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Fig. 1. Micrograph of lung of 4-week-old mice 2
days after challenge with Klebsiella
pneumoniae aerosol (HE stain, %25)

Fig. 2. Micrograph of lung of 60-week-old mice 2
days after challenge with Klebsiella
pneumoniae aerosol (HE stain, X25)
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Table 1. Functions of macrophages and PMN leukocytes i pulmonary and pertoneal cavities of mice
Test Ane 4 weeks 60 weeks Grade (60w/4w)
Alveolar Macrophages:
Superoxide anion production (NBT reduction) 2.42 £0.33 1.08 £0.05° !
% phagocytosing latex 73.411.25 5.7 + 1.61° !
No. of latex particles/100 Mg 513 + 27.7 84 + 97 #° i
% killing activity K. pneumontae 76.8 41.0 }
In vitro chemotaxis 40.0 + 5.4 327+ 31 -
Lysosomal enzyme activity 2.22 1005 2.55+0.25 -
Resident cells in pulmonary cavity ( - 10%) 1.43+£0.25 1.50 £ 0.11 ind
Pulmonary exudated I"MNs:
Superoxide anion production (cytochrome ¢ reduct.) 48.9 t+ 4.87 52.2 + 3.60 —
Peritoneal Macrophages:
Superoxide anion production (cytochrome ¢ reduct.) 196 + 18 2 172 £ 19 0
Superoxide anion production (NBT test) 1.94 £ 0.30 2.07 £0.08 -
No. of latex particles/100 M¢ 204 £ 8.0 186 + 8.0
% killing activity K. pneumoniae 85.0 70.2
Resident cells in peritoneal cavity (X 10°) 2.56 £0.18 492+079 *
Peritoneal exudated PMNs:
Superoxide anion production (cytochrome ¢ reduct.) 66.5 + 0.64 63 4 +0.37 —
No. of latex particles/100 M¢ 164 + 10.0 162 + 12.0 i
% killing activity K. pneumoniae 59.0 36.0

* Significant difference from 4-week-old mice (p<0.05)

K. pneumoniae: Klebsiella pneumoniae

FEC L 7z, B2 HHOWBRIC L 2 R Tis 4 88
=7 24313 E A KL T o 12 hY, 60 M= 23
BIEABRENT, $72 488~ 20MEBAARIZE
ML DT A, ABEXNE L UZDEAD
BRAPIC ik & 0K & L 72 REEMILO RIS H
Ens: (Fig. 1), Zhucxtl 60 B@—~ 7 2 TR 7E
F¥HNB L UZDADDLE 7 MBI S8 JiE Ml
RMyEgEExns (Fig. 2).,

2. 60— 2 L 4 M= 20 AMaEED
Jadt 73

Table 13 488 & 60 M~ 7 2nlfilda~7 o7
7—, MICEMLHWER, B~/ 7728
L OB ER D MR I DWW TS E TICB o T
— SR L EDIHETH DY, ftilaes7077—2103
7T 7 ZANDEERE, K. pneumoniae |23 5B HIE
1 & F superoxide anion A4 B~ 7 2tk
NTHBEIETFLZ, L L, invitro XU in vive

WAERIEEL WEILsur 572, —-F, EEN~70
77— OBBEIZCTRL b T ICETHEE ALN
1B THHT2,

3. EBEMIFR LT B ceftizoxime &
cefoperazone N GHERNE D H#e

1) =9 2N Lol K. preumoniae (234
VRS RIE S

K. pneumoniae T 0/ — )L TELR L 7- 10K 25 &Y
7 242k L, ceftizoxime 5 L UF cefoperazone # 4
BE=7 220 L T2 2 mg/kg %, 60 B~ 7 AIC
ML TIE20 mg/kg # FNFNETHEL, B LU
my %% ®EL 72 (Figs.3a, b, 4a, b),

4 Hi~7 21251 5 K. prneumoniae I 0/ — v
ERDIMNEEIE 5.1 6 FIDONBIETEY) Th- 1.
LR3I M1 A— TR L7202 Bih L3
ML 4 B2 7.3 125 L 72, Ceftizoxime # 2 mg/
kg G L7227 2L 2 BRITIIBRBBRUTICE T
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a) 4 week-old mice

b) 60-week old mice
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Bactericidal effect of ceftizoxime and cefoperazone

against Alchsiclle puciemoniae in lungs of mice with

The antibitics were given subcutaneously 4 h after infec-
tion and thereafter twice a day for 3 days (total 7 times)
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Bactericidal effect of ceftizoxime and cefoperazone

against Klebsiella pneumoniae in blood of mice with

respiratory tract infection.

