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Comparison of Voiding Behavior and Urodynamics in Two Rat Models of
Frequent Micturition: Overactive Bladder Model and Cystitis Model

Katsuaki ITo, Akihito Iwami, Masashi Iipa, Hiromi KATSURA and Masahiro IKEDA
Department of Veterinary Pharmacology, Faculty of Agriculture, University of Miyazaki

Summary : We compared the voiding behavior and the urodynamics in two models of rat frequent micturition, blad-
der outlet obstruction (BOO) and cyclophosphamide (CYP)-induced cystitis. The urethra of SD rats was partially
ligated to make the BOO model. Other rats were injected with CYP (150 mg/kg, 1.p.). Frequent micturition was ob-
served 2 to 4 weeks after BOO operation or 48 hrs after injection of CYP. In cystometry experiments, where the
bladder was infused with saline and the intravesical pressure was monitored under a conscious and restrained con-
dition, either BOO or CYP-treated rats exhibited enhanced micturition reflex concomitant with occurrence of non-
voiding contractions. Nociceptive responses accompanied each micturition in CYP-treated rats but not in BOO rats.
CYP treatment increased the residual urine whereas BOO did not increase it. From the data it is concluded that the
enhanced sensitivity to bladder filling contributes to the frequent micturition in both models. However, the existence
of residual urine and bladder pain suggests that the mechanisms underlying the frequent micturition may be different
between two models.

Key words : Bladder outlet obstruction, Cyclophosphamide-induced cystitis, Cystometry, Frequent micturition,
Voiding behavior.
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LS, RIL ) EREICHEART (, REDE
&, BIREMHE) HTOABL KB L TWA. 20k
) RGBT L KRB, ERLLHE
A NZFE LR WETIZIRIE KT & 2 5 R IZ0AB
WAHE L, $7240 0 DR FEEEN I L A HRIZ
FEGIAZ <, b P ORMBEEBERRICEL L TWw5
(Westropp & Buffington 2004).

BEIRIZ Y A T X o TRIERATERY, L
WoTEDERBEICHCLIERDLEL L, ZhET
EBREW E A V7o O OBERETIVAER &
n, ZNEFNOETIVICBWTHERICES T 5%
BBLUSEROBHE ZN0 2EN L T 5EY
DREDPRAONTEL, FRHOWEILL 4 F
VITFv, v LAY Y, FTRPETL, VY
Tty MVFaY YR EOERIBERENE
W L7z, BERITIZOAB & Bt 0% /2%, OAB
ODREFEWEFIVELTT v MREZ E5HE
(bladder outlet obstruction, BOO) L THERK%
I B LUBERETTVELTT Y M
P8 7 0RA 77 3 F (cyclophosphamide,
CYP) #x5 L T MM 2 2 XS 728 H
bobd{ffbhTwa, LALIODZDODE
TITHHRITEIN &9 &% 5 2 BE L T
FLE R, RAGZOZOOHRET IV
2VERC L, 24BMIBPERITEN B & OB IRy
WAEBEEKEEALZE SOBERISZEHEL,
WETIVOMELBEE L -OTUTICHET 5.

ERHMEIBLUVAE

AIFFEIC BT 5 ERIIEHF B ERETHE T
L, BEERFEWERTERSOKRDOD LI
Fo7z.

1. 8%

FEERIIL5 EFEELMMESDS v v (HE S
L7, 35~40:8E) AV, RENEROEY
TRV HEBIE, ST 512 L7205 THRE
Meb I ERERL, 25X ENITEVE
TORIEZERAIZTZDTH 5.

