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Cinoxacin #5WICR LN % 7 v b IREE R OB
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S TP B IR & LS T

* /vy haRBRVEA Cinoxacin (CINX) © 7y MIU) 2 RSO HEAER
FERHETH2EMT, 2 ICEEHWORGHE L KITZ b RAB~ O CINX 5#E

BEOUR LT WUTORELE

1. b, ¥u, 42, v¥F, 7y FOREF Mg B L2106 RAB~0 CINX B#
B LITHBB A AL N, Thbh, RF Mg BENESWERETE CINX oiBERIE
MERL o ERBMEABRERTRHIEL pH BE AR O2NEL (KL 7o

2. v F Tk CINX 510X D RS L BAEEHBAL N, CINX RopE&IZE
52~76% D Mg &t h, BRERICE Mg RBEHFRETH- o T0Z Lid CINX
DRFHEROER EBNERERE LT TELIREILEFR LTV,

3. Mg 2 X UBEPRAMLI-Y ¥ #I1T CINX 2 KkEEETL LAMETA2bEVIEE L
F# CINX ORHFEGBAONHBBEERZZDONEo e ThHDL Mg 2L UR
pH R CINX #S4ERORFTH2RBFHAERT RTINS BRELIERE

HUEOPpHEWERDbN S,

#

Cinoxacin 1-ethyl-1, 4-dihydro-4-oxo (1, 3) dioxolo
(4, 5-g) cinnoline-3-carboxylic acid (2I'F CINX) i3 Eli
Lilly #2387 cBAR U MBH TEZDOHRE A 7 b 7 & 1
Nalidixic acid (QI'F NA) ii2izZ L0158, 7 v b DEERY
BEBRICHL TR, NA XOBENLREERLTNE Vo —
7 CINX oatBa it RBR B & U2 ot 0 BHRER O Bk
28 TR, BHYORKRUOBTOBREDS S EMRINT
W3, THbL 5y roBEALEMARE? ¥ <k CINX 100
mg/kg/day Pl FORSBICEWTBEROR, BAEOEK
mE XUE¥, BTOEORME, £AE, LHLRSIUBR
R OB ESREINT VS, LA LEERE 400mg
/kg/day O 1§t HEMRER v, AL 800 mg/kg/day @
YHFEMRR T 1S thoBmREEBTIRPiIc CINX R0
BONBZCERH->TH, BROKRITHOIBERELRDOLT
ALIAR

—RiC, BAIAYBRPTRENTEIBAKRBZOLAY
BRVICEREICEDONL C EBUERKTHZ. D B
DILAHDOBREORD % X tod 5kt $4bb pH, HEA
4V, Aol PHEOBER ESERITHICEST2RF
L1255, CzTRIZEICL TV S CINX OBFARERREEICDN
TREBMEIcEs 1). Rl sRH CINX O
D, 2). BBHEHEOBMNY BREBBETZEEDNS.

A@Ebhbhid, b, ¥, AX, IHFBEITIY +OD
RS Ciczh S REXA~D CINX OIFREDORER E%
ABNETORREBLOTRET %,
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1). CINX
CINX OfL¥#ERITROEF I TH S,
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N
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BYIcEOEE+ 5812 CINX (Lot. No. G810L)
b, HEEIK 1% T7EeT7 34 BREAW, #7528k
EVFAF— THEBRBRE L. BREDO BRFTITIX
CINX (Lot. No. B-14-Y-55-09) % F\ 7z,

2). CINX © Mg 53X X Ca i

UTRIbZ 0220 %8K L. T4bb 2D
#:# ERLENMEYER flask [Z7&®7k% 100 ml ¥DOA
h, Zofiz Ca(OH): #7id Mg(OH): *%Zh¥
nlg oMz, MEHAHES CINX % 500 mg ¥
nz, WEKkERT s SENEBZRRBL, REEHS
BAEEIL 1 ARE L. HLAERE 77274
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NE—TRIL, Kk EREMTITELZ. TR
(CINX). * Mg X U8 (CINX).+Ca OMBRAxRL 720

