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Fig. 1 Chemical formula of cephradine and ce-
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Table 1 Antibacterial spectra of cephradine and
cephalexin

MIC (pg/ml)

CED | CEX
Bacillus anthracis = 0.4 = 0.4
Bacillus subtilis PCI 219 = 0.4 = 0.4
Staphylococcus aureus 209 I;C—l L5 L5
Staphylococcus epidermidis 0.8 0.8
*Streptococcus pyogenes Cook 0. 4 0.8
*Streptococcus sanguKTCC 10558 3.1 6.9
Escherichia coli NIHJ JC-2 12. 5 12.5
Klebsiella pneumoniac 805 6.2 6.2
Proteus mirabilis 203 12. 5 12.5
Proteus vulgaris 025 12.5 6.2
Proteus morganii 50 50
Proteus rettgeri 12.5 25
Salmonella enteritidis Gaertner 6.2 6.2
Salmonella typhosa TD 6.2 3.1
Shigella dysenteriae 6. 2, 6.2
Shigella flexneri 2a 12.5 12.5
Shigella sonnei 12.5 12.5
Pseudomonas aeruginosa >200 | >200
Pseudomonas schuylkilliensis >200 | >200
**Vibrio alginolyticus 25 25
*¥*Vibrio parahemolyticus 12.5 12.5

Heart Infusion Agar, * HIA+10% Rabbit Blood‘
*** HIA+ 3% NaCl
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BiatL, Table 4 OREE X 7co T OB, HEOMEEIL
MIC % @®iz. %7z, MBC/MIC 122 ~ 4 k75 0 A
BICPRPH I 2RS¥,

Biophotometer 2L %, HOWMBER~DOEEL
Staphylococcus aureus 209 P, Escherichia coli NIH]-
JC 2, Kliebsiella pneumoniae 805, Proteus wvulgaris
025 DFBHRIZOWTHRF L7223, Cephradine & Ce-
phalexin & DRICHHE R ZELRDDLZENRTE L h o
7o

BRSBERR I BT 2 BREZ MDA & Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae (2>

WS L, Table 5 D% x 7z,
Table 2 Effect of medium pH on the antibacterial

activity of cephradine
\\\ .

Organisms\ 6 7 8 9

MIC (pg/ml)

Stapholoceecus | 05 08 08 0.4
Staaf rheilsoczgcguoi 25 100 200 | >200
E“hﬁizcihf\?m] 50 12.5) 25 50
Escheri;})zlilfz 605 o5 100 500 | >200
g;l:z:;zlf,?ae 805 50 12.5 12.5 12.5
ﬁ:gf:;f)li?ae 846 100 200 200 200
Prngllgaris 025 | 100 12.5 12.5 25
Pse“f;’;’,’,‘;’},‘,‘;m >200 | >200 | >200 | >200

Heart Infusion Agar

Table 3 Effect of serum addition on the antiba-
cterial activity of cephradine

MIC (pg/ml)

0}5\10\25%

Staphylococcus aureus
209 P

Staphylococcus
epiderimidis
Escherichia coli NIH]

Klebsiella pneumoniae

Proteus vulgaris 025

Salmonella enteritidis

0.8 1.5 1.5| 1.5
1.5| 1.5} 1.5| 1.5
12.5112.5 | 25 25
6.2 6.2 6.2 6.2
25 25 25 25

6.2 6.2 6.2| 6.2

Heart Infusion Agar, horse serum added

Table 4 Influence of inoculum size on MIC and
MBC of cephradine

MIC | MBC | MBC/

(pg/mlb)|(pg/mb)| MIC
Staphylococcus H 1.5|>25 |>16
aureus 209 P L 0.4 L5 4
Escherichia coli H 25 50 2
NIHJ L 12.5 25 2
Proteus vulgaris H 50 200 4
L 12.5 25 2

Heart Infusion Broth
H : 10°® cells/ml
L :10% cells/ml

Table 5 Susceptibility of clinical isolates to cephradine and cephalexin

MIC (yg/ml)

