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Tramadol hydrochloride (tramadol) is a widely used analgesic that activates p-opioid
receptors and inhibits the reuptake of serotonin and noradrenaline. There have been
studies on the analgesic effects of tramadol based on the tail-flick test, the formalin test,
and the induction of allodynia by sciatic-nerve ligation. However, the effects of tramadol on
behaviors related to bladder pain induced by cystitis have not been reported. Although
tramadol is also known to inhibit the micturition reflex in rats, its effects on urinary
frequency induced by cystitis or on urethral continence function have not been reported.
Thus, the effects of tramadol on lower urinary tract function have not been well
characterized. Lower urinary tract function is divided into two phases, urinary storage and
micturition. Urinary storage disorders, including urinary incontinence, cause a
considerable reduction in the quality of life, and are becoming a social problem. Urinary
storage dysfunction can be classified broadly into dysfunction of the bladder (including
bladder primary afferent nerves) induced by cerebral impairment or cystitis and
dysfunction of the urethra (including the pelvic floor muscle). In this study, I investigated
the effects of tramadol on urinary storage function, including both bladder and urethral
function, and explored the potential of tramadol for the treatment of lower urinary tract

disorders.

1. Effect of tramadol on pain-related behaviors and bladder overactivity in rodent

cyclophosphamide-induced cystitis models.

To investigate the usefulness of tramadol for patients with cystitis, I investigated the
effects of tramadol in rodent cystitis models. Intraperitoneal injection of cyclophosphamide
(100-400 mg/kg) caused bladder-specific inflammation and increases in pain-related
behaviors, the number of voids and bladder weight in mice. Tramadol at 1 mg/kg per os
significantly suppressed the pain-related behaviors induced by 300 mgkg
cyclophosphamide. During continuous-infusion cystometrograms in anesthetized rats,
cyclophosphamide (150 mg/kg) shortened the intercontraction interval, indicating bladder
overactivity. Intravenous tramadol (3 mg/kg) significantly prolonged the intercontraction
interval, and the effect was partially blocked by the opioid antagonist naloxone. This

finding indicates that p-opioid receptors are involved in the action of tramadol.



2. Leak volume induced by electrical stimulation as a novel evaluation index for stress

urinary incontinence in rats.

Stress urinary incontinence (SUI) is one of the most prevalent disorders of the lower
urinary tract, with symptoms characterized by involuntary leakage of urine caused by an
increase in abdominal pressure during sneezing or coughing. For the study of the
mechanisms of SUI, several female rat models that mimic SUI symptoms have been
developed. Many of these SUI models, which are induced by artificial sneezing or electrical
stimulation of abdominal muscles, are evaluated by bladder leak point pressure. However,
it 1s difficult to use these models to measure urinary leakage, an important clinical index,
or to measure long-term drug efficacy. Here, we describe a novel female rat model that
allows the long-term measurement of the leak volume (LV) produced by electrical
stimulation of abdominal muscles. Using this model, we have shown that intravenous
injection of duloxetine, a selective serotonin/noradrenalin reuptake inhibitor, and
WAY-161503, a serotonin-2 receptor agonist, significantly decreased LV. These results
indicate that the measurement of LV is a useful quantitative method for evaluating the

long-term efficacy of agents for the treatment of SUI.

3. Effects of tramadol hydrochloride on urethral continence function in rats.

The effects of tramadol on urethral continence function have not yet been reported.
Therefore I investigated whether intravenous tramadol affects intraurethral pressure,
bladder leak point pressure, and leak volume in urethane-anesthetized female rats. For
comparison, I also investigated the effects of the p-opioid agonist morphine. Intravenous
tramadol (1-10 mg/kg) significantly increased the intraurethral pressure. Both tramadol
and morphine increased the bladder leak point pressure and decreased the leak volume.
These results indicate that tramadol enhanced urethral continence function. These
changes were reversed by subcutaneous pretreatment with naloxone. Hence, tramadol

improved urethral function and inhibited urinary incontinence through p-opioid receptors.

In conclusion, tramadol ameliorated cyclophosphamide-induced bladder-pain-related
behaviors and bladder overactivity in rodents, and improved urethral function. These
findings suggest that tramadol might be a useful treatment option for lower urinary tract
disorders such as cystitis-induced bladder pain, bladder overactivity, and urethral

incontinence.
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5-HT : serotonin (5-hydroxytryptamine)
CP : cyclophosphamide

ICI * intercontraction interval

ICR - the Institute for Cancer Research
LPP : leak point pressure

LV - leak volume

NA * noradrenaline

SD ! Sprague-Dawley

SUI ! stress urinary incontinence
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Fig. 1. Chemical structure of tramadol hydrochloride

FI7~ R—= U3 A A A FZREBEREEZIEIL., 7y bp, x BEIREGA LA FZE
RIZk % Ki XN 6.710.3, 812 B LN 100+10 umol/LL T 5 (Table1), b
FAEFA FZEERBEBAILOEEE S Z WS TIE, I R— I p BBk -AEF
A RZEEITH L TERETN 17T BLUN49.7 uymol/L ® Ki fEZRTA, §- A4 A FZRE
RIIZIFEALEERA LW, ZoXHIC, b I R—=T p-A 414 FEERIC L TEaWv
BPRMEAZRL, ZORMITELEREFETH D, ZOM, Z< OZHFEIIK L THREAMEEZ R
SN EPRRESN TS 40, =72 L, 77U Y A VIR &2 U 72 B RE R B3
BRIZBWTCAAB Y B =aF 7T ra ) UZRIKEN LIS E, p-de4 A
RZREFEAITRT 2 Ki EITVRET R T~ R— L3 L, 2 SEEMER O —ERIZ
A 2 AREMENRIB ST D 9,



Table 1.

