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W x5 metronidazole ® in vivo B EA
—E.coli k B fragilis oORWM AN X5 metronidazole & f#om FFH—

TR~ AILRR - SFHT - ERHBET
NBRERLMMEHENE

(RMS9 =5 A 4 HRH)

Escherichia coli k. Bacteroides fragilis B4 MY~ » 212 ¥ L metronidazole (% cefazolin,
cefoperazone ¥ A:(3 latamoxef L D HtAIRYS-T, WELHRYMAED Lhte, DAL,
E.coli t clindamycin fi}tE®D B.fragilis 1z X 2 BARRRICH LT HLED LR,

B.fragilis & E.coli ORBRMBAMP~ o A1cT5 metronidazole L cefazolin o 8t 2R
2, 2RORMFEELEBIADTH -1 BR 1 BMBEIC metronidazole % #& L, cafazolin @
BEYEBLED R EHMDRIIELLET L, ¥ cefazolin % #¢ &5 #%, metronidazole D4
FCOMMERTH L, AMCEEDRVBERCET LA, ThHDORARYIC 31T 5 mbalD

BE2D, =9 ADOTELIL E.coli OMMIC X5 EMN¥BEL 1,

RIUEBORSERATRISAB I h 3 01,
Bacteroides fragilis ¥ Escherichia coli T& %1~9,
$<{ D B.fragilis iz B-lactamase (¥ & LT Cepha-
losporinase) % #4 L, %M Cephalosporin R{f4EH
BE¥RiEkT 557,

%%, Bic metronidazole 3% B. fragilis, Clos-
tridium difficile 7x ¥ REEKIEBE XL in vitro
BOTHVHEEDYR T E2BE LY,

X8 B fragilis ¥ E.coli & X 5ERNEAR
Rvv AR L, B.fragilis i EH»BH 5 E.coli
EixHiEfE D i\ metronidazole &, K%t E. coli
BB DR T B fragilis C 2 HEEROB -+
7 = ARIEH S X ¢ gentamicin L ¥ HHL, TOBK
BRERHN LD TEORMEBRE T 5,

I. # 8 & F %

L fEREK

E.coli C-11 ¥, B. fragilis GM 7004 #k & clindamycin
WEOEEK M TMS 151 #4 V7o

2 (AN

Metronidazole (1,000 ug/mg, HA v —F 4 7)

Cefazolin (964 pg/mg, BRIRIFES)

Cefoperazone (933 pg/mg, BMWE7 » 1 %)

Cefmetazole (953 pg/mg, =3k)

Latamoxef (912 pg/mg, HEEFHBUIK)

Gentamicin (565 pg/mg, HFFHBI)

Clindamycin (864 ug/mg, HAT7 v 7Y a ¥)

HE7 EHFE BT,

3. = AMmNBDRFWE

Metronidazole % 0.5 mg/mouse £ O#& L, 30 4,
1, 2 4, MR 1B EDO -y 2DLE,IrSLhEFh
0.5ml OMPBEFH, WILD7—LiilE B,
cefazolin, cefmetazole, cefoperazone, latamoxef s X Ut
gentamicin * T h LhETHEL, 54, 15 4, 30
43, 1EEH, 2R metronidazole DF A L F UHE
Tl e, MEROZEABMEL, 74 A7ETH
E L7, metronidazole ®» MEERPTERLEM L LT GAM
£EEX (AXK), BEE & LT Clostridium sporogenes % F3
\ 7o, cefazolin & cefmetazole D i4i%, Heart infu-
sion broth (3BF); 2.5%, %X (Difco); 1.2% mbHLRK
A¥gHh - Bacillus subtilis ATCC 6633 % Fi\», cefopera-
zone DFPAE, KV X7 b v (KEER): 0.6%, K=
F A (BH); 0.15%, B#@=* = (Difco); 0.3%, 7
FofE (FOXEHIE): 0.1%, &KX 1.2% b LS Kb
& Micrococcus luteus ATCC 9341 % A\, latamoxef i
X FY T VAT M2y (HBE); 3.0%, EX12%
MO D L E.coli 7437 % B \~, gentamicin Tk
~_7 + v (Difco); 0.6%, BfRF=%%:0.3%, A==+
A30.15%, 7 Vo8 0.1%, &K ;1.5% hHRAHE
iz Staphylococcus epidermidis ATCC 12228 % i\
o