2. HEOE

1) REH

R L VRS CINX BABEANED Y, &5
YORERD ELVHRR LT, T4bD, © FIREFR
ABF 3 FloRHIHER Y ED I, vz H=74%
At 3 FEROWTr—Y R LTe 1R~ AR
SHEF—VYRANKER L. v ¥ ¥k NIBS-JW @
M (¥ 2ke) 3 PERBIyr—SIWINEL, 24 BEER
BB L7 v itz SLC-SD 5 Fo 20 ;B8# o H
HEE 10 IEE ARy — VIIAEL, 24 BRI
h HHEBICED THW,

2) v PRPFIVBAES

8:@io SLC-SD #5 v b (4KE 240~300 g) % H
nito RAFESZOFIUITIXZ » b 10 =iz CINX 75
7 T ABER (40 mg/ml) % 1 H 200 mg/kg,
10 HERO%ZE L. BRESEBIZIXZy b 5 TIZ
CINX 300 mg/kg/day % 10 HE#5 L {508
HEHIL, FLLTEELOERTC Y€y FTHREL
7o

3. AEH®

1) CINX osEft

BAEETAE L. T4 bbR%Y 0.015 M Borate
buffer pH 9.0 (Atkins-Pantin buffer) C¢#H& 1/
100~1/200) L, %o 1.0 ml |28k 1.0 ml *9n
%, ¥HIZ1NHCIO0.5ml £7vnkrs 6.0 ml
M 15 Bk E 5 L 7%, 2,500 rpm T 5 5fHE
DAREL7c. LBERSIBREL, Zvvisa & 5.0
ml # 2 DEkEIZ® L, Atkins-Pantin buffer % 5.0
ml finx, 1548k &5 Ltk 5 SEEOL, KkE 4.0
ml 2&9, 21T 1 N H.SO, 1.0 ml %*nz, B
FO 2 AREENRER RF-510 MEAWT, Bk
350 nm, FEHE 435 nm CHANER LTz, L iH
1zrk CINX 1pg/ml @ 0.2 N HoSOs AN O 2 ik
% 100 & L7,

2) R

B%EF X Advanced DiGi Matic Osmometer, Mg
+ X U Ca 2R F% 44 (Toshiba-Beckman), Urea
-N /% Diacetylmonoxime #, 7 vT7F=riEv 7))
v 8T Technicon Auto Analyzer [ZX b, ClI° |
Chloride Counter T h ZNEFNHE L 7=,

3) AREE

5ml ®/EAT ¥ 7 iz CINX 0fF& (¥ 30 mg)
FHWL, ZNZKERRR 3ml 2N EHAT 5, 25
CEiE 37°C T T~8 BllRE 5 L% T HIT 16 e

fiElE@A L, 10 p-fine filter THRBL, WHEFO
CINX #Z& L 7=,

%72 0.4 M Na HPO, /kiF# & 0.2 M 7 = Fk
AW A\ pH 3.5~7.5 ® Mcllvaine buffer %738
L, Zo buffer tKB/KkEZEe PR 1:3 084
TEAL pH +#EL 1o

4) RBERSOST

ABEER L 20 b—BABBRERKMLER (v~
F#2, PR 302) CHRALLFEFHAERKIZL Y Ca, Mg
* A% L7, fibiz 0.015 M Borate buffer pH 9.1 |z
IAIR%, BREICLD CINX 2287

4. Mg HLUBEHIYHFTORE

NIBS-JW #v 4+ 6 F (kE 2.5~2.9 kg) +H
WT Mg LIUBAMIZL 2 BRERBREOERYR
Al

CINX 777 ToBiE# L L 800 mg/kg/5ml/
day # 3 HElEH IRICEORE L, 6 HO5DH 3
HE Mg BERMvYFL L CINX 500 H»H &
E®RTETo 4 A Mg - B*ARK Lk, T4bb 50
% MgSO; « TH-0 0.3 ml(14.6 ng Mg eq)/kg Offh
WA 53 & 8 NHCI 250 mg/kg/2 ml 0O E%
P00 9 KL 16 B0 1 H 2 @F2fT%>7%. #
H 9 BRoBREKEEDERIZ 24 RERYHRR L, #
B ToRBIOEERTRM « B Lo fiF7L7T
F=v, BUN, REZEE, ®ER RHARLILBE
EOFEE R L