>100 | 100 50

25 12.5 | 6.2 3.1 1.5 0.8 0.4

Staphylococcus aureus
(208 strains)

CED 0 61 5

CEX 6 3 1
Escherichia coli (125 strains)

CED 2 7 41

CEX 2 3 38
Klebsiella pneumoniae (89 strains)

CED 9 4 12

CEX 5 3 5

4 7| 50 | 116 | 20 0

3| 11| 68 | 102 | 12 2 0
69 6 0 0 0 0 0
69 | 11 2 0 0 0 0
27 | 37 0 0 0 0 0

22 37 17
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Table 6 Organ concentration in mice after oral administration of

cephradine and cephalexin (pg/g or ml)

VI k% ##% L T Cephradine i
Cephalexin & (3 FF%D in vitro

(CED, 50 mg/kg, p. 0)  yipggyim s (RAT 5 b0 L KK &
7.5 15/ 30’ 60’ 120’ 180’ i,
Brain NT ND ND ND ND ND 0 29RCEHIHE KR
Heart NT 4.8 2.7 1.5 1.5 1.6 A E L URFPHER
Lung 4.5 4.9 8.4 2.2 2.0 1.6 U ik ddY %, @, 4 ~ 538
Liver 64.0 62.5 40.6 95.6 9.0 4.6 #O LD 1RES ~ 6 LRV, B
Kid RO SMERIE L Bacillus subtilis
idney 48.0 134.7 81.7 40.9 20.3 13.7 PCI219 % v 7= MRS ¢
Spleen 2.2 1.9 1.7 1.4 1.0 1.0 T 5T,
Muscle 2.5 5.7 4.3 1.9 1.9 ND FEANIBRAE A VAAFE L, 50mg/
— k ( #hL,
Serum | 30.0 34.1 93.7 10.8 8.3 3.6 g BTN F IR THS L
7.5, 15, 30, 60, 120, 1805y
(CEX, 50 mg/kg, p. 0.) AR A THTERRWIC & D R,
7.5 15' s | e |10 180° s O Lo B BT
: ’ J, 5 %3t L, M/15 PBS, pH
Brain NT ND ND ND ND ND 6.0 THESx 32— FM2EY, &
Heart NT 6.2 3.6 2.1 2.4 2.3 WIZHIRL TEDHMlE RIE L 7
0~3, 3~6, 6~24Ff%
Lung 4.0 5.2 12.0 2.7 2.6 2.2 R0 P06, 6 1)
fHCER L, PBS #ilRi, A
Liver 40.0 89.2 69. 0 31.2 13.9 3.2 BRIE Ui
Kidney 42.0 93.3 90.0 46.8 21.5 6.7 FHBRIBORD3IMAE YKL,
Spleen 2.8 3.0 2.4 1.6 1.8 1.9 TP E b > TR LT
Mucdl Table 6, Fig.2, 3 % Cephra-
a uscle 1.4 59 2.8 2-1 ND ND dine 3 X} Cephalexin 50 mg/kg
Serum 30.0 43.3 31.7 13.7 9.2 2.6 R O O SRR P P EE D Rl
ND : Not Detected. NT : Not Tested. T, WRL bREKT.545TTT
Fig. 2 Organ concentration in mice after oral ad- Fig. 3 Organ concentration in mice after oral ad-
ministration of cephradine ministration of cephalexin
ug/g or ml ug/g or ml
T A (CED, 50mg/kg, p.o. ) 100 (CEX, 50mg/ke, p.o.)
/
50}
10
5
1.
7.515 30 60 120 180 7.515 30 50 120 180

Time in minutes

Time in minutes
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Fig. 4 Organ concentration in mice after subcu

taneous administration of cephradine

Fig. 5 Organ concentration in mice after subcu-

taneous administration of cephalexin

(CEX, 50mg/kg, s.c.)

ng/g or ml
#1g/g or ml
——,
10 - N (CED, 50mg/kg, s.c.) N
N 100 VAR

50 50

10 10

5 st

1t 1

' L L L 4 7.515 30
7.515 30 60 120 180

Table 7 Organ concentration in mice after subcutaneous administration

Time in minutes

of cephradine and cephalexin (pg/g or ml)

(CED, 50 mg/kg, s. c.)