Inhibition of opioid binding by tramadol or morphine

Ki (umol/L)

Compound rat human

n K §) u K )
Tramadol 6.7+0.3 81+2 100+10 17 49.7 -
Morphine 0.0058+0.001 0.17+0.02 0.08+0.001 0.0071 | 0.0147 | 0.15

(Data from Ref.3)

F72. Ty MEO YT N Y —AFESERHW, [BH] 247 KLU > (NA) BXO[3H]

tre h=r (5-HT) OV IARKISIZHT D T~ R— L OEENRF SN TWND 9,

A

F—ui3 [BH] NA B X OV5-HT OV iABZBEZHIHI L. £ Ki fEIZZF 741 1.820.6 B &
W1.9+0.2 umol/. T&H 7= (Table 2),
Y ERERBR AL D, P T~ F—/1% 50mg B L7ZE Db MIBIT D MINERE TR

5.8+2.0 umol/L LHESNTEY 7, Ki 23 1 Hrumol/LL TH D u-A A4 A RZEMEK, NA

BEOBG-HT OBV IARRZRN F T~ F—=LOIEHREEL BN TN D,

Table 2. Inhibition of monoamine uptake by tramadol or selected reference compounds
Ki (umol/L)

Compound

NA 5-HT
Tramadol 1.8+0.6 1.9+0.2
Morphine >100 >100
Nisoxetine 0.0017+0.0002 0.37+0.05
Fluoxetine 0.53+0.18 0.026+0.002

(Data from Ref.4)




7~ R—= L OREFEFFICGT 2EFEMIL. 7EFLal) VBRI A 07k 225G
KITAV T Ry N L—MEBXOT— L7 v 7iEEHOTHRRIE TS 9, 7
<~ R—L 20, FTFERIIEEARS T2 2810k, WPFnoREIKI S LT H#5H
BEWEMNT 5L TEAE R EFARICERBRORKOTUREERAEZ RS, NI~ K—LLtE
e 3@ EDso 105, W& OZINERRRE S DT 5~10 FRET/LE RO &
SNTWD (Tabled), 7EF Lzl VFERIA U TIEBIOFRy N7 L— MECEBITSE
e ROPUREERIT I v Y U CEAICHHI SN DR, I~ R—=LOHUREERITK 50
~T70% LMl S e\, F07=H ., S OREFETIE., NI~ R— A4 A R
BRI LTAERITIN A, A A A RZEEEZNT S BRWEFICESW TR FIER £ 7wl
BEMENREZ LN TNS D, B2, a7 RLT U USREEFE THL I B EUVBLY
5-HTe SHREIEFETHL Y X ot vid. T—A7 U v Z7iECBW T, K bIETHRE L-E
BRI K DPURFERZIH Le o 723y, RO FIETHE LT b7~ R— L OHiuR EIEH
I L7z 9, 7o, pwA B A RZFERXE~ T AIZBWTH M7~ R—/LO8RIER %
FL. TOEFREMO—MIZa e ErTHEiisnic® Zenbb, M7~ F—E, pA e
FA RZRERIGTAEH L b= AT RUF U R IALBEEER 28R
IR TEDOEIFOIRERIET HHDLEEZ BND,

Table 3 Tramadol-induced antinociception in rodent

All values are expressed as the ED50 (95% confidence intervals) at time of peak effect (15 or 30 min).
Morphine is included for comparison. p.o.: per oral, 1.p.: interperitoneal injection.

EDso (mg/kg)
Test Route
Tramadol Morphine

Mouse acetylcholine-induced

) o p.o. 5.4(4.1-7.1) 2.9(2.0-4.2)
abdominal constriction test
Rat air-induced abdominal

o p.o. 1.7(0.7-3.2) 1.6(0.8-4.0)
constriction test
Mouse hot-platetest (48°C) i.p. 21.4(18.4-25.3) 3.2(1.8-4.7)
Mouse tail-flick test 1.p. 22.8(19.2-30.1) 2.3(1.7-3.1)

