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Cinoxacin @ in vivo HLEVER

RHEE=-ZMFA-BR #*
B RUERRSHDIRER

FLL AR INT-EOAYEAN Cinoxacin OERN~Y RBPEAEREELTIT 7y b
D _EfFHERMRYII N T B 1B RITOWT, Nalidixic acid 4 X ¢ Pipemidic acid %

MEEE L THBREETA - 1

Escherichia coli, Klebsiella pneumoniae, Proteus |Z) 5= ADBPEARKRREIE
T Cinoxacin QBRI E X, Nalidixic acid 3 X ¥ Pipemidic acid * 12IZRBET
B o 7A8, Enterobacter % Serratia marcescens O—IBITxt LTl Pipemidic acid ©

HREBPPEN TN,

E. coli X 1% Proteus mirabilis ZX %5 v + O LiTHER¥EYIIH LT Cinoxacin
Iz Nalidixic acid 3 & % Pipemidic acid X b 3 B8 & b ITEN TR E 4R Lo

Fv MIZEO#RE#%O Cinoxacin OfifEH, FHEBNEEL X CRPENEZ TN
A HBRICHENTENTED, 7y FORBERCET S FZAO BEFZHERICL (RBEL

Tnic,

3 X

Cinoxacin (CINX) 3, X%ME Eli Lilly #oBRERICED
TBRINIF /oy AR VBRIRERAT, FELTI 74
REICE ThH D, in vitro OFEIE Nalidixic acid
(NA) LiZIZRBETIIH 208, BOBREHORTEEIX NA
KHUTEL, Ldb RGMBHT 21 C &hb REBRER
FEE L TZOHRBPFIN TN B0

A#Ti13, CINX 0 in vivo HE/ER, HicEHEDS 5 4
R FAEOMBENERIC X 37U X £5RYE, 850K
E. coli BXU P. mirabilis \CX 57 b ORBERYYEICKT
AR ICONT, NA kLt Pipemidic acid (PPA) %
FRIE & U THERRE L e RBHC DD THET 50

EBHHEIUTE

1) EREAH

CINX (Eli Lilly), NA (HEB9) &L PPA (X
HAMK) F@H L7, PPA IiRseA & b #h ik
L, ZOHNMRAMAKHORE LTER L. ITNHLDOHE
AR KICHIAD 7o, KITHEMRT DHICIE 0.2 N Ok
ik F ) v kRNl DPIEOKE T 5BEI1TR
5% T7T7ET I LBITHEE LT

2) (EREH*

FERICHH LSO 7 5 sIEHHE, MPFRTRE
Bed & CEMARBR & 45 X n /o RERERYLE AR

DHBENMEBRADLE T 18 %hTH 2, Zh bk,
10% ZIE@fbSd-MiE % Nz 7= Heart Infusion Broth
(HIB; 3¥8F) (T 105~ CFU/ml QBEEICHEL,
—80°C THMEMRE LT,

3) MIC DRIE

WE AT Trypto-Soy Broth (TSB ; %i¥), &I
AEFIZ Heart Infusion Agar (HIA ; 3¥BF) *{#f
L, BARfCEREE SEaE 2 [T TR B ML E
ExRE LT,

4) REHSIUaEAR

i) TORBEARKE: SLC-ICR o5 B~y
R, hE 18~22 g F 18I E L TH oo BEEE
DB T ERBPFTELHICHMBEL, ThZhoBZEHITIE
U< HIB CHEHBR L%, 5% »F > (American
Laboratories Inc.) X% LT 0.5 ml #EAICE
L7 BEEML XSS REM%D 2@, WA EOR
L, TH®OEFEDN L Probit $izk - T 50% &
ik (EDso) 3R, 1HEOHERTEE L 7ro