7.5 15 30 60 120 180’
Brain NT ND ND ND ND ND
Heart NT 4.6 3.4 1.7 1.5 2.0
Lung 6.4 8.8 7.3 2.6 1.8 2.1
Liver 28.8 51.8 51.0 17.9 3.8 1.1
Kidney| 104.0 120.5 135.0 37.9 7.5 3.6
Spleen 1.9 4.6 3.6 1.4 1.5 2.1
Muscle 2.4 6.1 5.5 3.7 4.5 2.6
Serum 4.4 46.3 35.0 9.2 2.1 1.4

(CEX, 50 mg/kg, s. c.)

7.5 15’ 30 60’ 120’ 180’
Brain NT ND ND ND ND ND
Heart NT 3.6 3.3 1.6 2.2 1.1
Lung 7.0 10.5 5.9 3.0 1.8 2.8
Liver 28.0 47.0 36.6 10.8 3.1 ND
Kidney 80.0 126.2 77.3 29.6 5.7 1.2
Spleen 1.6 3.5 2.1 2.5 2.9 1.9
Muscle 4.0 7.1 6.9 2.3 1.9 1.1
Serum 46.5 49.3 35.8 10.6 2.6 ND

ND : Not Detected. NT : Not Tested.

80 120 180
Time in minutes

IZ EEBRERA~DOH S 2 BITHER
»ohh, D30 H5ERE, 7.5~
5% e— 7 EIEL, &0
RUED E L TRFHRZ LR
ENic, BEH#3057ICBT D ME
FENE > B> fu > Bl > #%, O
MThY, EOREMWEEL LIERF
BICHIR U723, 180 DHRIC L
EBRE AEOBRHRFIRETH -
Tro Eiz, WD BTV BREA
THHENERE L 2d o7
Table 7, Fig 4, 5 % Cephra-
dine 33 X {* Cephalexin 50 mg/kg
BTHRERORKT, WAL b
BE#15 T —27IZEL, 300%
DOWEEFFNIE > > > i, %
>y MTHY, TOERERIC
BET 5 2120~18053 % b K5y
DR THBORU B W T H
Y, ¥7, B»SOHEBRHIZAR
Wiz &, BARER O/ L B
TEHEZHAT— B bl €
— 7 S BERERB OB L B K
ErBOEEN - 1225, AP
R TEROIRES ZEAORI D
LR L DEIRE T Tz,

Table 8 X% A # 5., Table 9
13 BT 5RO TR O R PEHER
THHH, P (0~ 3BEHED) M
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FgEtEE: CEX>CED, th-#%# (3~6, 6~24
B#fE) ik CED>CEX :7z 9, Cephradine it Cepha-
lexin (L TRORKEGRIOBEM N7 — 2R L2 25,
0 ~24EfHIC BT B R~ HHENCRITFER], By
BENTHLE0%HIBE TAEEBD XM o1,

M <9 XEREBE TN T BRHHNR

<m0 ddY, &, 458EE, KRE 20gD0L0% 1R
10T & LTHW . '
TERERIREKCER FRL, BROBEOLE
0.25ml ¥, TR O0.1~0.2ml FZXEENSEN
5X5IC LT, BPEER LU 4EMEO 2 BES L.
BEORBSL 7 FUBRE OB A ENR 0. 25 ml 7> = B
MRICEAL, W KBE WRIEE EREOHE
ICIXEHE 0. 25 ml F O JERNICEAT 25 LY,
FRZER LEEDOERE,» S ey MEIC X Y EDs

