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PREVENTION OF INFECTED URINARY STONES
BY UREASE INHIBITOR

III. INHIBITION OF UREASE AND PREVENTION
OF INFECTED BLADDER STONE FORMATION
BY NEW HYDROXAMIC ACID DERIVATIES
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From the Department of Urology, Faculty of Medicine;, Kyoto University
(Chairman : Prof. O. Yoshida, M. D.)
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Hydroxamic acid, a potent and specific inhibitor of bacterial urease activity, was found to be
effective for the prevention of alkalinization of infected urine and bladder stone formation.

1. Among new hydroxamic acid derivatives of hippuric acid, m-methoxyhippurohydroxamic
acid (UCD II) was expected to be most effective, because of the strong inhibitory power against urease
activity and the high‘ urinary excretion in rats without degradation.

2. UCD II prevented the alkalinization of experimentally infected urine in vitro.

3. UCD 1 significantly prevented the bladder stone formation as well as alkalinization of urine
in vivo, when the compound was orally administered to the rats with urinary tract infection caused
by Proteus mirabilis.

4. Clinical application of UCD II was dependent upon the evaluation of safety of the compound,
with reference to the prevention of pathologic sequelae of urinary infection with urease-producing

bacteria.
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WELIZ. v 7—¥EHIZ van Slyke 59 DJ55:
TRE> THE LI, MI18RRIMEA LIcT » b (Wistar
Fax 2 (100~200 g) 1T&FE © K v &+ 4% 100 mg/kg
2ERYVUFICTEERALG U, 6Bl X 0248
DRZHILUTC. FEDIRHPD L Ko x5 2 BR% Y
L7 —FHEEENICL YERL, KEleruexya
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B2, EBWBRRIC NS S UCDII o7vhy

1Ly

1EH NIRRT Proteus mirabilis 108/ml %8 A U SEER
RURBRGUR & U, 37°C iR T 8 R, 24M%f9% D pH
ZHlE LIz, UCDII % 2x10+4M, 5x10+M 335
L Ix10°M @R we 5 & 51cinAi, UCDIL %
a7z 02N E UTR pPH ORI L.
A—%KE% 3[EI< WL, ZDVHfE e EHERZEE
K.

7333 Proteus mirabilis |ZFGERSYHER 2 BV, HIBED
FERBLFTIZ brain heart infusion agar (2T B
BT T 3272572, R pH 13 LABOMATE II
(RE~Ny 7= 8) WWTHELI.

FE3. UCDII BO&51ck %5 v MEMSEOE
AR

Z v MEERIT Proteus mirabilis {35 DEESNF # i
A UTHRRL S 5 2R ATk (Fig. 1) 23 % UCD
IT DIMFHIYFR 2 FH~<1C.

Z v b (Wistar 5 24k 200g) %, D 3T
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c¢) UCDII 200 mg/kg/day # 58 10pt
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#b, c &Cjﬁbf Wit 2 HE & b e 2 @ UCDII
BEVUFICTHREES L, RE, R pH, Rfe ¥
ok ABBERECOOHICERL, SLER, &
iR, RAER, BUN 5 2ER-~.

SRAESFT (26 mg) 13WE UTzD B Proteus mirabilis
107/ml OMYBIFERICR L TIHERENA & Uiz, Pro-
teus mirabilis |IEEER 2 THWIZEMR LA —TH 5.

R PH BREr — T O MR EBER2 ERHL
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7.
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Table 1. Excretion of hydroxamic acid derivatives of hippuric acid.

R@CONHCHZ—CONHOH
R i ine(%
Hydroxamic Acid Lo ecovery in Urine (%) Effective Index
BM  O-6hr 6-24hr  Total
hippuric 077 37 034 4.0 5.19
o-chloro- 050 37 0.7 3.9 7.80
m- 074 4.1 015 4.3 581
o= » 1.00 1.7 042 2.1 2.10
o-methoxy- .3 30 ol 3.1 2.38
m- » L2 15.0 0.59 156 13.0
p- = L7 16.0 0.29 16.3 2.59
m-nitro- 1.2 14.6 033 14.9 124
2~-turyl- 1.3 15.5 068 16.2 12.5
oL 7 — I AHENR SEO/LERORICE
NEEEREL Lo @13 10 M AIRTH > 105, R <:>fmmmm£mmm

PSR E Lo =aF /-, a7 Yo
R FaEyprBRELD § VTRFED
EERUI.. CHORBRRE F o 55 2 REEHED
AT Y menitro- 14.995 (24K ENYNER), m-methoxy-
15.6%5, p-methoxy- 16.395, 2-furyl- 16.29% & & L iT
BVHRER 2R L 7.

