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—Imipenem, ceftazidime % H.0C—

HER WM RFEOWE-WE A
HARAFEFHIE AR

(PRR6E 8 A 17 HRAT - PR 6 12 A 21 HRA)

<7 ZAORME I & 3 MEARKE TV ERECH L TERARDORZ 5 imipenem (IPM) & cefta-
zidime (CAZ) @ 2> ® B-lactam RIA WK THML, HERKCLIIMBSh Y F b+ Y ME
DIRY— > ERH LI, 75 L4488 (GNR) XL, £OMEBHEKIICMET 3 penicillin binding
protein (PBP) 3 W HERIBMAM DM AWK IWEIC 74 T A Muk 82T, ZOEKR, BED
BMHMA L, carbapenem RIEHKDO L > icE i PBP2 #ERT2IEE L LKL T, BHEOKIC
BAELOHHINZ LY R F Y RNBEL LB EVD in vitro DRFIZ L £ TOLBENINETH
{E¥NhTWw3, Ll, XWICBIT 2 in vivo DKL, BREFHCHOIYF v EEXE
ILRDORELAIPM OB TH- 7z (2BRMHE, p<0.05). %7, BRX D in vitro DRIER T,
inoculum size H/NEW5R (10°CFU/ml) TREBELICIF LA LELRD T, REHE, EM> F
PRV UBROTGEFMTEZIRDSNE Mo, LML, inoculum size B3K EW>#R (10°'CFU/ml) T
2 IPM D BB 2N T 208, CAZOBREHRETF2&RB8@ o, Likd->T, IPM
DA 2 BREHSERMCETT 2700, HEERFMEREHTIHERETOERS NI F ¥ 2
IPM OABERICEVLERRSESh: (p<0.05), Zheh s, in vivo TV F b F ¥ V3B scave-
nging 3K\ H» SBEZIN 3729, inoculum effect #ZiFIC { v» IPM DI&ST 2 BRE 1 bSREHHE
BEOHSORMEYARBWTR—REDZ Y F b Fy HOERERE LI LFLONT, LD
o, HERCERINZ2ZY P MY VIES in vitro DMETD S FET2BEICBWVLTIZ, scave-

nging ¥ EWIT LI F b VEREENROERLRERL R LFLIONS,
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B 7 % LAZEDHE 1134 penicillin binding protein (PBP)
X AIBEMEOEE TR I ToNnE, ELT, RIEEL
BEICIDVENThOPBP T 2R OMEMNR L
3, ¥, CORMBEDERAM L LS PBP ~OHMMHDH
BiCkD, BOBMOLEEBELHELSZ L bAISNTY
3, 77 AR HE (GNR) k8w T, PBP2, PBP3 D
ZRETROEEIC LD, B HEREOTEECLEL 221
K IRATE CREOREAL, &ETIEEOMRILE VI EE
MELEELC Y

2otz Z bd S in vitro DRTWE, AT AHEEC
IV EOEBEICERT 577 LABREREO IV F MY
VIR EYDH B Z EBSERICL VERES R TE,

E# 513 GNR OfR%F & LU T Pseudomonas aeruginosa %
vy, &8D PBP 2 i B0 WHEE L L T imipenem
(IPM) %, PBP 3 icEHMMEORE WHIEF & L T ceftazidime
(CAZ) %BRL, AKORRGRBRE L~V 2 DEENIC
By X € RIAEE T VORBCELTHRIZ0EI %
BEtL 7z,

I. # 8 F &

1. EAEk

WiBE DL IR S B 7: P. aeruginosa K> MRk
6, IPMECAZEXN U TEXERERETO.78
ug/ml E[@—@ MIC 277 # (KL56) 2EEAL X,
FEEEAF A INIPFT-TCCBREL, EEREI
FLLBBLTIhERw,

2. DiEE

Imipenem (IPM: B &I AS#), ceftazidime
5-hydrate (CAZ.: BEX 27727 V) ik, #hFhh{lio
bhoTwaEREAV,

3. TUFIMFYUHIEE

BRREREEERCIA VP MY VHIEFY M (x
YFARY — g TEH) 2AVT, FRLUIEE
BHRE L U7 RAOLMPOIYF by v BERIEL
Izo £MOFEF Triton X (E{LFETEH) X O#Ei
M EITH> TR LEERERL T 2%,

BYEL ¥ My V3RO Escherichia coli 0111 B4

* PhARR S ERARFE IRET L IR 207
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Table 1.