The antibiotics were given subcutaneously 4 h after
infection and thereafter twice a day for 3 days (total 7

times)

WEBREL L - Eh EHFMML 2, 72
cefoperazone# 5= ZDMiNEIZ2.2~
S2ODWHETH - 72h%, HEDILEDHEAIT ceft-
izoxime £ N BETH -7, —F, 60 Hg~="7 2icH
Frxuy— LBEHOMNELKIZ 4 B~ 7 2iE0
53 TH-ILArBATHI E U BERTE
DM BEI N2 BICIZLPIET L 2, 488~
72 &N 1045 %> 20 mg/kg DF5IZ & - T ceftizo-
xime S HNOMANE KN ENG L 4 B~ 7 ZDGE
I HeB DL L 72 41A) % 75 L 72 %%, cefoperazone (3 F
ST NER AR I L3 TE Lo, —
%, M 4 B~ A DHER G TIZ 7T H
BicwdFnd meicilrmbE nszss, MNEHLY

1~24—F1KH - 7z, 6088~ 7 2 T2 cefoper-
azone 5L 2 HHA LT TicmPicEARIE X 1
2o T b b, MNTHEHED 10V ~ Ll FickmL 72
Fra T ic YR SN - Bbn b,

2) EDs,

K. pneumoniae VWi 25 &Y 12 ¥ § 5 ceftizoxime
& cefoperazone ? EDs, % tt#¢ L 72 (Table 2), 48
W=7 712 B\ T ceftizoxime & cefoperazone »* 50
% DIEHFNREFBICLELE R (EDs) 13 ceft-
izoxime T 0.32 mg/kg, cefoperazone T 1.41 mg/
kg Th-o7z, TOFERIIENTND MIC % KL T
(R ¥ oF (-

—%, 60 B~ 2B 5 K. preumoniae VW
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Table 2. EDw value. of celtizoxime and cefoperizone in respiratory tract infection
with Nilehswella pucumontae o mice
Ko (mp/kg) [ Dso ratio MIC
Antihiotic - : O w/d w) e/l )
1 week old 60 week old wiaw pR/m
0 32w B.98° .
Ceftizoxime 27 0.0125
(0,026 0600 (4 3 20.0)
1.41 n7.5°
Celoperazone 10 (.05
17 42 (30.3  256)
Animals were obscrved for 8 days alter infection
Significant difference between 4 week old and 60 week old mice (* p- 0051, and between ceftizoxime and
cefoperazone in the same aged mice (% p<0.05),
Mo
M¢ alone
4 week old Ceftizoxime with M¢
Mg alone
60 week old Ceftizoxime with M¢
M¢ without 800
Control Ceftizoxime alone
PMN
PMN alone
4 week old Ceftizoxime with M¢ -
Cetizasime —
60 week old  oftizoxime with Mo
Control PMN without
ontro Ceftizoxime alone
[ 1 1 T W 1 1 14441l J
104 108 10*
Viable Klebsiella pneumoniae count ml
Fig. 5. Concomitant bactericidal activity of ceftizoxime with peritoneal macro-
phages and PMN leukocytes of mice.
Klebsiella pneumoniae (1 10° cfu/ml) 0.1 ml, peritoneal M¢ or PNN (2 x 107
cells/ml) 0.1 ml, mouse antiserum to Klebsiella pneumoniae 0.1 ml, ceftizox-
ime (0.06 xg/ml, final 1/2 MIC) 0.1 ml and Hank’s BSS 0.6 ml were added
and incubated shaking slowly for 3 h at 37°C
22z 1f L T it ceftizoxime @ EDsl3 8.98 mg/kg 4 I A D EERIFR ST 2 ER

