisots, ‘

NF B H#HER NF {baomttgigksiibs
BLARNEES L EOBBRLO X S snhb ) R
DTV B MBS fdic, JE2100 R100-1* g% FT-
H, FT %X 0 FTO-Ac #ZhEh 10 pg/ml fnxic
Davis-glucose AR (pH 7.0) =% 10° ¥ifg/ml #2
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EL, ThZho NF (LD RTHRARRIERCE T
% 0.D. LAER RY HROBOEEENICHE L,
Fig. 4 @RT X5, FT-H X0 FT &R\ TiZ,
THBIOL X S5 ICRLWAD Ly, FTO-Ac 3%h
B W Licootz, FT-H, FT, FTO-Ac OETTHE
EERIFRER —3.5x1072, —2.1X1072, —4.3X
1078 min~ TH 27,

REFGEICH T 2FLIEA NF L&tst, ZhiE
TR~k 5 i REAFOREEMRCTING T, MR
BIRZMEAD RETEEDOIILER 508 5 vk
et B cdic, FT-H 0.5 pg/ml 3 X% 1.0 pg/ml
%}n% 7= Penassay broth #uz, KE75 R100-1*/lac”
& KE7T0R /lac* % 34 : 1L\ Lol CcHEEL, 37CT
24708 ¥ TIREIEE LT

FORER, 1.0 pg/mlBE, 2HHREET, FT-H%
Iz iV TRERIC I, 87% I E A (EE ¥ A 7R
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UED#ERND, ROZ LE2ERIRS,
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BBERANRD D, ZOEFEL, = tr7 T V(LAY NT
¥ BRE DRI M4 BT I 2D L ORTOHEIC
BETH?, FOFHEIL MIC OEL, TibbiEh
DV FT-H B X FTIREWTI DZE LV, ZDE
KL, £ DK, i O10EEL ick k.5 NF {L&r Ay
T, EHOIHEH SN, /s, FT-H 13, R100-1*
23T <, R100* Hicxt LT HRSUEREYRL
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® =IRs (BEK, fAME) X, TofFET5 JE 2100
R100-1* Ex AV, FT T X BBRSZHLAIZ LA LED
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AR — B2 F oMM OV T, IHIKRD
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REREREN 1070 YT ThHokZ L, NF L&Y
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A RETIEEBELZA TS L2 FRT5,

3) 1AL EoFERANOMMERET 2 HE L TRE
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BRET 5,

4) NF ##EToO R* & R-EHOBOBERERD
#ER (Fig. 3) 7nb, NF{LAHomtE@E&RZHE(c,
SDS o HEP O X 5 e ERAWEIC L 5 & HE O RN
DECT W AR I D,

T, NF Lo lERlE & LT, #1KERE
BFEREACLIDZ B2 bhD, BE, E. cdi K-
12 W4573 F~/Vals g5 Val’ BRE~DERERF
Ry, UV %1 &35 L&, FT-H, FT, FTO-Ac &
FhEhS5, 4, 0.3 T 21 BZMAFIRLEPITLT
Wb, )

VWoiE 5, NF{b&4o JE2100 R BT & 5 HER
(Fig. 4) &, ToRFBRTEEE H» FT-H=FT>
FTO-Ac DJFIC/NEVZ EARL TV B, D EdEL &
b5 L, NF{LahoRHRITEEOKNE, FET,
RY HOBRZHLHR, I5BEREEFREE O KD
DT RTERITL T B, 7ods, BiL, REBTEZIR
3\ FT-H & FT %, FTO-Ac icit~T, E. coli K-
12 Rod* # X T Rod~ HDHEAEREI LT\ F
EHHLMNE I DRIBI®

mxz<, FT-H X, R*END R-E~DOREFDE
EHIMERARH D Z L2 E2 fb¥5 L, NF (La®o
MBI EEE D & — Vicik, BSRAYELSFELRD
bO0d b, EHIGTIE, NF {LEWICE T, =t =
FEaPDL LT &% BTEORBETERN, ToT
RTOEYEMERBIC ) hvdo D EOT VB 2 EHRE
Ehd, H1ic, ML 5 NFILEHORTAHEE
2, FOMBEIC Lo T (NF o BEHE) ©ofenioT
WBTHAH 5, ERWEM 3~ 6 BEHKIcR#I oK
L7chy, REEIBOHEY RS 25E (Fig. 2) b,
ZOBOYEEYESITD, T, ZORKmErI#E
THRRMILEH AW, B2, 25 LTERKTS = tnH
OBTABEY BSESLTeFaxoLT7 I /74) B
L F OEMEES, DNA b s kb, ZTofiodk
BESTLEEL, HAVRTEBEREIL, W onD
BRONOSFEE L AEYEERBRARE ST T THA
5. RBEHRDOKEREIC NF EEI ZEAL A bR
¥, RREATLEEMEENFESE I A VESE
4, NF {Latnd, Lo 5 oo s & RBhan
ATLNDEROBELIEAMLLLTWDZ LxEL
B, SHTIBZETHD, ZDX 5 OFEM
L, KWL TR OEREEFICOVTIE, ROW
XLTEL BNy,



VOL. 22 NO. 7

CHEMOTHERAPY

1157

B#IC, =tr7 7 VbEMEESSh&RRER
2 ZHERAELERS LCBLEETEKRR & 1

AHR

i, KEBE K-12 JE #k & R100-1 % X ¢t R 100

BAF2zELEsh e RIRR¥FEZH(FRELEEEHERN)
FHZERELCEH#MT 5,

D

2)

