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Table 1 Antimicrobial spectrum

MIC (ug/ml)

Bacteria

CTRX | CPZ | CTX
1. S. aureus JC-1 25 0.8 1.56
2. S. aureus 209-P 1.56 0.8 1.56
3. S aureus TERAJIMA 3.13 3.13 3.13
4. S. aureus SMITH 25 6.25 12.5
5. S aureus NEUMANN 3.13 1.56 1.56
6. S. aureus ATCC 6538 6.25 1.56 1.56
7. Streptococcus COOK 50 25 100
8. S. faecalis ATCC 8043 100 50 |>100
9. M. lysodeikticus <0.05 | 0.2 | £0.05
10. M. luteus ATCC 9341 0.2 | 2005 1.56
11. K. pneumoniae PCI 602 £0.05 | 0.4 | =0.05

12. Bacillus pumilus 1FO3813 S0 3.13 100

13. B. subtilis ATCC 6633 3.13 156 6.25
14, B coreus var mycoides 50 | 6.25|>100
15. IZTCéEe'ﬁ;’%mymid“ 50 6.25 | >100
16. Corynebacterium NOZI 0.8 1.56 1.56
17. E. coli K-12 0.1 1.56 0.1
18. E coli B <0.05 | £0.05 | £0.05
19. E. coli BMW <£0.05 0.8 <£0.05
20. E. coli C-14 <0.05 | €0.05 | £0.05
21. E coli NIH] 0.2 0.8 <£0.05
22. E. coli IC-2 0.2 0.2 0.1
23. S sonnei 1 £0.05 1.56 0.4
24. E. aerogenes 1AM 1102 <0.05| 08 | £0.05
25. P. morganii No. 1001 £0.05| 0.4 0.1
26. P. mirabilis ATCC 21100 <£0.05 0.2 £0.05
27. P. aeruginosa ACTC 10490 1.56 0.8 6.25
I A g ’f}\"’m LWL (2 Bl R ) 1
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Table 2 Susceptibility of S. aureus to CTRX
(27 strains 10® cells/ml)
MIC (ug/ml)
£0.05| 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 | >100
CTRX 1 3 16 3 2 2
CET 1 1 1 14 7 2 2
CER 3 3 S 11 2 1 2
CEZ 1 1 7 14 2
CFX 1 17 4 2
CMz 1 18 6 2
CTT 1 17 5 1 3
CTM 1 1 2 9 12 2
CMD 2 1 1 18 3 2
CXM 1 1 18 5 2
CPZ 1 1 7 14 2 2
LMOX 1 13 9 2 2
CTX 1 7 14 2 3
CzZX 1 1 5 12 4 1 3
Table 3 Susceptibility of S. aureus to CTRX
(27 strains 10° cells/ml)
MIC (ug/ml)
£0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 | >100
CTRX 2 1 1 S 15 1
CET 2 1 1 18 3 1 1
CER 5 7 12 1 2
CEZ 3 8 13 1 1 1
CFX 1 1 1 1 18 3 2
CMZ 2 1 20 2 1 1
CTT 1 2 1 19 1 1 1 1
CTM 3 1 1 16 4
CMD 3 7 14 1
CXM 3 2 11 10 1 1
CPZ 1 3 1 6 13 3
LMOX 1 2 18 3 1 2
CTX 2 2 10 8 2 2 1
CzX 1 1 1 3 7 9 2 3
_ - S S S
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Table 4 Susceptibility of S. epidermidis to CTRX
(27 strains 108 cells/ml)
MIC (ug/ml)
<£0.05 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 >100
CTRX 1 6 3 10 3 1 1 2
CET 6 10 S 1 1 1 2
CER 12 7 3 1 2 1
CEZ 1 9 8 4 1 1 3
CFX 14 3 4 3 2 1
CMZ 14 S 2 1 1
CPZ 1 8 8 4 3 1 2
Table S Susceptibility of S. epidermidis to CTRX
(27 strains 10° cells/ml)
MIC (ug/ml)
£0.05 0.1 0.2 0.4 0.8 1.56 313 6.25 12.5 25 50 100 >100
CTRX 4 8 3 2 6 1 1 2
CET 2 7 12 2 1 1 2
CER 17 S 1 1 2 1
CEZ 6 11 S 1 1 3
CFX 1 3 14 3 3 2 1
CMZ 10 7 4 3 2 1
CPZ 3 9 8 2 3 2
CTRX OEAMNIUH &2 Biaf 3 A2 7 7o~ | 7 QU TEPE L 720 MPE SRS, bdEphE G L 72 2
7 74— (TLC) #Hlv», bioautography (2 X 2 Hiiifih CThab,
H‘Hﬂmﬁru _f\.nq’:’td *@J){JWL/)‘«‘/’K}‘?UTL 2o }’\M\bi II
CTRX1.000mg $245-#%0 AW A 720 TLC S, 54 )
iz (2, Silica gel 60F,, (Merckl %, @Az, MEAXRZ b
ethanol | ethylacetate | water=50 27 . 23% Hjv» 72, 77 LR I\T"i‘éjﬂ't['f"]’ hig, XXy < 77 LA
3ioautography (2 F0EH & LT, E. coli NIH] JC-2 SRPL TR L ) 2 s L, LS 2 U AN 7 b
FEA I L 30z 2, Antibiotic medium  Difcor 4 I ’E‘ G 7z Poaeruginosa |2 ‘J‘ (BRI RS T DI RIS
Ly 37°C, I8~ 20WERG AR L) REAL A K 72 7: (Table 1)
4. HERNEE 2. BEIHBORKZIMIMN
Sprague-Dawley 2, M, A7 o b, 1% 4 ~ 5 M, 1) Staphyvlococcus awrcus
44T’18()~‘>0()g ZOHve, 38T X L7, CTRX20mg/ kg S, anreus27¥1Z &f L cephalotin (CET/, cephalori-
ks L, Folmdfe s e el L7: CTRX f% Y%, dine(CER), cefazolintCEZ/, cefoxitin(CFX), cefme-
FREFOYLZ, 24“&“1'] $0, MG EL WIS ¢, R A tazole (CMZ), cefoperazone CPZ), cefotiam(CTM),
L B e T 1 15M PBS pH7.04 2 ~ 3 cefamandole (CMD), cefuroxime 'CXM), cefotetan