B R

1. ROSBHELY CINX BREE

eb, ¥r, 4%, VHFLIUTy PORSITOK
BEIUENLA~AD CINX OBEREROWTHYED
L DEHfE% Table 1 TR, CINX o RHERER
4 %3¢ 6.3 mg/ml CHRIEHL, RATHr, MHETY
P, b, HEHETY FERZYYFIE 0.41 mg/ml T
Ry B fco v FRIZ pH, Ca BE, Mg RER
FEITH A, BEEREL 2L, 7v7=vilER
L LAEro 7o v FRIE Mg BEL X FREESH
BEhoto HEHFD CINX ORMEICE 2 DHBOK
X hbE Mg BEOE Y ¥ ¥RTIH CINX B#FE
5L, Mg BEOENY L, 1 X TREBEIRS,
Rt Mg #7% & CINX BRE XA HBEREAD
hi (Fig. Do Zhizx L TRP Ca BECHER,
UHFERVIZE L, Ty b, ¥, 42 FEREALL
5% Ca LR L CINX pfs L o HBBERIEAD
nxho e (Fig. 2)o pH Z2oWnTR YV FERAT
2 pPH OB REABHRESHL, EOHBEREALN
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Table 1 Urinalysis of the human, monkey, dog, rabbit and rat urine and solubility of cinoxacin

Anin}al Catt | Mgt { Osmolality * Creatmme | Urine Urine** Solublllty
species | (mg/dl) | (mg/dl) (mOsm/kg) (mg/dl) pH pH (mg ml)
Human | 14.5% 2.3 6.2+1.1 707+ 67 | 112+12 |5.83+0.09 | 5.36::0.05 0.87+0.11
Monkey | 38.3+14.1 [ 15.043.8 | 636+127 101 + 21 | 7.80+0.06  6.49+0.21  1.65+0.08
Dog 10.0+ 4.6 9.7+4.2 [1,938+551 | 177 £53 | 8.27+0.09 7.00+0.46 | 6.31:+1.99
Rabbit 192.7+25.9 | 61.0+4.9 = 804+121 = 35+ 6 8.77+0.13 7.95+0.21 = 0.41+0.05
Rat l i ‘ }
Male 3.8 35 1,712 123 6.3 5.29 0.75
Female 7.1 30 1,945 ‘ 106 6.5 5.47 1.08
* Mean + S. E. N=3

** pH of the urine saturated with cinoxacin

Solubility of cinoxacin ( mg/ml)

Solubility of cinoxacin ( mg/ml)

Fig. 1 Solubility of cinoxacin

and Mg concentration

Fig. 3 Solubility of cinoxacin

and the urine pH
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Fig. 4 Effect of pH on solubility of cinoxacin
in Mcllvaine buffer at 37° C
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2. Sy PRPBELUBA CINX ERORKRE

1 Bsrahr

CINX 200 mg/kg/day #ik5 5 » b O 24 By
S OB 72 CINX Rio 5 b 2T HAB A
LUBELMTLT

CINX 300 mg/kg/day #iskth 7y bo2flIlE L
FrEE L THRICERREDL N, ThTrRBRMICE
vty PTHROHLTHRETTCAS L Fig. 6, 70
BERAEEBAERY L > LW THo 720 TNE RIS~
FA T2k E Fig. 8, 9 TRT LI RRRD 5nit
HRD A RHbN T,

ORI L EHNLER T L Table 2 (TR L7,
CINX Mg Ho#% (CINX).Mg & LTZ® Table
b HET S ERPEBARATIR 52% (1.09 + 2.08
x100) A%, #A¥tB Tld 76% 4 Mg liTH > 7o BN
B L7 BTt CINX 4 @i R 55k & IR B
TH5HH, Ca, Mg ARIEEbHLHTIEL CINX 5t Mg
KEELTHDHDIE 8.4%ThH>10 LiLLY CINX @
PR E BN OMRICE L HED D B T L HiH

Fig. 5 Effect of pH on solubility of
cinoxacin in adjusted human urine
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L&k T

2) KEEUSy b RNOEBIE

37°C T3 BKR~NOEREL 7~ FIRPEERE 0.80
mg/ml T b, CINX o4k Mg LU Ca BT
rZEnFn 0.57, 1.02 mg/ml THo 2o —4 CINX

Table 2 Analysis of renal concretions and
urinary sediments in male SLC-SD
rats given daily oral dose of cinoxacin