—4days —4h -3h Oh 2h 5h
| | | | | ]
| | | [ | |
cyclophosphamide inoculation antibiotics ip antibiotics ip
200 mg/kg ip 1/2MIC 4MIC

A =

! b b

blood taken

D Westphal type O E AV, TheDERX
IEEEBRE TR,

4. B B

ICR%SPF = v &, f#, 7~8:@# (H& SLC) ¥ H
Wiz,

5. ViKESIRIUFbFYUHMD in vivo 2B
3 Mt

Table1 /KL 7z, ICR % SPF = 7 A IZ & 4 Bl
iz cyclophosphamide 200 mg/kg % BWRENES L, IF
FEREBD & ¥, FhRC L 2EMEOAARRE L HSS
X487, EBY Az Mueller-Hinton broth T 37°C, 7
R ORI E S 1T- /8% PBS T2 Bl L TpH 7.0
D 1/15 M #EBREEHmEERIEK (PB-Saline) 2 i,
BETFEACTHEREADL 4ml OFK EBIEN I
BHL. 201KM%E, HEX% PB-Saline iIZ 5#%
L, SECEENCEBLLERTORKIBE1/2
MIC 23 X5 AL THERIZESHL:, 2hbh
5 3 BEff%IC 12, subMIC 0 CAZ 5B OMBEARY)
b CREEOBR{ESED S, IPMERETIRIS
Vo ltBRkBs SNV L 2R L2, OB, B
NOTERDORKRBENSIMIC L3k 5 cHEE:
BREL, IhEBEBERCER L, ZORSEE 0B L
L, =3, 0, 2, s5SFFHEicBII2MPcFIrFy B
EEREL -, HiIimEE, KFEREBCkERL, £
BEBIAR DYINTERGL > 51T - 120

6. MERFERTVFMXy  HHOD in vitro 1B
5 ET

A ¥ A I NV IFFFEL 2HBk % Mueller-Hinton Broth
WERL T, 37°C, &, 4RHOMERETo> .
M 100 11 % pH 7.0 © 1/15 M #824& & ¥ (PBS) TEH
L 7z Mueller-Hinton Broth #%¥# 10 ml iz 0L T &
51z, ITCTIRBHIEL 1o, R 1 BR% O
TERAFHA L 7 R OXTBUEREH I RIS 4 MIC
OHEEERHML, ZoBOEFEHOE, BOWEE
&, = F by rOfElE, BRESLTVwELY
FrFooa2g8lez P 3o REZHEL 2.

ZDRERK 1001 % 1/15M PBS T 105 R L TE
M., 72i2bicZzD¥E% 0.22 mm &EO filter (MIREX-
GV: Millipore Products Division, Bedford) Ti®i&
L7z, MBRELERBRPANOER L F YV ED
HZE i, EEAREIEEEELbDbED T
FrFo U BEBORZEICHL 12,

IVR YU RROBIEICEEL Tik Kropp 50D%
P2 b &7 % cathion bridge TE&ICKEAL TS
vEMFYY®0.02M EDTA (Sigma Chemical Co.
St. Louis USA) & D ERT 30 FMLEEL, HRES
¥ THEL 70

WO L sampling L 72 MBE AT/ FHF7 AL
THE, BEEL, 7 LREERHEL &R, XETER
L7

II. & »

1. ViEEERLFbEYVBERD in vivo T8I}
M8 (Fig. 1)
BEROHEH1/2MICOHEEICEML TV 5 -3
BEA & 0 BEMIZ, IPM 858 L CAZ e5BOM TS
EERLTVBIVF M3y RICEZRBOOSNLPS
7zo 4MIC OIBERTHML 12 2 MEkolP > F
b % 3 >l i3 subMIC B CAZ {WBE DR THEK
DHREBELCTVE I LERBZL TV I ICLMbS
¥, IPMEEEOFBERCEVERBON > F M+
VEEBLL, FORSHHMEOMEE TICRTAPL
I MELIET L, CAZ it Mhc> F + *
YUER I OBERMOMICRERY LRERI 2>
720 %7z, time course O 0 BRI DEF A TIIBERERIC X
747D VRBERENS b OMRHL, BREBHATOE
BOZELIBETE 21Tz,

