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AFVY URIERE T P YRE (methicillin-resistant Staphylococcus aureus; MRSA) iz
33 % cefuzonam (CZON) ¥ imipenem (IPM) O#EZIBIZOWLTRNL, UTOKER%:
Bize (1) In vitro \CB I 2BEHR X, EHFATRVTRLBRBREERORD Shizw
RELHALEE, FRCI OV ERALBBEERALRD Shi, (2) 7 2 MRSA BRHfE
ETNVERWTERNR 2 PIEFAK, EDs % L T8 L VHBROBFEKRICOWTR
LI 2, HAROANEHEBEI D bEIMRNCERALTBY, ORI FED
index »SHENEATH 2 LHEI N, (3) EHEABLIVEOHAROEREICB Y

THERERE LR, BEOWMERNL /225, CZON & IPM 246tHL X
LLEZONLZHBUEOWHIRBD SR,

&, R &
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BATFORBONT 2RENOFOIBHOE= MR+
7z AERISEREKTHERA SN, T T 10 EBERL T,
ZOM, AF¥Y rtERAT FVRE (methicillin-
resistant Staphylococcus aureus; MRSA) HSESREE IR
Indk5icikh, DO MRSA 28A L ¥ 2 BB FEL
ERIERERL, B, BRNBROREE L L CHEL
RoTwa!~Y,

MRSA REL D=y Y U8, £7 x 2HDH% ST,
*OfiD=2—F/0rH, v7054 FHcHLTHE
Rzt 2 R SAMBEE TH 5201, RESSRBEIC
H5BE, LBANRERED 3V IBHKBELED D
B ICBULAE RS LN R - FRE ey 3y 2
HIVRBAGETHESOKBERE: T LiGRE# L &
29, EDN, I ORRIED T - LEO R IZEEK LEE
BRBIChhoTET,

MRSA 23 L T#i# it vancomycin (VCM), arbe-
kacin (ABK), minocycline (MINO) 0sEn7-&SH %
AT, L L, &, MINO iz b kb BEATE D,
FEHE ABK B b T CI I N TETWS, k77,
VCM ® ABK Ti3BHMZ L ORIEROMBELHD, #
ATIRERE AR T2 2 L8 TERVBELVH S, &
D&5REDD, Zh THLZOABRENRASKT

WB.HTY, FES5% 13 MRSA izt L T cefazolin(CEZ)
% L imipenem (IPM) & D8RI & > THWEERR LS
Bohasz i@ L, #ESYIXZCEZ L IPM, %17,
BH 5" i cefotiam (CTM) & IPM O ASbE CH
RERERN LT3, LL, ThETHAIKE ZHE
HDRIR XS { 2% in vitro TCOWET, ZOHAREDE
i L ZetE % in vivo TR L RE RPN,

4E, BLGERME»SHRL P ZERET, <
AWHHENETT MRSA 2HEL, Thick->-T25H
BRI THERLETVALEBRREFTVERLT,
MRSA BEFEICN T 5 MEROHAYHRERT L. &
Bl MSSA 23U HhEEDMRSA it LT OHEN
%77 cefuzonam ¥ imipenem DFEAESHEIZDOWT in
vivo TOMREMRIL, BOHERDRL2BOIRKLE
leoTHET 5,

I. #8EIURE

1. % 9

ddy v Af# (4:880) 2HEAI Rz VY —KR
£# (SLC, H&fam) L hBAL, @FERET CHAF
L7z SV RIE—BES~10RTHEAL 20

2. HERAEH

Cefuzonam (CZON, HEV YY) —%A&#) &

* HMRTACE 1-15-1
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imipenem (IPM, MENKHKALH) HKEEn¥® EM, FED index=2.0 %A% L, ¥ L TFED