{7,

Tk |- o

TT7arhEL

o L NtV B

[HEIN s 1% % paper disc

AT —2THE. A AL, CTT . latamoxef (LMOX),
15 k¥ ceftizoxime (CZX)

ML DRy

cefotaxime (CTX),
VR KR (TR 741
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Table 6 Susceptibility of E. coli to CTRX

(27 strains 108 cells/ml)

MIC (ug/ml)

£0.05

0.1

0.2

0.4

0.8

1.56 3.13

6.25

12.5

25

50

100

>100

CTRX
CET
CER
CEZ
CFX
CMZ

CT™M
CMD
CXM
CPZ
LMOX

CzX

11

13

18
14

11

14

w

_ =N

11

10
10

—
—

——= 00 W W
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Table 7

Susceptibility of £. coli to CTRX

(27 strains 10¢ cells/ml)

MIC (ug/ml)

£0.05

0.1

0.2

0.4

0.8

1.56

3.13

6.25

12.5

25

50

100

>100

CTRX
CET
CER
CEZ
CFX
CMZ

CTM
CMD
CXM
CPZ
LMOX

CZX

21

14

10

13
18

15
10

19

18

14

17

12
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Table 8 Susceptibility of K. pneumoniae to CTRX
(27 strains 10® cells/ml)

MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 16 6 1 2 1 1
CET 13 6 1 4
CER 1 19 1 4
CEZ 4 9 2 1 4
CFX 4 16 4
CMZ S 16 2 4
CTT S 9 10 3
CTM 1 14 7 1 1 1 2
CMD 5 13 4 1 1 3
CXM 9 12 1 1 4
LMOX 2 13 7 2 1 1
CTX 4 12 4 4 1 1 1
CzZX 3 17 3 2 1 1
CMX 1 2 1 3 7 4 1 2 2 4

Table 9 Susceptibility of K. pneumoniae to CTRX

(27 strains 10° cells/ml)

MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 | 3.13 | 6.25 | 125 25 50 100 | >100
CTRX 20 3 2 1 1
CET 1 18 3 1 1 3
CER 1 12 9 1 1 1 2
CEZ 12 8 2 1 1 3
CFX 2 16 5 4
CMzZ 4 17 2 1 3
CTT 1 12 1 1 1 2
CTM 3 13 6 1 1 1 1 1
CMD 1 11 10 1 1 1 1 1
CXM 1 5 14 2 1 1 1 2
LMOX 1 11 10 4 1
CTX 14 10 1 1 1
CzXx 15 7 2 1 1 1
CMX 1 3 10 9 1 1 2
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Table 10 Susceptibility of £. cloacae to CTRX
(27 strains 108 cells/ml)

MIC (ug/ml)
£0.05 | 0.1 0.2 0.4 0.8 1.56 | 3.13 | 6.25 12.5 25 50 100 | >100

CTRX 3 S 5 6 1 1 2 4
CEZ 2 25
CFX 2 )
CMZ 2 25
CTM 2 4 14
CMD 2 4 S 3 13
CXM 10 3 14
CpZ 1 3 7 S 1 2 2 6
LMOX 3 11 3 S 3 2

Table 11 Susceptibility of £. cloacae to CTRX

(27 strains 10° cells/ml)

MIC (ug/ml)
<0.05 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 >100
CTRX 1 4 6 9 1 1 3 2
CEZ 2 2 23
CFX 6 21
CMzZ 4 2 21
CTM 4 5 1 2 4 1 6
CMD ) 2 4 4 4
CXM 2 3 9 13
CPzZ 2 S 4 6 2 3 1 2 2
LMOX 10 7 2 2 6
af U720 CTRX D B2 Mg, $ B 4010% ' ml T ik CTRX &z 1%, 10%/ml THX0.8~ > 100xg/ml {2
0.4~ >100g/mliZo7 4 L, 1.56~3. 13ug/mlizkt—7 AL, 1.56~12 5ug/mliz b — 7 2oL, 27 h 22k
Zeoptl, 2THOR 198K (70 4% At L2z £ 72, 10%/ml (81.5%) A7 L7z %72, 10°/ml T, 0.2~100ug/
T 20.05~100ug/ml iz i Ly 0.8~3.13ug/ml i mliZ L, 0.8~6.25ug/mlizZt— 7 %0, 278k

