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Table 1. Therapeutic effect of cefotiam in mice infected with Klebsiella pneumoniace DT-S by the aerosol method”

Treatment” Bacterial recovery? 50% effective dose (mg/kg)*
Survival®

Dose No. of rate No. of bacteria Negative Survival Clearance of
(mg/kg) doses (log CFU, mean £ SD) rate (SDso) bacteria (CDso)

Infected control 0/5 0/5

6.25 9 0/5 0/5

12.5 9 0/5 0/5

25 9 0/5 0/5 98.3 376

50 9 0/5 0/5 (48.2-172.4) (207-670)
100 9 3/5 7.26 £ 0.14 (3/3) 0/5
200 9 5/5 4.50 £ 1.06 (5/5) 0/5
400 9 5/5 2.72 (2/5) 3/5

50 1 0/5 0/5

100 1 0/5 0/5
200 1 0/5 0/5 > 800 >800
400 1 0/5 0/5
800 1 1/5 7.59 (1/1) 0/5

a)

. Four-week-old Slc : ICR male mice weighing 19 to 21 g were used. A bacterial suspension (8.20 X 10*

CFU/ml) was nebulized at a pressure of 1.2 kg/cm? for 40 min. Bacterial recovery from the lungs of mice
immediately after infection was (4.92 + 1.04) X 10° CFU/lung (mean + SD of five mice).

b)

* Subcutaneous administration was started 30 h after infection (at 17 : 00) followed by doses at 9 : 00 and

17 1 00 for an additional four days, except in the groups receiving single administration. The dose is
expressed as the amount of antibiotic per injection.

<)

d)

: Survival rate on day 6 after infection (survival/total).
* Surviving mice were sacrificed on day 6 after infection and were examined for bacteria in the lungs. The

number of bacteria in the lungs was calculated for positive lungs only. Figures in parentheses indicate the
number of positive mice per number of surviving mice.

e)

- The 50% effective dose (95% confidence limit) was calculated by the probit method, based upon the

survival rate for SDso and negative rate of bacterial recovery for CDso.
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Table 2. Therapeutic effect of cefotiam hexetil in mice infected with
Klebsiella pneumoniae DT-S by the aerosol method"
Treatment® Bacterial recovery? 50% effective dose (mg/kg)*
Survival®
Dose No. of rate No. of bacteria Negative Survival Clearance of
(mg/kg) doses (log CFU, meant SD) rate (SDso) bacteria (CDso)
Infected control 0/18 0/18
12.5 13 0/8 0/8
25 13 1/18 4.80 (1/1) 0/18
50 13 13/18 7.67 £0.96 (13/13) 0/18 42.0 317
100 13 18/18 5.36 £ 1.11 (18/18) 0/18 (34.7-50.6) (258-416)
200 13 18/18 3.08 £ 1.02 (16/18) 2/18
400 13 18/18 1.86 £ 0.59 ( 5/18) 13/18

* : Four-week-old Slc : ICR male mice weighing 19 to 21 g were used. A bacterial suspension (5.00 to 7.30 X 108
CFU/ml) was nebulized at a pressure of 1.2 kg/cm? for 40 min. Bacterial recovery from the lungs of mice
immediately after infection was (1.68 + 0.85) X10® CFU/lung (mean + SD of ten mice).

 : Oral administration was started 30h after infection (at 17 : 00) followed by doses at 9: 00, 13: 00 and 17 : 00
for an additional four days. The dose is expressed as the amount of antibiotic per administration.

< . Survival rate on day 6 after infection (survival/total).

9 : Surviving mice were sacrificed on day 6 after infection and were examined for bacteria in the lungs. The
number of bacteria in the lungs was calculated for positive lungs only. Figures in parentheses indicate the
number of positive mice per number of surviving mice.