(Data from Ref.5)
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ORFE K% Table 4 IZ/R LTz, ZOWN, JREZEZ2EIZED QOL2ME T L TRERMEE D
DIFEIRMEREDIEE TH 5, EIREREDREEDRRIIZIGIZ O, ZOIEREL —7 » M
FERE, FnTEARRE (BEREROEEARRR) B R OYRE (BRIEMHZET) ICRillsitd, h 7~ F—
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Pandita &%, BHRHERR TFOT » b T, b7~ R—ARELE R & FERICHERES 2 il
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I%. Singh HOHENRH D 19, 15 A DBHITEFEHEE L LT K7~ F—/L% 100 mg FHEE
JEPE G- LTz & 2 A IREEHIRFE N IEIC 88 x 5- 2T, BIE RO KR a7 T4 7 A
DEINZEZRD | BER T ORTEOBNARBO SN, ZNHOHENS, T~ F—/Liddk
PRECHHZ S LTI < E B2 D, TDX—7 v NEMLIZMREARECH D LHEH SN D,
LvL, ZHET, BRERICL 25 - BRICHT2ERITIFE A CRBI STV o7,
ZI T AEERXOE 1 ETIE, ~UVABIOT v oY 7 ukrA7 7 2 FERElLTT
NERW, N7~ RV OREMRFERER « BURICHT 21EREZ 60T 5,

Table 4 Lower urinary tract dysfunction and drug treatment

. i L i Target o i
Disorder :Disease iEtiology iSymptom orgfn Mechanism ;|Drug iProblem
, Inhibition of {Anti- iSide effect
iCerebral vascular : contraction icholinergic :(Dry mouse)
! | e . , e o B ad e 1 NS SSNSNNSSNU——. OSSN ——
 Over active idisease, Parkinson's  {Urinary - ; :
; ‘disease, Spinal cord  :frequency/ Relax iB agonist iWeak action
‘bladder L I . : :
; iinjury, Bladder outlet :incontinence | : '
: iobstruction, Idipathic ;
s Sensory i1 pibition  None
S . nerve :
EStress urinar EChildbirth, aging, gU]('ina]f ! :
L . y iObesity, ' Y Urethra !Contraction iSNRI % Nausea, Vomiting
iincontinence : . iincontinence 3 :
: iPelvic surgery etc. i | :
: .. iCystitis (bacterial, Urinary :
:Hypersensitive :. .. : Sensory e :
bladd iinterstitial) frequency, Inhibition ‘None
adder iIdiopathic etc. iBladder pain gnerve i
EDetrusor under IS)plrf)alt cord injury, L. 'Bladd Contracti ECholinesterase ESide effect
{activity | D1abetes, iVoiding jpladder jLontraction i ior (Cholinergic crisis)
. : ‘Pelvic surgery idifficulty, : :
Void i : : :
EB . Lo ; :Slow urine Inhibit: ¢ :
jDemen prostatic iAging flow {Urethra | otOM 0L 0 blocker i{Weak action
thypertrophy j : I contraction i

¥ SNRI: serotonin-noradrenaline reuptake inhibitor (only approved in Europe)
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B1E

KS<= R—AEBEDI 7 ar R 7 7 I REREBERAETAVICBITS
FEREE. PERRINTLEIZXT B EH

hT~ F—= U (F 7~ =) 13, p A A1 R E~OEAIERH e = -
JNVT R U R AARLEERZGDERS, JAKHHINTWHERIETH D,
Tail-flick 7 A2 ~, A~V T A b, BEMHEERT 0T 4 =T ET LR EIZBNT, +7
<~ R— R IERZHT5 2 ENMESN TS, LiL, ZHE T, BRI K &R
BRI T HIERIIRET S T o lc, ZZTARETIE, 7R A 77 I NZL> T
I LT IC 3 1T 28 M OBEIR IZE S5 b T~ R— L OMiWER 2, ~ VAR DT v b &
FAWTHRILZ, 7 urhA7 72 K (100—400 mgkg) Z~ 7 ACEEN®ES 5 &, H
BRI BEATEY ., PER I VB EREOBMARD bz, Y7 akrA7 7 I K
300 mg/kg MEWEN I G2 X A& Im B TEN 2, F 7~ F— /L OB O#E 513 1 mglkg 72 H A EIC
Ml L7z, b7~ F—id, PEREE OB E & O3 LTI 2 KT S ol
Y7 uRAT7 7 I R 150 mg/kg #MEMENE G- L7-7 » b TIEL, BEE FERERNEREIZB W T
BERFEMR2NEAME L TRV, PRI OITLENRB O iz, F 7~ K—/ (3 mglkg) DOEHARN
BHIX, v rARARAT 7 I RICK o CHEAME LIHERMRAZIERE L, ZOIERERIZA A A K
FEHEE O X Y VORI G THE LTz, YLEORERNL, T~ R—mid, v 7 akA 7y
I NI & o TR SN BERRRITHE O V08 L OSEIR 2 Pl 2 ER 2 F L, £ OERO—ERIX
WA EFA RZREENTH 2 LR SN,



1.1. #E

FI7~ R—=Ud, p A A A FZHFRICHT 27 T=A MEREERrR F=2 - VLT R L
TV IR AR EEERZ A DER2EFETCH L 39, ZNENOEHITIHNL DD, p-
VA A RZREENTHEREEe h=2 L7 RUF U U FED AR EVER 23 FE 1
B E . BRSIRE T L LEDb TS Y,