=7 ALy 27THR 218077 .8%) 5o L 720 100ug/ 198K (70.4%) 2oy L7z £72, 100ug/ml LA - oimf1E
ml VL Eomf R, 10 ml iz 45007, 28 Al i Ao RERE, 10Yml 2T 2 B A S 7z s - ot
Al = Dbk Tig, CTT £ L0 LMOX £ 0 40720k PR T3, CFX, CMZ, L0 CPZ % THY,
#wizeaiL, CFX, CMZ, CPZ, CTX, L1 CZX L1u CET, CER, CEZ Lt W4 AK#i T4 -7 (Table 4, 5,
Rl S TEGR N AT ) (R 1 R G E & AR '% R N Fig. 4, 5.
7z tTable 2. 3, Fig.2, 3) 3 Excherichie coli
20 Staphylococcus opideymidis E. col2THAIZH L, S aorens = [al Bk 3551 & Mo i d
S.epudermidis2if 8L, CET, CER, CEZ, CFX, L7: CTRX O ZtEE, 10 ml TE=0.05~0.2ug/ml
CMZ 45 L1 CPZ b, = gl fis # Holichiat L 7-. G L, =0.05~0 1ug/ml (21— 7 % 5L, 278ah2d
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Table 12 Susceptibility of S. marcescens to CTRX
(27 strains 10® cells/ml)
MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 | >100
CTRX 3 6 4 3 1 1 2 3 2 2
CEZ 27
CFX 1 2 4 4 16
CMZ 3 6 5 2 11
CTT 7 9 3 8
CT™M 27
CMD 2 25
CXM 27
CPZ 1 1 2 S 2 2 14
LMOX 8 3 2 2 3 3 3
CTX 8 2 3 3 2 3 2
CczX 6 1 1 2 2 2 2 2
CMX 3 2 12 10

Table 13 Susceptibility of S. marcescens to CTRX
(27 strains 10° cells/ml)
MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 6.25 12.5 25 50 100 |>100
CTRX 10 3 3 2 2 4 1 2
CEZ 27
CFX 1 3 4 5 1 13
CMZ 1 4 3 4 1 3 8
CTT 9 1 2 4 3 5
CTM 2 2 ) 4 1 1 1 11
CMD 1 2 8 4 12
CXM 1 3 8 15
CPZ 1 2 S 6 3 1 2 1 6
LMOX 6 2 4 2 2 2 2 1
CTX 2 9 4 3 3 2 1 1
CZX 12 2 2 S 1 1
CMX 3 8 1 4 4 7
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Table 14 Susceptibility of P. mirabilis to CTRX
(27 strains 10® cells/ml)
MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 | 6.25 12.5 25 50 100 |>100
CTRX 17 10
CTM 1 1 1 6 5 3 2 2 2 2 2
LMOX 4 23
CTX 18 S 1 2 1
CzX 23 1 1 1 1
CFS 2 19 6

Table 15 Susceptibility of P. mirabilis to CTRX
(27 strains 10° cells/ml)
MIC (ug/ml)

<0.05 | 0.1 0.2 0.4 0.8 1.56 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 23 4
CTM 2 1 3 12 2 2 2 3
LMOX 1 7 19
CtX 25
CzZX 25
CFS 16 10 1

PR (88.9%) A L7z, F 72, 10%/ml T, £0.05~0.2 5) Enterobacter cloacae

Ik — 7 AR L 2THR
100pg/ml LA Foii Rk 1

pg/mliZ A L, 0.05,g/ml LU
21tk "77.8%' ﬁi"ﬁ‘f’b‘ L7,

Ll -7z, A X DLk Tz, CTX &
L CZX k5 “’? AT A N L i L AL GRS T L
7z (Table 6, 7. Fig.6, 7).

4) Klebsiella pneumoniae

K. pneumoniac278ki= 4y L, CET, CER, CEZ, CFX,
CMZ, CTT, CTM, CMD, CXM, LMOX, CTX, CzX
1 kX, cefmenoxime (CMX) % X D24 % Lt
Pkt L 7o, CTRX 21, 10°/ml T13=0.05~50
pug/mliZor i, 20.05~0. 1ug/ml 2 — 7 %031, 27
BRi22tk 181.5%) Ao L 72, 72, 10°/ml Tl s
0.05-12.5ug/ml (257 L, 0.05ug/ml LNz — 7 %
AL, 27RRTR208K (74.1%) 7‘/~’71"4TJ‘V 7. 100ug/ml LA |-
D TERRIE 1R LD S A i) & o Fedd Mt
Tk, CTX B L CZX & i) :,:mnkm'i»‘: L L AL
A& v 72 (Table 8, 9, 9).