Effective Index DEW 3 DiF m-methoxy- 13.0,
2-furyl- 12.5, m-nitro- 12.4, p-methoxy- 9.59C#H -
T, Andersen® D34 U7z p-chloro- 0 2.38 X b i
(B QR (A=F N fel

b5 5% Effective Index S {EART, &%)
B 3 5 m-methoxyhippurohydroxamic acid
(UCDII, Fig. 2) 2RWLITD EBPBIIT-1z.
RO BRBFEA L Fo x93 2ROGREL ¥
vy —YHEES, RepEEisRic B 2 - ISk

OCH3

UCD T : m-methoxy-hippuro-
hydroxamic acid

Fig. 2

OHEMEIME UTREINSITFTETH 5.
I. EBRNBRRRICHT S UCDIL @7avhy yie
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Fig. 3 iTRd T &<, WRERRETIZIUD pH 6.94+
0.03 (M+S.D.) D}FEIL8 Bt pH 8.65+0.01 1Tz
b 2405 [5449.1540.04ic X h LR L7238, UCDII %»
MMAIZ B O TRZOREIGT pH O FR G 1
7z. 375 b UCDIL 2x104 M Zf T Cid 8 kel
#% pH 7.65+0.03, 12m5f4#% pH 8.73+0.04, UCD
I1 5x 10—+ M &48F & pH 7.43+0.06, pH 8.17+
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0.13, UCDII 1x10-3 M £ F-Ci3 pH 7.224:0.01,

100
pH 7.73+0.08 ©& 1z
FIHIRIC T £ 9 AHUROATIE 3 UCDTT i a0t oG
Tk > THWA LI sx107*
- b3 . % sof "
75 BRI TR ORI b 3810524 R Tl = 1X10
~T 1x107ml Bl k&b UCDII OFEkERED 70 UCD T (M)
bzl
II. UCDII 251 55 v FBbEORRM 695 5 24
il Time (hr)
Wik, a)D SRAREE 20 LHURHISET S » k44l L Fig. 3. Effect of UCD II on alkalinization of
BYRRIS » | SHIZHSL, D)o UCD IT 100 urine.
Table 2. Effect of UCD II on bladder stone.
No.of  Urine UCDT Stone BUN Renal
rats mi pH mg/mi % mg - mg%  Infection
a. Control 13 159 903021 O —— 290485 388  9/13
untreated (M£SD}
UCD II-treated
b. 100 mg/kg 13 179 833£038 0124009 6.1£1.5 183+69 26£I1 5/13
c.  200mgrkg 9 (04 733105! 080077 96424 161495 3042 5/9

% : O~24hr Recovery %

mgfkg/day HEEEISPLAZET 1, BRYCRERAL 1 6%
o, E7zc)o UCD II 200 mg/kg/day #¥58E 10pL
FIRREUARERAL 1 B2 BRAF L T2,

Table 2 {TRTCTELFBTIRaBEL DR TR E
DEDIE o2, BT T DIDISNEIA
B :

R pH X UCDH #5icx b pH EEBEIHI I
7z, 7eBER pH Wfi#: 3 Al pH OFHERD Z
NX W BEOEHZRUIZEDTD . fiittOR pH
DOF% Fig. 4 WRLUTz. Mk 3ged pH 7.0
FTTh-1-055% 2 HEIE38EE & pH 8.0 iifkic
ERUI. ##% 3 BRI 283 pH 8.95+0.37 &
IHIERL, bETIE pH 8.32£0.62 & REIIHE

100

UCD I {mg/kg}

90} 0

------- } [fe]e}
T 8o

.%_._.‘{ 200
7.0
60

I, ‘ I. I 1 1
pre-op OP 2 3 4 5 Day

Fig. 4
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Doehols. S DHIINTR BIFITL DI LR
LT 5050 Bl L OF c Bk 2 BHiclLUR pH E&IZ
i s .