Urinary
Renal sediments*
concretions** A B
i
o | 0
Ash % 14.9 3.89 4.05
Ca % trace 0.13 0.21
Mg % 0.24 1.09 2.14
Cinoxacin % 65 47 ‘ 63
Mg? calculated 2.89 2.08 | 2.81
as(cmoxacm)zMgi

* CINX 200mg/kg, p.o. for 10 days
** CINX 300mg/kg, p.o. for 10 days
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Fig. 6

Photomicrograph of concretion A found
in the renal tissue from male SLC-SD
rat (8 weeks of age) given daily oral
dose (300 mg/kg B.W.) of cinoxacin for
10 days.

(Photographed at a magnification of
160)

Fig. 8

Photomicrograph of crystals a. The
concretions were deliberately fractured
with probe in order to reveal small
fragments.

(Photographed at a magnification of
160)
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Fig. 10 Microphotograph of turbid urine from

female JW-NIBS rabbits given daily
oral dose of cinoxacin(800 mg/kg B.W.)
for 2 days.

(Photographed at a magnification of
160)

Fig. 7

Fig. 9

Photomicrograph of concretion B found
in the renal tissue from male SLC-SD
rat (8 weeks of age) given daily oral
dose (300 mg/kg B.W.)of cinoxacin for
10 days.

(Photographed at a magnification of
160)

Photomicrograph of crystals b. The
concretions were deliberately fractured
with probe in order to reveal small
fragments.

(Photographed at a magnification of
160)

Fig. 11 Microphotograph of turbid urine from

female JW-NIBS rabbits given daily
oral dose of cinoxacin (800 mg/kg B.W.)
for 2 days with NH.CI (0.5 g/kg/day,
p.o.) and MgS0O; (Mg #29 mg/kg/day,
im.).

(Photographed at a magnification of
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3 18 mg/ml THY, T bk~ EHEEHIIE IR
PEMHGETHIIEETRLTVD, 7y FRND
BRI CINX o4& Mg o 0.12 mg/ml, &5
Ca H» 0.78mg/ml T LT7 v bIRAAEMHTIX 0.19
mg/ml THH EbbheEn) LA Mg HOBEMEIT
ENETH - 7= (Table 3),

Uk, #&0e L CERIEORS DS, RyP R
£ ELTCINX © Mg #5Tdbh, BAEHIZ CINX
TD3DFE L Ca, Mg LINDIELEZ LT,

3. Mg SXUBREBHYYFTORE

CINX i pH of&F, KW Mg BEo EHFITLDY
ZOBEBIENRBYT LI ENRALLEL - 720 £ T T
CINX 512X > TIBRFEOHIZS vy + ¥ Mg
FLUBAMEITA, REIC CINX okBZHEL
THENEMREOHELT R L 72o MgS0s BffITLD
Re~D Mg HEittiasgin L, NH.Cl &#1Z & bR pH
DET 3 Zw iz (Table 4),

CINX 4z Mg- BARMCBEEEZ { RBPICHED LN
7oo #5 2 DBOABRONETEIIA LN LD,

ARl xv vy ok (Fig. 10) 8N, ARy +F
o (Fig. 11) T #HRERR B PPENS o
o BOMBEERTHAM LAWY V¥ LRAKAKY ¥
FIBFHNCHEGARONTREFRIZDL % 5o

Table 3 Solubility of cinoxacin salts and urin-
ary sediments from male SLC-SD rats
given daily oral dose(200 mg/kg B.W.)
of cinoxacin for 10 days

I: In water (In rat urinel)

Material mg/ml(pH)| mg/m(pH)
CINX 18.0 (7.0) |  —
CINX, - Mg 0.57(7.4) 0.12(6.4)
CINX. « Ca 1.02(7.6) | 0.78(6.2)
Rat urinary sediment | 0.80(7.8) | 0.19(6.5)

1) Urinalysis : Na 230 mEq/1, K 290 mEq/1,
Ca 6.1 mg/dl, Mg 33 mg/dl, Urea-N 3,900
mg/dl, inorganic P 264 mg/dl and Osmola-
lity 2,430 mOsm/kg.