Fig. 8

E. cloacae?7Fk!
CXM, CPZ, & L1 LMOX * * 41z,
Z e kst L 7z, CTRX o &z 1,
0.1~>100pg/ml 12774 L, 0.1~0.8ug/ml (-t
dil, 27HRTI9RR (70.4%) L7z, 72, 10%/ml
T3, £0.05~100pg/mliz 25 A L, 0.1~0.4ug/mliZ
b7 %s L, 27¥kH 198K (70.4%) Ao fii L 72, 100ug/
ml LLEOmPERRIE10%/ ml 12 50T, 4 Fra a7z, fil

“#f L. CEZ, CFX, CMZ, CTM, CMD,
F BT
10%/ml Tz,
— 7 f;,

Lo HERET TlE, LMOX L) 1S - 72 it 2 R
L, #oftik v, L7zl % a5 L 72 (Tablelo, 11, Fig.
10, 11).

6 ) Serratia marcescens

S. marcescens27¥1- %+, CEZ, CFX, CMZ, CTT,
CTM, CMD, CXM, CPZ, LMOX, CTX, CZX b &
N CMX + & b etcad L 7: CTRX iz 1:1310%/
ml T2 <0.05~25ug/mliZ 74 L,
E— 7 %L, 278108 (37.0%)

0.1~0 2ug/ml =
oLz, 72,
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Fig. 14 Susceptibility of P. mirabilis to CTRX
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Table 16 Susceptibility of P. aeruginosa to CTRX

(27 strains 10® cells/ml)

MIC (ng/ml)
£0.05 | 0.1 0.2 0.4 0.8 1.56 | 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 3 7 8 6 1 2
CPZ 1 15 9 1 1
LMOX 1 9 8 2 7
CTX 3 5 16 2 1
CMX 1 8 9 6 2 1
CFS 3 13 7 1 1 2
Table 17 Susceptibility of P. aeruginosa to CTRX
(27 strains 106 cells/ml)
MIC (ug/ml)
£0.05 | 0.1 0.2 0.4 0.8 156 | 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 12 7 6 1 1
CPZ 2 10 12 2 1
LMOX 2 17 6 1 1
CTX 1 2 8 14 1 1
CMX 1 8 9 6 2 1
CFS 1 5 15 5 1
10°/ml T13=0.05~12.5ug/ml (=57 fii L, =0.05~0.2 B EOCFS & & LIz bHat L 72, CTRX Dz,

pug/mliz e —7 %50, 278k 16Kk (59.3%) A9 4i L
72, 100gg/ml DL PEfiz 1k L :LLYN)?Lf oz,
flh &) X e G TR, g L ALk A s L 72

(Tablel12, 13, Fig.12, 13).

7)) Proteus mz'mh[/is‘

P. mirabilis27¥12 8L, CTM, LMOX, CTX, CZX,
15 & 0 cefsulodin (CFS) = X Lz bickni) L 7. CTRX
D7, 10%/ ml T, =0.05~0. 1ug/mliZ A L,

0.05ug/ml LUz — 7 2050, 2780 P17 (63.0%)
oA L 720 £ 7:10°%/ml T, =0.05~0. 1 g/ml =95 Aii
L, 0.05pg/mlLL K12 e—7 % 9% L, 278 23tk

(85.2%) H i L 720 100kg/ml VLo PERR IS, 1 8k
Ll o 7z, A s o lbkcks a7, CZX X[l
T h ), FOMOEE L ) AL R A L 7

(Tableld, 15, Fig.14, 15)

8 ) Pscudomonas acruginosa

P. acruginosa27¥1- 1 L, CPZ, LMOX, CTX, CMX,

10%/ml T116.2

~ > 100gg/ml =
mliZk—7% TL 278218k

i L,
(77.8%)

12.5~50ug/
A (AN

% 72, 10°/ml T %, 6. 23~>1()0,ug/ml [ TR B

6.25~25ug/ml I
AR R AN 100/12:/‘ ml Db il PRk (2
1( )G/ml 1 Fk# gl

E—7%

RN

27H 258k (92.6%)
, 10%/ml
A X o Mok T s CEFS &

T2,

) FAHwi A L, CI’Z *IHH, FOMDFA LY HEAL
(Tablelé,
9) Bacteroides fragilis
B. fragilis2T#i2 14 L, CFX, CMZ, CTT, LMOX,

/A% R N A

CTX, CZX, B LW CPZ L & L
CTRX DZ 1%, 10°

Pt L7z,

ug/ml 2975 L,
HOl7Ee (63.0%) o 9 A &
0.2~100ug/ml (=545 L,
AL, 2THR18KK (66.7

Fig.16,

1.56~3.13ug/ml |

17).

