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Table 1 Antibacterial activity of CTRX against standard strains

(25 strains)

MIC (ug/ml)
Standard strains

CTRX CMX CTX CPZ
S. aureus FDA209P JC-1 3.13 1.56 3.13 1.56
S. aureus Terajima 3.13 0.78 1.56 1.56
S. aureus MS-353 1.56 0.39 0.78 0.78
S. pyogenes COOK 0.012 0.012 0.012 0.05
E. coli.NIHJ JC-2 0.05 0.1 0.1 0.1
E. coli K12 C600 0.025 0.025 0.025 0.05
K. pneumoniae PCI-602 <0.006 <0.006 0.012 0.012
S. typhimurium 11D-971 0.1 0.2 0.1 0.39
S. typhi 901 0.05 0.1 0.1 0.2
S. paratyphi 1015 <0.006 <0.006 <0.006 0.05
S. schottmuelleri 8006 0.05 0.05 0.05 0.2
S. enteritidis G14 0.78 0.78 0.78 0.78
S. marcescens IAM 1184 0.05 0.1 0.1 0.39
B. subtilis ATCC 6633 0.39 0.2 0.2 0.2
P. aeruginosa 1FO 3445 25 12.5 12.5 3.13
P. aeruginosa NCTC 10490 25 25 25 12.5
P. aeruginosa PAO-1 50 25 12.5 3.13
P. morganii IFO 3848 <0.006 0.012 0.012 0.012
P. mirabilis IFO 3849 0.012 0.1 0.05 0.78
P. vulgaris 0X-19 <0.006 <0.006 <0.006 <0.006
P. vulgaris 11X-19 <0.006 <0.006 <0.006 <0.006
P. rettgeri IFO 3850 <0.006 <0.006 <0.006 0.2
E. aerogenes ATCC 13048 0.2 0.2 0.1 0.2
E. cloacae 963 0.1 0.2 0.2 0.78
M. luteus ATCC 9340 0.1 0.012 0.05 0.1
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Fig. 13 Antibacterial activity of CTRX Fig. 15 Antibacterial activity of CTRX
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Fig. 17 Antibacterial activity of CTRX Fig. 19 Antibacterial activity of CTRX
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Table 2 Antibacterial activity of CTRX
MIC (ug/ml) for
Test No..of s
strains strains 50% Inhibition 90% Inhibition
tested

CTRX CMX CTX CPZ CTRX CMX CTX CPZ
S. aureus 99 3.13 0.78 0.78 1.56 3.13 0.78 1.56 1.56
S. epidermidis 62 3.13 1.56 1.56 1.56 25 12.5 25 12.5
E. coli 98 0.05 0.1 0.05 0.2 0.05 0.1 0.1 1.56
K. pneumoniae 107 0.05 0.05 0.0s 0.2 0.1 0.1 0.1 3.13
C. freundii 57 0.2 0.1 0.2 0.39 25 125 25 25
S. marcescens 100 0.1 0.1 0.2 1.56 6.25 3.13 6.25 50
E. cloacae 97 0.1 0.2 0.1 0.2 12.5 3.13 12.5 6.25
P. mirabilis 99 <0.006 0.05 0.012 0.78 <0.006 0.1 0.025 1.56
P. morganii 53 <0.006 0.025 0.025 0.78 0.025 0.2 0.2 3.13
P. vulgaris 52 0.012 0.05 0.05 0.78 0.1 0.2 0.39 3.13
P. rettgeri 43 0.006 0.05 0.012 0.78 0.025 0.39 0.1 3.13
P. inconstans 21 0.025 0.2 0.1 3.13 0.1 0.39 0.2 125
P. aeruginosa 100 25 12.5 125 3.13 50 25 50 12.5
P. cepacia 59 25 50 25 50 100 100 50 100
P. maltophilia 22 100 25 25 3.13 100 100 100 25
A. calcoaceticus 100 12.5 50 125 50 25 100 25 100
H. influenzae 27 <0.006 | <0.006 | <0.006 0.012 <0.006 0.05 0.025 0.025
N. gonorrhoeae 48 <0.006 0.025 0.012 0.05 0.05 0.05 0.1 0.2
B. fragilis 41 25 25 12.5 50 >100 >100 >100 >100
C. difficile 28 25 25 50 50 100 100 >100 >100
C. perfringens 17 0.05 0.025 0.05 0.025 0.39 0.2 0.78 0.39
C. jejuni 17 25 25 12.5 >100 S50 25 25 >100