EEZHEH Lz,

B — %% Table 10 1277,
WO X LT Cephradine {3 Cephalexin |z
ICE T 2IRBOIR AR L O D LR & L
b, Fox DEEBR TR DIBROBAEDIZ O V3L T HER X
D ORIFRREEE D 2T EBRED-T2H, T HIZEFO
BREBHOREOEIC I B LD L Bbh b, /-
DRENRIUED XD TRFARZ EE LR LTS,

¥ & B

Cephradine DO#iEi#iHix Cephalexin L% <, *
DHEHli~D¥EH pH, MiEHRN, EEEROZER
EDEEL Cephalexin L2 IERAROBEMICH Y, BRK
SEROBZMENHIZL A LEZBOR o7,

ORI <h, ERESIcL<aTmL, RP~D
BEEASEWZ L7 &b Cephalexin L iZERIRTH - 720

Teble 8 Urinary recoveries of cephradine and cephalexin in mice after oral administration

of 50 mg/kg
Fractions excreted Total amount excreted
Exp. No. during hours (%) ¢

0~3 3~6 i 6 ~24 during 0~24 hours (%)

I 41.7 40.4 17.9 61.7
. o0 F -
CED )i » 58.6 11.9 29.5 62. Q
m ) 66.5 — 33.5 61.9
Mean” J/ e e 61.9
-1 64.8 16.0 19.2 60. 1
CEX I 69.2 5.8 27.0 64. 4
I 72.6 5.8 21.6 53.7
Mean / / / 59.4
Table 9 Urinary recoveries of cephradine and cephalexin in mice after subcutaneous
administration of 50 mg/kg
Fractions excreted N
Exp. No. during hours (%) Total amount excreted

0~3 3~6 6 ~94 during 0~24 hours (%)
I 29.8 45.1 25.1 66. 6
CED I 57.4 19.5 2‘3. 1 58.0
m 36.4 — 63.6 59.4
Mean / e / 61.3
I 60. 6 10.0 29.4 62.7
CEX I 69. 6 16.8 13.6 51.5
m 88.2 9.6 2.2 60.9
Mean J/ / / 58.4
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Table 10 Effectiveness of cephradine and cephalexin in experimental bacterial infections of mice

Strain No. Challenge MIC : pg/ml Treatment EDs, : mg/kg/dose CEX/CED
route CED CEX | route CED CEX
Staph. aureus 42 (iv) 3.1 3.1 (po) 11.0 11.0 1.0
(sc) 25.0 25.0 1.0
Strep. sp. 501 (ip) 1.5 3.1 (po) 1.1 2.2 2.0
(sc) 2.0 3.8 1.9
Esch. coli 704 (ip) 25 25 (po) 17.7 12.5 0.7
(sc) 35.4 31.2 0.9
Kleb. pneum. 825 (ip) 25 12.5 (po) 30.1 27.1 0.9
(sc) 119.0 70.8 0.6
Prot. mirab. 1973 (ip) 25 25 (po) 125.0 69. 2 0.6
(sc) 110.9 62.4 0.6

Animals were treated twice at 0 and 4 hours post-infection

7R UK, A, KM, MR, AWME O~
17 A SEERI ERYE e B AR M1 s X USRI b
Cephalexin L IZIER%TH Y, LAt T Cephradine
1% Cephalexin [AIER OIS TN & JIWT Sz,
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ANTIBACTERIAL ACTIVITIES OF CEPHRADINE, A NEW
ORALLY ABSORBED CEPHALOSPORIN DERIVATIVE

SHINICHI SUGAWARA, IsAMU IGARAsHI and Masazo Tajma

Central Research Laboratories, Sankyo Co., Ltd.

Antibacterial activity of cephradine was compared in in vitro and in vivo with that of cephalexin.

Antimicrobial spectrum, influence of medium pH, serum protein binding, MBC/MIC ratio and susceptibility
of clinical isolates with cephradine were all quite similar to those with cephalexin.

Cephradine was well absorbed, distributed into various organs, and highly excreted into urine in mice by
oral administration equally by subcutaneous administration as was in the case of cephalexin.

Cephradine was equally effective to cephalexin in protecting various bacterial infections in mice.