2 CTRX D1 )y &t
/ml T(30.2~100
k=7 &L, 27

A L7z, 10%/ml T g,
O.8~1,56ug’ml =7 %
)AL 72, 100mg/ml LA
flsg) = D

DPER TR TR LD S h - 7z,
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Fig. 16 Susceptibility of P. aeruginosa to CTRX
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Fig. 17 Susceptibility of P. aeruginosa to CTRX
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Table 18 Susceptibility of B. fragilis to CTRX
(27 strains 10® cells/ml)
MIC (ug/ml)
£0.05 | 0.1 0.2 0.4 0.8 1.56 | 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 1 1 2 7 10 2 1 1 2
CFX 1 6 13 2 1
CcMz 2 1 2 7 10 S
CTT 1 7 8 10 1
LMOX 1 1 7 13 2 2 1
CTX 1 5 14 2 1 2 2
CzX 9 12 3
CPZ 5 7 10 3
Table 19 Susceptibility of B. fragilis to CTRX
(27 strains 10° cells/ml)
MIC (ug/ml)
<0.05 | 0.1 0.2 0.4 0.8 1.56 | 3.13 | 6.25 12.5 25 50 100 | >100
CTRX 1 1 11 3 1 1 2
CFX 1 16 4 1
CMz 2 1 3 13 7 1
CTIT 1 1 12 10 2 1
LMOX 1 4 17 1 2 2
CTX 2 1 3 14 4 2
CZX 3 18 3 1 2
CpPZ 2 20 1 1 1 2
betraf Tix, LMOX &0 %), CTX, CZX %, & ug/ml, 8WRI36 (35.9) wg/ml, 1085[29.6 (28.8) ug/

DO L ) L7z Bk & s L 72 (Tablel8, 19, Fig.18, 19),

3. CTRX mRUR, #HEitt, 35

1) Edehag

Cup 4 £ W paper disc 12 &), 3.13ug/ml £ 1)
100pg/ml £ THEMBFEE L, & FildEs £ o, 1/15M
PBS pH7 .0l T L o e # s L 72 (Fig.
2(). 21).

) CTRX D i, bR epis

CTR‘( DA % bmassay (HPLC
% ’fffl/lzﬂfli‘ Chumfti %L,
WEPE i L7z, 1/4R5 I8 T144 (153) wg/ml, 1/20% i
113‘1231/1g/ml, 1 WEMI89(101) wg/ml, 2 ERE68.8(80)
ug/ml, 4 BFfE58.8 (61.7) wg/ml, 6 BFI#42.2 (42.2)

) D g']l & i.
1189 (186) wg/ml O

ml, 128%f122.5 (24.1) wg/ml,
ml, 2085H13.1 (13.4) ug/ml, 248%R19.8 (10.6) ug/
ml, 3085[I7.2 (6.7) ug/ml, 36W#]3.9 (3.2) ug/ml,
b L U48mEM]L . 8(1.6) wg/ml D% & 7< L 72 (Table20,
21, Fig.22).

Bioassay & HPLC (3 fHBYFR£00. 9853 fHBA11: % 1 L
72,

PRAIE (X, f ‘7%221/23‘}{3' T1,072 (869) wg/ml Dift
AL, IR TE—7 2701, 438 (1,569) xg/ml N
3 N A 2U3FT'H*]940 879),ug/m], 4 IF578 (486)
wg/ml, 6 KEHI547 (570) wg/ml, 8 WE#417 (378) ug/
ml, 108f1290 (316) wg/ml, 1285[]268 (326) wg/ml,
16651301 (167) wg/ml, 208597 .6 (122) wg/ml, 24

16858178 (17.0) ug/
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Fig. 20 Standard curve of CTRX

BER61.6 (45.5) wg/ml, 2685[139.3 (43.4) ug/ml, 28
BER44.6 (38.8) wg/ml, 30HF[E43.6 (39.4) ug/ml, 33
BERH39 (31.6) wg/ml, 360FHI31.8 (36.6) ug/ml, 458F
[117.8 (13.8) yg/mlio'J:()ASH%F'aﬁlG.B (12.4) pg/ml
DIRE AL, 48R F ToOFER R RIPERIL, 57.8%

(bioassay), 54.3% (HPLC) T - 7z (Table22, 23,
Fig.23).

3) CTRX o pharmacokinetics

-3k bioassay (5 & ¥ HPLC) 12 & % 3l g
WEHG, REER T A= R KDz, ZTORER,
Ky, (hr") :1.42 (1.08), K, (hr™") 2 1.00 (0.94), Kel
(he™) :0.21(0.20), Tuzm(hr) :8.36(7.87), VdA(L) :

Fig. 21 Chromatogram of CTRX

(mmg)

304

251
———<Human serum
o—-e |/15M PBS pH7.0

20

I s 10 50 100 (ug/ml)
Plasma

H-2
START A6.90.90.90.

0o
STOP
C-F1R
SHPL # 3
FILE # 3
FEFT # 1577
RETHOE 43
# HAHME TIiME COnHC ald AFER
- 4,494 1o0dy
=0 €. 0% v S Y]
2 PR vk ) BTN S
TOTAHL S174nR0

Urine HPLC

k-28
STARRT Q6.06.90.99.