# 10 mM phosphate buffer saline (PBS, pH7.2)
CTREERL TRV,

3. GEFMEk

LME THREL TV 2HKAHRED MRSA Bk
» &, ZhZ TOmutin & cyclophosphamide % A
VT ABRERRTIRLSERT7ARNLTH
WEIEY: £ SM T 2 % E O MRSA KU 16 # %8R
L, Mueller Hinton (MH) MX¥4iz T 35°C 18 B§
MIERL . TDOH, MEXEELoEELE2LD
PBS i L, B 530 nm i T—EDWBICL S
TH5ICABLE, £, in vito REYHROHIE IC
1, YBEkE MH 74 3 2T 30°C 18 R Pl
%, 2O—EROEH #0.1ml) %5mlOMH 7
43 vem2i LEBICAR, 35°CT4~5FMiRR
EELLbORMEAL 2, YUBMEKED CZON &t IPM
X s |/ANREHIEME (MIC) 1%, 10° cfu/ml
DB L TCZON D 25 ug/ml, IPM D 1.56
ug/ml THo iz,

4. IUREFBRPETNVOER

HHESMBINCHEY LichHtk, T2bb, YUBEK
5X10" cfu (10LDso) %~V ARMMIRL D BRI E 2
itk D eBRBRETNVEERL . HiERICLS
wEE, B, 6, 12, 24, 8RBT b T,
BEBRIIEHEREIVEE: COVYSEFESR
(day) B U&EHFEE (%) 2L TS/oty PEYK
Lo THUYLNEDy,fE (mg/kg) &> THRBEL
Teo 51T, BESOFE'O > TED, %D &
iZ fractional effective dose (FED) index *®MH L,
UToEXEX b L cHANRE2HEL /2o FED
index=<0.5 23\ tHE/EA, 0.5<FED index=<1.0
Prhpr D EMER, 1.0<FED index<2.0 % fim

index>2.0 #&H/ER L L 7.

5. £EHoOER

WA R RERER I MH, AT, MW, WML UR%E
WL 7o BMERIKREHEL /2%, 10ml D PBS
¥hmx, kePF4 AL, ThERBKELTION
REEREIR L, %D 0.2 ml % MH MX55#b i WFIE%
Lo EWMH (cfu) i3, M# % Log,o/ml, FFM%
Logio/g, MM % Log,0/0.1g, WM % Log,0/0.2g,
& 51h% Logi/0.3g TERETNEBRL Iz,

6. H&ERD in vitro BEHR

BEMICERL - MAaH 3 0HHEANEREOE
H Wm0t cfu/ml 2L 5mOMH 74 3vp
Ao LFEEBICAN, I5°5CTRBIERL 2, 0, 1,
3, SEEMBBHO—MP LMY HL, MH XM
WRIGRL oo £WMIT Logio/ml TERL T,

7. BiER

ERERED—D>TH5MPRX (blood urea
nitrogen, BUN) BORWES 7 FNLE/ A FVA
EVICRUTERELE, T2bb, BHERRS 2,
5, 10 B EREMIKE X 0 il 21T, #o5hizl
WE MY 7 oVERERRAEIIC TR > /87 LTk, Mg
RELRERMEET OO TEFNVE/ AXVALE
BARGEEE D, £D%, KEHEIC 540 nm THEMKIM
BB L URRSREEROBXEFHEL, HRIME
> BUN & (mg/dl) #®HiL 7,

8. #rEHE

Wilcoxon-Mann-Whitney E & 2 W THEEE
EREL 2,

II. & B & 2
1. In vitro B3 2 8REYR
MNMHEBMOKUIHKR i+ 2CZON B X U

Table 1. In vitro bactericidal activity of the cefuzonam and imipenem combination
against methicillin-resistant Staphylococcus aureus

Antibiotics Colony forming units (Log,o/ml) at
Group (4g/ml) 0 1 3 5
CZON IPM hours after incubation
1 0 0 6.00 6.59 7.87 9.05
2 0.390 0 6.00 6.10 6.30 6.63
3 0 0.025 6.00 6.09 5.17 5.00
4 0.390 0.025 6.00 5.47 3.85 2.95

1x10° cfu of MRSA were incubated with or without antibiotics.
0.2 ml of cultured media were harvested at various intervals after incubation and
viable bacteria were counted on an agar plate.