Table 4 Urinalysis of 24-hr. urine on day 2 from female JW-NIBS rabbits given daily oral dose
of cinoxacin (800 mg/kg B.W.) with or without NH,Cl and MgSO,

1 \ [
Creatinine | Urea-N | \

Rabbit No Body Weight‘Urine volume\‘ Cat \ Mg# | H | Osmolality
: (kg) (ml/day) | (mg/dl) (mg/dl) = (mg/dl) ' (mg/dD PY (mOsm/kg H:0)
1 2.56 190 1 263 60 | 102 1,10 | 8.1 820
CINX 2 2.30 100 | 183 75 ‘ 272 2,300 | 6.6 1,174
3 2.75 130 l 475 70 | 186 1,790 j 7.5 1,110
4 2.45 88 } 198 190 i 207 2,830 ’ 6.0 ‘ 1,610
CINX* ;
He Mg+ 5 2.50 105 178 170 164 2,120 | 6.1 | 1,251
6 2.70 | 124 288 160 137 1,610 7.0 1,323

* NH,Cl : 0.5 g/kg B.W./day, oral,

MgSO; : 50% solution 0.6ml/kg B.W./day, i.m.

Table 5 Plasma creatinine, urea-N and osmolality of female JW-NIBS rabbits given daily oral
dose (800 mg/kg B.W.) of cinoxacin for 3 days with or without NH;Cl and MgSO,

Rabbit No Body weight| Kidney Creatinine Urea-N ‘ Osmolality ’ Crystal in | Crystal in
’ (kg) (g) (mg/dl) (mg/dl) ((mOsm/kg H.0)|the kidney‘ urine
1 2.60 12.538 1 1.60 ‘ 23.0 | 207 | - +
CINX 2 2.25 13.975 | 1.80 33.3 | 320 — +
3 2.70 15.435 1.79 23.1 312 — +
4 2.35 15.007 2.20 } 23.0 | 289 — +
CINX* 1 ; : B
H, Mgt 5 2.40 19.495 | 1.71 | 19.4 | 293 +
6 2.55 17.384 1.39 20.8 | 292 | — +

* H+ : NH4Cl 0.5 g/kg B.W./day p.o.

Mg+ : 50% MgSO; solution 0.6ml/kg B.W./day i.m.
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Joo M7 V7 F =2, BUN RIEEREO LE*RL
EBRETHLAZBEERINT, BERIL Mg &
AV Y FOFRAMLENYFFLIRRKE o 12
(Table 5),

UE, v+ CINX 800 mg/kg/day %Lk s
L7c3Ba Mg AFICL b R Mg BEL#EMNIEHD
BAMIL YR pH #ETILTITALERRRLN
EnT EHRENT,

1 -3

CINX 0B 7 )77 v RERI, HitERIZ~MOOF
—~ 2 —~hOEBLZOKERE Table6 [TRLT. &7
V77 AMERY Y FRFEIFEL Ty b, 4%, EFT
RATFNIENETH> 7o CINX 0BV T 7R
R pH TZbY, QUAY L1 oBEICL D LM X T
R7ah Y AL 2.5 ml/min/kg « B.W., EEE
TZO 1/4, BAMKETREZO 1/18 AT LTWw3,
CINX © pKa it 37°C ¢ 4.9 T3y, R pHETK
52077 ROBTRRAESBOBY & FEMHER
CINX BRI KIZL B EE£2 bbb, BEE TR
CINXO® 7Y 75 Rt probenecid # 52X b 1/2
~1/3 TIETT5Z La|EWSID INTeY, iR
CINX o REEFWERTIOTH %,

R~0 CINX oRBE #H LI A4500HE
TRYYFNREIEL, KnTer, v b, $1LOIR
T, 1 2ABBEIFERTHY, CINX 5y PRT
BIZAFTIRLwEn) T Eidkdo oo CINX O RFA
BECAE 2 ORFHEHIEEL T LBDbN S 4
AEOBEF TR Mg BER L pH OFENKE 2o
720 Th bbb CINX Oi#EE L Mg BEICIZADHBE
BEED b N, %72 CINX AREXBERCIE
WETA B VERETIZONTE LB 252 LHR
Whhico Mgl /7 vu 74 VZBRIZETNTEHY,
HOBRFDOENEL Lo T v ¥ FTRIES Mg 3
HHBBADTREDLS ) Do RPH 3EFZLITL- T