T&", cefoperazone % 113 57.5mg/kg T, 4 4
WEE L TENFN27THEL £ 40 DG HRIR
(EDso) DARTFHileb 4172,
3) MBS X HE R in vitro FERIZHR
Ceftizoxime ? sub-MIC ¢ =70 77— H bW

Bt e O R

Fig. 3 5 L f Table 2124 & € 60 .B~7 A
13 4M~ 7 21 H# L THEMOEHR ORI ELC
KTFLY Lo Bz RLcnT, L) AES
kLR & L CHERBED 7% 2 LRI E L b

12U ER & D A EVER # Mat L 72 (Fig. 5). 60
B#on~-7 07 7—2 B LU PEKT 4 BEEDZ LIS
el L TR R FEMEIZI9 A7 ceftizoxime & DHFH
TIHLTE R TR EREEEIEEI N, L L
A EIL 60 Bi— 2D %, ERN TORKE
THRENGINZ kARSI NI,

ME LU EDICTEKN 2 S8+ 5 G iR & Db
iz >w TRt L 72,

1) Ceftizoxime & gentamicin D #fH

60 B2 2N K. pneumoniae W-IR 23 R& Iz *F T
% ceftizoxime & gentamicin DN R+ EHFHET
W& L7 (Fig. 6), Ceftizoxime ) 10 mg/kg N5
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OGO L~V THFE L, N R D il 6, AT |-
GO RN Y & BT B8 A T 0 L7,

2) IR (I IR BN I U S A T B ceftizoxime &

FK 565 O 11580 Y

0 LHES) TH B FK 565 % myuifde ' L 228y 751z

B A ceftizoxime OIWRRHERN R % Keid L 72 (Fig.

L 7)o FK 565 O 1 mg/kg &% i lj-L 2-= 2132 K.

Drug Dose 9 20 40 60 80 100 /H/:’IHHU)II‘(I(' AN S Ry PN & % ARG B (DR 74

(mg/kg) Survival rate (%) . - . . .
hrotee — )i, celtizoxime (3 20 mg/kg 5 £ F 4 mg
Fig. 6. Therapeutic effect of ceftizoxime and Jkg DR W TENFNS0 %15 L 40 D27 2

Ceftizoxime 10
Gentamicin 1

Ceftizoxime + gentamicin (10+1)

Ceftizoxime 40
Gentamicin 4

Ceftizoxime + gentamicin (40+4)

Control

gentamicin in combination against respiratory N L2z B L, FK 565 % )ife 'y L 72~ 2 Tl
tract infection with A/chsiella prewmoniac in FALFL80 015 £ U 70 %0/l {ihh 2 & 85 6 #L12,
75-week-old mice. . % =

The antibiotics were given subcutaneously 4 h
after infection and thereafter twice a day for
3 days (total 7 times). Animals were observed

AL 7: D IR DB T AR AR D SR & 17 B [E R
DICCHR S L URCHRLFALEL TETWE LD

for 8 days after infection D, EPAEHIRIZ BV T EMA DKL HIKIZIR Y
VPO B LA ERIIC B, MBTET B 2 X3 A bk

Ceftizoxime 4 [T boTunZw, FOBIKE L TERD LR REN LI

FK 565 ! AEBREIB BIREO UL F A b i > LT 770,

Cetaosime 1 FKS5S 141 — 1L & R & ORI & 91 6 212 4 B 1S 4 7
Ceftzoxime 20 | ] B, KB UVER A HIRL T 2 AR Lo
PRI s ot & BIR £ TEIEL T L A T 6 & 0 B
r WBRD B 1 IR & 7 S A2 B o,

Contrl e R 35V TIR I, & 0 MR R T 21k 513
Drug Dome U il rate %1 3 SR A BT 2 HOY CRIBBROF S~ 2