F 7~ R—/Uid, & MO 1719 MRKIMIRE 1920 [ZHTHDH Z ERHE SN
TEY ., BBV TE tail-flick 7 A FX° hot-plate 7 A h 9, 7R~ U 7 R | 22 ALEf
RAEERT BT 4 =T ET N REICBWTERIEFHAZA T2 2 EAmES TS, Fio,
BEPR ICHHERE IR D/EA & LT, 7ARE/L B 3 10 OfMFEZE 10 |2 X 28R 239 2 #iil
DEEIN TS, Ll ZHIVET, BRRICHT 2905, BRICHT D F I~ F—1LOfE
& st U 7o 1 mn,

gl 7 a2 7 7 I K (cyclophosphamide; CP) (%, #H#5 Tk MIIEZ 22
REBEMREFRZT D2, TORRKEE LT, CPOREHOT 7 v LA R BERICERE L, CP
YA OBEEA~DEMEEZ R T B X BTN D 2520, [T o ifE~ CP ZJBEN&E 53 5L, B b
Rk, HEVERY B2 GE R S, CPIC X D RIE & & b IR AR TEICHIR DN FE R S
% 2030, ZOLX ) RMEMNL, CPEEREMEIL. FomBIC VT, BEMECHR 2 5
T2 ECHABRETAVE LTHAIA TG 0 33>o

ARETOMEEERNL, F 7~ R—=/AORERRIZHE D RIS T 2R 2 oz L, #E
PEREDERIGRIE L L CORBBMEZRFTT 20D THL, ZORMIDTZD, 7y NED~Y T A%
HAWT, FF~ F—Ao CP #FHFEENRE & QMR RBBIR T D EH 2 MGt LTz,

M, REONFITBLISHSCIEER LTS (5 TISCHR 68),



1.2. FEBRMBIB L UHE

1.2.1 @

EBRIZIX 4-5 Wi ICR Rt~ 7 A KON 8-12 # s SD R 7 » ~ &2 Huviz,

1.2.2 ~ U X CP#HREMXICE T ZEFEEETE)., $EREIEK, BEHEEOHIE

AFAYIR E 7212 CP (100, 200, 300, 400 mg/kg) % fEFERNEE L7- 3 Bl . JEHA
W T AT 4y 7 OB —DICi A EE . 1 RFHBHE S o, Bk, B LWIERRIC
L, 15 R OERITEMILE S LO T A CoRig 2 % U7z, PR E T8I E AN &
ARA G- (10 mL/kg) L7z, EImITEIOBIZTIX, 5 THE OEHEEEITE) (HOME, 97°<
F U, BEWAT, YEIRIFTE), IEERDITE) 2 FRIRFTORMRE & B O 288078234736 %
FEIZHREL, LTORETENEN 10 s (FEF50 8) L LTAar{kL7z (Fig. 1-1),

o HOBAEX (IEH 04, FExPAU D I3 HICRS 548, BRI LD 10 A)

o DT EY (EHW 048, Fix )< ED 5, 1FEAEI T EH-oTND 10 4)

o JEEVWHRT (IEW 0. BEWHT 10 /)

o HEREHTE) (IEW 048, HERFFCAZEDLES 10 5)

o JEERDATE) (0-3[0] 0%, 4-10[0 5%, 11[ELLE 10 4)

B TR ET A2 A L, Sugino b OWE 37 L[EERIC, PEREMEOFRIE & L Tl 1
~OPIREEZRIE Uie, SRR TH., BHEDLFIC TR S - ICBE 2 L. Bt
HELEFRIFICTERIIL 7=,

plastic cage
(20x 25 x 14 cm)
voiding
h! : :
ouc stain filter paper
Fig. 1-1 Observation of pain-related behaviors and number of voids in mice

with cyclophosphamide (CP)-induced cystitis



1.2.3 7 v b CPHREBEMRRBIT DBEMAERE A A Y —) AR

AR IR £ 7213 CP 150 mg/kg 1%, BERENIERIERTH (R0 18 e Al (CHEERN#E G- L
Teo L& (0.9 glkg, s.c.) BEE T, B &AL EE LIER A2 DI L, Wil oo JRAE 4 5 bk
G 0 B 2 DI L7288, BERETERSIC A > 7 2 —Ya ViRV T EE N T VAT a—P T
Bt SN RS E O =2 — L EA L, AR E B25Y ULTER LT DIR
NWTICHERT 2 Z L 2R L, — B, BN oA ek 2 L=, 3mL/h £7-1% 6 mL/h
D — & DY THA BRI IR 2 B AR IR L BN E A RIE T 7 TR L T L
Fa—F—|ZaEk Lz, 0 1RE%, JERMBALE L T D Z & 2l L%, RwmE %
B 59 DA ITIT KRB E R X 0 §FIRNER 5 Uiz, BRI E B 5-R1. RO E & 5%, 15
SHEIZ 120 73 £ T, ENEERET 5 3 [BIOPERRT A3 IR U, HEIR MR & BERR RF o i K bt
WHEIE A2 T v — b ECEHAI L, 2D %2 2 ENORERIZE T 2 PR (intercontraction
interval; ICI) . HESRIFR RBEBEHEE (amplitude) & L7 (Fig. 1-2), #WBRWE %5 L7
BE I BRI E R G Z 0% & L - E % 5% O Z (LR O EE LR ERZE 2 R T,

‘ anesthetized rat ‘

Ve
infusing saline \/X

Intravesical pressure [:E:?