CZON, cefuzonam; IPM, imipenem.
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IPM Bi#l, &2 wiZBtR D in vitro I8 3 RBEFRY
BREYRERA LIz, BR%E Tablel &iid, FME
BORR»S, UPEBRD 10° cfu/ml B D CZON 1/
64MICICH ¥ ¥ 3 0.39 ug/ml 8 & C*IPM 1/32
MIC 24823 2 0.025 ug/ml 2 E N T MMER &
ELBEOIRMES LI USRMEICB T 24 WX
i3, #h¥h, CZON T6.30 & 6.63 L WML,
IPM T5.17:5.00 C3RMBL Db ic®d L
fro —H, MFIZHAL RS OEEY, IRME
3.85, SEERIET2.95 TH o v BHATIRVLT
NLEROEHEZEIBED oo Dz L
T, ZOMEWBIISCZION L IPM BRIV EE
BOEHEREY, Thbb, BOBREERLED S
o

2. TUARALBRLETNMVCNT B EBEHR

WHEHESX10 cflu b~ ABBIRL DV RBRHT X ¥
TYER L7z 7 AMRSARREETTNVERAWT,
CZON : IPM O##ts X UHHHRE (t bzt 3
BERESEICLETECZON & IPM o5 %% 2:1
KEELR) ORBRWBZHLERN L . X%
Table2 & Table3 X RT ., REDLRNREEFE
THRB L Table2 05 50%EFERE#F T 5D
E¥ 3 H#HKE, CZON i T4H, ZLTCIPM#
BECRBW6ETHo DKL T, AT 8~

0B ETHo e —K, RMMAERIZ5 HUA
C2PIMFETE L. AROFHEFAMIL, Kimst
Etictb~ T, CZON MMM T34 1.6 %, IPM M
MBI 2.4, FLTHBARTIINIIMcER
FRMiNL, ®ORRIZEMEICHRTHABRTE
RicHro e, Riz, BRI0HB BT 2E8BOK
MO & MG DA 2 100% & L THBL 7c4B
A, EBRRNERIIHN TH LDITHRT,
CZON i@t group 3 & group 4 DFyHt 76%,
IPM BiSiR¥ D group 5 & group 6 D72 79%, %
L CHHB @ group 1 & group 2 DE#H296% T H
o720 M EDREMD S, MRSA £ 85 BREICHT 3
CZON r IPM OEGZR L 28 KB (KE2 YY) O
AR IZ, HL OXFOHMMBERA L D HEL IBE
KBLWTIVEECEDOND Z L NTREEINT,

CZON Hiig L IPM BB D ED, HIZEh T h
82.5mg/kg, 19.6mg/kg TH - 7203, HHAKTIZ
CZON ®53#71/20 # L T IPM &53%7 1/10 i £ TH
»L, #Fh®h, 3.85mg/kg, 1.92mg/kg TH -7z
(Table 3), LA_E®D EDy, fEHD> & #FFHKED FED index
PHEH UL 3, FED index=0.145 £ & b, &
HEHR RSN,

3. HHAMEOBBAFEBC L LIZTRR

LFHEERSX10 cfu 2wV ARMIRL D B & ¥,

Table 2. In vivo therapeutic efficacy of cefuzonam and imipenem against systemic infection
in mice with methicillin-resistant Staphylococcus aureus

Survival percent (%) on

Mean survival period

Group Dose (mg/ke) post-infection day (days)
CZON IPM 2 4 6 8 10 (Day +SD)
1 6.94 34 100 60 5 50 10 |7.5%2.49
2 3.48 1.73 100 100 70 50 50 i é;.912.24: ;
3 6.94 0 90 50 10 10 0 --i:s 7i2.10§§°
4 3.48 0 100 5 2 10 10 : 3 811.94’§
5 0 3.48 100 80 60 30 20 1 6.02.87
6 0 1.73 9 70 40 30 10 5.12.06
7 0 0 0 10 0 0 0 2.3£1.19

Each group consisted of 10 mice which had been intravenously infected with 5% 107 cfu of
MRSA. 0.2 ml of antibiotics were intravenously administered at 1, 3, 6, 24 and 48 h after

infection.