® : The 50% effective dose (95% confidence limit) was calculated by the probit method, based upon the survival

rate for SDso and negative rate of bacterial recovery for CDso.
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1), #5835 1H% D 6.25 ~ 400 mg/kg * A

W7z, 50 mg/kg L TDRER T3 LPln~7 25K
%6 Hik% TI2FET L7, 100 mg/kg T3 585 3
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SICHEBRENT, TNLDERL» LHEB L7 SDs
L U CDy 12 Z 1L F4198.3 mg/kg 5 & U° 376 mg/kg
ThHh-o12,

F 2R 30 BEf ) 1 R AN SIC & - TiERE
SRV IFLNDERBTIX, R4 v FEREDHEHHY
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2T AHERL Z2DIF, 800 mg/kg N 5 HiH 14l
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Table 3. Therapeutic effect of sequential administration of cefotiam and cefotiam hexetil on
survival of mice infected with Klebsiella pneumoniae DT-S by the aerosol method*’

Treatment® Survival rate®
Time to death?
0k 2d-5d Survival 9% (days, mean + SD)
Drug Dose Drug Dose /total
Infected control ' 0/13 0 3.210.7
CTM 400 — 0/8 0 4.0+£0.8
CT™M 400 CT™M 400 13/13 100
CTM-HE 12,5 CTM-HE 12.5 1/13 8 4.311.0
CTM-HE 25 CTM-HE 25 0/13 0 5.2+0.9
CTM-HE 50 CTM-HE 50 9/13 69 5.510.6
CTM-HE 100 CTM-HE 100 12/13 92 3.0
CTM-HE 200 CTM-HE 200 8/8 100
CTM 400 CTM-HE 12.5 8/13 62 5.2+%0.4
CT™M 400 CTM-HE 25 9/13 69 6.0+0.0
CT™M 400 CTM-HE 50 13/13 100
CTM 400 CTM-HE 100 13/13 100
CT™M 400 CTM-HE 200 8/8 100

* : Four-week-old Slc : ICR male mice weighing 19 to 21g were used. A bacterial suspension /2.16
to 3.10 X 10® CFU/ml) was nebulized at a pressure of 1.2 kg/cm? for 40 min. Bacterial recovery
from the lungs of mice immediately after infection was (2.11 1+ 1.47) X 10° CFU/lung (mean ¢

SD of ten mice).

Y : Treatment was started 30h after infection (at 17 : 00) and continued for an additional four days.
while CTM and CTM-HE were administered subcutaneously twice a day (9:00 and 17 : 00) and
orally three times a day (9 :00, 13: 00 and 17 : 00), respectively. The dose is expressed as the

amount of antibiotic per administration.

) : Survival rate on day 6 after infection.
d)

CTM : cefotiam, CTM-HE : cefotiam hexetil

RONLNWZ ENAELIE ST,

2. CTM-HE 85 nEHRHF

Riz, AL v FHET2ERBLUKICEST 2 CTM
-HE # ¥ T0#%5 (GH130) L 2:EniEihi
##~7: (Table 2). #5®&i312.5~ 400 mg/kg %
vz, 25 mg/kg LTORSGRBTRRIZEA EDeT R
ML L 24, 50 mg/kg &5 Tix 18 Flth 13 B
(72%) #%, 100 mg /kg LA ETI3 £BlhEiR L 7z, i
6 BER~7 X RYE EINEICDOWTIE, 100
mg /kg U T D5 & Tl £Bln <7 2 Dfitih & R
HEYL & N7z A%, 200 mg/kg 5 Ti2 18 Fld 2 B
(11%), 400 mg/kg &5 T3 18 Bl 1381 (72%) » 5
R A HERR & 1172, CTM-HE 9 SDs, & UF CDs,
I3FNFN42.0 mg/kg BL U317 mg/kg THo 12,

3. CTM 5 CTM-HE "D 2 4 v FHEEDE
b EIE S

. Time to death was calculated for fatal cases only.

CTM % 1 @5 L 7227213 T3, 400 mg/kg TL#
Blo=7 ZHFEC L7z, £7 CTM-HE 2 ¥ TH
BL72BAICIE, 200 mg/kg LTS5 & TRRMA
RLBEEFEFICHBRT L 2 TE LD, £
T, M 30 BRI 400 mg/kg  CTM £ & TH#5
L, BREBL2 AL 505 % 200 mg/kg LT
CTM-HE CYIV #2324 o FBREDERYDRY
#A~7z. CTM-HE 2, 12.5 ~ 200 mg/kg ¥ 183
EEORE L1,

(i) =7 2FECER
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5% L 72%% CTM 400 mg/kg % Mife 30 B¥Riskic 1 @
NAEE L 1235412133 4 BRI TERHFEC L

