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AN

E &

ERBREEFRUREDFLUE

(FEfn 60 28 A 23 HEZ)

MmEFRED C— 7 EH MIC %1 e\ 35 R (sub MIC) T £ © HiEZE (mezlocillin,

piperacillin, cefazolin, cefoperazone,

cefotaxime,

cefmenoxime, ceftazidime, latamoxef,
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vivo BHER BRI e 1,

S. marcescens TMS 8 DKL TIL ceftazidime 3 X 0% ofloxacin DL iz T icEE <7 AHH

D EFORDENRD SRt

COEBITL Y, FEHID sub MIC @ invivo hRIXEBIC L H Ricd EABELMTENT,

MIC UTOBEDHEIEN in vitro THE T L
TEDIOAREATHENECOVWTIE, T TREHLOHRE
NRrHh, BEBRENEL nBOHEEYCN T K2
%, FFREZOMOBRBRECHTIEE L LR
RTERYY, Ll invivo kT 3R>\ T,
FEA WA 75 &, sub MIC (MIC UTFo#@E) oK
FINZEHE YL in vivo TE D X 5 cEBT5n
COWTOFMABRI BRIV,

B X 11 OB KD in vivo kT B sub MIC
DEADHREL SHEC I A~ ALFRPEeT A2
WTHBH LR TH %,

EHMEFREDO C— 7 i REFLATHEh T h
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I. RBHEGSIVRBHZE

1. RAEEKk

Staphylococcus aureus Smith

Escherichia coil 94

Klebsiella prneumoniae TMS 2

Pseudomonas aeruginosa P167

Serratia marcescens TMS 8

2. {(EREH

Mezlocillin (925 pg/mg, FEHIK)

Piperacillin (915 pg/mg, EL{LF)

Cefazolin (944 pg/mg, BEIRIER)

Cefoperazone (947 pg/mg, ZEILU{LF)

Cefotaxime (925 ug/mg, ~F A b+ « L4 2V)

Cefmenoxime (945 pg/mg, HHIIER)

Ceftazidime (845 pg/mg, FHHAFEZE)

Latamoxef (922 pg/mg, HFHEHLEK)

Gentamicin (520 pg/mg, BA=x, 7 A)

Ofloxacin (Bf—813K)

3. ZEAIRRSFZMRIE LR

BAA L FEYS MIC JIEEEE I VREL
Foio,

4. = v AEBRBRPTET D BRRDE

~v Aix ICR 7, ff, {48 19+1g, 1 5% 10 %A
W, AEOWBERRMEET R 18 FRHEBOW X W% L
T IRARUEEE 5% it b X 5T mucin 2%EmML, %
D 0.5ml ZREFEPRCEE L, 1 MMBCEAEZET S
DVIIERES L, RPETAED =Y ADAIZ L )
ERBYRD, BROREZHE L

5 = AFREROBKEIFR

WD =Y AT 0.5% glycogen iz 0.5ml #[EkEm
&5 L, 4 BRI Hanks J0z TRERER R ki, iF
FRER BRI Lo IFRERTRUE (10° cells/ml) 0.2 ml,
Hi; (10%cells/ml) 0.1ml, = AyfEMmyE 0.2 ml, 3
FIFHE 0.1ml, Hanks ¥7 1.4ml #R4 (BE 2.0
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Table 1 Survival rates of infected mice given antibiotic doses producing peak serum
concentrations above and below the MICs

a) S. aureus Smith

Dose for MIC Survival rates(%) of infected mice given an
Antibiotics ( MIP]) at peak level antibiotic dose producing :

ug/m ,

(mg/mouse) | 2 MIC | 1 MIC |1/2 MIC |1/4 MIC | 1/8 MIC
Mezlocillin 0.39 0.014 33.3 16.6 16.6 16.6 0
Piperacillin 0.78 0.024 50 33.3 16.6 16.6 0
Cefazolin 0.78 0.0065 100 83.3 83.3 33.3 0
Cefoperazone 1.56 0.033 100 50 16.6 16.6 0
Cefotaxime 3.12 0.048 83.3 50 33.3 16.6 0
Cefmenoxime 6.25 0.064 100 16.6 16.6 16.6 0
Ceftazidime 6.25 0.052 50 33.3 16.6 16.6 0
Latamoxef 6.25 0.052 50 16.6 16.6 0 0
Gentamicin 0.19 0.0025 100 83.3 66.6 66.6 33.3
Ofloxacin* 0.1 0.009 66.6 33.3 33.3 33.3 16.6

Mice : ICR, 4w, male, 19£1g, 6 animals ‘group.
Challenge dose : 7 X10° (5% mucin) CFU/mouse.

