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Table 1. Plasma levels and pharmacokmetic piameters mehealthy volunteers alter mtravenous
celtizoxime and intramuscular gentamicin administrithon
PPharmacokinetic
Plasma levels
parameters
(pug/ml) ,
Drug Dose Route R (/h)

0.25 0.5 1 2 3 4 i) 6 (h) Ke Ka

Ceftizoxime 1y Lv. 64.3 46.0 31.0 164 NI 49 NT 22 0 443 -
Gentamicin 10 my im. 131 121 818 562 1.93 NT 1.01 N 0.595 3.07

Wio b B S marcescens 6044 12, BiA Cp 1L A I
IE(SE D CZX 25 wg/ml, GM 10 ug/ml &5 £ 5%
DM % EH &4 T 37°C T 2 BEMI AL, R T
1,000~10,000 £ M8R2D L IGHE 37°C TRB & 4 #t
F, BRI EDE R A WEICEV e L7,
PAE?i3, o0kl 77 706, EAE
FHERICEL ) KRR L E N RS DO BEAH L log,
WY BT DRER D & KA EAH 0 i e la] BRI 1
log o A $ 212§ HREM & 8L 22REI & L 72,

5  In vivo I BT % postantibiotic effect (PAE)
Kt

2T 2D GG R L L URARERA BT in
vivo \Z Bt B PAER DG 5 1T- 12, & B IRR T
{3, &5 HHEC carragenan (Sigma Chemical Co.)
10 mg/kg (&) + L U4 BHiIZ cyclophosphamide
(+4747R7) 200mg/kg (MiFE) %Ay L7o—
BES Ly =7 Z24Z S. marcescens 6044 (4.6x107cells
/mouse) % RAIRICHRE L 2 BREHIC K TICiEHEL,
LIBEAEREEI LRI 2 ATV RIS > Tl B x
HE L 72, —F, BFATRER TR, & 4 HATS cyclo-
phosphamide 200 mg/kg (BEfE) % @5 L7 —BE 4
PCn =27 22 S. marcescens 6044 (1.2 x 10°cells/calf)
PRI R L 1 BERITRIC R TG L, LARRAERY
B HERE B & SEEMICHEE L, 10 ml A Bk %
ZHRECEA—F LEHFEICHECBERBNE L REL 72,
F7:, BEROBRIFRN2T 2k TRRNEYRE & Hiaf
Lo £ — 49— 4 time above MIC # 8
L7z, e ilEERE I i3 ORI & ) M3 % 14,
bioassay D4 > 7k L1z, W BN BE DT
IR 2 M L, CZX DH&13 2158 N 0.067 M
) R (pH7.0) 2z kESA—FL, £
O _Li& % bioassay D> 7nE L, —4, GM 054
BB - FERBN 0% TCAE2mMZ KEL A —F
L, 20 L#E1HICHLT1.2% NaOH &+ ) 24
fiefEm (pH 8.0) 0.5 F # N2 T bioassay N4> 7

WE L1 Bioassay 13, CZX D7 2 &+ + )
LI A, ROU M % B subtilis ATCC 663, Ik
Hilz—=r 7 MM (M ilg) £7:120.067M Y &
Ya kR (pH 7.0) (MBDINBIE) ¥ 57 4 7. 7.
T, GM D3418 heart infusion agar ‘Difco) % #
WiEITMEFY)VAT I/ A9 TpHB.OIZHWL 7:8%
A v, HOEMIC B subtilis ATTC 6633, 5 4H
3= 7 (m¥higeE) £7:120.67 M+ 1) 23K
MesR i (pH7.0) (BEBRINRIE) V574 27
HTir- 12, In vivo PAE®*3, GEEED=T 2D
Mmh e b IR NREANMICLL FiZk 58545
(time above MIC) D% H 1 log, WA+ I ET S
REMI D o, BEIERBEOH B 6l BRIZ 1 log, UM 51z
L YGRS AR 53 R U A