Statistical comparisons were performed by Wilcoxon-Mann-Whitney analysis. Only
significant differences are shown, by the following symbols; *P<0.01 (----), **P<0.05

(===

CZON, cefuzonam; IPM, imipenem.
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Table 3, The EDy, and FED index of the cefuzonam and imipenem combination
against systemic infection in mice with methicillin-resistant

Staphylococcus aureus

Antibiotics EDy (mg/kg) FED index
CZON 82.5 -
IPM 19.6 -
3.85 (CZON)
0.145
CZON+IPM 1.92 (IPM)

Each group consisted of 10 mice which had been intravenously infected with 5x10”
cfu of MRSA. Several 0.2 ml doses of antibiotics were intravenously administered at

1, 3, 6, 24 and 48 after infection.

FED index was calculated with the following formula:

ED,y, of CZON in combination + EDy, of IPM in combination

EDy, of CZON alone EDy, of IPM alone

CZON, cefuzonam; IPM, imipenem.

Table 4. Therapeutic effect of the cefuzonam and imipenem combination on colony forming units in
blood and organs in mice infected with methicillin-resistant Staphylococcus aureus

Antibiotics Colony forming units (Log,e) in

Group (mg/kg) Blood Liver Spleen Kidney Brain
CZON IPM (/ml) (/g) (/0.1g) (/0.2g) (/0.3g)

1 3.48 1.73 2.55011 4.16: 1 4.45 7.97; 5.34

e tiie o:‘.o ]
2 3.48 0 5.54'! 5.65')! 5.80'; 8.58' 5.78
3 0 1.73 3.35 ] 5.70 '} 4481 8.21 5.55
) 1 [
4 0 0 4.77 6.13 5.54" 8.46 5.75

Each group consisted of 5 mice which had been intravenously infected with 5% 10" cfu of MRSA. 0.2
ml of antibiotics were intravenously administered at 1, 3, 6, 24 and 48 h after infection.

Statistical comparisons were performed by Wilcoxon-Mann-Whitney analysis. Only significant dif-
ferences are shown, by the following symbols; *P<0.01 (----), **P<0.05 (-—-—- ).

CZON, cefuzonam; IPM, imipenem.

2FD=7 AT S5 HEHETO 4 HE, BN
i, FAE. BEEE, BB X URMOSEBANOEE
BOZELEHEL 2. TORER, BREBLEFEBOHEE
REMBED SN DRBEOATHD, ZORIND
B ERR3IHEHCED SN, TOEBOEEKIZ2X
10%cfu/0.2g TH->7 ULHL, FOMDEMBR
MBI B2 EHHEBR 1 BE» S 10°~10° cfu iz
WAL, ThUBEEALELEZZBD >, X
iZ, bok bPEA%IR DM > 72 CZON & IPM
A&bt (Table2, group2) OF%AWwT, CZON
By, IPMBEMES X UCHABCBIT 2R3 H
HoORBBNEER LBBER2ZHEL 72, BBRE
BHMOBEIE Table 4 WRT T THY, Kiggest

HHS L USHECHE~RT, HANTCRMBEZLT
TP, PR, BRBLUROVwThizs T LERD
BAOEALED S h, Bio, MKEFRCBVLWTEER
REBORYBED Shi,

—%h, M, BT —BcEEESHL 00,
BCREHMTE - I EREERZED B h o, BE
EROMIZ Table5 RTZ L THD, Kb
BBEICHART, SEEHS I UHBARICE T IREE
BROFVERRNS L, B, FBEBRcBLTR
BHRABOALEHBEL D b ZORPOBEIRELK
NEhoTz, ULEOERDS b 2 DHAMROENE
MR E T,

4. BNFAR
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Table 5. Therapeutic effect of the cefuzonam and imipenem combination on organ weights
in mice infected with methicillin-resistant Staphylococcus aureus

Group Antibiotics Mean weight (mg) of
CZON IPM Liver Spleen Kidney Brain
1 + + 1,014 57.8 303 295
2 + - 857 55.8 256 312
3 - + 793 62.5 259 318
4 - - 879 38.0 249 291

Each group consisted of 5 mice which had been intravenously infected with 5X107 cfu of
MRSA. 0.2 ml of antibiotics were intravenously administered at 1, 3, 6, 24 and 48 h after

the infection.
CZON, cefuzonam; IPM, imipenem.