LDso : 1 X10* (5% mucin) CFU 'mouse.
Administration : S.C., *P.O.

mb), {REFIE Q7°C) H177e\, 2 R A RN
E LT

6. =vAMEFEOREIER

1R 30 [ED = ARMBALERIM Lico B~ A LD
872 0.5ml DfigEx 7 — 4 L, EOHBOFEMmE 1.8
ml, B (10° cells/ml) 0.2ml %84, 37°C & 1T
7o, 2 BRI ERERE L1,

II. £ B & #&

1. Sub MIC D#HEFED in vivo {RFNFE

<7 AR B AWHEHEEOMGEFHIRED € — 7 il
AP L 2MIC~1/8MIC L7en X 5RE LI &
D % RBIER R Y 1 s e h T s L, A
+# AL, mezlocillin, piperacillin, cefazolin, cefope-
razone, cefotaxime, cefmenoxime, ceftazidime, lata-
moxef, cefsulodin gentamicin, ofloxacin, TH %,

Ofloxacin DZFEOIZS, MANLT N TR TRS %7
75 -7

1) S. aureus Smith &y

Table 1 1233 X 9, MAE» 2MIC Lien#
HRTI, AR E LB CERIR AR Lice L
L MIC g/irzh U ToREE P& 5 & T
ik, FHFEAOBIL, Hie ) OHLELED bt Tig
PbHbE— 75 12MIC v_ADEERTII~Y 2AD4%
% celazolin, gentamicin A% 66.6% [l L &E<,
Yo\ T cefotaxime 5 X OF ofloxacin A% 33.3%, {1 FEH
i 16.6% ThH - 1o 1/4 MIC TY, gentamicin
11 66.6%, cefazolin 35 X OF ofloxacin T 33.3% 4%
L7z, Latamoxef Xz D54 TIX LT Lichs,

fbDIEFNL 1/2MIC VXA DL LRAKRD 16.6% O
HFERYR Lic, 1/8 MIC T gentamicin {3 33.3%,
ofloxacin % 16.6% DAFEHIR Lico Z DEHRICK L
T, AFEHO MIC BELTOM i & ok s
in vivo FRITK E IsHEAGED bt

2) E.coli94 Rk

Table 2 7% E.coli94 0= ARG T DB TH
%o

Mezlocillin, cefoperazone 3} X U ofloxacin (% 2 MIC
VAL DM RREY 52 D5 EETL, <7 ADE
BRIrThEh 50%, 50%, 33.3% &7gb Al & i
LTERTH -7 1/2MIC T cefotaxime, cefmen-
oxime, ceftazidime, gentamicin (X 1009, latamoxef
13 50% DHEFERHRL, cefoperazone | MIC AT T
B =Y ARRMGTHI LN TEIRD > T, MiEFHE
EEAs 1/4MIC LT &g 585 Gl TOEPRIE & ik
4% L, cefotaxime, cefmenoxime ¥ X 0¢ ceftazidime
BECEF~Y A0, Shb 33EHNL, E coli 94 &
Fuzxt L, MIC LT oM BT 555 E -
ZENTRENT,

3) K. pneumoniae TMS 2 &y

ZORBREC X B~ v ARYaTK LT, 1 MIC g
PREY 52 DEF OB LT,
me, ceftazidime ¥ XO° ofloxacin (% 16.6%~33.3%
DERBRBRIN, LOEATIEKR =Y AIRDLH
1ot XHIT 12MIC LIF T, MhoEATY
L=y ANTEE UTXCTERTH » 7 (Table 3),

4) P.aeruginosa P167 Ry

cefotaxime, cefmenoxi-
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Table 2 Survival rates of infected mice given antibiotic doses producing peak serum

concentrations above and below the MICs

b) E. coli 94

Dose for MIC Survival rates(%) of infected mice given an

Antibiotics (:;I/I:“) at peak level antibiotic dose producing :
) (mg/mouse) 2 MIC | 1 MIC |1/2 MIC|1/4 MIC|1/8 MIC

Mezlocillin 0.19 0.007 50 33.3 16.6 0 0
Piperacillin 0.39 0.012 83.3 33.3 33.3 0 0
Cefazolin 0.78 0.0065 83.3 50 16.6 0 0
Cefoperazone 0.012 0.00025 50 0 0 0 0
Cefotaxime 0.012 0.0002 100 100 100 50 16.6
Cefmenoxime 0.012 0.00013 100 100 100 33.3 0
Ceftazidime 0.19 0.0016 100 100 100 33.3 0
Latamoxef 0.05 0.00041 100 100 50 16.6 0
Gentamicin 3.12 0.041 100 100 100 16.6 0
Ofloxacin* 0.025 0.0022 33.3 16.6 16.6 0 0

Mice : ICR, 4w, male, 19+1g, 6 animals/group.