(Table 3), —%#, CTM-HE ) Hsbafi=BL T
i3, 100 mg/kg UL L5 Tizi2i1Z2B D=7 AN
E&RL72H% 50 mg/kg Tt 13 B 4 B (31%) ¢
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Table 4. Therapeutic effect of sequential administration of cefotiam and cefotiam hexetil on bacterial recovery
from lungs of mice infected with Klebsiella pneumoniae DT-S by the aerosol method*’

Treatment®

Bacterial recovery®

30h
Drug  Dose Drug  Dose

2d-5d Positive rate

(positive/survival)

No. of bacteria Negative rate

(log CFU, mean * SD) (negative/total, %)

Infected control

CT™M 400 -

CTM 400 CTM 400 6/13
CTM-HE 12.5 CTM-HE 12.5 1/1
CTM-HE 25 CTM-HE 25

CTM-HE 50 CTM-HE 50 9/9
CTM-HE 100 CTM-HE 100 12/12
CTM-HE 200 CTM-HE 200 8/8
CT™M 400 CTM-HE 12.5 8/8
CT™M 400 CTM-HE 25 8/9
CT™ 400 CTM-HE 50 11/13
CTM 400 CTM-HE 100 10/13
CT™M 400 CTM-HE 200 4/8

0/13 ( 0)

0/8 (0)
2.36 £ 0.88 7/13 (54)
7.19 0/13 ( 0)

0/13 ( 0)
7.81 £0.45 0/13 ( 0)
6.55 +1.30 0/13 ( 0)
3.54 £1.13 0/8 (0)
7.65 £ 0.38 0/13 ( 0)
7.05 £ 0.87 1/13 ( 8)
5.18 £2.21 2/13 (15)
3.20£1.65 3/13 (23)
3.19+0.58 4/8 (50)

* : As described in Table 3, footnote a).
 : As described in Table 3, footnote b).

© ! Surviving mice, indicated in Table 3, were sacrificed on day 6 after infection and were examined for bacteria
in the lungs. The number of bacteria in the lungs was calculated for positive lungs only.

CTM : cefotiam, CTM-HE : cefotiam hexetil

FECL, 251225 mg/kg U TO/ETIRITEALED
27 AHT L2, LA LLds, MENZ CTM D
400 mg/kg ¥ ¥ 5L, £N% CTM-HE ##%57 5
A4y FHEEICBWTI, CTM-HE » 12.5 mg/kg
BLUr2s mg/kg BEICBWTLENEFN 1364 8
B (62%) BLUFIBI (69%) HHEHRL 72,

(i) M6 HEER~7 ZANMMNEEK

tEeEBRT, BRf6 BERCT ADMANEEE
fEL 7 (Table 4)., CTM 400 mg/kg HImiEH T
136 78] (54%) D=7 ZDMiH b EREHES
IZ3EBR & 72 A, CTM-HE o B H T3 200
mg/kg HBE5TLLFIn=7 Zh b REPEEHIEINE N
2o LALZH S 2Ly FEETIE, CTM-HE D
200 mg/kg #5 T 8 HIF 44 (50%), 100 mg/kg £
571364 3% (23%), 50 mg/kg #¥5 T 13 #l
28 (15%) D=7 ADMih & RRYEEH TS TER S
N7z, ELICEHPBINRE N7 RDMAEESICH
L T4, CTM-HE » Bmia# T3 50 mg/kg B &
* 100 mg/kg 5 TE N EFN 10° CFU 556 L Uf
10 CFU BN EREHBTH > 2oL T, R4 v F
# & T3, CTM-HE o 50 mg/kg # & UF 100

mg/kg #5132 F L £ 1 10° CFU 58 5 & U° 10° CFU
ELBECEEEERL,

G FEME PO EE RS

LEn#REH» 5, CTM @ 400 mg/kg % #EIC #
LTz EickY), 20iiE#E580 CTM-HE
T7+0— L CLENLERMEIBRLND Z LHR
ANz, ZDRA y FREDENEE X LIS HEMICKRT
¥ 5724, CTM @ 400 mg/kg & CTM-HE & 100
mg/kg ¢ NDAS LY BV TREMMFOIMANE
EEE&EA0ICREL (Fig 1), R 30 Bk
I2CTM £ 7213 CTM-HE ##5 L 2= 2NBH