2. BBORIRERZEET )V (Bladder outlet
obstruction model, BOO model)
Ty NEEBRI IV (VEXLY) BLUA
FTRITVY (F3IF=) BRNES CREME,

TSR L, BEREER L. RERERE
B OREAHE, Bz BREL, RERRICTL —
R r#essk (4-0, EEEER) #H LUz,
HREOPSRY)ZF L vF 2—7 (PES,
Clay Adams) ZBEMEHEEITHRALF 2 —7Z
LHEEARTEHERL, 20BF2—-7%HEL
7o, EREETCIE, BEZTEITVREERHEER LR
H o7z (Sham#¥). REFZEGHEL, 8WOR
BERT DT FNIRAS— N (TrFedy) %
ARG L7z, FINBREYIERED 7 — VAT
ok, KrBHHICEBRTE ZRETHET L.
BOOFr 2, 3, 4 BEICEW % 1 IE3 >{CH+ —
Y (E BT, KN-646 [B-2]) ICAh, HH
B, HHAKOLEGT, 24BRBE L. Bk
FEAIZIZ100 mLOKE AN T2URMBEORED S
HokEEEE L. AHr— VO TICEFRFEE
BX (A&DH, GF-200), #0LIc@E Nz v —
VICRDPSETT A L9120, IREE % PowerLab
(AD Instruments)DADI v N—# # AL T3~
Ya—%—ZAHfIL, V7 b2 27 Chart (AD
Instruments) THFR %L 7-. BOO2HEH T
DHEREZBE L7, 7y PxBOREL, KR
BIRICEFIRIES O =2 — L (PESOO R Y =
FLrFa—T70%mEMLzbD) ZHHAL
7z, F7-BEBETEER D O BEREPI I REREPNIE I E - A
HEEKEFEAFEI=2—1L (PES0OHRY TF L
vFa—7) BEAL, BHEILF - T RS
% (EHEER, M &#E65%5-0) THELT
BELY. 28D 2 —LVIdETEELTEY
BED AR L, Bimic A7 v L A (EE
0.5l mm) D% L CHiE, ROBHE P72,

3. ¥on0kRART77 IR (CYP) BEBARET IV
FEEBOOE TNV & A UFH CREREFIR & Bt
PICH =2 — L 2EE L%k, ABEREKIER
L7-CYP (FIJEHiZE) %150 mg/kglEREPIIEST L
7z, SR E AR SEEEENES L.
CYP® %\ i3 A BB IR K% 5481 [ 2 1 BOOE
TV LR U C24RMER 2 BZE L 72, Bl T v
b TIECYPHR S48 BICEB DO A M X bY —
EBREATo 72,

4. YRRARY—
B P U A AT K A FRBEIE A L C IR % 2
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HERKTRET S &, BROMEICL - TR
MEMEFEE L, Z0BEEPETHE AN L TR
B - BOHRPHRICATI L, HOPEIC B B,
AR AN | CHER S 2 5. BRI
AR L2 MEIC L AR 2 EBHETLE
BEAS A b A PY— (cystometry) TH 5.
DEER T =2 — VEEFHN ) 548~ 720 %
Btk #rR—~rr =2 AN, BRREE
PREMFT CBERNICY ) v VR Y TRV TE
HAHEK % 5 mL/hour OFEE CRFEA L7z, 1B
B = 2 — L3 3 R L, — 303
ERlERERER (I A XTDSA-606B) L,
ALY YR T (Harvard Type 11) (2
Bl y—VOTLRETREZ2EE, %
TH2REZFTM L. BREAE, REEE
PowerLab% /"L C, 2 v ¥a—¥ — 2508 L7,
A0 B IS L ES 5D EFFo T, &K
1 RERBEENE, IRREZFRIIL72. YA A MY —
FEBRTIIARK, M AT R o T

HERCGHE 3 & OCHER 2 B L 2050, HEREELC
FAST 5 L BEbN AL (HEIRS, JEEL
*E LA, r—Y%Wt, WHE%R-KS, K%
HEE9 575 L) RRThritsl, FOEBERE
DREEE —, +, +, ++TRITIL.
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5. EMEE, BREUT

VAR XM —ERRTE, B RS,
JEME A L, BHRRORYBRE L -BERER
THELS. —HOEEBRETIE, YAMA M) =T
BHROBRESIRI o 7-BRICT v b 2R
L, BItANOEREEXE - 7-.