9 r

14

o
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Fig. 1. Growth curves of control (Q)
and Serratia marcescens 6044
exposed to ceftizoxime at 25 (A) or
50 pg/ml (CJ), gentamicin at 10 ug/
ml (@) and combination of
gentamicin at 10 xg/ml and ceftizox-
ime at 25 (A) or 50 xg/ml (H)
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Table 2. In vitro postantibiotic effect (PAE) agamst Servatia marcescens 6044
exposed to ceftizoxime and/or gentamicin for 2 h and removed by

dilution method (10 *~107*)

PAE (h)

Drug Dose (gg/ml)

Alone ceftizoxime 25 1.3
50 3.6
gentamicin 10 1.2

Combination ceftizoxime 25
+ >4.2

gentamicin 10

ceftizoxime 50
+ >4.2

gentamicin 10

6 E M CZX & GM 2 R E Lo a e
%E L 72 in vitro kinetic model iZ 51+ % S. marcescens
6044 io X 2 EREHR & PAE

Table 1 iIcfHERAICCZX 1 g@E>®F 7213 GM
40 mg BE®L B mp BEHF + 1 L Ukin-
etic parameters ¥ 7 L 72, MRl % (FH L 72358 & A€
LzBnZ b nm iK% simulate L 72 in vitro
kinetic model®” TN KHE ¥ K& L 7. PAED #
ki3 in vivo PAEORRET & Rk FER2 % A v
72,

I. £ B & %

1. In vitro PAE

CZX n 25, 50 ug/ml 8 LU GM 7 10 ug/ml Hijh
BLUENEFNIET TS. marcescens 6044 % 37°C 2
B RS R o A TR EE 3 T 103~ 10 L 2D F L F
DEMAEME S Fig.1ic, 2Nt D&KL~ PAE #
Table 2 (/R L 72, CZX 25, 50 ug/ml BijhEs) PAE
2 FNFN1.388M, 3.68FHTGM 10 ug/mlEh T
1.2 T&h - 7285, CZX 25 pg/ml+GM 10 pg/ml
B L CZX 50 ug/ml+GM 10 pg/ml B PAE
B Fng 4.28MU EICERL 72,

2. In vivo PAE

1) =7 2&H5BEET L

B ek~ 7 212 S. marcescens % FEIRIEREL, 2
B 1% CZX 10 mg/kg, GM 2.5 mg/kg H4b &
FCZX 10 mg/kg+GM 2.5 mg/kg HARIC L KT
BRSO MPEBOHS % Fig.21c, ZOREDMEH
M L 1K 7z kinetic parameter 3 & (Ftime above
MIC £ & H L 72 PAE # Table 3ic/~L 72, CZX 10
mg/kg BAEED in vivo PAE 13 2.8 B¥fE, GM 2.5
mg/kg BihEET 2.5 B TH 2%, MAIBEAIC L ) I

AR E ORI A FE I HH X h, PAE 12 4.3 BRRILL
FICIER L 72, [BIEEIC CZX 5 mg/kg, GM 1.25 mg/
kg Hish s & OHFRRE O Ak % Fig.3 1 & v Table 3
I2 L7z, CZX 5 mg/kgtidtR§ D in vivo PAEI32.6
R, GM 1.25 mg/kg 8T 2. 3BEMITH 257, i
FOBERIZ & D PAE 2 4 3 BEMLL LICEER L 72,

2) = AMMBRGE T

B LBk 7 ZDOBEBRRIC S. marcescens % HetE

il

LOgm CFU/ml
<)
T
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Fig. 2. Growth curves of control (O)
and Seratia marcescens 6044 in mouse
blood after a single dose of 10 mg/kg
of ceftizoxime ([J), 2.5 mg/kg of
gentamicin (A) and combination of
10 mg/kg of ceftizoxime and 2.5 mg
/kg of gentamicin (V). Data are
mean * S. E. (bars) values from five
experiments
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Table 3. Pharmacolonetic pirameters, tme above MIC and in siva postantibiotic effect PAE S of
ceftizoxime and gentanucin against Servaltd iy cescens G044 atter a sigle dose n 4
systemic tection model inoneatropeme nice
Tune above .
Daose Co Ke . PALK
Drug , MIC )
(mg/ky) Cpe ml) ho h hy
Alone ceftizoxime 10 171 311 055 2.8
O 8.03 347 03 2.6
gentamcen 2.5 1.25 1.89 0.16 2.5
120 204 1 63 ) 2.3
Combination ceftizoxime 10
f 055 43
gentamicin 2.5
ceftizoxime 5
1 0.30 ~43
gentamicin 1.25
8 10 r
9+
7+ =
©
E <
o 2 8
<3 Q
2 6 °
2 o
% 37t
2
5
6
4 5
1 el 1 i 1 J T 1 1 1 J
-2 0 2 4 6 8 -1 0 2 4 6 8
Time (hours) Time hours
Fig. 3. Growth curves of control () Fig. 4. Growth curves of control (Z)