R UCDII g x Table 2 iR LIz &L
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BT PMEOEXHEHI AEBLI IS HEOROBE »
SEHEHL, 205X Y EBEOVEERD TRUI.
BHRERIX Table 2 5L F Fig. 5 WpRg T e,
b, cEIZZNZN aBCH LEROETVRD SN ic
(p<0.01). bF L cHTREROEEIED LN -
72E>0.1). BAOEIETRTY BT 2oy A
TR LERTH 512 )
BUN | 2EARERT 00V HE» Rohiz. &
TCERHC £ TS BEER, BEELEO BOBRIE
UCD I 58 coedin 4, $RE § sy
TH-1z.

& %

RESERD T 1 BEAIE v 7 —¥ EER
DFBGE L 5 R7vH VLD FERLE Z-> T 5.
Proteus, Klebsiella, Pseudomonas S w17 —~¥EAH
FEEEBC BRI T A C B S EEDOER, HX
P B212Y. HOOER, #KIES S RS, B
PHIEL, T2ONMTEEL S - TBREROE/ 2 LT
b9 BOOEMREARIHT S EMBTENEL, &
PEHANTRELWPBL S 2AEH L H Y, FEOE
RO EIETNS.

HRObNRINE T OEDHADER T 24 5
Y, v - FORRNEER IS Fuxda
BB 2R in vitro TSV BIBRILERD 7 ov 4 U ALIEIEE
B X' » MEWEOERNHERY 2z -
T&?z. ZOFR e Foxv 2BISHEBKRDO L7
—€ %L I RNAIEEL, RRNBRRO7 VA Y
{LERARRZIMET S EMBBD o0, UL LET
WOEBRICAWI 23 F/ € F oy aBidEOgs
DORERAENZEIES » N TH 1 BPEEATO %L
B, RO HHEOL hERN FEAP DELIN
5. fROBEAIO e Fw &9 AERORAFEHERD § kg
Uiz BSRAEEEOTN S /N E { BT 5 {LA
BMBPRNIZUAS Tz, ZLTB2 V750208
WERBPFEITTEZE Fos 4 ABIROVWTHE
EHB LR 2IE (EBRD. —RHiceo
EOv ko4 2R HHEENE L ZOHRTH 2
ZALFveFoe Fexyaig (UCDIL) HSRAAAE
IR & & < PRED § K CHEERINEITIZE b EX
e E#E 4 Llz. Andersen® (D72 Benurestat
(p-chlorohippurc-hydroxamic acid) MDRAHEEER I
UCDIL izl HRTEULE > Tz LB
TREDIDEHHELIID LT —FIRHTEEDTH S
12 Proteus Dw L 7 —F IR 5 HEEX LAY
Lo TEZZUEEND D, REbhbhbgE L

LA TIERECH LU TIZNI000 LIt EIBET L
72, Proteus BN AT 0L 7—2iRF LT,
bR &y sBBHET A Dl FEERZEEL
RUNERLT, TOTLEVEE YL T —~FICHT B
PHEIBEL LA EAEEZLLNS. KB Foxy
LERIE Proteus WX b EINDOC WX FERELT
Wh. IRRBRE U BRER © F ey o2 FEAE
Benurestat 2 S ERHNOFHETH Y, ZDER
BT P RZBo L ) BEINDG TETDH
B FzIN D HEAO{EREE L EY B L CHEH
EDY LT — KT A HEES L CRPBTERICE
T AMERE - EHEEIC O T A HISEICREIN L TE
Thb.