3or6 ml/h

mplitude

Fig. 1-2 Cystometry in rats with cyclophosphamide-induced cystitis

1.2.4  SREMENT

T =2 ONTIE SAS 7'r 7T A AW To T, TRTOT —Z I EHfE R E -
LTHRLE, ERAa7T O 2 FERENCIEX Wilcoxon rank-sum test, £ g2 1%
Shirley-Williams test & A\ 7z, £72. PEIREE, BEESEL R A N A Y —RBRo 2 FEH
LE#Z 21X Student’ s t-test &, ZHEILELIZIE Williams test &2 VN2, WTHOREIZIENT
b, EBRES %RiEAEED Y LHE LT,
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1.3. HER

1.3.1. < U CPBHERBEMKICE T 2EFREETE., PEREE, BEREEORAE

EPRRER OB TIX, T X TORRBEETEINE O b7 (Fig. 1-3-A), CP @
HERENFE 51T Ko TSGR TEINRBL L, HOBE, 27 < £, EEWHT, HERFTHE)
1% 200 mg/kg UL BT, JETEROITENT 400 mg/kg #5 CABERERKR 5HE L OICB N TH
EICHEML Tz (Fig. 1-3-A) . FRZ. PERFHATEIOFBLNBHZEIZFE O 64, CP 200 mg/kg
L ETIEABNT B W THER R L 2 R 5 ReA 22 TEN DS iR D BT, IR O h— & L A =
7 ClX, 100 mg/kg PA_ECTABRRIE RS G-HE & bl L CHEZREMNES i’ (Fig. 1-3-B),
CP #5012 X 0 YRR OHIN & 3880 S, 200 mg/kg VA CAF A KE 51 & i L TH
BEmmnRo bt (Fig. 1-4-A), R ESRIL, CP 200 mg/kg UL CABE RGBT
g L CHREICEM L7 (Fig. 1-4-B),

CP 300 mg/kg IEFENEG1C X - CTHIN U 72 0m BIEATEh, PEIRMIER, BERER B &iC k9
5. b7~ = (1, 3,10 mgrkg) #AKGOEMZME Lo, BIRBEE TEIOHE B 5 TIX,
JESE VAT, PEPRIETEN R ONEFRD T TENC A B AF L= IHIER 2o b (Fig. 1-5-A) |
PIRBIEATE) b —Z V237280V TE, 1 mgkg UL EIZBWT, AEZRIMGERED b
7z (Fig. 1-5-B), CP &5\ X o TN L 72 PR EIE R OWEOREEIX, M I~ F—iZ k-
T EAEEEEZ T -7 (Fig. 1-6),
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XY CP 200 mg/kg
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Fig. 1-3  Effect of cyclophosphamide on pain-related behaviors in mice.

Saline or cyclophosphamide (CP) was given i.p. and 4 h later, five pain-related behaviors were
scored for 15 min. A) Each pain behavior score (maximum score 10 for each). B) Total pain
behavior score (maximum score 50). Values are means for groups of eight mice. All pain
behavior scores of all mice were 0 in each saline group: (Fig. 1A and B), and the score of
stretched posture of all mice was 0 in CP 100 mg/kg (Fig. 1A). These were expressed as “0”.
Error bars show the S.E.M. *P<0.05, **P<0.01 versus the corresponding values in the

vehicle-treated group (Shirley—Williams test).
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Fig.1-4  Effects of cyclophosphamide on number of voids, and bladder weight in mice.

Four hours after administration of saline or cyclophosphamide, the number of voids (A) was
counted for 15 min. After scoring and counting, the bladders were removed and weighed (B).
Values are means for groups of eight mice. Error bars show the S.E.M. **P<0.01 versus the
corresponding values in the vehicle-treated group (A, Shirley—Williams test; B, C, Williams
test).
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[ saline + vehicle
22 CP + vehicle
[ CP + tramadol 1 mg/kg
[ CP + tramadol 3 mg/kg
Hl CP + tramadol 10 mg/kg #
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Fig. 1-5 Effect of tramadol on cyclophosphamide-induced pain-related behaviors in mice.

Tramadol or vehicle (saline) was given p.o. 3 h after cyclophosphamide (CP; 300 mg/kg, i.p.)
and after another hour, five pain-related behaviors were scored for 15 min. A) Each pain
behavior score (maximum score 10 for each). B) Total pain behavior score (maximum score 50).
Values are means for groups of six (saline+vehicle group and CP+tramadol groups) or seven
(CP+vehicle group) mice. In A, pain behavior scores of stretched posture, shaking hip in
micturition and licking the abdomen of all mice were O in saline group, and the score of
stretched posture was also 0 in CP +tramadol 10 mg/kg. These were expressed as “0”. Error
bars show the S.E.M. #P<0.05 versus the corresponding values in the saline+vehicle group
(Wilcoxon rank-sum test). *P<0.05, **P<0.01 versus the corresponding values in the CP

+vehicle group (Shirley—Williams test).
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Fig. 1-6 Effects of tramadol on number of voids, and bladder weight in

cyclophosphamide-treated mice.