(B2 8% OMMEEKIZ, CTMEEHT
CTM-HE#58 IV EFES Lo BHEULET
37, MBS QRS L IZIZRIFNEEKEZRL
72o CTM-HE 8458 (Fig. 1 YATRY) T
BEOHLMNEREBICKE LEIRALNTY, Bl
6 Hi%. % T 10° CFU 3% TH#H#/ L 72 CTM BjhisH
B (V) ONEREBUIRIERN2 BE» HIET LI
», 5H#%ICIZ1°CFUSBE % »7, —F#, CTM
L CTM-HE D 24 v F#EE (O) DMNEEK
I EMMA 2 B L DIRRICIETL, 5 BigICR
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Fig. 1. Effect of sequential administration of
cefotiam (CTM) and cefotiam hexetil (CTM
-HE) on bacterial counts in the lungs of mice
infected with Klebsiella pneumoniae DT —-S by
the aerosol method. Treatment was started 30
h after infection (17 : 00) and was continued
for an additional four days, while CTM and
CTM-HE were administered s.c. twice a day

(9:00 and 17 : 00) and orally three times a
day (9 :00, 13:00 and 17 : 00), respectively.
Symbols : O, no treatment ; @, CTM (400
mg/kg) was administered only at 30 h. A,
CTM-HE (100 mg/kg) was administered
throughout the dosage regimen. ¥ , CTM

(400 mg/kg) was administered throughout
the dosage regimen . &, CTM (400 mg/kg)
was administered at 30 h and CTM-HE (100
mg/kg) was administered for the additional
four days. The data are expressed as means

(£SD) of five to ten mice

10°CFU St & 7 » 7z, % ¥BAtE 2 BLIEN Z A » F
REBICB T 5 MNERSIE, CTM Biasett
EFEHBL A, CTM-HE B #E : N
&, Bohichhrolz,

CTM-HE D BIBERBEE L X4 v FREHTHER
HBIZIZEL P AEN B2 b LT, MED
BEBHNOMNERKIWEM TAE X EIALNL
o tzZ Eh s, KICHBERSEIC BT 5 NE
BEHBICER L TR 2174 » 72, BRI 30 Befdi#%
= CTM @ 400 mg/kg % 7212 CTM~-HE ¢ 100 mg/kg
PEEL, F0%2, ¢BLU16REBICEIT A
R A RELL (Fig. 2), CTM-HE #5 2 &R

9 -
Infection Treatment

No. of bacteria (log CFU/lung)

3 | g j= 1 1 1

{—iL

-30 0 2 4 16

Time after treatment (h)}

Fig. 2. Effect of cefotiam (CTM) and cefotiam
hexetil (CTM-HE) on bacterial counts in the
lungs of mice infected with Klebsiella
pneumoniae DT-S by the aerosol method.
CTM (400 mg/kg, s.c.) or CTM-HE (100
mg/kg, orally) was administered at 30 h after
infection. The data are expressed as means

(+SD) of ten mice. Significantly different
from the value for mice treated with CTM
-HE:*, P<0.05.°***, P<0.001

HOMREERIIBESBEALVETETLZDATSH
27205 CTME5 T2 1 A—5—LULEDETHAL
N, CTM-HE & 58 & X THIMICHEICE
NEREERL 72 (P<0.001., t®RE), £5#%2
Rl & 4 BERIC 20T T3, mBEXMANEERIZH T
NkE&ESCEILL L7z, 16 BEMEOMNERND
CTM #5855 CTM-HE 585 ) AEICE
motzht (P<0.05), %5 20MiEnMMEHRKE
H~3% &, CTM-HE 58 Ti2i3 & A L ElLrA
bNuh o2zl T, CTM &58TidmL T
w7z, ¥% bbb, CTM-HE 100 mg/kg H#5 DR
35 16 FFM®% E THBRMNBENATH > 2DICH
L., CTM 400 mg/kg 5Nz Rz 5 E0MMich
WTHENTHY), TND%CTM 5B TIIRRSEHD
B T, &5 16 BM%ici3 CTM-HE £58¢
1 ZIZERRDOMNE R E % - 72,
m. # ”