ii) v bEFTHEREERE : SLC-SD o 6 Bk 5
v b, fAE 140~160 g *{#/H L7z, Thiopental-Na
(3 F Y+ & Pentobarbital-Na (Pitman-Moore)
D2 VBB THRE L 7%, THBOEXAMY, 72
— AT T LT LS B L. RICHERE
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DIHA %L YIEA L CT## % & A 72 Cutina LE (Dehydag,
Henkel, k) 0574+ 2 7% &AL, Z0YI0% #4
ATHS THAL, AULLEIBREELTCT R 7%
DELTHOILOMBERERER L 2%, EHOHEN%
IANNETHRA Lico BIMEMICHEAT S Cutina LE @
T4 A7k, REBEORBE L THNLND GBS
Y274 FORE~RVy PT, BERPIVEINH2
mm OMFHEF% L, HHIKEL UV BT X > TR
B L7, E. coli EC-2 Tkl x10¢ CFU/ml, P.
mirabilis 434 Tt 4x105 CFU/ml Z#% L 7=k
271 A7 e M 2R L e, ERITHE LT, EIT,
Bt REXE 5 HMD S, FRIED HZOMEDITH-> T
Oxamide (H.NCOCONH:) # 1% 24tk +
ER () = v 2 B fE) L, BR%2BMACLES
%, ZTOBREBBEARICE Lo BANT X 51658k, E.
coli BYLHRTIEYD BHA L H4 20 3 B HLO&
BT o> TiTk o TS, P.mirabilis [RYRTId EITR
R 6 B OEE X T NITMA Tco REEEORA, A1

LEY 4 HRIZS y PEEBRL, MBLHBLTREY
F A4 R LR EL & A ORI Z2RARHZ DN
TI0 (A RRLERL, VY F AR+ —~HRBiEH (BTB
DD KL AEREHRLITRE, Blg XY ldR
1ml 4 OEERE RO, 1BH6~TEDTy + %
Hn, BalloTik2, 3N0KRELERETE W,
WL L CRP QAR 106 CFU LUTOBELHER
LHEL, HHEERICPTIHEHDE,DL Logit O
&> T EDso % b UITIEEMRA (95%) #HM Lo
5) BEABLUBREBREDRE

2 YR IDONTIR A 50 mg/kg HROKEHE,
0.5, 1, 2, 3, SEMERML Mm% H05HEL
Tco 7w MIZDWTIE 25 mg/kg ZRAKS5%, 0.5,
1, 2, 3EeMECHIEREM LiRM L7, BEHHL
) v gEEER (1/10 M, pH:7.0) &Mz TrEYF
AXL, BEREM L > T LT AME Lo 272, —I8
D5y PZDOWTIE, A2KVy 75 —YRNTHRESE
fl% CORTRE LTc, EABFTOERNBER, E. coli

Table 1 Protective effect of CINX, NA and PPA against experimental
intraperitoneal infections in mice

Challenge EDso: (mg/kg/dose) MIC (pg/ml)
Test organism dose

(CFU/mouse) | CINX NA PPA CINX ' NA \ PPA
E. coli EC-2 7 X108 26.6 46.2 26.6 6.25 6.25 1.56
E. coli EC-13 8x10¢ 46.9 39.5 28.3 3.13 6.25 1.56
E. coli EC-14 4x104 12.3 14.1 14.1 6.25 3.13 1.56
E. coli 4080 6104 18.5 24.7 12.6 3.13 3.13 1.56
K. pneumoniae KL-38 7x10* 18.5 11.8 11.1 6.25 3.13 3.13
K. pneumoniae 3898 9% 10* 46.3 56.6 37.0 6.25 6.25 3.13
K. pneumoniae 3951 2% 104 28.1 29.6 14.2 6.25 6.25 3.13
P. mirabilis PM-8 5x108 60.0 34.7 51.8 6.25 12.5 3.13
P. mirabilis 434 3x 108 34.7 37.0 42.4 6.25 6.25 3.13
P. vulgaris CN-329 7%x10% 51.8 26.6 51.8 6.25 6.25 3.13
P. rettgeri RET-21 1x107 49.8 35.4 35.2 6.25 6.25 3.13
P. inconstans IN-25 9% 10¢ 37.6 21.3 25.8 6.25 6.25 6.25
E. cloacae CL-113 1x108 36.4 38.9 18.5 6.25 6.25 1.56
E. aerogenes TB-510 2% 103 40.3 26.9 13.4 12.5 6.25 3.13
E. aerogenes 13367 9x 108 32.4 55.5 29.0 6.25 6.25 0.78
S. marcescens 13880 9x 10 34.7 21.2 20.0 25 3.13 3.13
S. marcescens MA-56 2x10* 21.6 13.8 7.07 12.5 3.13 1.56
S. marcescens MA-60 3x103 27.7 14.2 13.4 12.5 3.13 1.56

Mice were infected intraperitoneally with test organism in 5% mucin.
Antimicrobial agents were administered orally at 1 and 5 hours after infection.

EDs, value was expressed as a single dose.