6. F—H4E

T IEFELEEBRETHOD L T
TV 2 HEM OB EZIStudent’s ¢ test THRE L
72, ZEEE O LBUI ST (ANOVA) THEMIC
BREEVPRO LN/ 1Tpost hoc testd LT
EHEMIEE %179 & 13 Tukey-Kramer ® Hi%,
SRREEE OB 21T & Z1dDunnett® FiETH
BETMELL. AELBIIP.05E L.

s R

1. FEEFIVICEIF B 24EMHERITE)

1) BOOALE T v b

BOOFM 2 To 7B FWHHTHE L
B A RE s — Vi A, EREE - ERESMT
T24RFHHER 2508k L 72, BOOBE T RERE
2:8% & D PEREI SN L 72 (Fig. 1A). #%1C

BOO 4B CldMim IR E 2 o /2. BUKEE
B
*P<0.05, ** P<0.01 (vs. Sham)
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Fig. 1. Voiding behavior for 24 hours in bladder outlet obstruction (BOO) rats.

Measurement was started at 1, 2, 3 or 4 weeks after BOO. A : frequency of
voiding for 24 hrs, B : water intake, C : total voided volume, D : mean voided
volume. Open columns, control rats. Filled columns, BOO rats. Data are mean
=+ S.E. n=6-15. * P<0.05 (vs. sham group).
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Fig. 2. Voiding behavior for 24 hours in cyclophosphamide (CYP)-induced cystitis

rats.

Measurement was started at 48 hrs of CYP injection and continued for 24 hrs.
A : frequency of voiding for 24 hrs, B : water intake, C : total voided volume,
D : mean voided volume. Open columns, control rats. Filled columns, CYP-
treated rats. Data are mean = S.E. n=8 for each group. ** P<0.01 (vs. control).

CYPHE L T ICH Z B ) T & Thn$ A @I
H o 7275, Sham (KHHER) BE& OBICH BEILFR
DN ho7z (Fig. 1B). 4BHBHERE D F
BTV ROBIC R 5T LM AEMICH -
7z (Fig. 1C). ¥ 1 BRI BHR B 38
EFOREBEMPHER LE D DR ELEALIEEED
SN h o7z (Fig. 1D). BOOFMi#4T-> T 48
BADPSITTETLEWIEZ 2770 NP EOE
B3 TR o7:.
2) CYPALEES v

CYPOZ)R % B 72 FIRER TIICYPR 5245
BB CIIHERIEE TR WE»D 1), 728
BTIEETOEBYWIHERL S EE L TE /272048
RHERICCYPOZES R RICR S L HET L7,
CYP# 5 48R I 2 1B 2 AAR 7 — VI A, 24
FRHER 2 508k L7 (Fig. 2). CYPIGECIdHE
REESEBEICHEML 72 (Fig. 2A). fkokE ik
CYPEE TR R AMENIZIEH o 7278, xfHEEE LA
BEN o7z (Fig. 2B). CYPBETIZSERIC R o
TV D 5§, UBMBHERERRS L AR
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Fig. 3. Voiding pattern in daytime and nighttime in bladder
outlet obstruction (BOO) and cyclophosphamide
(CYP)-induced cystitis rats.