2. In vitro CBIANBERFJFRVF b R
BROKY

BERBALS 1 FERI % 1 B80S 10°CFU/ml & 72 - 12BF S
TA4MIC DHEEEMRA R TR, MHEEL X2
RIZDREEE T P. aeruginosa # EPH BB L I-
(Fig.2a), ZOBERTIZRCAZABREH IS BEOH

4,000
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Fig. 1. Antibiotic-induced endotoxemia in a Pseudomo-
nas aeruginosa sepsis model. 10’CFU/body organism
was infected. The solid column represents the
endotoxin level in peripheral blood of imipenem-
treated mice. The hatched column represents that
of ceftazidime-treated mice. Data are means of
three mice.”p<0.05
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RIELBHEDAT, TSN F MY URBRICIZE
PFEopote (Fig.2b), LiL, HECHEALE
FOLYR P FYUBETIRCAZBIPM X oL T
wiz (Fig. 2¢),

$EEBAMA 7 RFAIE CHEEY 10°CFU/ml & & - 128 /R
TRIROMEEEHIL 12881, CAZ X IPM L&
LTHREBERBELEHICBET L (Fig. 2a), ZDER,
IPMAEETCEVWI R N+ U EESED O
(Fig. 2d), —/ CAZABECIIEFEOHERILEEL
T8Y, BEEELOI P MFY ViR IPM &L
TEHIZHEAL TWw/: (Fig.2e), L2L, BEEY
IPM O dizwnicd, BEBLEVF YU EiIR
IPM & b A% o7z (Fig. 2d),
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Fig. 2. (a) The Kkilling curve of antibiotic-treated Pseudo-
monas aeruginosa. 4 MIC doses of each antibiotic
were added 1h after and 7h after cultivation.
Open squares, solid circles and open circles repre-
sent control, imipenem (IPM)-supplemented and
ceftazidime (CAZ)-supplemented media, respectively.
(bXcXdXe) show released and total amount of LPS
from antibiotics treated P. aeruginosa. (bXc) and (d)
(e) represent the data, antibiotics supplemented in
1h and 7h after cultivation respectively. The solid
column, hatched column and shaded column repre-
sent the endotoxin level of IPM-supplemented,
CAZ-supplemented and control cultivated media,
respectively.

3. BEEELIY Ny BREEORS
CORERBEIERELCLIRXMBEBIBZI P M FY
v DFERERE OFL % LR Dk TR EERLG 7 BRI
4MIC OHIEEE2HML, £EHOZEL (Fig. 3a),
NEETHER SN P b +y o WRER (Fig. 3b)
LHEERE (Fig. 3¢) %% 0% 3BMCH > TER
BB LTz, -
MERORERRI T IIWEEET 23 bo—LT
B Y R b Fy o BlRE I BREE R —ECh o
7zo IPMEBMBEE, T F b+ U HBEENENO
IR TCO o b&EL, BICRBIEEET LR, CAZ
BMBEETIE, T2 F b3y o HMEE I 2 B0 S 3B
M0 1R8O L D BWEERL,
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HOBRBEILIX CAZ BRI TEL LERLEEE L
728, IPM BRI T RRERZED sk o Tz,
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BRPEDOREEER T 2HBFRI—DORBEOEET E
Rk 2M8H 2 IIBEOEE, bI—DOREKZED
b DB 5 VITERIIN T B EER O RE RGP REGE
DRELZOhoRDBEHFZOHND,

%72, GNRIZ & 2 FEICHEEL T, KEDI-H D
HERSICIVBEIRBI S -BIZT Y F M3y ol
BELZILRINETRASATEY, ZhicEEL
TEUCIAHER DIV F i Fyryvay ZicBLT
i, AT SsBEHENRESEINTERL,

Zh ¥ T, carbapenem RIEETH 3 IPM L 0D
i p-lactam RHEHEIC L 5 GNR » 5 DR EXESIR
IRy BB 2 ERNRETIE, B in vi
tro BT ANERLEBERLICEINTER>Y, £
DO, PBP3 icHAMEDEVLHEEMS GNR ERT 3
EHEEOMELLIC L 2EROBASEDON, HREL
Ty R M+ v o EHREL PBP2 CEHOHLE B
PR EB L THEMT 2 L |ESN TS, $i, ¥