and Serratia marcescens 6044 in
mouse blood after a single dose of 5
mg/kg of ceftizoxime () 1.25 mg/
kg of gentamicin (A) and combina-
tion of 5 mg/kg of ceftizoxime and
1.25 mg/kg of gentamicin (V). Data
are mean + S.E. (bars) values from
five experiments

and Serratta  marcescens 6044 in
mouse calf after a single dose of 20
mg/kg of ceftizoxime (A), 10 mg/kg
of gentamicin (" ') and combination
of 20 mg/kg of ceftizoxime and 10
mg/kg of gentamicin (@). Data are
mean *+ S.E. (bars) values from four
experiments

L, 1BRI#%ic CZX 20 mg/kg, GM 10 mg/kg Hh 7 in vivo PAE (3 0.9 B¥R), GM 10 mg/kg HijEs T
BXUMBOBRIC L AR FTABREOMBEHNERE  35BMTH S5, migosFREIc L) PAE 12, 4.58
DR F Fig 412, ZOBOBEBEHNBE L K1 IR L 72,

kinetic parameters #  Uf time above MIC & 81 L 3. b MMmHE IZsimulate L 72 in vitro kinetic

72 PAE # Table 4 i=7: L 72, CZX 20 mg/kg HJhEs model THi&E%hE + PAE
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Table 4
infection model in neutropenic nuce
Dose
Drug
tmp k!
Alone ceftizoxime 20
gentamicin 10
Combination ceftizoxime 20
+
gentamicin 10
10
9 -

E 8t
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Fig. 5. Bactericidal activities of 1 g of ceftizox-
ime ((J), 10 mg (&) or 20 mg (V) of
gentamicin and combination of 1 g of ceft-
izoxime and 10 mg of gentamicin (@) and
untreated control ()

1) #BEEH

@EEAIZ CZX 1 g (iE), GM 10, 20, 40 mg
(BhiE) #8IhB L CHHES LR iREI
simulate L 72 in vitro kinetic model iZ £ i 5 S
marcescens D HE I DB IHEFE & Figs .5, 612" L
72,

CZX 1 g Bt 50 7T ILRTIE, IREfLIE L Y
BEERA» A L NEA]L log D EHEE WAL 2R L
725, 8 BEMEILIR R A Sz, GM 10 mg B
BEDETNTIZMP#ES MIC LLEISEL L e
B, #28EM o lag time 2 BV THOBMHMIHE L
72o —H CZX 1 g & GM 10 mg DAL HDET L
o BT, T EERILLS & D RREIEAS R L K 2
log, NEBB DML A b, B 9 ReRHLI%IC
EEL 72, ZofHENSEIZ GM 20 mg Hhik5 %
EFARORBEEM S L CBRAEIE OV s N
TLENTW72 (Fig.5),

Tine above

Co Ke PAE
| 1 Mic (h
( Jonlt ) )
" ' (h)
6.68 1.25 0.61 0.9
.80 1.55 0.28 3.5
0.61 4.5
101
9 v
E 8
e 7]
o
- 6
g
S5
4
3
L L L
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Fig. 6. Bactericidal activities of 1 g of ceftizox-
ime ([), 20 mg (V) or 40 mg (A) of
gentamicin and combination of 1 g of ceft-
izoxime and 20 mg of gentamicin () and
untreated control (O)

F7:, CZX 1 g & GM 20 mg DB ET ILICE W
THK 4 log  DHEEBORLH A LN, HHMAHL 14
B LRI IE R X 1, FR RGN S
124, D GM 40 mg B 5 T LB 6 S
#Bn w2 (Fig.6)s