Tramadol or vehicle (saline) was given p.o. 3 h after cyclophosphamide (200 or 300 mg/kg, i.p.)
and after another hour, the number of voids (A) was counted for 15 min. After scoring and
counting, the bladders were removed and weighed (B). Values are means for group of eight
mice. Vertical lines show the S.E.M. #P<0.05 in comparison with the corresponding values in
the saline group (A, Wilcoxon rank-sum test; B, C, Student's t-test). **P<0.01 in comparison
with the corresponding values in the CP+vehicle group (Shirley—Williams test).
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1.3.2 F v F CPEHBREMXICBITIDZVAMA M —FHB

CP 150 mg/kg DIEIENE GALEIZ XV | BEE R PER N (ICD) OFEME 0 bivie (Fig.
1-7-A), Z DK, HERFFR KEEMEGHEE (amplitude) (Z2{kiT7e02> 72 (Fig. 1-7-B),

CPAE LT v MIKT 5 7~ F—1 (0.3, 1, 3 mgkg) #lRNE G- DOVEH & MGt L7,
7~ K=/ 3mgkg!Zl LV, ¥5% 30 005 ICI OEENEO b, ZOERITHR 5%
120 53123\ T b VABLEE G & Mol L THE R b O Th -7 (Fig. 1-8-A), F 5~ F—1 0.3
mg/kg, 1 mg/kg 2BV TH ICI ZIEE T DEMAFED HALZA, ZDEITNTIOBIERIC
BWTHLHEERLDOTIE 20> 72, Amplitude (Z# 5% R & & S LT <MHADFED
b7z (Fig. 1-8-B), £72. b7~ F—/L 3 mg/kg O 51% 15 43y Tt DA &7 amplitude
HAER DD Hivle (Fig. 1-8-B),

F7 < F—/L 3mglkg 2 L5 ICTAEREAIZ, 44 REEFEFEFT 2XY 2 1 mgkg O
A 512 & > TE I 2 7= (Fig. 1-9-A) . Amplitude 1X, 12 % Y URLEREIZERBW T,
KREREITRD 5727z (Fig. 1-9-B),
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Fig. 1-7 Effect of cyclophosphamide on cystometrogram parameters in rats.

Cyclophosphamide (CP; 150 mg/kg) or saline was injected i.p. into rats about 18 h before
cystometry. Rats were anesthetized with urethane, and continuous cystometry was performed
(saline infusion rate 6 ml/h). Two cystometrogram parameters, intercontraction interval and
amplitudes of bladder contractions were measured. Values are means for group of the seven
(saline group) or eight (CP group) rats. Vertical lines show the S.E.M. *P<0.05 in comparison
with the corresponding values in the saline group (Shirley—Williams test).
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Fig. 1-8 Effect of tramadol on the cystometrogram parameters in cyclophosphamide-treated rats.

Cyclophosphamide (150 mg/kg) was injected i.p. into rats about 18 h before cystometry. Rats
were anesthetized with urethane, and continuous cystometry was performed (saline infusion
rate 3 ml/h). Values are means of the percent changes in intercontraction interval and
amplitudes of bladder contractions from the value before the saline or tramadol administration
for group of six. Vertical lines show the S.E.M. The intercontraction interval values before the
drug administration were as follows: saline group, 186.63+34.27 s; tramadol 0.3 mg/kg group,
186.63+45.17 s; tramadol 1 mg/kg group, 221.29+47.54 s; tramadol 3 mg/kg group,
171.78+24.78 s. The amplitudes of bladder contraction values before the drug administration
were as follows: saline group, 24.14+2.28 mm Hg; tramadol 0.3 mg/kg group, 27.96 +0.87 mm
Hg; tramadol 1 mg/kg group, 30.42+3.14 mm Hg; tramadol 3 mg/kg group, 27.57+2.21 mmHg.
*P<0.05 and **P<0.01 in comparison with corresponding values in saline group at each time
point (Williams test).
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Fig. 1-9 Effect of tramadol with naloxone on cystometrogram parameters in
cyclophosphamide-treated rats.

Cyclophosphamide (150 mg/kg) was injected i.p. into rats about 18 h before cystometry. Rats
were anesthetized with urethane, and continuous cystometry was performed (saline infusion
rate 3 ml/h). Saline or naloxone was subcutaneously injected 5 min before tramadol
administration. Values are means of percent changes in intercontraction interval and
amplitudes of bladder contractions from the value before saline or tramadol administration.
Vertical lines show the S.E.M. The intercontraction interval values before the drug
administration were as follows: saline group, 186.63+34.27 s; saline+tramadol 3 mg/kg group,
225.73+48.19 s; naloxone 1 mg/kg+tramadol 3 mg/kg group, 212.84+14.53 s. The amplitudes of
bladder contraction values before the drug administration were as follows: saline group,
24.14+2.28 mm Hg; salinet+tramadol 3 mg/kg group, 25.89+1.40 mm Hg; naloxone 1 mg/kg
+tramadol 3 mg/kg group, 26.14+1.30 mm Hg. *P<0.05 in comparison with corresponding
values in saline+tramadol 3 mg/kg group at each time point (Student's t-test).
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1.4. E8