T w
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Fig. 3. (a) The killing curve of antibiotic-treated Pseu-
domonas aeruginosa. Open squares, solid circles
and open circles represent control, imipenem (IPM)
-supplemented and ceftazidime (CAZ)-suppleme-
nted media, respectively. (b) Chronological change
in antibiotic-induced endotoxin release into broth
media from P. aeruginosa. The solid column, ha-
tched column and shaded column represent the
endotoxin level of IPM-supplemented CAZ-supple-
mented and control media, respectively. (c¢) Differe-
nce in velocity of endotoxin release after addition
of antibiotics. The solid column, hatched column
and shaded column represent the endotoxin level
of IPM-supplemented CAZ-supplemented and control
cultivated media, respectively. Both antibiotics were
added 7h after cultivation. Data are means of
three mice.

KRR F M3y 23U RRBE MR, HE
IVF MY UIZE B TNF BEEERFTLIZRETY,
B2 MRS 25EET TNF ol EnBS w3
IH|ELRENTVLBY,

SEHEESHRNLLRBEL Chs0BEDH T,
CAZ i iREFRICBEE L T\vw2 PBP3 BN NE
<, IPM i3 PBP2 i It E WITEE L L TR X
NTERY, Lo LERICBIT S in vivo TORITTIL,
sub-MIC OHEEDOHi &5 TREFAFADE % R &
RTUTo b rboT, ThETOD in vitro \ZB1}
IRPMOBEL SFRENER L YT, IPM 48
ERLZ: 7 ADBE B THREERCERICE W
PR FYUEERLI, LL, ZOZRELE
BBZLERRATCRAS Shi-d, 10°CFU T°fF-7-F
RN TCREEZZD Ko T2,

ZOL7-ER2E L2 RED—2k, IPM ifho 6-
lactam RETEEK L 8% Y, minimal bactericidal conce-
ntration (MBC) @ inoculum effect iz & 2 Z{La5/N X
WZEOBBFondThbS5, £72, BEESIZn vi-
tro X BT HME T, NBOEMEPEE TII PBP-2 B
Itk DE V> carbapenem &3 D panipenem & H#E L T
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PBP 3 ic BIRItE D> & Dfthd S-lactam 3K DY B3 B
NEDVETTFHEEMELTHEDY, inoculum size
EHOHEREE L VI ZO2ORFOERLTRETRL
ZIENEDFRELFAON,

ECZT, ZODin vivo DREREINETD in vitro D
RITRE L OMBEETF S in vitro ITBWLWTRNL2b}
ThH3,

BRBHEETLER 1 RMOBRER > F by
VERB R T in vitro TRNLRERTE, CAZD
BERERCHBEL THAROEEELEET 2R
(10°CFU/ml) Ti3, BMEDBWEBEBELLREETITH
BL, = Fh*voEREcIPM tOMTEREL
v, UL, THEDEEXICEEMNML 8BS
12, CAZ TR L B 3N E BN koL
T, Y F My YOERRIIEAROTERC X 3
PHETHEEOHEITT 5 IPM TE» -/, = 2T CAZ
DBECTHIRONEREBEETEI LR, boLbHE
FMEDOR Y PBP YA IERFEESREESTE I L
XD, MECMS5T25PBP1A, 1B, 7V ZADKS
BELRTWI LB EEZ SN,

UEORERLLOEES IR, ThETOERD in vi
tro DRET L RABEROLZVEESD in  vivo DMFHRE
RICENEUCRFERE L TE—I inoculum size i & %
MBC O Z At 3 IPM T ik fh @ f-lactam F L L& L T
NELEVRI B2 E LD,