L

TP
T-FiR
SHEL # i
FILE # 3
FEFT # 1519
METHOC 43
# HHME TIME CaNC MK AFER
1S EFR
S. 9G211
12,38 Taa594
TOTAL ] 443715
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Table 20 Plasma levels of CTRX
1.0 g iv. Bioassay
H.K. LLN. S.K. F.T. K.M. Mean SD SE
(15.2 mg/kg) | (11.8 mg/kg) | (11.2 mg/kg) | (15.4 mg/ke) | (19.2 mg/ke) | (14.6 mg/kg)

(hrs) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml)
1/12 210 172 140 185 240 189 379 17.0
1/4 175 120 110 145 170 144 29.0 13.0
1/2 122 98.0 88.0 120 135 113 19.1 8.6
1 100 92.0 76.0 89.0 88.0 89.0 8.7 39
2 66.0 70.0 60.0 72.0 76.0 68.8 6.1 2.7
4 45.0 64.0 54.0 68.0 63.0 58.8 9.3 4.1
6 40.0 48.0 48.0 35.0 40.0 422 5.7 2.5
8 32.0 38.0 44.0 28.0 38.0 36.0 6.2 2.8
10 28.0 30.0 36.0 24.0 30.0 29.6 4.3 1.9
12 23.0 26.0 26.0 19.0 18.5 225 3.6 1.6
16 19.0 21.0 21.0 14.0 14.0 17.8 3.6 1.6
20 14.0 16.0 16.0 8.2 11.5 13.1 3.3 1.5
24 10.0 13.0 13.0 6.4 6.8 9.8 3.2 14
30 9.2 7.2 11.0 3.7 4.7 7.2 3.0 1.4
36 39 34 7.2 2.5 2.3 39 1.8 0.7
48 1.8 1.6 3.2 1.1 1.5 1.8 0.8 0.4

Table 21 Plasma levels of CTRX
1.0 g iv. HPLC
H.K. I.N. S.K. F.T. K.M. Mean SD SE
(15.2 mg/kg) | (11.8 mg/kg) | (11.2 mg/kg) | (15.4 mg/kg) | (19.2 mg/kg) | (14.6 mg/kg)

(hrs) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml)
1/12 221 171 156 172 210 186 279 12.5
1/4 195 153 117 138 160 153 28.9 12.9
1/2 143 117 108 110 135 123 15.6 7.0
1 113 92.3 99.4 92.0 110 101 9.8 4.4
2 87.0 82.1 58.0 79.0 94.0 80.0 13.5 6.1
4 57.3 72.2 46.0 62.0 71.0 61.7 10.8 4.8
6 41.4 53.7 31.0 40.0 45.0 42.2 8.2 3.7
8 29.7 47.5 29.5 35.0 38.0 359 7.4 3.3
10 21.5 334 28.0 32.0 29.0 28.8 4.6 2.1
12 19.3 242 21.0 29.0 27.0 24.1 4.0 1.8
16 18.0 17.6 15.0 16.5 18.0 17.0 1.3 0.6
20 13.7 144 12.0 13.0 14.0 13.4 0.9 0.4
24 10.1 10.5 11.0 8.6 13.0 10.6 1.6 0.7
30 7.1 5.0 9.4 5.0 7.0 6.7 1.8 0.8
36 5.6 3.1 4.0 2.0 1.2 3.2 1.7 0.8
48 1.8 1.8 2.5 1.0 1.0 1.6 0.6 0.3
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11.5 (10.5), AUC (hr-gg/mb : 996 (1,027) THh-1
(Table24, 25).
Fig. 22 Plasma levels of CTRX N s NEEHFN T A — 7 Z A, CTRX1.0g &
i) L 0g iv AR O mAE PR L 2 L — Lf:ci 1 3%
’ PR, eEE RIS EE R L, 1 RERELSE T4
07 100g/ml DIIE % FM XAz, 72 2 R
1007 T2 990ug/ml, 3 WL TIE£980ug/m] O
50- e HPLC BB AR L, DR, BRI SIS BELHEE
o== Bioassay X7z (Fig24),
4) ARG
10+ CTRX #%45-% Dt F KA M, TLC, bioautogram i
] THRRET L 724559, T oMKy REHEO. TICHHGEIE%
4 oH47 2+ b 238, CTRX DiE#EWH P RE
il —3L, oz, MEEEEAT 28 %
N Ao (Fig2s), L7eh - T, RANZERN TR
PS— T - X FETE 2 A 2 Em I S X LB B 7 IRz HEt
B B ‘ (hrs) XN SEAMLL 72,
Table 22 Urinary excretions of CTRX
1.0 g iv. Bioassay
H.K. I.N. S.K. F.T. K.M. Mean
(15.2 mg/kg) (11.8 mg/kg) (11.2 mg/kg) (15.4 mg/kg) (19.2 mg/kg) (14.6 mg/kg)
(hrs) |(ug/ml)|(ml) | (mg) |(ug/ml)|(ml)|(mg) |(ug/ml)|(ml) |(mg) |(ug/ml)|(ml)|(mg) |(ug/ml)|(ml)|(mg) |(ug/ml) |(mg)
1/2 420|200 | 84 800 | 150(120 400 [185|74 |1,840 45| 828/ 1,900 | 40|76 |1,072 |87.3
1 [1,400| 35|49 | 1,120 | 30| 33.6| 320 | 32(10.2 (2,150 | 30| 64.5| 2,200 | 20 |44 |1,438 |40.3
2 1,100 | 65| 71.5 840 | 70| 58.8| 680 651442 | 680 50| 34 1,400 | 48 [ 67.2| 940 5§5.1
4 760 | 180 |136.8 148 |435| 64.4| 400 |172|68.8 (1,200 901|108 380 (120 |45.6| 578 |84.7
6 700 | 120 | 84 460 | 140 | 64.4| 136 |400|S54.4| 860 60| 51.6 580 | 80(46.4| 547 |60.2
8 300 [195| 58.5| 156 (250| 39 | 460 |185(85.1| 510 | 95| 48.5| 660 | 98|64.7| 417 |59.2
10 300 {210 | 63 184 {130| 23.9| 400 |100 |40 360 85| 30.6 205 [115]23.6| 290 |36.2
12 170 | 60| 10.2 136 [ 120 16.3| 380 |105(39.9| 500 70| 35 155 [125]19.4| 268 |[24.2
16 280 (230 | 64.4 125|225 28.1| 145 |190|27.6| 850 |144(122.4 105 [255(26.8| 301 |[S39
20 86 (220 | 18.9 60 [310| 18.6 72 475|342 155 95| 14.7 115 {1751 20.1 97.6|21.3
24 591465 | 274 42 1405 | 17 49 580|284 8.2(1120 1.0 150 | 120 | 18 61.6|18.4
26 44 | 150 6.6 10 |516 5.1 53 (240|127 15.5/310 4.8 74 75| 5.6 39.3] 7.0
28 30 | 155 4.7 30(160| 4.8 27 |240| 6.4 70 (100 7 66| 95| 6.3 446| 58
30 20175 3.5 385 3.3 24 |240| 5.8 100 80 8 65| 70| 4.6 43.6| 5.0
33 18 | 200 35 500 2.5 10 |535] 54 62 |130 8.1 100 | 80| 8 39 5.5
36 9320 2.9 350 2.1 20 (165 3.3 90 |110 9.9 34130 44 31.8| 45
45 91550 4.7 6 | 400 2.4 12 (620 7.1 32 (300 9.6 30 (420 12.6 17.8] 7.3
48 51185 0.9 14 | 285 3.8 10 |225| 2.2 27 60 1.6 28| 45| 1.3 16.8| 2.0
Re- 694.5 mg 508.1 mg 549.7 mg 642.1 mg 494.6 mg 577.9 mg
covery 69.5% 50.8% 55.0% 64.2% 49.5% 57.8%
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Table 23 Urinary excretions of CTRX
1.0 giv. HPLC