MIC was assayed by the agar dilution method and inoculum size was one loopful of 108 CFU/ml.
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Fig. 1 Plasma levels of CINX, NA and PPA
after oral administration in mice

Mouse: SLC—ICR, female, 20~23¢g

Dose

: 50mg/kg (n

=6)

10° CFU/ml #4850 MIC &#i—%L T Tablel  ~ %0
R L 7o *;
MIC »65R% &, PPA [d4mE# Iz EHOH < 60F
TS in vitro FEMAE L, E.coli, K. pneumoniae, §
Proteus |Zxt | Tit CINX @ 2~ 44, Enterobacter, g
S. marcescens | LTIt 4 ~ 8 fEBIL I I BN %7 L § 01 o
7o NA RREBRINTCABHOBBHITH T CINX & N
ZIZRBED MIC ff%h R L1cA, S. marcescens (23 20| °\\§A
LTl CINX LD b 4~ 8 {SEtsghTuni, N e -
—%, in vivo BTk E. coli, K. pneumoniae, A___A_P_PA__A
Proteus OFZEYPFRIZH T, CINX & PPA @ EDs 0..5 1 3 5
REDTRT S 2ELUNDET MWD T HE L xR Time (hrs)
Table 2 Protective effect of CINX, NA and PPA against experimental urinary
tract infection with E. coli EC-2 in rats
CINX NA PPA
(mg/kg/dose)
Kidney Urine Kidney Urine Kidney Urine
30 2.34+0.59 2.05+0.78
2'@3 10 2.84+1.58 2.62+1.12 3.68+2.06 3.58+1.67 2.60+0.75 3.30+1.10
= bbm 3 2.99+1.72 3.49+1.52 4.25+2.14 3.94+1.69 5.03+2.26 4.08+1.72
=gt 1 4.43+2.32 | 4.57+1.80 | 5.03+2.69 | 4.50+2.18 | 5.86+2.28 | 5.37+1.62
s T‘_," 3 0.3 5.13+1.86 5.35+1.54 6.59+1.65 6.39+1.28 6.98+0.60 6.73+0.93
E” 2 0.1 7.35+1.62 | 6.33+1.94
(Control) 6.98+1.43 6.65+1.41
° 30 777 77
g 10 6/7 6/7 8/14 7/14 77 6/7
(: 3 10/14 9/14 10/21 11/21 4/13 6/13
;; 1 11/20 6/20 5/12 4/12 5/21 4/21
.E 0.3 3/13 3/13 1/7 0/7 0/6 0/6
2 0.1 0/7 0/7
s} (Control) 2/38 1/38
EDso 1.00 1.75 3.38 4.01 3.91 3.10
(0.67-1.33) | (1.04-2.46) | (1.66-5.10) | (2.03-5.99) | (1.75-6.07) | (2.07-4.13)
Rat : SLC-SD strain, female, 130~170 g
Infection : LE-Disk immersed into the suspension (1x10%8 CFU/ml)of E. coli EC-2 was inserted
into the urinary bladder.
Therapy : Antimicrobial agents were administered orally b.i.d. for 3 days after infection.

EDso value was expressed as a single dose. Numbers in parentheses indicated 95%

confidence limits.
* . Rat with viable cells of less than 104 CFU/g, ml was regarded as “‘effective”.
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Table 3 Protective effect of CINX, NA and PPA against experimental urinary
tract infection with P. mirabilis 434 in rats
| CINX | NA PPA
(mg/kg/dose) ‘ .- .
i Kidney ‘ Urine Kidney Urine Kidney Urine
B 1 T T
A 10 % 3 . <2.00 | 2.01+0.63 <2.00 | 2.42+1.28
2 Eg 3 ‘  3.03+1.58  4.49+2.60 = 4.45+2.45  5.08+2.60
R 1 - 2.12+0.41 ‘ 3.20+2.20  6.42+2.47 | 6.01+1.67 | 6.64+0.58 | 7.04+1.04
w | 1
w3 gl 0.3 413215 ‘4J112ﬁ4 7.26+£1.03 = 7.01:+0.62
g‘JEi 0.1 | 6.13+1.95 | 6.67+0.95 ‘
S (Control) | 7.66+0.60 i 7.21+0.92 |
L10 66 6/6 6/6 5/6
§} 3 | | 6/7 4/7 3/7 2/7
© 8 1 o 8/11 2/10 1/10 0/7 0/7
6 0.3 4/7 4/7 0/7 0/7
K 0.1 17 o7
Y | |
m (Control) ‘ 0/26 0/26 |
ED. | 025 | 037 1.75 | 2.61 338 | 451
80 ; (0.18-0.32) (0.21-0.53) (1.18-2.32) ' (1.69-3.53) (2.40-4.36) \ (2.98-6.04)
Rat : SLC-SD strain, female, 130~170 g
Infection : LE-Disk immersed into the suspension (4 X105 CFU/ml) of P. mirabilis 434 was
inserted into the urinary bladder.
Therapy : Antimicrobial agents were administered orally at 6 hr and b.i.d. for 3 days after