2) PAE

Al CZX 1 g (B#iF), GM 10, 20, 40 mg
(Brif) # Wb L UERHEE L 2SS0l EIC
simulate L 7z in vitro kinetic model {251} 5 time
above MIC & PAE # Table5 i/l 72, CZX 1g #
5T LR TO PAE (3 3.9 K, GM 10 mg
ARG ETARTIE 2ARBTH B2 L T, WmiH
D ET LR PAE (2 12. 6 BefLL E & 24N, H
124 5 PAE DFEHLERMRIZBD LN, £/, 2
nAEE D PAE (2 GM 20 mg HihEs o) PAE (3.8 BF
) ich~TLERE N, —F, CZX1g & GM 20
mg DHMETNRTOH PAE L, 12.6 BRILLE X %
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Table 5 Time above MIC and postantibiotic effect (PAE) obtined from hactenicidal activities
noan in eibo kinetic model simulating human plisma levels
Time above MIC PAL
Drug Dose Route " (h)
Alone ceftizoxime 1l g iv. 1.8 39
gentamicin 40 mg rm 2.7 5.0
20 my m 1.4 3.8
10 myg i.m. <) 2.4
Combination ceftizoxime 1 g L.
) 4.8 >12.6
gentamicin 20 my im.
ceftizoxime 1g iv.
v 48 >12 6
gentamicin 10 mg m

HEFNORIMEE L GM 40 mg Bibg o) PAE 2 b~
FWHICEERL 72,
. * ®

BRI THRI L HEIELMIFFTE Ly — 2, $iS
5t compromised host (2 3513 5 B3 #iG1L
L5 <, HEAOBRREIIER LA D LG FR
LT ZFITANLN TS, TR HDRAMEITE
BB A7 b T andik, WiRlic L 20BN
A s & UTTHER OB LS ER* B0
LT, ZHOETH % DEBEVIFFZR5SD, BKEIG
Mo d3ntws, —%, HERORE HEOmE,
&, T4 postantibiotic effect (PAE) H BEM A H L
MINTEL, MkaRE SRRl EA TH B B-lactam
iz 77 BB #EIC PAE 2R3 %% 77 LM #IC
JIEAERE LW &, F1-HAAKMEL KT
aminoglycoside #i3 7 7 LB # H L URMEEH O™
HIZPAE # R 2 EMBEEN TN B2, LHL, =
nooHRITCT L BE TORE THARK O PAE
WOWTORER LI N T v, £ZTEHERBUCEW
THHBEZGPOREE LTS, marcescens % AT,
in vitro %8 L A MLEKIRA = 7 2 T ceftizoxime,
gentamicin 5t & L U HFHKZ 5 85 D PAE % F00c
HRADEHIZ OV TREL 72,

In vitro 2T S. marcescens \=%33 % CZX 25 ug/
ml  PAE (2 1.3 86, GM 10 ug/ml » PAE 3 1.2
B TNRLEWLDTH - 12hf, ZomEOHH
BED PAE (2 4.2 Bl L & BRALIE R RHEH 5
iz, ek, —#ic 77 EMEIC A L T g-lactam &
13 PAE 2 /RE LW Z L HEIN T35, L2L
4[], S. marcescens (=¥t L T CZX »*85h T PAE %

Nl 7z i3, S. marcescens O¥+B D lipopolysacchar-
ide "D NME & Ru > T B0 L —DnA
HEFEz LN b, —F, invivo & L TEAMmMEKEY 2
AT S. marcescens |\ & AL FEILE TNz E
T, CZX 10 mg/kg #5850 PAE (£ 2 x85M, GM
2.5 mg/kg #4585 PAE 12 2. 58I TH B 70114 L,
R DG LGB0 PAE 12 4. 38MILL LicER S
7. EIRRIZ, BEBIB MR ET LIZEWT L il
BRI R 5852 PAE DR EH LN, £
72, MPBSUMBEHNERERORB,» LB L &
742, BRSO REERIIME XN
AN

LL Lk #h & S. marcescens 1= %t L CZX & GM
1, in vitro ZD A% ST in vivo RiZHEWVWT L PAE
BT BB NERE LU in vivo RORBERIC 1T
SMNERERT ZEHHLH) L o1z,