H.K. I.N. S.K. F.T. K.M. Mean
(15.2 mg/kg) (11.8 mg/kg) (11.2 mg/kg) (15.4 mg/kg) (19.2 mg/kg) (14.6 mg/kg)

(hrs) |(ug/mD)|(ml) |(mg) |(ug/mD)|(ml) |(mg) |(ug/ml)|(m])|(mg) |(ug/ml)|(ml) |(mg) |(ug/ml)|(ml) |(mg) |(ug/ml) |(mg)

12 320 (200 | 64 560 {150 | 84 344 | 185| 63.6 11,720 | 4577.4| 1,400 | 40|48 869 |(67.4
1,780 | 35| 62.3| 1,400 | 30|42 644 32 20.6 2,040 30(61.2 | 1,980 | 20(39.6 (1,569 [45.1
910 | 65| 59.2| 768 | 70|53.8 | 576 651|374 | 740 | 50|37 1,400 | 48 |67.2| 879 |50.9
508 |180| 91.4| 200 |435 |87 344 1172|59.2| 960 | 90|86.4 420 (120 |50.4| 486 |74.9
840 | 120 (101 320 {140 | 44.8 | 368 [400(147.2| 720 60 (43.2 600 | 8048 570 |76.8
368 |195| 71.8| 252 (25063 220 |185[40.7 | 420 | 95399 630 | 98|61.7| 378 |[55.4
10 244|210 | 51.2| 344 [130|44.7 | 360 |100 |36 360 85130.6 270 115 |31.1| 316 |38.7
12 368 | 60| 22.1| 236 |120|28.3 | 368 |105|38.6| 490 70| 34.3 170 125 121.3| 326 |289
16 102 {230 | 23.5 110 {225|24.8 | 185 [190|35.2| 290 [144|418 150 (255 38.3| 167 |[32.7
20 110 |220| 24.2| 132 |310(409 55 |475]26.1| 175 95| 16.6 140 | 175|245 | 122 |26.5

00 N A=

24 49 (465 | 22.8 11 /405 | 45 55 |580] 319 7.4(120| 09 105 {120 | 12.6 45.5|14.5
26 47 {150 7.1 91516 | 4.8 35 |240| 8.4 16 (310 S 110 75| 8.3 434\ 6.7
28 19 |155| 2.9 21 |160| 3.4 16 [240| 3.8 70 100} 7 68| 95| 6.5 38.8| 4.7
30 26 |175| 4.6 71385] 2.7 7 1240 1.7 92 80| 7.4 65| 70| 4.6 394| 4.2
33 91200 138 51(500| 2.6 3 |S535 1.6 42 |130| 5.5 99| 80| 79 31.6| 3.9
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Fig. 23 Urinary excretions of CTRX 4. %ﬁﬁ?ﬂ;g{’}*ﬁ
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Table 24 Pharmacokinetic parameters of CTRX
1.0 g iv. Bioassay
K,, K,, Kel T, (8) vd AUC
(hr™) (hr™) (hr') (hr) (liter) (hr. ug/ml)
HK. (15.2 mg/kg) 1.47 0.80 0.24 8.60 11.4 1,012
LN. (11.8 mg/kg) 2.06 1.74 0.19 8.18 11.1 1,029
S.K. (11.2 mg/kg) 1.57 141 0.14 10.5 13.3 1,103
F.T. (15.4 mg/kg) 1.02 0.82 0.23 7.14 11.2 855
K.M. (19.2 mg/kg) 1.41 0.82 0.28 7.35 10.3 946
Mean (14.6 mg/kg) 142 1.00 0.21 8.36 11.5 996
Table 25 Pharmacokinetic parameters of CTRX
1.0 giv. HPLC