LA )y A i L (0 4 Al Tl L AL s BLR )  fy L Tz

P omirabilis 12 0 L T CTRX (2 MICe T 4 =0.006 (Fig. 11),

pg/'ml 7 CMX, CTX, CPZ » MICait 7 L7 1101,
0.025, 1.56pg/ml = CTRX 2°# L < @i fu i )y~ Ay
L, fbfEieTo 72 (Fig. 8,

Indole-positive Proteus sp. 7t P.omorganii (=5 L T
1FCTRXIE =0.006pg/mliz &z — 7 4 7 L MICy

L0.025ug/ml 2 JEw Iz ) 2 s L, CMX,
CTX, CPZ ) MICw0.2, 0.39, 3.13ug ml - lt¥cl <
Lz LTz (Fig. 9,
Poorettgeri 128 L Tl CTRX (2=0.006pg ml &) i
THI60% D D FETT & Bl L MICa T 40.025ug 'ml
CMX, CTX,CPZ 0.39, 0.1, 3.13xg/ml £ V1015
[“#40 T o7z (Fig. 10)

P ovulgaris (128 L 7L CTRX {22 0.006pg ml |2k
ZMe— 7441 TH ) CMX, (,T)\, CPZazihz1
DG — 7130.025, 0.025, 0.78ug/ml Td Y, %

I

r
LA

P. inconstans 1= %L T2 CTRX (20,012 'ml |2 %

TP —7 % A7 L MICal30. 1ug/ml 2 9qHUidi 1) 4
L, CMX,CTX, CPZ ? MICq 0.39, 0.2,
e T LT o7 (Fig 12)

Lo L7 Poacruginosa. P. cepacia, P. maltophi-
lia 35 L8 AL calcoaceticus 120 T AGK 2 fiboy 3 &) &
)bk, 240 Tiskre TR o4
M2 g T

P.oacrugmosa (28 L 7T{E CTRX @ MICanid 50ug ml
ThHH CMX,CTX, CPZ D Zdld, Z4+7125.50,12.5
ug’'ml TCPZ L Hex0d - Tz (Figs 130

A calcoaceticus 128 L T2 CTRX 126,25~ 25ug/ml
Powe e 7 AL, (3 CTX X e) % 7 MICw 025
ug/mb T Lf\l\. CPZ D100g/ml X I~ 4 ({841
Tuz: (Fig. 14).

12 . 5ug/ml
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Fig. 21 Antibacterial activity of CTRX against
Ampicillin-resistant E. coli
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ABPC (225ug/ml VL bt VE 4 & £ coli 54 #5142
ST CTRX Dt & et L 72, £ 0454 ABPC i
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MIC (2 CPZ O H & 4 A A DIz i) L CTRX B¢

X0.039ug/ml 211 2 A X AEIE WD
e - 72 (Fig. 210,
4. MIC ¥ MBC o Lt#

N. gonorrhocae |2 xf I T

0.033ug/ml 5 %

Table 3 Relation of MBC to MIC of CTRX

MBC/MIC (fold)
Test strains

CTRX | CMX CTX CPZ
E. coli (4) 1 1 1.4 1
E. cloacae (3) 11.33 8.67 16.67 8.33
K. pneumoniae (4) 1.25 1.75 1.5 2.5
S. marcescens (3) 4.33 4.67 8 22.67
P. morganii (3) 1.33 1.67 2.33 2.33
P. mirabilis (4) 1 2 2 1.25
P. vulgaris (3) 3.33 2.33 4.67 1
P. rettgeri (1) 1 1 1 2
P. aeruginosa (4) 1.75 1.75 1.25 1.5
S. aureus (S) 1.4 24 1.6 1.2

() : The number of strains tested

10F KL 2vTid MIC & MBC & O BfR 1220w THe
sfL 72, D% 4 FIRL I TR 2R L 7z,
E. coli, K. pneumoniae, P. morganii, P. mirabilis, P.
rettgeri, P. aerugim)sa S. aureus |ZH\ Tz MIC &
MBC r iz izl sy, smubiEEH 2R L 72,
—Ji, P zw/gans TIFCTRX B L U CTX 2T =
7, L TS, marcescens TlE 4 Bz - 50 L%
7 MIC ¥ MBC olijizileh e 417: (Table 3 ).