infection. EDs, value was expressed as a single dose. Numbers in parentheses indicated

95% confidence limits.

L, MEAEO EHMETEEXEL B0 LZho T
Enterobacter 7% b XIZ S. marcescens O —IBD K
RITnTIE PPA O%RA4 CINX #2~3{% M5
2%, MIC OZIZ H~ANE ZD ZX NEho e T
NA OB T, RBRINTTRTOBRERCI AT
CINX - NA ® EDso X215 UINDOZETHELL Tl
b, MEAEO BEEDRITIT AEENZD b Zho
720

2) TYRCHITEZMmEEPRE

CINX, NA 1t X PPA £ h¥h 50 mg/kg 1[n]
BOKLG Lic~v 2ROMBEPREORE T Fig. 1 TR
L7z FHmMgEHREED w— 7z CINX T 1 BR%
1Z 105.0 pg/ml, NA L8 PPA Tt 30 %%
n¥h 37.0 L XX 3.8 pg/ml THh, CINX I3
KA DOH TR MPEP~OBFTRI L FREIELTH
7o

3) Sv PREBRRFEICHTIAEDR

E.coli EC-2 X X P.mirabilis 434 RYFZA T DAL
BErEh#Fn Table 2 XX Table 3 T/RL7co B
NEBLHEE L4 D EDs 13 E. coli RYRIT

: Rat with viable cells of less than 10* CFU/g, ml was regarded as ‘“‘effective”.

T, CINX; 1.00 mg/kg/dose, NA ;3.38 mg/kg/
dose, PPA; 3.91 mg/kg/dose T CINX |ixtBEK|z
HANT3~4{EBEN I RN ET KL, HIZ, P.
mirabilis YR T?D CINX @ EDso 2 0.25 mg/kg
/dose T, ZOffilk NA ©#1/7, PPA 0% 1/14
IZH% L, CINX OEBRIRBELMTEL TN, —
F RPEB IR LG, BNEREEEE L
1B EITHAT EDso JEICHE L 2 ZBRED N DDA
T, BRHMRLIHMT A L TOAENEERZRHZIN
Tipolce T, BEAEILYBEBNLLTRRD
AP EOMITR AHRBIZROND L RAEDO Bbh%
dose response MBI RIZINTED bitTc,

4) Sy PCHIFHMmMEP, BREESICRRER

b4

CINX, NA 33U PPA #Zh#h 25 mg/kg 1
E#A%S L7y bOMEPL L CBEBNBEOHK
B% Fig. 2 1T, 27:45% 5Kz CORPEINED
WERRE Fig. 3 TR Lo MEHIEEEBREED
HBREEAMTL > TROTEMU L2~ 2R L,
CINX 125 30 3#14Z 21.4 pg/ml 3 & X 44.9 pg/g,
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Fig. 2 Plasma and kidney levels of CINX, NA and PPA after oral administration in rats

Rat : SLC—SD,female, 140+15¢
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Fig. 3 Urinary excretion of CINX, NA and
PPA after oral administration in rats
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NA & 2 BT 16.8 pg/ml P L X 24.2 pg/g,
PPA [1304+4%1C 2.0 pg/ml XU 12.2 pg/g Ov
—JEEFNENR LT e RPBEOIERERD O
CINX rt# 5% 80%, NA 1t 18%, PPA % 25%
M5k 5 KAl F CICRPNER I NI LLEDT Y b
RN RE b, AELE S N7 3 mO KNI HEN
BB TH D 2hb, BOREHORINGEMOBED

Dose : 25mg/kg (n=3 or 6)
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Y R%2Y, CINX @dmigEd, BEHENEE, LU
RAORBOWFN S M BEICHERTHL, This
D7y OERERBEIELCEATERIHRED
Teb LeERTH B BB LR INT,