—h, E MBI ACZX - GM#tHEO R T8
TH5HMTE b i@ Csimulate L 72 in vitro kinetic
model # W THREEMHS L FPAE iIc > THKEL
72, CZX 1 g BIEBORIZEWT, mbBEIIEVIC
bbb, REEEIIS TN 4 ( 2H%E
ML 7z, GM 10 mg BERORTIZ, MY
MICLLLICEL v 720h, #2 B8O lag time £ 5
WCHIZEMML 72, £/ GM 20 mg BHERBORT
i3, B L E BB OB ES L 2, IPBE
HMIC LLTFIC 7 » 72 B A0 & 2 BRI IC IR L 72,
INLIZHNL CZX 1g & GM 10 mg #AE5HHF
TR BRBEEENER L a4 b0, HokERM
2L EREHA L, CZX ot ss MIC LITFi
ELZEREE, S 4 BRI IR L 72, & 512 CZX 1
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g & GM 20 mg (B H-RE O B T3 BRI TO R G
M GM bk & GRS TH 555, CZX DI vh ML »H
MIC LLFIz % » 70 LAfE L 803 b L i 8 RN #
ICHAL 7o, £722CZX 1 g & GM 20 mg {FI4T &
GM 40 mg HiME2 T 2 &, FNFHOFAKRN
RO BB, BHHEED )H1/10 LU EA % o
FPRFEEE R O REBUC 5 T (B )y 4% 7 BEIAE )&
AN, —H, CHLOEMMRE PAETA L L
CZX B &£ ' GM HishBrEod PAE 52 . 4~3 9K TH
AL, miROGHEED PAE (3 4.3~12.6 Klil]
DEICEERZ N,

AHEIZ B W T, BBk =7 2% BV 72 in vivo
PAE o #ll€i3, Gudmundson &2¥p5~NTw3 k5
12, =7 2B AERMOMEHIERICE NIz, in
vitro PAE DBIEiSiiREFz Lk, LaL, 4
[\ in vitro kinetic model THFHTIE, b il
EAFBL TWwb728, FRDPAELXRTWHNT
127 <, sub-MIC 2 H1F 2 HEER & A% PAE »
EOIREN LR EATODL I LICL D, KO
KRToMEHAR%2E2 584, L Asub-MIC 2%
DIZEDO BRI DK TR T 5 v L D HER &
Bbhd, BKROZ ELHhs, ERTIIEMIEEY &
2 ORERFIC LD EOEMMIGIRIZ X 5
WEINsLnEEZI LN,

AREDEED &, CZX & GM L DRI I3 HIC
BAEEDOEN AL 5T, PAE & 5 W3O BN
BMOEENSTLAAMH N, GM BRI HMa T
prEVmHDOHMAIC L) LRI EI N, »D
BWEROBRBIC L OUN AR LIGHRETH B,

X [ 18
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IN VITRO AND IN VIVO SYNERGISTIC EFFECTS OF
CEFTIZOXIME AND GENTAMICIN IN BACTERICIDAL ACTIVITY
AND POSTANTIBIOTIC EFFECT AGAINST SERRATIA MARCESCENS

Kazuo Hatano, Yasuyuki Higashi, Yasuhiro Mine

Product Development Laboratories, Fujisawa Pharmaceutical Co., Ltd.,

2-1-6, Kashima, Yodogawa ku, Osaka, Japan

We investigated /n vitro and in vivo synergistic effects of ceftizoxime and gentamicin on their
bactericidal activity and postantibiotic effect (PAE) against Serratia marcescens and obtained the
following results:

tion with gentamicin than when given alone.

2.

The in vitro postantibiotic effect of ceftizoxime was more prolonged when given in combina-

The in vivo postantibiotic effect of ceftizoxime was more prolonged in a systemic and a calf

infection when the drug was given in combination with gentamicin than when given alone.

3.

The bactericidal activity of ceftizoxime was more marked and the postantibiotic effect was

more prolonged in an in vitro kinetic model simulating human plasma levels when given in combina-
tion with gentamicin than when given alone.