5. REYR

P. morganii 1FO 3848, F.
CTRX ) farfiah B Mat L 72

CTRX (2 P. morganii 1= % 1L0.003ug/ml (1/2MIC)
TR0 L 20 D245 B 1% T 4 (58 afi (3 225 5 1L
otz — 5 CTX 130.012ug/ml (2 MIC) Tig fihe
‘/1(1'fi%f>bﬂf o720 L L0.006ug/ml (1 MIC)
TUL24BE 02 S PRm bt alsd o 4L (Fig. 220

E. coliiz HL TIFCTRXI30.05ug/ml T3 gz
A 524 CTX A2 4 WG T4 T pERgi 2 oo o i
7200 dgg/ml T by A M 22405 ] 1% T L R AL 7
hr- 7z (Fig. 23),

6. [-lactamase (ZX T 2 REM

CTRX 9 & ff g-lactamase (-

coli NIHJ JC 21z>w T

YA A e E 4 PCG
L CER, CMX, CTX, CPZ, CET, CXM ¢ 6 §f
cephalosporinil # JE 20 = L THIV Z 400, o) 385 » o4l

KUK i A & - TIocRrat L 720 CTRX 13 CMX,
CTX & laEkiz R-plasmid mediated & 1, 11, III, IV
N4 type PCase = CUZY4SETH Y, % 7° CSase |-
LTI Povulgaris, P. cepacia, B. fragilis O+ 2

cefuroximase (CXase)'"' %l X, E. coli, E. cloacae, C.
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Fig. 22 Bactericidal activity of CTRX against P. morganii IFO 3848
CTRX CTX
MIC 0. 006,.g/ml MIC 0.006,g /ml
IO( r
Control / Control /
;A r
2
E 1 2MIC
z A
o
el
s
s
b
Fe) e
£ N s 2MIC
zZ = 1 2MIC L I TS
~ - ~ w \\\
\‘#\f\:i MIC amic T~
=S oMIC b ——— e
Limit of assay
0 2 4 6 & 0 2 4 6 % 34
Incubation time(hrs) Incubation time(hrs
Fig. 23 Bactericidal activity of CTRX against E. coli NIHJ JC-2
CTRX CTX
MIC 0.05,g ml MIC 005, ml
101 Control Control
% '/:‘
Z o8 1 2MIC J
= /
£ /
Py /
- /
'T‘j 6 /
2 /
_g /
: 5
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o] \
£
: %
; “\\\ - ‘
S b we—MIC L aMIC \\ZMI('
e N wie N
Limit of assay Limit of assay
0 2 4 6 % 24 0 2 4 6 s 33
Incubation timethr Incubation timethr
Sfreundii, S. marcescens, P. acruginosa, P. rettgeri, P, 07T T = IhH TR
morganii ) B (1) CSase 4= T2 xf L 205 TdHh - 72 ZOFEYCTRX L PBP 3, 1A, 1Bs, 2 ol
(Table 4/, gl O ERITEA R L 2 720 PBP iz 0 A AR 45
%k, CTRX (% bl B-lactamase pEAHRIZ 0L T Glig <, PBP 5, 6121313 2 A Y HEMEA TS 2
Logv iR ) Ao L Tz, 7: (Fig. 240 PBP 379l 2 b H 77 ¢ 5 4
7. Penicillin binding proteins (2%} ¥ % 3Rf014 AR AR L s 2, PBP- 1 A, - 1Bs*203 ~

E. coli PBPs (= t}4 % CTRX OMHEIE 4 C-PCG & 74 1 70 Ao kil 2 L 7o A REE 7 5 0 B
v 7z competition 12 & D Biad Ly fFOALZAE A 70 A UEA Y G A £ 72 PBP- 2 LIS e oo 1
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Table 4 §-Lactamase stability of CTRX compared withg -lactam antibiotics
. )
Enzyme soutce . _'ll;’éf: n?ﬂf'e Relative velocity of hydrolysis