Table 6. Effect of the cefuzonam and imipenem combination on BUN in mice

Antibiotics
Group

Blood urea nitrogen (mg/dl) on day

CZON IPM 2 5 10
1 + + 28.40 27.84 29.02
2 + - 27.50 27.64 28.52
3 - + 28.20 27.51 28.21
4 - - 27.98 28.10 28.82

0.2 ml of antibiotics were intravenously administered at 1, 3, 6, 24 and 48 h. BUN
was determined 2, 5 and 10 days after the final injection.

CZON, cefuzonam; IPM, imipenem.

EHERKS 2, 5, 10 B CIRBEHIRE L 0 M
27w, Bo5h-MmiEw>wT BUN&E2HEL 72,
FORBIX Table6icRT L {THY, CZON &
mEE, IPM EHMBE L UHABEOLTIOBICEY
THELENEEOZN LIZLAYRICETEER L
RuBwonhkhrol, £i, KEOELLHAEL
B, WTROBICB T b ELE SRS & Rk M
ERERL, BHHICL 3 EEZ N IBEEOMREIE
EHSNEH o7z,

10 =

— %12 MRSA B fE D512 B L T ik MRSA 23
SHTETH 5 L oBRERNDE L, BR
DHREREEASDOE IHARELIREALBELELTE
BThatEzroNn3, TNET—RITDRATVS
HREERORITIE, FEAY in vitro 28175 FIC
index 2 RL7:bDTHY, HACLIZREIRLRA
R bORDYRV, 1, BRCHEINIES
b Zh D in vitro T® FIC index DELRELIZ &
LML, 2@ FIC index 2B} 3 BEF D
BREHL 2 b T, BRICBI 2P EEL
DMFEPEK T OEFIBERIC X 2 BIEA ORETR P LI

DM BEE & DEFRERLUTBERZZ SRV, 5
8213, HEROHEIZDWT in vitro TOKR 51T
5 fhic, ERICBREEYEAWTEEROEBCHA
Xk 2EHEROMBICOVWTHLRET LT, £3°, X
EMSSAIRUSHMRSAN L TCHObHEFNETRT
CZON t IPM OlAEDLR¥IZ DT ¥ A I HBL
TH2 KU D in vitro BT 2 HBRE 2R
Lo TORER, ThETIHEINTW 5 cef-
azolin; CEZ+1PM *° ceftizoxime; CZX +IPM*%'? o
HAEDLEORP CZON+IPM O Zh ¥ TOHRAY
R-19 L FRAKOYRBHE L EERELL
(Tablel), # DEED IPM & CZON DN Eh £
NOMICD1/32 L 1/64CH AL T Eh b,
D SPERIC L 20, o, THEEOHR
EFHT2LSBERTCOLVERLELOTEMTH S
ZenFEINT,