% =

WICK £V R ZBD/ 7 sBHEr A~y X425
BREERICTEHNT, CINX i@ NA LRBEOBRNE
*ETAHZ L E#EL, EiIK HOLMES %6 [TIhid,
E. coli XX P. mirabilis %RYEEE L7277y bO
FTAtBETRICH LT CINX i NA Lh3y@Ehni
BERHRERL, ZTOBE MPEEL RE~O EXH
b, CINX BREBEYIEDOIEHA L LTERTHHT L
ERBELTnb, HARSEIINO DR EITHEITT
LHMT, REREE»LOSEEEOEN E. coli,
K. pneumoniae, Proteus, Enterobacter X (% S.
marcescens BB E Lo~ v RAEBAKRYREL b
I E. coli 3% P. mirabilis |2 35y b Ll
REBYIEIZEFT 5 CINX OEBZHEIZBE LT, NA
H LU PPA ZXBEL L THEBERA 4o 7o BB
RBEHER LS5~V R0 2RBRYSEIC st LT, CINX 1t
12.3~60.0 mg/kg @ EDso %R LT AR TH
D, Z0MEE NA LIZIZREETHo7c, PPA &
DHBETIX, Enterobacter % S. marcescens o—if
DEHRITENT CINX DIERMBRIPRE L300,
ERLLUNDOBEFRTIIZIZRAEED EDso 2 Hh,
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MIC DEIZH~THEHA D in vivo FH:R % Y R
LThY, MHPRRDOB I in vitro EWOFHI LM
2 Tnb L5 IT-Rbhi,

7y PeRnic ETHERBRIYEDO RRIT 20T
CINX /& NA X ¢ PPA |[ZH~RT, E. coli BfH
T 3~41{%, P. mirabilis BRPEFZ T BiEH» b +¥fE
BN TOEFIRBEE I, CINX 28R B RRYAE D 157
L L TRODTHEEAZ EWRBINT, AR, 5
MT CINX %85 L ckold, FHEGNBEL LK
WCRPEIREIR, NA, PPA [TH~RT —BLBENT L
PBEMST b,

UED & 5T, CINX dBEBOARITEA & kLT
in vitro OFEERED STCRLTFLIERTIOTR
i, EOEE5%0O bioavailability @ & CENT-K
WERL, TRAHEBRHRBBREICHTHEEDRICE
NI OEELONS, L L, EAORILBMORE
BREL LTEHHOBRIZL - TRELZ EHALNT
WA5DT, AAID7y I IERBRENEOBRES
THEEKOBITRM AN HICHE L TSB+4 % ERER
BHEEESIM, BT, BEAEOR 5EIni
CINX ORENRZED F 2HMIND, BEIZEN
Td, BT & U REBRYAEITN L CTER & IEHRE
PRESD INT WA b, HEBEL BEREOFTH
Bt Y OBEIXRFINTVWE LI IREDNRS,

BT, BeBEGBIOERITAVET 4 R 7 OBEKA
AL Oxamide fAFHRHEOHAIZLE7y PO RE
Bfee7Fld, BEOMBEITICHNTERTHREIZLE
N3 e b REBRIERAOFMIIERAFREZEL

bihd,
#t B
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IN VIVO ANTIBACTERIAL ACTIVITY OF CINOXACIN

SHINZO MATSUURA, HIDEAKI Miwa and TaKasHI FUkao

Shionogi Research Laboratories, Shionogi & Co., Ltd.

The therapeutic efficacy of cinoxacin, a new synthetic orally active compound, against experi-
mental infections of mice and rats was compared with that of nalidixic acid and pipemidic acid.

In mouse systemic infections, cinoxacin showed similar activity to nalidixic acid and pipemidic
acid against infections caused by gram-negative organisms such as Escherichia coli, Klebsiella
pneumoniae and Proteus sp., although activities of cinoxacin and nalidixic acid were slightly less
than that of pipemidic acid against infections with some strains of Enterobacter sp. and Serratia
marcescens.

In the ascending urinary tract infections of rats, however, cinoxacin was significantly more
effective than nalidixic acid or pipemidic acid in treatment of infections caused dy either E. coli
or Proteus mirabilis.

The concentrations of cinoxacin in plasma, urine and kidneys after oral administration in rats
were clearly higher than those of nalidixic acid or pipemidic acid, and this appears to respond well
to the successful therapeutic efficacy of cinoxacin against the urinary tract infections of rats.