Challenge dose : 1 X10%(5% mucin) CFU/mouse.

LDso : 2.4X10 (5% mucin) CFU/mouse.
Administration : S.C., *P.O.

Table 3 Survival rates of infected mice given antibiotic doses producing peak serum
concentrations above and below the MICs

c¢) K. pneumoniae TMS 2

Dose for MIC Survival rates(%) of infected mice given an
Antibiotics ( M/ICI) at peak level antibiotic dose producing :
HE/m (mg/mouse) 2 MIC 1 MIC |1/2 MIC|1/4 MIC | 1/8 MIC

Mezlocillin 3.12 0.115 16.6 0 0 0 0
Piperacillin 6.25 0.19 16.6 0 0 0 0
Cefoperazone 0.78 0.0165 16.6 0 0 0 0
Cefotaxime 0.19 0.003 33.3 16.6 0 0 0
Cefmenoxime 0.78 0.008 33.3 16.6 0 0 0
Ceftazidime 3.12 0.026 66.6 33.3 0 0 0
Latamoxef 0.78 0.0065 0 0 0 0 0
Gentamicin 0.78 0.001 16.6 0 0 0 0
Ofloxacin 0.39 0.035 50 16.6 0 0 0

Mice : ICR, 4w, male, 19+ 1g, 6 animals/group.
Challenge dose : 3 X107 (5% mucin) CFU/mouse.

LDso : 1.4%X107 (5% mucin) CFU/mouse.
Administration : S.C., *P.O.

P. aeruginosa P167 FHfu= 7 A TILLIEA|D in vivo
HEMEECEELEL, £EFLL 1MIC T
=y A37e, sub MIC Vv Tiags, £<%
BARIeh -t (Table 4),

5) S.marcescens TMS 8 F&gu

KB X ARG T, MIC LllkomiEhigEics
I B & RH OB TS D OB L DI, Ceftazid-
ime 35 X 0% ofloxacin TFhFh 83.3% 35 XU 66.6%
DEFRERL, MOERILZ 04 TEHIFET L1
Z D27 OWTIE 1/2MIC T RN E D b h
ceftazidime T3 50%, ofloxacinTi¥ 16.6% DAFEREK

»siRe bitc (Table 5),

2. REPHEBRCKT A=Y AMER XUFHEROLE .

R

FHID in viveo FEIEACXEE O HEED ¥ & 2
Fx L Enb, kIR0 EEEGUCHWIe S aureus
Smith, E.coil94, K.pneumoniae TMS2, P.aerugin-
osa P167, S.marcescens TMS 8 253 %= v AL
FHRER OB X FH N,

Fig. 1 \=RLicLdic<y AMER TS EELLE
CPE IR o1y, < v AFPRICL VERRE X
Nize ZORGHN S <Y ADFETIL, EHEPHEL L
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Table 4 Survival rates of infected mice given antibiotic doses producing peak serum
concentrations above and below the MICs
d) P. acruginosa Pl 67

R Dose for MIC Survival rates(%) of infected mice given an
Antibiotics (,;“';p at peak level antibiotic dose producing !
fmg mouse! | 2 MIC | 1 MIC {172 MIC|14 MIC|1/8 MIC

Mezlocillin 12.5 0.46 0 0 0 0 0
Piperacillin 1.56 0.048 0 0 0 0 0
Cefoperazone 6.25 0.105 0 0 0 0 0
Cefotaxime 12.5 0.27 33.3 0 0 0 0
Cefmenoxime 25 0.13 33.3 0 0 0 0
Ceftazidime 12.5 0.104 16.6 0 0 0 0
Latamoxef 12.5 0.104 0 0 0 0 0
Cefsulodin 1.56 0.027 16.6 0 0 0 0
Ofloxacin® | 1.36 0.147 0 0 0 0 0

Mice : ICR, 4w, male, 19=1g, 6 animals group.
Challenge dose @ 2 X10° (5% mucin) CFU mouse.
LDso : 2.4X10° 157, mucin) CFU, 'mouse.
Administration : S.C.,, "P.O.