ZDin vitro COPRAIC L B2E L WREHR I,
KU 16 %)k 2 W TERR L 72~ X MRSA 25X €
TVEBT2BREEERERCBOWTOER SRR
(Tables2~4), SEDEEME % S EDCEZ L
IPM (4:1) OF'" L OBITHEL B8, SEOE
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BRTH® SN EDy M & FED index i3, CEZ &
IPM®D R 817 5 EDy M (2.48 mg/kg) & FED
index (#70.45) X D92V EVMTHo Tz, 2D
L EAEERCTERCSVERIZDZ VOO0, SH
® CZON t IPM OMAEbE DR, £HBRET
NOUBRERIZBOTEALENTWA I EE2THRT
3HDTHLLHLoND, WMBROEEBIIHAR
RikoTboEbEALL, 2L b0
clulALDEER LB LRBACHEET DL L, 85
CHEEORMIZHEARICB VT HRS5% R X 2 Hh
Sl IEREEERT DL, Sk, 4BRFMDLIE b &
Ex@I T2 EHROEBCAROTLERRT
ILBLHILHAOND, Ab¥ THEROREN
BITHROWTHSHTRL T LEBES I,
<7 X MRSA £ T7VTRONIEHAD
ED;, (CZON:1.49 mg/mouse, IPM:0.35 mg/
mouse) &, cyclophosphamide (CY) & mutin %
AL XD MRSABREFVOFRTHLOATL
% ED;, (CZON:15.90 mg/mouse, IPM:15.87 mg/
mouse) XD bR DVEVETH I, DI LI,
KUl k2B S TR L - SEDLFBRET
VOB ERIOBRK EOBEMEERN T 5 L TCHERAKD
BOLRERETFTVIEEDBAIILETRBLTVLELODL
Bbhd, ¥, Z0DL 5% EDs fHOBOLIEL -
DIEDD ., BERREFVEENLD, RBELETE
¥5EHMTCHER AN S CY (200 mg/kg)'® THILE
TERRDETNTREFHERCREESOLEDE
EL TV AalEEMMRD 2, EDLDI DL S RBHE
7Tl MRSA 28 » I:B2 RMENDOEERNTD
REME B E, ERIBEROBIC b KEROTTERH
PBEESHh, TORKRE, EDs HHEERZRL 76
HHBEIONDE, &5, HEFICLIEEBRICIZ
HOXR: OBAINERLEET 22 L™ 258 T
3L, BMEROBEDY L TV 3HROBPFEE TV Tk
BIEROBIHBRERREBE L HBHL L, 2D
DI EDs SRfHICE > Te b bEZONEL S,
HEFOHRRFOHEEIR % b 12 & T HEHMMII,
SOLIAHF-oED LRAINT LR, PEERE
MRSARLTR=v) v®HEEH (PBP)-3 &
PBP-4 #HET 24K 2 AN ICERAEE 3 &,
mec Rz FDFEEKE (PBP-2) ki3 % - MRSA
DREBEHETEIEDBTEZI LV X XDRLDFE
Bhs, 4E0 CZON & IPM Ot E%R i1z, PBP-
2"k birL % PBP-3 & PBP-4 Ofi¥E % [FEs i fE
EMCEALEERV 3R bDTHES, B
%, CZON i3 PBP-2, 3 ic#5&8MMEs34 <, PBP-

ZENLTLHI2BEOBRMAELDDY, ELT
IPM 12 PBP-1, 2, 3720 T2 {t&lL »PBP-4 i
LTHAME W Z LG Ih TS, £,
CZON'" % IPM' iz i3 (g MI#R & DB IHRERIR b
BHONDZZ LUMELINTEBY, HEUREL LS
TR, SEPNICBL TN D MMZRE
MLTBZ e bHEHEaNS,

CZON L IPM O#RIC X 5 £k~ DER L MM L
o8, WEBHELHRERLHBOONRP>TZ h
5, BRI IBHOMNEERLVLOLHL N
%,

o

WMER2LZICHID, KFROXRITICHEL THABL
7- 5B % U T { Wik B REZRER FHESE RS
HAOXKICHEML 7,

nE, AXORE MW 40 BEHECEMEFELLS
(BHEH) I TREL .
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Therapeutic effect of combined cefuzonam and imipenem against systemic
infection in mice with methicillin-resistant Staphylococcus aureus

Takeshi Sasahara, Tohru Higuchi* and Matuhisa Inoue
Department of Microbiology, Kitasato University School of Medicine,
Sagamihara, Kanagawa, Japan
* Lederle (Japan), LTD.

Synergistic effects of cefuzonam (CZON) and imipenem (IPM) against methicillin-resistant
Staphylococcus aureus were studied in terms of in vitro bactericidal activity and by inducing systemic
infection in mice. Combination therapy (CZON and IPM) was superior to single therapy with either
drug in terms of in vitro bactericidal activity. When a combination of CZON and IPM (2:1) was
administered to mice infected with MRSA, the levels of EDs, and colony forming units (CFU) in
blood and organs were significantly lower than those achieved with single administration of either
drug. The mean of survival period was prolonged in the combination group. The FED index was less
than 0.5. These results suggest that the combination of CZON and IPM is useful for treating
refractory MRSA infections, because of the synergistic therapeutic effect of these drugs when used
in combination.