CER | CTRX [CMX |CTX |CPZ | CET | CXM | PCG
E. coli GN5482% CSase ©° |100] <1 | <1 | <1| 4 [269 <1| 63
E. cloacae GN74719 Csase @ |100] <1 | <t | <1 1 [189 <1| 12
C. freundii GN7391d CSase (i) 100 <1 <1l | <1 1 |125 <1 3
S. marcescens GN10857 CSase (i) 100 <1 <1 <1 2 88 <1 3
P. aeruginosa GN10362d CSase 6V} 100 <1 <1 <1 5 {139 <1 29
P. rettgeri GN4403% CSase @ |100] <1 | <1 | <1|<1]8s <1| 3
P. morganii GN5407(l CSase @) 100 <1 <1 <1 | <l 46 <1 16
P. vulgaris GN7919d CXase (i) 100 | 112 39 84| 15 |173 1,140 20
P. cepacia GN11 164d CXase (i) 100 | 171 98 | 174 | 10 |323 238 | 161
B. fragilis GN1 1478d CXase © 100 8 3 71 7 81 50 3
E. coli W3630 (Rms212)° PCase type | (c) 70 <1 <1 <1l ]| 58 7.3 <1] 100
E. coli W3630 (Rms213)° PCase type II | (c) 45 <1 <1 <1] 29 9.2 <1} 100
E. coli W3630 (Rte16)° PCase type I1I | (c) 50 <1 <1l | <1 2 ]10 <1| 100
P. aeruginosa ML4259 (Rmsl39)e PCase type IV | (c) 9 <1 <1 <1l | <1l |<1 <1| 100

a Hydrolysis of each substrate by PCase and CSase is expressed as a relative rate of hydrolysis
Taking the absolute rate of PC-G or CER hydrolysis as 100

b Constitutiveg -lactamase,

¢ Inducible glactamase,

Fig. 24 Affinity of CTRX for E. coli PBPs

0.01

0.1 1

Concentration of CTRX (ug/ml)

d Chromosome-mediated,

¢ R-plasmid mediated
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Table 5 Comparative in vivo activity of CTRX, CTX and CPZ

MIC (ug/ml) Challenge ED,, (mg/kg)
Strain dose

CTRX CTX CPZ (cells/mouse) CTRX CTX CPZ
E. coli 0.05 0.05 0.1 9.7 x 10¢ 0.086 13.0 15
ML 4707 (0.05 ~ 0.15) (5.5~31) (7.2 ~31)
S. marcescens 0.1 0.39 1.56 1.3 x 10° 0.13 0.31 7.1
GN 75717 (0.09 ~ 0.19) (0.11 ~0.84) (39 ~13)
P. vulgaris 0.05 0.39 3.13 1.2 x 10° 1.0 19.0 170
GN 5737 (054 ~1.9) 9.7~ 37) (57 ~ 550)
P. aeruginosa 25 12.5 6.25 1.7 x 10° 32 >250 240
IX 190 (23 ~ 45) (120 ~ 450)

Mouse : ICR,SPF 20+ 2¢g
Challenge : i.p.
Time of treatment : s.c., O hr after challenge

OGBS Ty ) B 200 2 2 BRI A 20 L i TharrlibbhHA, PBPs~DBAITEDE X 70 2 9

FTAREHREXIT D, 2L TCTRX @ PBPs {24 Fz oA

LMEITED R Y o & 2 S LA IR AL X RN $ 72, CTRX 1 4 vitro TOs5@ U )J 75 W XA

CTRX % E. coli \Z{I0 %4 72BN IZREF0y 2L 1L UL RN T ,ﬂ—'ﬂf P A7 L Ttza, ZH

L7z, ik Loz 2 Wiz n sz CTRX A 240 £ 7@ B-lactam
8. ¥ RREAEYDR Al i b R PP A AT 5 2 R L T
E. coli ML 4707, S. marcescens GN 7577, P. vulgaris WAL b

GN 5737, P. acruginosa 1X 190 O 4 (564 v CTRX S DEIZ LTRSS AR A R ] 1L

DRI ) A CTX b5 L F CPZ 2 kbl 2 L T L VAR/EN Uﬁ PR S L G T CTRX 2 hknyiz & fLhy

fiaf L7 (Table 5). AEWA LT AW T X S 2 AR L T

CTRX I3 E. coli ML 4707 (2 &L CTX, CPZ &1L %,
i i"*{Jl /1500145 K ON1/17058 T, S, marcescens GN 7577