NNV bhvbhizc® UCDIT %R RERy g
FRD 7 v ) AR 3 X AR 25
~7c (BB 2, 3). 2R UCD I R 7% vt
PEZCHEL, HBEERLERCALZ. $obb
HER2 1T UCDIT 2% 10—+ M EERBVTR
7obm VINEDS, X5 1x 103 M GiREEE Ao il
FHELH LN, EER3ITENT, & pH 13 UCD #
BETEL, HaERimaiscni.. LpL UCDI
100 mg/kg #5 & 200 mg/kg HEITT FHAERITII
EEOEWED LN o1z, 2D 21z UCDIT#
HEORARBEPZNFN 012 mg/ml (5.3 x 10-M),
0.8mg/ml (3.5x1073M) Tahh, L bDffEIzF %
e AT LT —FD 0BHERIXI05M X b5 T
BEARAY L7 —EERIBIIRABECHEEINT
WAHEEZLND. CORDHAEOHOERICERAE
Uitz DEEbha. FIRAEINEIE6.1%,
9.6% L EHE T v FD | BESOERED 15.6% (Table
D T URPESICETF L Q0 55,  Chid@Bguck
LBHEEMED DM EEbNA. Fiz UCDII #
BEWTEBORY, BHEZOREIPPBEETH
S7zh5, ik UCD I (3 EEHRE 20D T
BORRIC L 2 RBEBBECL 2N 0, &
BNRET v = FEREMENC S 5 BB RS 5 3
DEBbh 5.

— B EBRIT N TIRETRE O— b HEE
T, ¢ ITHAERER TIIHEVKE, RE, Bt
ESEARRICKEBHE LR II LTV S, RER
TREEKIBHEBIRTH 2 oD BEEVH Y, $i
IR I B % B I/ 5100 BRseEREDY b
b, RERLBEL, IhMVEAGERITEDX 31T
125 pVEETH 5. B E IS AR L
HHIIIC 12726 <k BALGN AL, AEE TRE
B, BB TREREW DL, LI - THG



26 YiPg e @ v v 7 —wIHER - REBRSE T (3)

iz UCDII o5 hyMEIhizsDE £2
bhs.

Dbz Xk 31w UCDII 3o v 7 —¥ [HEEH
gL, BOBSHEORPENELE L, Vo mBERE
ADERAFHERIC B TIZOPERN LD LN
1z,

ERe33aBRCOL S CERNBARD Y v
VAL 2 HHE U GERR 2T A 203, iy e=T7E
Hik 2 BHREEEPOMHFHONEEEH D, Fte
F o4& BRI EHEDREEE 00D BRI
(—RiT7 v VBRI O 5 THHH) WL
REXRZHEET S LICX 2B OREREDZL
2LIzH L, ZOCEE VAL HLOBENIERD
HATEEEE S S b & F o 34 2BRO RO AT
HEERILERETNEIOLEEDNA.

UCD IT ORISR I e iR~ 3 H 4 O/
(R, BIVER, BEsEl) 5500 CBESA
OFHEFELTEDDTEETH 5.

# E

L7~ EOHEEBRTHAFusH+ L BOIL
T, HEIVKTRAHEEOSMLEY 285720
FLULLBRINTRIREE F o+ ¥ 2BHREEREREEIC
DNTo L7 —¥FHE®RES 5 b ORBOREIX BIR
FREEE R g, ZORRI V22 A F VS0
FoXxygsB (UCDIL) 225, %V THERN
BYURO 7 v H ) LGRS X ORAREIKX 35
v b BT O RIEIZIR 2.

1) YBEOBRBO: Kuixya BEEEDS BT

WBERICEETE

523% (1977) AABHF|

FBAEMPATHRIERORAD DT A& 2 b3y

EFube Fuxda (UCDID) Chotz.

2) UCDII TN X b EBRMERRD 7 v vk
BEEcmEl s he. :

3)  Proteus FETEYLEESAFT 2 BEREPIIC A LIS »
iz UCDIT % 1 H 100 mg/kg 35% 2F 200 mgfkg @
BOFEGELILLEE, ZRO0OR sHOEREHL
Cflsh, Ty NEMEE ORISR &
VED LN
4)- UCDII i2gIfEf, 1@tk o@D ziTh
EEERISEH OIS U w 5 XA 5.

1L BRI OES 1219775 5 F 5E65E B AR ER a0
2 GRAT) WHLTRELX.
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