4\ TR TS E.coli L B.fragilis BERY =Y A
1z cefazolin Bi#l3s X U metronidazole & D B 5%
DI cefazolin WA FHRD LIF HICPELo ¥
T BFE 2k SRRSO EFREK 2RMA O miF
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¥, Th¥h 7°C L, mikhD cefazolin DERE
ErERTAR L,
4. E.coli & B.fragilis B&RH~ 7 ATHT5 me-
tronidazole & {th#¥ID 6t Mtk
E.coli C-11 # 2 MLD (MLD ; 3 x10° CFU/mouse,
LDy ; 8.8%107CFU/mouse) & B.fragilis GM 7004 §)
10 40 1 MLD (MLD ; 5x10°, LDy ; 8x10%) % IRy
ey A NEPRG X, 1% 1 M%C cefazolin
Wb L, metronidazole (32X H1C 1, 2, 4 B L6 R
MBhTEETSH, —H i< metronidazole % Jic #
L, cefazolin ¥ M THEL 7o MPDBMHRL
<o AMPRBOHBY BRL oo ¥ metronidazole
¥ 7ok clindamycin & fh#O#EHIx1:2 &L, FfF
#5i1c 3133 EDg (X Van der Waerden ¥iic & b i
Lico BMEMEE5 BME L,
5. WHBEER~ v A0 MFEHRD RE
MK ERER~ Y AD DD £EHE, L 0.2ml
% GAM 71 2 v CIHK 10 f5%RL, E.coli i FY
HARF —RBEMTAR, B.fragilis it E. coli DM
WEHIET 5 7= cefazolin 25 ug/ml % in% - GAM %X
PR RV Ico
II. % % &K #&
1. Metronidazole #5#HD <> R MNHREHRDB
Metronidazole 3s X UMD 5 E#H|% 0.5 mg/mouse #
L, v AmM#FOZEROREHRBY Fig.1 TR
Lo
Metronidazole R 5%D MNP — I Iz ¥ &5
30 4460 41 pg/ml CHH, ZO{HIX cefazolin, lata-
moxef O ¥ — 7 {HD 343D 2, cefmetazole, gentamicin
L 2 F A%, cefoperazone D) 2 & TH - 7=, metroni-
dazole |3fhd 5 Mlic L _MWh TOFBRELR R L, X

#h s M Ty 2.3 ug/ml O MNPRES M EH
2o

2, Metronidazole & {¥|DBtFAZR

E.coli C-11 L B.fragilis GM 7004 (clindamyein jg
i) ORAMY~ Y A metronidazole ¥ &0 Kk
L, ARy TS LI Ba0 BEsRY Table
1 kiRl

Metronidazole (% E.coli =L HM{ER #% % ¢,
cefazolin, cefoperazone, gentamicin i B.fragilis I}
LITMEAMN VDT, ThoMMIC X5 GRSkt
LA BOOR idvotc, L L, metronidazole &
cefazolin, cefoperazone & DYMBIC X 5 MY R(EDy)
12, £h¥h 94mg/kg, 82mg/kg Lich, MMKR
D EDy D) 10 2D 155\ iz ThATRETL
T\ 5, B fragilis i LTH 0 HMEAODD
latamoxef L DGFAIC X5 EDgo Mllix MMENIED 45
D1TdHYH, Bfragilis w3 LAVHARH DO D5 cef
metazole L DPFFRED EDyo ffi2, MeFl FaMBE L 218
RALCTCH -7

KIZ clindamycin #§ #& B. fragilis TMS151 ¢ E
coli C-11 L DRARPI T2 0t R~ AR LK
MM LIz (Table 2),

Clindamycin ¥t B.fragilis DT 5 84 RRKE
%L T{ metronidazole & cefazolin, cefoperazone,
latamoxef, gentamicin DHtRIC X b EDg fflizth
Z£h 94, 71, 41, S0mg/kg T, MM D LEhER
BREYRLI,

—7, clindamycin & cefazolin, cefoperazone, lata-
moxef & D Ht B TIXER L KT X b 2w
EDj, {fi% 7" 3%, metronidazole » &% & o pABKI
~§y 3~5 fEXEX\MHLr o1, B.fragilis w2 {HK

Fig.1 Serum levels in mice
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Serum levels (rg/ml)
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Dose 25 mg/kg

Route
= =<@8--= Metronidazole p.o.
= 0= (Cefazolin s.C.

==-0--- Cefoperazone s.c.
=——a— Latamoxef s.C.
~=~a--- Cefmetazole SC.
~==0-——Gentamicin s.C.