3)

Y

5)

6

X 8

TomoeDpA, M., M. Inuzuka, N. Kueo & S. Na-
KAMURA : Effective elimination of drug resis-
tance and sex factors in Escherichia coli by
sodium dodecyl sulfate. J. Bact. 95 : 1078
~1089, 1968

Inuzuka, N, S. NAkKAMURA, M, INvzuka & M,
ToMoEDA : Specific action of sodium dodecyl
sulfate on the sex factor of Escherichia coli
K-12 Hfr strains. J. Bact. 100 : 827~835, 1969
Apacui, H, M. Nakano, M. Invzuka & M.
ToMoEDA : Specific role of sex pili in the ef-
fective eliminatory action of sodium dodecyl
sulfate on sex and drug resistance factors in
Escherichia coli. J. Bact. 109 : 1114~1124, 1972
=WER, WHERSH, KMEE®R, mNEF, A+
RRF, ERIETF 77 vHFEEOMENL D
I RBRALFRRIERIAIZE (8521 4R) 1.5-Bis (5-
nitro-2-furyl)-3-pentadienone guanylhydra-
zone hydrochloride (NFA. HCD) 4fERi&{E&D
B b O FLEME e\ T, 3E5E 81: 1357~
1361, 1961

B, FIE: =+ a 735 vRILEYDIEKFH
e (8 2#) 1,5-Bis (5-nitro-2-furyl)-1, 4-
pentadien-3-one amidinohydrazone isXt O'%
DEARBARE DI KRR IEIZ DV T3K5E 84 ¢
9 ~16, 1964

BB, FIB: = e 75 vRIEAWOEEY

D

8)

)

10)

1D

12)

13)

10

WF7e (55 3#k) 3-Amino-1, 2, 4-triazine FHEflk
DA RIsbOCHEMEIEOWT, ik 84: 16~
23, 1964

SHERISHORINA, S, I; B, A. SHENDEROV & T. G.
Sionskaya : Bull. Exptl. Biol. Med. 71: 48~
50, 1971

Rk, PRET, ZFER KBE= V-
LB 5 BEAMELENINE. = =7 7 VHH
iz X A HEFmME (R) BFoRE, BAEES
HFBIEL, 196944 A, 4HE

RIFE, NESF, KEFEL LFHWECI SR
KIOFRTFOBRE Lz OB, BAEES K
EWh 55 FEWF L T OEFEBIC KT
S v vHRSy A, 197148 A, &R
KR, RIFZFE, SFGT A=t =L
DEYEN LT OB, = =7 7 VILAWIT X
5 HAWEE OBZEEME LD =t e EFTL LD
B, HARESHRES, 197264 8, KR
RECFE © R 2 BT 2 /5% (b
WEORR—RC T RS L ERBE L i
— SH16E H AEESBRIIMRE Y vRY Y
& [HLEWE OLFER - EWFEEHT DO
RoskRl, 19724118, TR

WHZE D, AT, KEEE: = b =1k
RYDEYEE L L OB, =+ r 75 VLAY
2k %A O EZHEL Lz =+ o EBT
L OMBIME—2, HARIEF AR TH36E G,
19736 A, &R

KR, WHARED, EFMT:i=tr75v
LB OREE L EWENE. BAREERRFRS
#2EpEFERE, 1973629 A, =5

Hirano, K., S. YosHina, K. Okamura & 1. Suzu-
KA : Electronic aspect of the antibacterial ac-
tivity of nitrofuran derivatives. Bull. Chem.
Soc. Japan 40 : 2229~2233, 1967



1158 CHEMOTHERAPY SEPT. 1974

THE STRUCTURE AND BIOLOGICAL ACTIVITIES OF
3-AMINO-6-[2-(5-NITRO-2-FURYL) VINYL]-1,2,4-TRIAZINE AND
ITS DERIVATIVES: ON THE CURING ACTION OF THE AGENT ON
DRUG RESISTANT BACTERIA

MuneMITsU TomoEDA, REIKO KiTaAMURA, MIDORI YAMADA,
SacHiko NAKAMURA and MANABU INUZUKA
Department of Pharmacology, Kanazawa University

A curing action of three 5-nitrofuran compounds, possessing similar substituents with a triazine
nucleus or its oxidized form at 2-position is described on some E. coli K-12 strains harboring R 100-1
and R100 factors. Treatment of R* cells (103-10° cells/ml) with sublethal concentrations of FT-H,
FT, FT-Ac in Penassay broth (pH 7.6) led to the loss of part or all of these genetic elements. FT-
H and FT were shown to induce the elimination of drug resistance of R* cells more efficieﬁtly than
FT-Ac. Appearance of drug-susceptible variants among survivors was observed around when the
viable count of R* cells decreased 1072-103 in 3~6 hrs. Several types of segregants were formed as
well as R~ cells. These segregants failed to transfer their R factors suggesting that transfer genes
of their sex factors had mutated or had been deleted at least partly. CmiS variants gave no revertants
to drug resistance. FT-H and FT were reduced metabolically by R* cells more rapidly than FT-Ac.
Mutagenicities of these compounds were parallel to their metabolic reduction rates. It is concluded
that all the biological activities of nitrofurans are derived from their metabolic reduction potential.
It is also suggested that since the agent is not more toxic to R* cells than R~ cells, the isolation of
drug-susceptible variants under these conditions may be attributable to mutagenic actions of the
agent,