Table 6 Renal clearance of cinoxacin

Species ad:Eion‘gter:tfion ml/min/kg B.W.
Rat iv. 2.5
Rabbit iv. 9.4

p.o. 7.4
Dog iv. 3.6
p.o. 2.1
Human p.o. 2.1

I XEREDLLY, pH OETH CINX frHicHlE
LT3 ETs LHMERIRBEUREELOLNS, 2O
ey FPEAREHFERERD OBEFRRZITER
B UHEORENSEELZPIZENWTY, ARBRERE
BEALEMANRBOONEZWT & E—HT 5,

7 biT CINX % 300 mg/kg/day Z#&KEHRET5
ERFLLVBRELEL LABARESBZD LN,
INLEROBRIEMTL, 2Kk L U7y FRBE
BELBE LSRR, RPHERITE CINX Mg 1%
WHBAELOBLIE CINX 2030 E£1 517,
—H o4 FiZ CINX €00 mg/kg/day *r#gk513
ERPITHRER DAL NI, REBELLHD Mg
FAMLIEBATIBRCERRAL N TBREELED
bihvdot, TOZ EHH CINX OBNESROHE
LHEEEORBLERFEEL BRI 24, RPEEOLE
REBEELEREEZEEOLENT EXHL » & 5o
Jco Elc Mg BRPEZOERDOKELZETFTH 5
BRERERICIIZEALRELENEBDbNT,

UHFETFy PEREBETLE, vHFTRE PHRT
VB2 V75 RADEL back diffusion 2L 2R
HMEBRNIALONTWE EBbNT 7 v b idIE
pH R, BBERTHIBE )T 7 RMEMNIWT &
PO IBRNATEIN, ThHORFRBALEROR
BRI UBEEREETIIOELEELLNT, ThDD
KRG LTBBLIRE A 702 THBTHICH#->T, 5
v P CREBEORBESTELN, IO TRH
CINX 3 i, RFICRSEBREREANT CINX &
BEIETL, 2VRAERWFTHTILIXE20T
BE5D I Do

ZDXH5T5y b CINX #5127 3BHESD
EREBEREELODEND I EHEROBR L H % v,
— DO B REICIT Lo SIT X B REEBRE S -
REAS L L ERITL 2 BRI, 35—20%ELH
17y PRRBRERMAEDO CINX ~ORSHER
BIZBATDCREPDLIDENI T ETHE, 4HD
EBT CINX 05y R EBAKZOERD
BIERRZ-7230THY, RAESOHBALEREL
REBEEE DD EWI EBBEL b ELES 2, 7y M
BEOBREZOWTRERLRFA LT TOILERD 5
Do

# 33

AERICHB AV ICERRE, JIERZ, BRFEFR
M 1§, RAEmES, SfEdE, A % ERER, LEF
HEOHRICESHR LT,
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CINOXACIN CRYSTAL FORMATION IN THE URINARY TRACT OF RATS
AFTER CINOXACIN ADMINISTRATION

Masunisa Nakamura and KooicHr SuGenNo
Shionogi Research Laboratories, Shionogi & Co., Ltd.

The urine magnesium concentration in the dog, monkey, and human beings and the solubility of
cinoxacin in the urine were examined. There was an inverse correlation between the urine
magnesium concentration and urine cinoxacin solubility, in that when urine magnesium concentrat-
ion was high, urine solubility of cinoxacin was low. The solubility of cinoxacin was influenced by
urinary pH. Alkalinization of the urine significantly increased the solubility as compared to acidic
urine.

In rats, severe renal impairment, renal concretion and urinary sediments were found after cinoxa-
cin administration. The urinary sediments consisted of 47~63% of cinoxacin with high magnesium
content, while in the renal concretion 65% of cinoxacin and trace amount of magnesium were found.

In rabbits, renal impairment due to cinoxacin administration was not found either in the group
loaded with magnesium and ammonium chloride or in the group which was not. However, both
groups showed urine sediment of cinoxacin.

These findings suggest that the production of cinoxacin urine sediment is not always related to
renal impairment. Magnesium and urine pH are factors in the formation of cinoxacin urine sedim-
ent but not necessarily related to intra-renal formation of cinoxacin crystal or renal impairment.