Frequency of voiding during daytime (7 am to 7 pm)
or nighttime (7 pm to 7 am) was counted. Open col-
umns are frequency during daytime and hatched col-
umns are that during nighttime. A, data from sham-
and BOO-operated rats. B, data from control and
CYP-treated rats. Data are mean = S.E.
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AlEm EREEEAEEER L, Fig. 2C) %R L,
CNIHOKRED A MBI H o722 & RILL T
WhHEEZENS. Lo TFY 1 EHERE
HEIZEA L7 (Fig. 2D).
BOOFAT R CYPHLE 12 X » CTEH A DOBERLT
BN E)BI Lk F L ODNFig. 3TH 5.
Fy MITITEEW CTH 5 72 DR EICHERATEI A
% Fig. 3OF—F3FDI L ERLTWVED,
BOOB T EM (FM7H~FH78) &TH
(R TEE~FR0 7 ) W T b HRREH D
L7275, WHEBFROBIMA L VEETH - 72
(Fig. 3A, BOO 4B CTRB4A, BRHEREE
13232% (2B, A& PR #5013 331 % (21 0m) .
—73, CYPEECIZEMBERITIREE L HRTHE
WZEEIN L 728, WHEHERIE B 2 ME RS Lh o
7= (Fig. 3B). Z 0%, CYPRETIXEM &L &M
THREBOEN kol TIIZTODHER
ETFIWVTOMHENRD .
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TH5BH. WFNOB T EERAYE < UHE Lo
% EPERAE Z o 72, BOOMLE 4 BE B X U'CYP
FECHER U & HER SR 1T L 7228, S8y
CERHEREFEL TV AECIRBER bW
FEREHE (REED) 2SHEE L TWwWBZ L ThA.
Feald, ZOFEFRIFIIREDEKEERT IO
EEZTWE,

VANA MY —FEETO 1 ERY 0 IR
kSRS, BERDGRESEE, HERIGHE & IRIED %
INTGA=FIZDONWTTELDZDONFig. 5THA.
BOOWKDWTEFMEZ L, 3HEDTFT—F13E T
» 5. BOOETFTNVOEE, 3HEHE» 6 IEHERIGHE
PEBICEML, 4:BBTCIEETLLIIICE-
7o, BERRIUGESEEZ IZBOOFM 2 Bk L ) A E I
mL, #%EEH TR L. CYPET S IEHE
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Fig. 4. Typical cystometry records from control, cyclophosphamide (CYP)-treated or
bladder outlet obstructed (BOO) rats. In each group, the upper panel is
cystometrogram and the lower panel is voiding. An arrow indicates a non-

voiding contraction.
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Fig. 5. Micturition parameters obtained from cystometry experiments with control,
bladder outlet obstructed (BOO) or cyclophosphamide (CYP)-treated rats. Left
columns, BOO experiment. Right columns, CYP experiment. * Significantly
different from control (or sham) (P<0.05). Dunett’s test or unpaired t-test was
performed for BOO or CYP experiment, respectively.

3. BEiEs, BREOZEL

—ERFH YA R A M) — 24T o 72 R CHER AR
boltERICEMZBR L, BEREHE L, B
EE (Table 1) B X UBEHMNERE (Table 2)
wlE L7,

BOOBETIIHEZEI T ICEREENEEIC
WML, REEZBOODEER2Z T o/
(Sham#t 389 + 11g, BOO 2 % 395 + 12 g,
BOO 4 A% 406 £ 6¢g). —F, CYPLEMKESR
R EBEICHEML2N, FOEEIZBOO 4 BET
DOMEIMZH B E/NEh o7z (P<0.001). fKEIZ
CYPHLWBREOMICAEEZEENED LN o
7z (Control## 388 +9g, CYPEE 398 £ 7g).

YAMAMN)—FEEBRIZBWTCYPHES v +
TRIEROBRICEACEST 5 &£ Bb 5178
noxious responseVYEIZ I N7z, & 5 IZIEHEIR
PHED & ZLFFN R SHASD RO b,
BOOMLE T v F TIXEIWIC & o THERIEFIZE T
DHBE D H o 7205, BUED T v b TH D
TTENDS D o 72720 Z IS ACEUS L 72478 Tl

Table 1. Changes in bladder weight following bladder outlet
obstruction (BOO) and cyclophosphamide (CYP)
treatment in rats

Bladder weight

Experiment Treatment (mg) n
BOO  Control (Sham) 2493 = 11.5 23
BOO 2 weeks 297.7 = 14.2 11

BOO 4 weeks 374.2 £ 8.9%* T 49

CYP Control 251.3 = 15.8 24
CYP 287.0 =+ 8.9% 35

* Significantly different from control group (P<0.05). ** Signifi-
cantly different from control group (P<0.01). T Significantly dif-
ferent from BOO 2 weeks group (P<0.001). Tukey-Kramer’s test
was performed for BOO experiment. Unpaired t-test was per-
formed for CYP experiment.