FHEOb >—2i3, in vivo TIIFMBMOL F b+
¥V IZHFBEZE T T scavenging ST 312197 as
in vitro DRFTRML BR LB Z L BEIFTS5N 3, Fh
RbEFKIZBIT BEKMD scavenging O —oO I %
NE3EVSFEZI DL, EHESD in vivo TNV
BOLTRIFTREBLVP IR THEIHLDDIY F M FY Y
@ scavenging BfTbhTwa Z L iR (Fig. 1) «
BhTw3, Lizdt>T, in vivo ETNVIZBWLTIHRE
EFRLUF M F Y VESBEI NS DX, BREOL
XD DHEAMREES DDV R M F Y UHEHERY, 5%
@ scavenging &% FREIZ2RFCMPCRIBEI B Z LiC
29, SEATRAEIRIMPLF M HIRT Y
F b ¥ ERERE & &R0 scavenging HE L D=
KEOHESNZEEZONS, —F, in vitro TOH
BEJZIRIVF MY U EBOREITIE, in vivo LR
YT R MFYUODscavenging BRI SRV, T4
bb, EEEPTCHELTWAIYF M EYURIZ, K
HENIHARFRP DDV F M2 BOBEES
RLTWBZ i3 (Fig. 3b),

IHhETOERORETE, AvnohliEEEEIX
Jackson® & IZEHEZEICTH L T0.5~2MIC H 3 i
IPM % 100 MIC izx+ L T CAZ % 50 MIC, ¥ 7z Doffe-
rhoff & 13 IPM % 80~800 MIC izxt L T CAZ &ix 40
~400 MICY, &5 iZfAE%5 X IPM % 0.32~2MIC iz

LU TCAZRIZ1~62.6 MIC 2 MR TH5, TiEHK
E DIEAARFMIL 2 BEMI o & 24 BEMI T, in vitro DTV F
MEYVOMMMOAEHERE L T2, £/, BEE
&3 10° 25 10°CFU/ml B OMBEATO A2 &
nNTw3, #LT, VP *yoBREROERDRE
RECEHOEEELOEIIMEL T3,
UEDERMARTIZ, MAEROTMIC L) EERICE
BLEITEERE & BAKR L BRED MIC DA
Bb¥Ic&kD, ELBITHEMED H 2 GRMBBEIEDZE
NWHEINAEZWBELHB L, £, in vitro IZBIF
UM P COMMMEDOSICEB LI BEIZ,
EERTRINPIYF YU HELTRBESNSTH
A5 DHEMERLEREINAZODLHFAL SN,
UEXY, ThETD in vito DM FETERONT:
HRIZ, EEOBKICBOLTHERCAVOLIBORR
LRBFLO—BLzWwEFHFLIONT,

¥, BESH in vivo TORFICA O BEERRIC
X 3 BRMfEE 7 vz, BERAC IESOMEEL, TH
HEBRA 2RI UL LT, ERICBEELE T 2/
EWHYT2LHX SN, BRNICHEFRHN LRKOER
RUBMBEINITRENNFET I2LHF L 5,
SEEESBRNLI-BFEFTMCBWLTIX, CAZA
BREIRFCLVEERERICCHESI ZREKEEL,
DL REHLOBHENZI LY F I F oy ORERIIZ
HRIELTOZROLEBRREEL OBV F o U &
LD LM 3 L3N ERTES, Lrl, VF
MY UVOMMERY sy 7B 3EREICOVTIRE
RABAZROH L, U F M F Y VAfENRT—2 D
EVNERCEL 2R BISRE S RH IR ThiER
5220,

X B

1) Bryan L E, Godfrey A J:B-lactam antibiotics.
Mode of action and bacterial resistance. In Anti-
biotics in laboratory medicine 3rd ed. (Lorian
V ed.), p.599~644, Williams and Wilkins, Balti-
more, 1991

2) Dofferhoff A S M, Nijland J H, de Vries-
Hospers H G, Mulder P O M, Weits J, Bom V
J J:Effects of different types and combinations
of antimicrobial agents on endotoxin release from
gram-negative bacteria: an in vitro and in vivo
study. Scand ] Infect Dis 23: 745~754, 1991

3) Jackson ] J, Kropp H:B-Lactam antibiotic-indu-
ced release of free endotoxin: in vitro comparison
of penicillin-binding protein (PBP) 2-specific imi-
penem and PBP 3-specific ceftazidime. J Infect
Dis 165: 1033~1041, 1992

4) Dofferhoff A S M, Esselink M T, de Vries-
Hospers H G: The release of enndotoxin from
antibiotic-treated Escherichia coli and the produ-
ction of tumor necrosis factor by human mono-
cytes. J Antimicrob Chemother 31:373~384, 1993