, X N
ZEL T CTX d1/2~1/30m, CPZ Dy1/550077, %
P z'ulgrms GN 5737 1= kL 712 CTX #1/194%, CPZ 17 RENER, R; Ul Weiss, U Brompacher, PoLanze M
- MONTAVON, A, FURLENMEIER, P. ANGEHRN & P. ]
7 w2502 Poaer sa IX 190 12 kf LT H -
1/170: k;.‘, “f_) \F)) (1(7’1/(;,71}1()'\]11/[\7M:/ . ,\_(J‘/ :: Propst  Ro 13-9904/001, a novel potent and long-
CTX D1/ 8IEL T, CPZ P91 8T 520 di a2 acting parenteral cephalosporin. J. Antibiot. 33 : 783
FLTE Y, RIS BT L i vitro D5 1} ok —786. 1980
SR ALA VL oz hiE A T L Tz FLS 20 ANGEHRN, P P ] PropsT, R REINER & R. L. THEN :

aeruginosa 1X 190 1= 151712 MIC ftis CTX, CPZ L Ro 13-9904, a long-acting broad-spectrum cephalos-
g . sorin = [ vitro and i vivo studies. Antimicrob.

)~ Cofi - t LD L h b TR YT ' X

) A 1 @ ARSI Agents Chemother. 18 : 913 =921, 1980

IESTIARIE R o AW TS b NI & O S 5 AR A 30 SHaNNoN, Ko AL King, C WarkeN & 1 Priceies @ i
ribvo antibacterial activity and susceptibility of the
. = = cephalosporin Ro 13-9904 to g-lactamases. Antimic-

CTRX 127 5 2 Bl £5 & 0K P (3 B0 K L L i 7 roh. Agen?s Chgm(')thcr. 18 :“_’9‘3~298,\1%(1
D I o T R R e g o 4 BIAH:L'I‘U.\', S J.'I‘)_;\!:]\U\' & GO H. :\IL. (I\'\U\I-.\,- IR In
- LbETE citro susceptibility  of gram-negative bacilli from
oL B ))& s F o T L Indole BtE 45 L Or pediatric patients to moxalactam, cefotaxime, Ro 13
Pk Proteus, H. influenzae, N. gonorvhoeae, . coli, K. 9904, and other cephalosporins. Antimicrob. Agents

prewmoniae FIZRF L, JEE @G ) A ATL Tz Chemother. 18 : 176~ 179, 1980

ZHSDHR X LT CTRX 70 6 B-lactamase | 24001 50 WAL e Do L e R TT R NG g
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IN VITRO AND IN VIVO ANTIBACTERIAL
ACTIVITY OF CEFTRIAXONE (Ro 13-9904)

Yuzuru SEKINE and SUSUMU MITSUHASHI
Department of Microbiology, School of Medicine, Gunma University
MATSUHISA INOUE
Laboratory of Drug Resistance in Bacteria, School of Medicine, Gunma University

Ceftriaxone (CTRX, Ro 13-9904) is a new semisynthetic cephalosporin. /n vitro and in vivo antibac-
terial activities of CTRX were compared with those of cefmenoxime (CMX), cefotaxime (CTX) and cefo-
perazone (CPZ) using clinical isolates and some standard strains stocked in our laboratories.

Main results obtained can be summarized as follows:

1) CTRX had a broad spectrum, showing a strong antibacterial activity against both gram-positive and
gram-negative bacteria. Its in vitro activity was in general superior to that of CPZ a little higher than those of
CTX and CMX. Especially, CTRX exhibited an extraordinarily high activity against Proteus species, H.
influenzae, N. gonorrhoeae, E. coli and K. pneumoniae inhibiting more than 90% of all strains at less than
0.1 ug/ml.

2) CTRX was much more stronger in terms of bactericidal activity than CTX on P. morganii and E. coli
tested.

3) CTRX was found very stable to any penicillinases and cephalosporinases except to cefuroximases
produced by B. fragilis, P. cepacia and P. vulgaris. Increase in MIC values were not observed even when
tested with f-lactamase-producing bacteria.

4) CTRX had the highest affinity for PBP-3 of E. coli, an enzyme responsible for septum formation,
followed by 1A, 1Bs and 2.

5) CTRX exhibited higher activity than CTX and CPZ in the experimental infection model with E. coli,
S. marcescens, P. vulgaris and P. aeruginosa. The superiority of CTRX in activity to the others was much
larger in in vivo than in in vitro, emerging a pretty difference in activity in vivo even with strains having the
same in vitro susceptibility to all the drugs used.