Table 2. Residual urine volume and noxious response
in control, BOO- or CYP-treated rats

Residual urine  Noxious

Experiment Treatment (mL) response
BOO  Control (Sham) 0.184 % 0.035 + 5
BOO 2 weeks  0.305 = 0.070 + 11
BOO 4 weeks 0.332 £ 0.071 + 8
CYP  Control 0.175 + 0.033 + 5
CYP 0425 £ 0.010%  ++ 6

* Significantly different from CYP control group
(P<0.05, unpaired t-test)
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ZwekBbhs (Table 2).
BROPERBE D o 728 S TORERANERIZ
BOO 4 BEETIIEMOEMIH - 7225, FEE
RO LN b ol —F, CYPETIIERREN
AEIZHEM L (Table 2).

z =

BIEEIEEN (OAB) LBEMKIEIIFTY —&
LTIERITH 525, WIhd RETERAEIEL,
SEPRMEM %~ 7. OABIEERLZTtdiez s 2
EBBLD, RS COEFYIREAICL D RE
WIS NIZGETH L. ZOMIC, PRMREE
= (R, X—% Y U, BRAE, FHEE
L), BBRERTHLICE > THEIS (BIEE
[EBEEZIETA K514 7). OABOEIMEET TV
BEEDHBD, T b, U AL EOEREIY
BIVESREZROEE IR > TRz, &
VEYZETHZBEERREETH0ABL I %
57, Lo TT vy b ETOABER I
RiE% NBMICEZE L, SERICT B HENERT
HbH. —FH, & rOBERKIEREETHL L
W%, IR I8 T BEBEBE O [ 8 1 R AE
VRO O NL DM BEEE R LI B8, £
DESIEF IR R B8-S\, CYPIZERIE, &
TR voSiE, PR, BHIUE, IS % @Gk BT
GWIAT VETHHD, BIEAE LTERED
REHEENS V. CYPRIFIECR#H B &
acrolein& WA WEIZZEIL L, acrolein?¥& 2 6
RIZHEE S UTBERRICEIFR Lo b &, BERERRE %
BE L CEEM A% 29 (Korkmaz et al. 2007).
CYPIZ & BERE I v o VB M REE 45 & S
LTBY, 2OHRICHEDLEROLBELTVD
TeDBEREETVE LTEZHESNTWA,
s b B LUBY CEE R ZoOHRE
—OAB L M AE—DEF NV & LT THRIEE
(BOO) & CYPHEERtAE T v b TRI &,
—EMH T CTOORMEL B L2 D0 TH
—OoDEFIV (BOOB L UCYP) % He#d
BE, @EEE LTI, 1) HEREREIT, 2)
FEREEEDHEINT %, 3) FEHRIGEHEM (>
AFRA MY —EE) PBITONS. MHESE LT
X, 1) BOOHHRIZEH, B & IR NS5,
EH Lo EE AR E . CYPHERIZE
BSERDSEHTH B, 2) CYPLE TR )

o 30 i

I3 %%, BOOME CIdIEML %\, 3) CYPH#
TIEPRR B R RS DS380 H 5 2%, BOORET
BRO LN, 4) BRROBEXKIIBOOEEDFH A
CYPEEL D K& W, #d 5. BOOHR S Filitk 4
W27 5 EHERBEE SRR LAY, BT A8
BT B2 oL B TIIHRED X 7 =
ALDEho>TETHWALIEEEIH S,