5 MHE#=, XHEKXRE, HE %, 9| B, II|LE



356

BEAtL¥RELYESHYE

MAR. 18908

H 75 L2BMELSDIY R MY VY ERICRIZT
o1 I _RAL L lF DLt —. Chemotherapy
41: 345~350, 1993

11)

AU, M M, #AEH: Panipenem/betami-
pron @ in vitro 8 & W in vivo AMAIZ 2V T, Che-
motherapy 39: (S-3) 55~74, 1991

6) MKEAKE, EREA, KRS, HE R, K D, 12) Pranning-van Dalen D P, Brouwer A, Knock D
Aded B2hz2AVIFLLIYF My v ERE L: Clearance capacity of rat liver Kupffer, endo-
DOERN HRMRN. KK 38 1341~1346, thelial, and parenchymal cells. Gastroenterology
1990 81:1036~1044, 1981

7) Goto H, Nakamura S:Liberation of endotoxin 13) Fruedenberg M A, Fruedenberg N, Galanos C:
from Escherichia coli by addition of antibiotics. Time course of cellular distribution of endotoxin
Japan J Exp Med 50: 35~43, 1980 in liver, lungs and kidneys of rats. Br J Exp

8) Shenep J L, Barton R P, Mogan K A:Role of Pathol 63: 56~65, 1982
antibiotic class in the rate of liberation of endo- 14) Wardle E N:Kupffer cells and their function.
toxin during therapy for experimental gram- Liver 7:63~75, 1987
negative bacterial sepsis. J Infect Dis 151: 1012~ 15) Saba T M: Physiology and physiopathology of
1018, 1985 the reticuloendothelial system. Arch Intern Med

9) Shenep J L, Mogan K A:Kinetics of endotoxin 126: 1031~1052, 1970
release during antibiotic therapy for experimental 16) Walker R I: The contribution of intestinal endo-
gram negative bacterial sepsis. ] Infect Dis 150: toxin to mortality in hosts with compromised
380~388, 1984 resistance. Exp Haematol 6:172~184, 1978

10) Davey P G, Barza M: The inoculum effect with 17) Hurley J C: Antibiotic-induced release of endoto-

gram-negative bacteria in vitro and in vivo. J
Antimicrob Chemother. 20: 634~644, 1987

xin: A reappraisal. Clin Infect Dis 15: 840~854,
1992

Antibiotic-induced endotoxin release from Pseudomonas aeruginosa
—effects of imipenem and ceftazidime—

Takayuki Miyara, Tomohiko Ishimine and Athshi Saito
First Department of Internal Medicine, University of the Ryukyus, Okinawa, Japan

Pseudomonas aeruginosa-infected septic mice were experimentally treated with imipenem (IPM)and
ceftazidime (CAZ), and differences in the pattern of antibiotic-induced endotoxemia. The inhibition
of PBP 2 in the gram-negative bachilli results in the formation of spherical cells, whereas that of
PBP 3 leads to the formation of filaments. Based on these findings, many in vitro investigations
on antibiotic-induced endotoxin release using IPM and other beta-lactams have been reported In
those studies it was reported that the amount of endotoxin released from IPM-treated bacteria
was less than that from bacteria treated with other beta-lactams, because of an increase in cell
volume in the former cause. However in vivo results were in contrast to those predicted by the
previous in vitro studies, as after treatment, significant elevation of peripheral blood endotoxin
was noted in IPM-treated mice (p<0.05). Our succeeding in vitro study clarified that at a small
inoculum size, there was no difference between the two agents in endotoxin released. Nor was
there any significant difference in morphological change or bactericidal activity. Whereas IPM had
strong bactericidal effects even at a large inoculum size (10’CFU/ml), but CAZ failed to show
increased bacterial killing with increases in inoculum size. The rapid killing activity of IPM
caused a high velocity release of endotoxin (p<0.05). And in vivo, endotoxin is continuously
scavenged and removed from peripheral blood. Therfore this strong bactericidal activity of IPM,
independent of inoculum size, was responsible for the transient elevation of endotoxin level in the
peripheral blood of septic mice infected with a large inoculum size and treated with IPM. This
study suggests that to evaluate antibiotic-induced endotoxemia, the velocity of endotoxin released
should be considered an essential index.