K, K,, Kel Ty, (8) vd AUC

(hr™) (hr™) (hr™) (hr) (liter) (hr. ug/ml)
H.K. (15.2 mg/kg) 1.05 0.64 0.24 8.42 10.5 1,065
LN. (11.8 mg/kg) 1.13 1.15 0.19 7.70 10.2 1,049
S.K. (11.2 mg/kg) 0.81 0.70 0.17 9.55 13.5 959
F.T. (15.4 mg/kg) 1.41 1.42 0.20 7.03 10.3 952
K.M. (19.2 mg/kg) 1.21 1.24 0.21 6.73 8.7 1,066
Mean (14.6 mg/kg) 1.08 0.94 0.20 7.87 10.5 1,027

Fig. 24 Simulated serum levels of CTRX
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CFX, CMZ & D&, LMOX & D% 2% L
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Fig. 25 Bioautogram of CTRX
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Fig. 26 Tissue concentrations of CTRX

20mg/kg im
(ug/ml, g) Bioassay o— Brain
100 4 o---0 Heart
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A% ‘\\‘ 2==- Spleen
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Table 26 Tissue concentrations of CTRX
20 mg/kg im. Bioassay
1/4 1/2 1 2 4 6 12 24 (hrs)
Brain 0.9 1.2 1.1 0.6 Trace N.D. N.D. N.D. (ug/g)
Heart 14.7 15 6.6 5.2 1.7 Trace N.D. N.D. (ug/p)
Liver 114 8 7.5 6.6 23 Trace N.D. N.D. (ug/g)
Kidney 219 42 63 16.8 5.1 18 Trace N.D. (ug/g)
Lung 12.3 13.8 174 8.3 3.0 1.1 N.D. N.D. (ug/g)
Spleen 54 45 35 23 0.8 N.D. N.D. N.D. (ug/g)
Muscle 2.2 4.1 31 2.3 0.6 N.D. N.D. N.D. (ug/g)
Muscle (Inj.) 58.5 43 24 3.5 1.7 0.6 N.D. N.D. (ug/g)
Serum 27.5 21.5 14.5 8.4 3.6 0.2 N.D. N.D. (ug/ml)
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FUNDAMENTAL STUDIES ON CEFTRIAXONE (Ro 13-9904),
A NEW CEPHALOSPORIN ANTIBIOTIC: ANTIBACTERIAL ACTIVITY,
ABSORPTION, EXCRETION, METABOLISM AND DISTRIBUTION TO ORGANS

ISSEI NAKAYAMA, YOzo AKIEDA, HIROSHI KaAwAaMURA, HIROSHI KAWAGUCHI,
EMIKO YAMAIJI and SHUNJI ISHIYAMA
The Third Department of Surgery, Nihon University School of Medicine

Fundamental studies were conducted on ceftriaxone (Ro 13-9904).

Ceftriaxone (CTRX, Ro 13-9904) has a broad spectrum against both gram-positive and gram-negative
organisms, and is similar to that of cefoperazone.

CTRX was similar to 3rd generation cephalosporins in the activity against S. aureus, S. epidermidis,
E. coli, K. pneumoniae, E. cloacae, P. aeruginosa and B. fragilis. And CTRX showed the stronger activity
than 3rd generation cephalosporins against S. marcescens and P. mirabilis.

Plasma levels and urinary excretions of CTRX were determined with bioassay and HPLC in healthy
adult volunteers after a single dose of 1.0 g by intravenous injection.

The results indicated that mean peak plasma levels of 189 ug/ml (bioassay) and 186 ug/ml (HPLC)
were obtained after S minutes.

The peak urine concentrations were 1,438 ug/ml (bioassay) and 1,569 ug/ml (HPLC) after one hour and
average of 57.8% (bioassay) and 54.3% (HPLC) of the administered were recovered in urine within 48 hours
after dosing.

Pharmacokinetic parameters obtained from the data of plasma levels by HPLC were as follows: K,
(hr™") 1.08, Ky (hr™') 0.94, Kel (hr™') 0.29, Tys(gy (hr) 7.87, Vd (L) 10.5, AUC (hr-ug/ml) 1,027.

Analysis of metabolites in human urine by TLC and bioautography demonstrated that CTRX was
excreted without being metabolized.

Twenty mg/kg of CTRX was intramuscularly administered to SD strain rats and kidney level was the
highest, followed by those in serum, heart, lung and liver.