Mouse : ICR, male, 4w, 19+1g, n=9

172 1 2 3

——

Time after administration (hr.)
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Table 1 Therapeutic effect of metronidazole and other antibiotics alone or in combination in mice with mixed
infection due to B. fragilis GM7004 and E. coli C-11
Challenge dose MLD
(CFU/mouse) (CFU/mouse)
E. coli C-11 5 X10* 3 x10°
B. fragilis GM7004 4 %10 5 %10°
EDso (mg/kg) MIC (ug/ml)
‘ Antibiotic Each antibiotic Inoculum size: 10°CFU/ml
i Single +
metronidazole E. coli B. fragilis
Metronidazole 500 — >100 0.33
Cefazolin 1,000 94 1.56 >100
Cefoperazone 1,000 125 0.2 >100
Latamoxef 300 82 s0.2 25
Cefmetazole 250 180 =0.2 3.12
Gentamicin 100 75 3.12 >100

Mouse : ICR strain, male, 4-week-age, weighting 1911 g.
One group : 10 mice.
}\dministration route : metronidazole, P.O.

other antibiotics, S.C.

Table 2 Therapeutic effect of metronidazole and clindamycin alone or in combination with other antibiotics in mice
with mixed infection due to E. coli C-11 and a clindamycin-resistant strain of B. fragilis TMS 151

Challenge dose MLD
(CFU/mouse) (CFU/mouse)
E. coli C-11 5 %108 3 X10®
B. fragilis TMS 151 5 X108 >5 X10°
EDso (mg/kg) MIC (ug/ml)
Combination Inoculum size : 105CFU/ml
Antibiotic Alone Metronidazole Clindamycin
+ + E. coli B. fragilis
each antibiotic | each antibiotic
Metronidazole 500 - - >100 0.39
Clindamycin 500 — - >100 >100
Cefazolin 1,000 94 327 1.56 >100
Cefoperazone 1,000 71 188 0.2 6.25
Latamoxef 250 41 216 0.2 6.25
Cefmetazole 250 142 216 =0.2 1.56
Gentamicin 100 50 150 3.12 >100

Mouse : ICR strain, male, 4-week-age, weighting 19+1 g.

One group : 10 mice.

Administration route : metronidazole, clindamycin, P.O.
other antibiotics, S.C.

fERD x> gentamicin & DHEATIE, BEBHREIZLL
Bobhldote, I LI B.fragilis © b HEFAOH
\» cefmetazole i, clindamycin ¥ 7-i{% metronidazole
EDHHABIC X 5T cefmetazole BAKIIRREL b L Whi-%
REREieh o100

3. Metronidazole, cefazolin DEFEFEIT X 5 55

BROER
E.coli C-11 # 2MLD (# 13LDj) & B.fragilis
GM 7004 #5 10 40 1 MLD (#84® 1LD;) ¥ BE
BYux@ic<= v AL L, metronidazole & cefazolin @
BERFZ R L ey Fig.2 KRL1,
E.coli, B.fragilis %1%, 185 E i metronidazole
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Fig.2 Ralation between therapeutic effect and the initiating time of administration of
metronidasole and cefazolin in mice of mixed infection with E.coli and B. fragilis
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Challenge dose (CFU/mouse) Administrated dose Route
E.coli C-11 5x10® MLD : 3x10* Metronidazole 25 mg/mouse p.o.
B.fragilis GM7004 4X10* MLD : 5x10° Cefazolin 5 mg/mouse s.C.
: gﬁ;f;ihs}proponion of bacteria detected from the blood of dead mice.

Mouse : ICR, male, 4w, 19+ 1g, n=10 mice.

Fig.3 Serum level of cefazolin in mice mixed infection with E.coli
and B. fragilis and stability of cefazolin in serum

a) Serum level of cefazolin

04
o-=--0 : administration of
.8 cefazolin alone
03k '. o——o : administration of
~ cefazolin combined
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& cefazolin ZFkHETH L, = R Mmdd E. coli,

B.fragilis (3 R WAL, LR 0% Thoie
(Fig.2-a), ¥ BARRE 1B metronidazole
FHREL, SO 1KHEIC cefazolin ¥ {5 Li-HT

Rate of remaining activity (%)

b) Stability of cefazolin in serum

90L-

-
-
-,
°\

Serum:2 hrs after administration
0=+=0 :in the case of cefazolin alone

e=—¢ :in the case of combination with

metronidazole

70

-

0.‘5 i
Incubation time (hr.)

b, 2EAFRFRSRO X 5K R 0% & ok
(Fig2-b), LA L, metronidazole # & 2 B K
cefazolin %5 LI HCIXETXK 60% +irbd (Figh
c), D E.coli, B.fragilis DEHi3 cefazolin 52




voL. 33 NO. 2

CHEMOTHERAPY

137

SRS CEMMNA DR, 4RMEKk (Fig2-d) $X
Ve HMEO B ETIL (Fig2-e), TRTOwYAEHK
ACETEER 100% Lotk

—F cefazolin R HEL, 1RME AR 2HRME
& metronidazole % ¥r& LB Tit (Fig2-f, g), LT
X 0% Thoidi, cefazolin 4 4 BeMIC metroni-
dazole &5 LB CIXFET R 70% (Fig 2-h), 6BFM
HHETIX 100% Lok (Fig 2-),