Table 5 Survival rates of infected mice given antibiotic doses producing peak serum
concentrations above and below the MICs
e) S. marcescens TMS 8

N Dose for MIC | Survival rates "o/ of infected mice given an
Antibiotics MILP at peak level | antibiotic dose producing :
MET (mg/mouse) [ 2 MIC | 1 MIC |12 MIC|1 4 MIC| 18 MIC

Mezlocillin 6.25 0.23 0 0 0 0 0
Piperacillin 1.56 0.048 33.3 0 0 0 0
Cefoperazone 1.36 0.033 0 0 0 0 0
Cefotaxime 0.19 0.003 I 33.3 0 0 0 0
Cefmenoxime 0.39 0.004 I 16.6 0 0 0 0
Ceftazidime 1.56 0.013 | 100 83.3 30 16.6 0
Latamoxef 0.39 0.0032 I 33.3 0 0 0
Gentamicin 6.25 | 0.082 “ 33.3 0 0 0 0
Ofloxacin® 0.7 | 0.07 L0 | 666 16.6 0 0

Mice © ICR, 4w, male, 19£1g, 6 ammals group.
Challenge dose : 1 ~10° 37, mucin: CFU mouse.
LDso : 6.3X10° 5", mucin) CFU mouse.
Administration : S.C.. *P.O.

THHERNEERRTFTHHZ 2D LN, T T Fig.2 0 X > rhiz KEHW Tcd, 1/2 MIC TiFhER
sub MIC DOZFIOHFETITHIT AIFFROZEFEMR % DREHR LUV TH o7, FHEREDOHKFIZI D

#Et L, BHRTE TR E D AWBUIIER F Fo X FhEREE X H R
3. Sub MIC ocefotaxime DEETFIZBIT B < A P Lt
R OREFA 2) E.coli94
B L LT cefotaxime &M\, in vitro |{ZH T E.coli94 1zx43 % cefotaxime DFREEMII@ML, 1

sub MIC DEAMWEREFETICET B~y AFhEROZE  MIC 13bH 54 1/2~1/4 MIC @ sub MIC K TH 4
BEEA R LB Lic Fig.2~3 Rl X 52, 37°C, 2 BERIZEBECET Ui, BFPEROEHEDEIL sub MIC
BERIPER C, BFRERE 2 BRA B & L NE B AR Dcefotaxime DFEFET THZICHM I i, LB L5
DEY A BRI, BEO > LIFPROFEIEA T % sub MIC D E

1) S. aureus Smith 13 E.coli%9 TRLEPTHH-TH
Cefotaxime @ S. aureus Smith (Zxb+ABEIERIT 3) K. prneumoniae TMS 2
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Fig.1 Correlation of in witro bactericidal

Bactericidal activity of PMN (%)

Fig. 2 In vitro bactericidal activity of cefotaxime
at peak serum concentrations above and
below the MICs in mice with or without
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Cefotaxime |3 1 MIC TETOREMHEL L, iFh
RLIBEMEThTh R bRBIERAYRLTV5%, L2 L
1/2MIC DFEF|EMOHL E %) BFFROLh X DK
Vo MIC OEAZLFEXRS L FEDHPICOHED
H%, 1/2 MIC TUMFpTRE O RBEE L 12 & A LN
oY oF AW R

4) P.aeruginosa P167

P, aeruginosa P167 T:%, 1, 1/2MIC o cefotaxime
BB ORI PR IRE I X D582 oo, L LIF
FIRDOREIEAIL, 1 MIC OFEFR X HF IR LT LT X
Db TR E i,

5) S.marcescens TMS 8
S. marcescens TMS 8 D4 4,2(Z, P.aeruginosa PI

67 DFE LEROMEALYRL, 1 MIC DOIEHF LIFhER
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OIHFF T, BEDRZTh T hoBmRc N, &F
WX htch, 1/2MIC o3 TIIFhEREM EE D
Mo tis

II1. # =

FEPFERRC R B S A E BN, fovs LRRE
AT in vitro 1Tk B MIC LT OWEECTHET 5 &
&, BRECEDO XS fFATEN WS T LRAEKD
BifHIAE & OBIEME A A LTI T 52 LIXTE L

ZNF T in vitro 2k TlE, sub MIC v=x1 oD
HEEC L W BEXZITCHEIER s M & M izt
N, FHRREOMOEEHEETF OIEANZFRT (7
D, ThHLDOMEND invivo DFHENHEE IR TW
too in vivo TiX Ozk® A5, b FEWCERER E.
coli FXYe5 ., + TEADOEREAEE A sub MIC & L1
EHRBEDDHDH, TOEFCOLTOFTITD &k
Wz e,