BERR BT I3 R/ B X T4 { g, #
RIEEWEB L2 0B/ A0 HEET 5. B
R % AR R 2 A FIE AR IZIE AS BiME & CHE
ML DD Y EEEIT AS BHEASR OB 2 H -
TWa., L UBEBEICKEEN S B L ISEA T4 L —
y— L L THERERT (NGF) 25l sh,
NGFACHME 2 IE AL LT, CHUMEDTREDE (R B 1S
WA PRIEZABREZHET L L) IR 5720
BERE B ASTLHET 5 L Eb T\ 5 (Chuang et
al. 2001 ; Guerios et al, 2006). RKFELZRFLTid
JEE ERz (B X CHEME) »O5ATPORI A
18 2 (Smith et al. 2005), MEWOH EEN LR
LTWwWa, CHEHEIZATPOSZERY 75 4 7T
HHP2X3e N0 A FEZHEMETHAHTRPVL (H
THEL I LT V) %L, TN DREED
BENEEDHET o T D, A IICYPERAES v
N OBFRIZHKT L TP2X3REHE S HHI R A2 R T
ZEERHE L (Ito et al, 2008). Tk b JER
RIZIEP2X3DSH S L T A TREESE Z S 5.
—7, BAIZBOO 2,3:B0F v » TIIP2X3HEHL
EHPIHIBI R A RT DS, 4BIZH D LRI
Z e REE L2 (lida et al 2009). % 7:BOO 3
BETIZDOWTHCYPHEIR & IR T 5 LR RS
INEDoTe TN OEYBRTHEOEEITIZ DD
ETIVCHIRICE b 2 RMEEWE L SHERD R
B RHBICRLTYA. BOOEFVTLS
F o7 —%TBOO 4 BB % 5 & HREEA 3
BH D 2B AR U722 LI RER RO
BB L o THRICED AMEEENE, 35
RO EDL>TWAI L aRET S, TmHo L
I IZOABD BERIZTRTCBOOTE WD T, 4
HDOOABD 7H 7 7 4 VAT RTHOABIZH T
BEAHDTHEVWI LICREETAVEN D A.

SHOYANA N —FEBRTCYPT v MdHE
FRIUAERF & 5 W IEFEBEIR DGHERE LR IS R T 5
LEZONATEIVBIZE SN/ BOOT v b T
ZOLI)BITEIED SN d o7z KDL
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s

SRR AZ LN TE Y, SED
HRIIBMAOBERERE -3 T 5. P2X3%
TRPVILE A BB T 2 SH/MERE LTHES K
Tw 5 (Cockayne et al 2000; Birder et al
2002). I TIR7z & 95 ICP2X3FEIEACYPHH
RAEMH T LI ENHCYPT v b T Z BHER
FIIEP2X3PE 5§ AW AL H 5. Z DU BE
HixE%, 207NV TOHERE % P2X3FEPIEE
RTRPVIEHESHIT 2089 PO EBRTH
AT HNED D L. 24RHHEREIZERTBOOT v
FNTRERCTNOHIRE 257278, CYPT v +
TREBERE T o7 ZOMEIZHREOSE E
CEBRT AL LNV, BERETIESHLET
BEBEICEZ 2V, O CERIISTEIDE
THNCED L H TN L 2 BETISHER % 7
TAMBE 2B 0d Ly, BERENT L i3HE
RIEHRTCYPT v b TIBRIBENT 5 DI
XL CHERICH A % bR WBO0T v b T3k
RVBEZ 22 & TH DB, BERIGTHER O I &
FREFH ORI L > TR, ThsOFEHIE
HEMRETER I TV ZOREEN 2 EF T
BB, REDOTEIND 5 IR BEFER T IR
THEEHE (EHMEE) Lo THRINL2D
BERT AL EMENLITA L 2 5. W
BEAEME e W AS, Tk THERER B ADRET S
EHERZ WSS L) REESEH L TRV
EHBLTWA, FDRHDCYPT v b TEFRRA
BT 20 Tidnwvnd L H#ERNT 5. filogERE
IR BUSR§ 5 P2X3 LI TRPVIEE O
WRERL EERRVPED LHIELT A% E
BILIETIORAOZLEE S OITFEER D
DETHLIERTELETHA).
FETZOOFEELBEREBDET NV Efo
TENFNHIRITE B L OHERBIE 2 458D 5
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