EFRE TRODEREZIT LV, F0%EOFT7 4
o—¥23 24 v FEER, ERAEEORNENEFN
DRHEEED L 2F L WBHREETH ), EOXHOE
REE % L2855 TH 5, FE, 7z oR08
OMERICCOLBEARBREN TV B Z En 5D, 24
v FREICB W T2 L EHA O/ HAS DY
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TRWLZ EHXTEETH S, LeLurs, CTME
CTM-HE » & 5 ic £KRN TRI— B RS2 TR &
RET LEHF L ROME AL LIS L N IBRTE
D—BEHIRIN, POBRBMENBITLERICYE
3, 852, CTM oL TROWAMEETT
CEHEEREB L Lo THE N, MRAERIZBIT
35 CTM & CTM-HE ®» 2 4 v FREDRAIL, B
KIERBRNLBbNB, £2T45MH CTM &
CTM-HE # A& bETHWE 2L v FRENE
I DWW T =7 A DEBREMi % T T L& BV TRET
L7

24 v FMEOERZ Y2 — e LTI K
pneumoniae DT —S # O TR 30 K % 17 © 00
B EOIBREL, ZJoOBAICCTM *ETHRE
L, #OBANE9 100 »45H CTM-HE # 1 H3[
4 HRESESEOREEST2LNE L, ZZTHVWEE
B a— it BRICB S TREIREEL, Wik
NBW % F1T 721 CTM 5 2 &1, LkiEOni| %
MRAL CRTHET D &) BB REL T8E
L72bNThHd, ZOEBRTYZ2a—NIlBWT, M
EO#5H 5 2 BEOHS £ TOMBA 16 Ki & &
¢, OZOBICBWTHERE - ADMNEE KT
10° CFU #* 5 10° CFU &3mL, 2o 1, 2 H&IC
12y ZATENERE E BT L s, MEINKRFELGE
HEORTBIBRLEBELEREF O, 21 v FHRER,
SO OEBEENMERS L EHFICEERZS D
NTHY, VAEARSICESLBECCERIETHHZ
s, SEBAVEERRY Y 2a— U3 2 v FRE
DFHEICEL T 5,

THEB RS Y 2— NI BIT B AL v FREOZHR
2R~ EZH, CTM-HE NHBIBBEFETIZIZIZE
Bl ZHFEET S 12.5 mg/kg DEEIZBEWT
b, WEOEE % CTM @ 400 mg/kg &5 &I
N 60%L D= 2hEFKRL 12, £ CTM D 400
mg/kg & CTM-HE @ 200 mg/kg &£ D2 A4 F 95
#ic k- T, CTM ® 400 mg/kg HHiaH & FFEND
MBEHIEBLNS, ThbH, CTM D 400 mg/kg &
CTM-HE 200 mg/kg U TN E5R2MAEDE
224 o FREDNENTHE I EVBHLP EL ST,

ZDRA y FEEOEMMEE, MEICEHKRSED
CTM #8543 2 Lic & ) MREEK, kE (RS
L, #)Eliz CTM-HE &5 B#BELLLNE
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SEQUENTIAL ADMINISTRATION OF CEFOTIAM AND CEFOTIAM HEXETIL
AGAINST EXPERIMENTAL RESPIRATORY TRACT INFECTION
CAUSED BY KLEBSIELLA PNEUMONIAE IN MICE

YUJI IIZAWA, NAOMl KITAMOTO, TOMOYUKI IWAHI and TOSH[YUKI YAMAZAKJ

Biology Research Laboratories, Research and Development Division, Takeda Chemical Industries,
Ltd., 2-17-85 Juso-honmachi, Yodogawa-ku, Osaka 532, Japan

We examined the therapeutic effect of sequential administration of cefotiam (CTM), an
injectable cephalosporin, and cefotiam hexetil (CTM-HE), an orally active prodrug of CTM,
using an experimental respiratory tract infection caused by Klebsiella pneumoniae DT -S in mice.
Mice were treated with a subcutaneous injection of CTM 30 hours after infection, followed by
oral administration of CTM-HE 3 times a day for 4 consecutive days. More than 60% of mice
given sequential therapy of 400 mg/kg CTM and 12.5 mg/kg CTM-HE survived, while neither a
single treatment with CTM nor repeated treatment with CTM - HE alone was effective. A dose of
400 mg/kg CTM followed by 200 mg/kg CTM-HE was as effective in eliminating bacteria from
the lungs as repeated dose of 400 mg/kg CTM alone and more effective than 200 mg/kg CTM-
HE alone. Bacterial counts in the lungs of the mice previously given 400 mg/kg CTM decreased
with repeated doses of 100 mg/kg CTM-HE but not in the mice without CTM pretreatment.
These results indicate that injection of CTM followed by oral administration of CTM-HE is
useful against respiratory tract infections caused by Klebstella.