FRTIEBEOIEEN sub MIC DAEKNEE S
WTRRHERERICED X 5 e Rx L e b T v i
X THRE LICROIO®ILTH 5,

FERFEORTFILOWTUL, FEOEFANEZLN
0, SROTHE A TEROTEE > RRH T3
L0 B LR —BIL~ Y ADEH R T L
EROI, #EEIHL, U, FEHEEET~Y Al
BRREXMEL, TORE»bHEERSHEOE -7
i (95%) HEEED MIC Lird X5tk ER*»H
L1, ThUTRY— 7@ 1/2, 1/4MIC ¢tic5 X
S SRR EE L,

FERIOMAPPRELE — 7 535F < TH R0 D
DLHY, FLLOYOHELRTERLHHOT, &
DHEIRE?E D IXSEORF ¥ icicdulien
7els

L LA ELEFRERICI > TROZ LA LA L
Teote, MEFRED C— 7B sub MIC o5 T
RN EMNTD Sht-Dix S. aureus Smith 35 X8 E.
coli94 T, K.pneumoniae TMS 2, P.aeruginosa PI
67 35 LU S. marcescens TMS8 (1iZ LA FRIBATRX
Teh o te, $BHD 3EAERRINIT LT 2 BRI AN
BROCIRTAEBETH Y, Z O EARERBE L (X
BT h—FEAhtc, ok ziE, S marcescens TMS
8 (I—MMOEHKIEE, LVMEAICEM TV MIC
A7 LAy, sub MIC U3 Tiig < ROgph
ENE DRI > 1,

S. aureus Smith 3} X O E.coli 94 TliafZ sub MIC
VL TR GED bITch, ZOREICOWTLL
FLLHMIIFES Tidico Lo L E.coli94 T3 sub
MIC D¥#| (cefotaxime) OTEET TIFPHIC X B EE

BEFHOMEME LL, A &b oo LinEME
BT AL D EE L bR,

¥ 7= P.aeruginosa, S.marcescens (I—REIHEED
REERCEIEY 0, Mz TALKOERREFR
IR T BEF 3 (7o & 21¥ super oxide dismutase 7g
E) REETAHEK,NEL, ToZ L BHEOEN—
HEELOND,

WE—212, A—EEKRICK L sub MIC ORETH
Wk RTEAMCEN S D L TH D, BHEAE R
1, S.marcescens TMS 8 1Z%t3 % ceftazidime, oflo-
xacin DFFETH %,

Sub MIC (=R 2HEFA,»EAIC L > TRIRDZ
L, EFROFEREFEORICIBLOEE L bR B
P, AEBRTRIASDHZOWTRITT A ITIELT
Mote, ThHOMBESILSE sub MIC DDA
o in vivo Z)R2, FH, WL > TRIDZ L %W
DAL &2k » T, FBmadf@e LTERE
nIde

=V ARMLOB AN, MG OmMGEELSEVD
T, =V ARACHERLPEEFLOREHSLT L b0
RSB T 5 LiX\V 2o\ Lo L invive ITkIT 5
LB DOEBRFE T sub MIC v~ R OIERANEE
I hREHZ L3, BRTOEBHRE LK LI, &
DREILEHFELE TNV THHH, BREMALICL - TUL
BA5T 5 A HEEED RicH DT, SERFTNEEER
R AN

AL MIC OHEEOEKNNEY BT A HE
RRL, BROARERLBILLOLEEL TV 5,

AR, B 32 BAKRLCFEREFLRBED A FLT
4 ANy v aY “HEHEFET I 5 Sub MIC
DEHR" TRELIK,

Frikrichich, @EHGLEWIGE BHRBEE
EEMEB > EBREETHRCEHRH L LET, T
BN I W AHFTERRS LU BEMFEREOE
Bk lE T,

X ik
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IN VIVO EFFECT ON THE SUB-MIC (BELOW THE
MINIMUM INHIBITORY CONCENTRATION)
OF ANTIBIOTICS

MasaTtosur Ocawa
Department of Microbiology, School of Medicine, Toho University

We studied the effects of various antibiotics (mezlocillin, piperacillin, cafazolin, cefoperazone,
cefotaxime, cefmenoxime, ceftazidime, latamoxef, cefsulodin, gentamicin and ofloxacin) at various
peak serum concentrations below the MIC (sub-MIC) against an experimental systemic infections
caused by various organisms in mice.

The administration dose of various antibiotics that was used had the peak serum concentrations
below the MIC.

These antibiotics were fairly active against infections with S.aureus Smith and E.coli 94 even
though peak serum concentrations did not reach the MICs.

These antibiotics, when using peak serum concentrations below the MICs were not active in wivo
against infections with K. pneumoniae TMS 2 and P.aeruginosa PI167 strains.

However ceftazidime and ofloxacin were slightly active against S. marcescens TMS 8 strains.

These results showed that in vivo effect of antibiotics on the sub-MIC were different in each
species.