5. E.coli k B.fragiis DREBH=Y 2k 5 M

W cefazolin P

E.coli C-11, B.fragilis GM 7004 |E&MR~ Y R
cefazolin M#3s XU metronidazole & DGtBEHS-HD
cefazolin ORFHMMWRMESY Fig. 3 ITiRLA,

Metronidazole & DftFANS 1 FEM), 2BFMEBO MW
1 cefazolin WX, £h¥h 60, 38pg/ml TH-1
A, cefazolin ARy BT 21 ug/ml & 5 pg/ml DO
EThot: (Figd-a),

FRAR Y 2 Rtk o mN% 37°C KERTS5 L,
cefazolin BAF|Ey 5B ffi Wb cefazolin FEIXEERAIT
¥ LA, metronidazole & DGt B 5B Ci cefazo-
lin FEXFA Lzt o (Fig3-b),

1. * »

Metronidazole 3= ¥ A5, RECRILX
h, RSB0, O, Houcuron!?
LORRATO mFFRED #BL BLL T3, in
vitro I ¥11% metronidazole @ B.fragilis =343 %
80% REFHILMEL 0.2 pg/ml THHZ &0 HY, =
v A If#+D metronidazole (3 B.fragilis O WM % &4
CHIET 2 HRELGBFIhD DL EL LIS,

Clindamycin B2t B.fragilis GM 7004 L E.coli
C-11 toBARY~ Y R IZ ¥ T % metronidazole &
cefazolin, cefoperazone % %\ i latamoxef & DGt
BHRE, threh BASEDHRICH A~ 6~10 LI E
Bhi-B% B, =D in vivo “TD metronidazole &
iRl E DERELHF 2, FIHROD in vitro HHAKRE X<
LT3,

SIHIGESE, EBRICEVT REFEN ML T W5
clindamycin fi{¥§ B.fragilis TMS 151 ¥ BV -EAR
FREBWTE, REFLEFAPREBORIZ L0 D,
metronidazole EOPLECOWMEKNFAE R A B S h
o

Ui L, B.fragilis GM 7004 L E.coli C-11 Lt D RE
¥Yu= 1 A1z metronidazole & cefazolin @ Pt F#¥ 5%
fTed L, MEHADHEREC X > Ty AOBEDHE
RELKEB Lo ZOBE, L7y ADMANSLS
8D E.coli piiixhicz Lh b, cefazolin D Hy LB

MpBRS & E.coli DMMIBLYFRESFERD, =K%
M B fragilis DML BHREND = ENRYRELMGTE
BELDE BADRN, ¥ b d—2D Bl LTit
B.fragilis O RE MM X - T, COWORETD p-
lactamase A% cefazolin % 43#8, TEE{LL E.coli M
HIMMLBo oD S THBH, TOT LR cefazolin
M# X b metronidazole & D ARD = v A Ml W-HRIE
DML, L cefazolin MFI L850 MM D cefazo-
lin {54 in vitro TREFRICBRP LI &0 6 L KE
Hons,

B. fragilis 13, VARG RE:Y L2 2 WRD f-lac-
tamase ¥ BETLHZ LR AMHRATVE®, LichioT
ZOMOBDO BRI 31T 5 metronidazole & D
PHRBREARFOmANC T B L bic, X
FO T 5 &l (EERM 5K L2 THES
TERLBLETCH D,

X [
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IN VIVO ANTIBACTERIAL ACTIVITY OF METRONIDAZOLE
AGAINST ANAEROBIC BACTERIA

THERAPEUTIC EFFECT OF METRONIDAZOLE IN COMBINATION WITH
OTHER ANTIBIOTICS IN MICE MIXED INFECTION WITH
B.FRAGILIS AND E.COLI

SuuicHt Mivazaki, Kazuyo Mukalyama,
Yasuko Kaneko and Sacuixo Goto
Department of Microbiology, School of Medicine Toho University

Each combinations of metronidazole and cefazolin, cefoperazone or latamoxef was synergistic effect
in mice of experimental mixed infection with E.coli and B. fragilis. Also these combined effects were
obtained in mice of experimental mixed infection with E.coli and clindamycin-resistant B. fragilis.

When metronidazole was administered within 2 hrs after administration of cefazolin, the results
were the same as with simultaneous administration of the 2 antibiotics. The number of viable cells
in the blood of the 2 bacterial strains gradually decreased with time, and 0% mortality was achieved
When cefazolin was administered within 2 hrs after administration of metronidazole, however, the
number of viable cells gradually increased and the mortality rate became 60%. An interval of over
4 hrs between the administration of the 2 antibiotics resulted in a mortality rate of 70~100%, re-
gardless of the order of administration.