YA rARAT 7 I K (CP) ZIEEAEET 5 L. ZAVE COREFER, KB
178 283D HEJRIBIZOHENN 37, fEBEE & 39 OHMNNFE D bivie, SRlOFEERTIL, HOHX,
DT EY, EWHT, BEREHATE, EERDITEID 5 SOITE CTIRAAZFM L7z, Zib D
N, BOBXIEZ v k3030 |2 CP 25 LR, 53K 0., EESWHMTR &0 B K
X7 > 3032 R (R~w 7R 283) [ZCPE2EETHLEBEINDLEORENRHV | JEH-DIEE
ELTRRICHWSGATWD, £70, [EEROATENL, v 7 A1 CP 25 L7k 2830 LIS ’76
Z v MZFxF L3 STRPVIEEIFEOD L V=7 =T FF 03530 ZREBENTEA Ltﬁ% WZER

D OHNAHERBEEATEI CTH D, AH, CPZ&E LI~y RXITBNWT, BEO~ T A TIX
S0, HERET D EXICAEIRESZ DY D LW MEEOPERIFITEINGRD DLz, Z OfTHE)
%, MOEIFEEITEY & ik LT H KV BEEIC CP O HEDOHINC > THIZ S, CP 200
mg/kg TEHINZ Z DITEINFED LTz, TiLE TOREBRIZIT 2 W BEEATENZ W THER
RETEh 2 FEAE I L72FRIR 2 E TIES | SRIZHID TOMETH 5, MIEMERECRER
JAE BERE D Ky D B, RIS A 2B UL BERFES U < IXHEIR B4 1T IR A A 8k 3
L7028 HER E MO AR BB LTV D LS ST 5 39, SEIFED bV HEIRIFIT
R ED LD BRERAZRBL THWDONIFRHTH L2, BEOFA, b LITZDRAND
D E KL TNDHONE LR, F 7~ R—LOROEGIZE-> T, HEEKFN CP
P OVETR BIE TE) O B I HIER AR b, ZORRIT, ZnETICHiE SN TN D
FEfE CREF S LTo~ U AR ICxE 32 N 7~ R—/L O FEIER 90 L — ﬁ#é%@f%oto
HOBZ) 9 £ 0ICHT HERIZH VL O TH 7203, BEEWVITE, PRI TEY, IEERD
TENE. R T~ R— L OHEOEINAE- Tl < il 47z,

7y MERWIERETT, 7ARELE RETHEE 10 F 7 IMMFEZE 1V 12 K- TR LI HR
T~ R—=nA s 2 2 EBRHE SN Tn5, £7-, Pandita 5%, MHEER K O Z
v F T, F I F=ANENLEREFERICHRRA 2832 2 &£ 2R LTS 12, SE DR
Ty bEHAOWTERFHZBW T, T~ R—/LiX CP I X » T L7z BERFIR 2 TR S
TOMEMZR LT, 2OZ X, ZRETOWERER, N7~ F—2 CPBEMRICENTDH
PR H 23 21EEHT5 22" TH0OTH S, 4E, CP 300 mgkg Tlk~7 AD
CP OHERIEEOBIINCHR LT, F T~ F— VIZBf2MEIER 2 RS e hotz, Z OB &
LC. CPIZ L2 HEREELDOHEMMBIRNE D ThH o722 &, EROBBIZ X > T~ 7 ADIEE)
BRI LI bR ENEE LI ERE LD, FEEE CP % 200 mg/kg (2 L725A12IE,
k7= F—/Lid CP 2 X D HERIEE O 2 I L Tz,

kT~ F— v O, JERMEMH OERER & LE, pd 44 REFEICHT H1E
e o7 Ry etrm b=y (F/773Y) BRVAREEAREZEZOND Y, u-A
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B A A RZFREEEIIEOE /L b R iT CP #FFEM ISk 2 80m A 3182 Lo PEIRKH %
I 4142 35 Z EHE SN TBY . 72, B/ 7 I UVERVIAAREROT 2 aXtEF
t, CP #7850 30 oM RVEESR 49 123t 2 8HI/EM . s EhpEbel 3 2 #fEH 40 23
WEENTNWD, A, 841 FEFEO e XY U3, N T~ K=V OdERMRIEREER
I L2l nh F T~ R—v D p- A A A RZFRICHT DIEANES T2 Z &R
RIEINT, LLRRL, Trxy rCIEERIClfl SnihoZl b, E/T7IVF
VAL EER S 7~ R—L O REAIHEIERICBES L T\ 2 Rt & %, Pandita
HiE, RN T T v MZBT 25 F T~ F—/v 5 mglkg HARNEE 512 X 2 HEIR SO
ERIAERAWEZ& L b0 BOFnx Y 0.3 mgkg OFIRNE G TRl ne- &
WHELTEY 2, SEOROFEREFIET D, ZOEWIX, SEIOKREN, T O CP #%
etk 7 v P CHEESINZZ L EBBRTLIoN, Ly, b T~ F—1D CP #BRER. HE
PRECH TCHEIS R 2 88008 . HER O ITHEERREFIZ DWW TiE, BRDBERMNETH D,