A VCEBROIFIR &L T & Rk L TR il
Fig. 7. Therapeutic effect of ceftizoxime and FK Bz R7- 3 Ml ERA HET L 72, =7 R R¥
565 in combination against respiratory tract 12k - TFFFaI3 R 295, ICR R £H O FHD
infection with Klebsiella pneumoniae in 75- therh B CEYI%4y o 75 8I0) I2{5 B+ 2 strain TF
g;e‘;f;gli:sm;;/en subcutaneously 6, 5, 4 and R & HHETHIEAT60~T5 Bl E LT 2 L
. . 7 L CEBRICHEM L 72, AKBEIK S L TERELEH

one day before infection (total 4 times), and X L o :
ceftizoxime was given subcutaneously 4 h ERLT 7707 7= 5 L UM TEROBGEE M
after infection and thereafter twice a day for L72AadR, o] K TH L IZ L b b i~ 7 o

3 days (total 7 times). Animals were observed Tr— 707 7 — U I3 RAEREEESEL
for 8 days after infection CREDZEHFM L E LSt Thbbis~T 2
Ofitt=70 77— I3 RARHEEHNTE A ST
T3 8/20(40 %) »—=7 ZH 44 L, gentamicin 1 mg LTwZwic bbbl /o7r—2n%n
/kg D5 T3 9/20 (45 %) HEF L1z, ZHusxflL 13487 212 L TABICIKTL Twe, 2
WA DFERIZ 14/20 (70 %) D=7 2045 L, 5 SO MBI RE O FLE X 60 B~ 2IcB VW TiE g
PICHBO B HHEERIIE» > 12, TG EL R BRI B RYUEPIME AR T L T e 2 0ic
L TR L 2RI T L RIBEoEmp s sile, KL, BEIFRESFEC L THL KT LABES
DET— 7 2 HE L A MNERIC KT A LR Trsz, 72758 MER b B o i3 BRI
ceftizoxime 2.5 mg/kg, gentamicin 0.25 mg/kg L T §c BB ie D 20 6 43 5 2 S 13 ANE]
R TRRET L 7o, RERGFRHBOMNELII R RE CTHERAMESRIZ 5 & it feig W 53 2 72 R

BRFELITF Th - 2B thismL 72z, LaL, L-o&8Mfiru->Tn3,

ZTRFNOHMEEL D b TNOREIZE W T L ABTIA 2D L ) W EERBHREDIRT L 7275 £ 0l
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YER A K. prneumoniae |2 %+ L HEEAYIC/ER L 72 45
R1ODin vivo ICRBENTZ E, BLUBREKS YD
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THERAPEUTIC EFFECT OF CEFTIZOXIME AGAINST RESPIRATORY TRACT
INFECTION BY KLEBSIELLA PNEUMONIAE IN AGED MICE

Yoshiko Yokota, Yoshimi Wakai, Fumiaki Ikeda,
Shiro Fujihira® and Yasuhiro Mine

Product Development Laboratories, Toxicology Research Laboratories*,
Fujisawa Pharmaceutical Co., Ltd., 2-1-6 Kashima, Yodogawa-ku, Osaka 532, Japan

Histopathologically, inflammation of the lungs in 60-week-old mice with respiratory tract infec-
tion induced by exposure to Klebsiella pneumoniae by aerosol was more severe than that in 4-week
-old mice. We studied the therapeutic effect of antibiotics in the aged mice with respiratory tract
infection. EDs, values of ceftizoxime and cefoperazone were 0.32 and 1.41 mg/kg in 4-week-old mice
with K. pneumoniae infection. In 60-week-old mice, EDs, values were 8.98 mg/kg for ceftizoxime
and 57.5 mg/kg for cefoperazone, and the efficacy decreased 27- and 40-fold. The difficulty in
treating aged mice suggests that the host defense against respiratory tract infection was degraded by
a decline in the function of phagocyte cells and in the concomitant bactericidal activity of antibiotics
with the phagocyte cells.

On the other hand, the additive and synergistic effects were obtained by the combination of
ceftizoxime with gentamicin and of ceftizoxime with an immunopotentiator, FK 565, and these
effects were due to enhancement of the bactericidal activity against K. pneumoniae or restoration of
host defense factors.