F1EOMMELT, NI~ F— LI~ RZBWT CP#H»ER%EZ, 7~ MW TCP
FHHPER S OTCHE A INHI L7z, AlEl CPEERERIZ T2 b 7~ F—/LofERIE, BERERIC
FEDIERICHRT T DIRRIEORIRE DO —2 L LT, h I~ R—ARHEHATEDLZLE2RET5h
DTH D,
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B2E

PR RAEFM AL L COBXRIEMFER S v MNRUEHE

B 1 EICBWTL, b7~ R bR 5 5w B TE-OHE R B o B (BEJR)
EAEIT A EER L, ZOZ EIE, NI R LRI L DR E, £ L%
AU 2 BB AR O TTHEIC K A BRSO 72 £ O THEIRIBIEBICAEZN TH D 2 L 2R
THHLDOTH D, WIT, [T L FTEIREEETH D JRIEFIETHCIRIE % BT 5 MR O FEE
BRRIEFHREDOIEEIC L - Tl Z 2EMEREEE (SUD 1CkT 25 M I~ R—LOERZHE L
7eo SULIE, < LoAvi7e EDNFEDN A 28I L > TREERIZRPIRNDHEE T, 2
WWET, BT SUL T D HIEE L TEBRIC Lo a il T 2 7 IECIEN 2 EXUIR
T HIFENER &, FENFAMI I IRIFIREF O BEBEREE L 2 E 3 2 FIER AL TE T,
LorL, ZOHETIHSEN 2RI 2 Z L IR CThH -7, 2 ETIE, MEEZ » b
A, IEFERRITRIC K D P OB ANE BRI O JRIE O 225 OJFiLE (leak volume;
LV) ZHIEST 2 Z &Ik o TRIFINSERY 25 32 LVIEZ ML L2 2 L 2T,

BIRWER b= A7 R U IR AR RERER T 2 v 8T B LU 5-HT:
ZARRVERNSE WAY-161503 O FARN S 515 LV A0 S8, LV 351 SUL IRIRIEDOZN 1) % 18
IO EEINZEHET 2 HikE LTHATH D EE X BT,
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2.1 FEE

SULIEZ, < LA/ EONEED EA-T28EIC X FFRHIERNES EF L, BAE
DI RRIEASTEZ EED D Z &L TREEICRIFNL DB Z KB TH S 9, SULITLMHEICE
SHIE L, —MRICERALZEDK 20— 30%ICFBD LD & SN TED 40, ZOJFKE LTH
PEIZ X 2B 36 L OO E 40, L 40, ZHERLVECDIRT 9 28R H L 5D
TV, SULOIRE L L TIIRIER Y & 7 Fiiff, BRIEMGERR ERFEIThi, BED &
A, EUIEREITMBRALE ST & 2o TS 59, AP mE W SUL TEHE AN BRI
BWT, RN E L L2 SULTRFEIEKITRD 5TV A A O—>TH Y 50 SUI HH#SERH
FHEDT D OFAN FIETIEERRFHERE L 7o > T D,

) EBRIZ BT SUL 235 T 572012 I8 2 B D 2 WITFERICS LA il 2
SHET@WPEICEMNEEL BRI 5, 7003, 18EBEDH 2V FBENE A 118 L CTREe S BEREN
JE7 B S HER—RICHNGTEY | 20 ORI Z JRDNFIL S £ TINZ TR ORER
WJE (leak point pressure; LPP) 723 REEHIOFEIE & 7o > T 5 52759, SUL OEMET L & L

TIE, BRI SV — B A LU TERRT D IAREE T L0, SMREFERIT 2 3B L T\ D k2
MR EABET H2ETARENHRESINTEY 5%, Zhbo SULEWET LIV T LPP O
B NRBOH LTS 565D Fi= BN T SULTEEHR E LGRS TV D ERPERr h=
Ve JNVT R U BRIV IAREERTH DHRT 2 vkt F 0, JRIE R THIHEEH 2
95 o XBEBEBFILLPP % LA SEL Z &M STl 859 LPP 13 SUL &€
TV OFHIRLIEREFE DO VEH OREFHI A < Fv %hflﬂéo LU b, ERHEIZ L > T—
WPEICHEMENEZ BA-SE 2356 LPP ZHIET 5 72 DICITESATMS 2 2 L7205 b
VIR LR T 208X H 0, EXHKIZ LS LPP nﬂﬂﬁ/ff T OFI 72 S 12BN T, RREF
IR b2 2 2 2 L IZNEETH 5, SULTREEDIEH ORRRFRIZE(L A FHE T 2356 IBAES
BEE 2 8 U TR NN E 2 ES S E 258 I3 A A2 BIEICZ bS5 2 &
TE 50T, LPPHEIC LV RRF R ZI_—Z 5 Z ENARETH D, LarL, SULITER
LA E—mEDORIZ - THER IS Z &0 6, SUTICARN 2EH 2732 =T,
— PRI BT DR Z IR R D5 Z L ITEETH 5,

Z ZCARE T, —@MEORIIZIB W T HRRRFRIZ SULICxTT 2 Y O/ER 2 5HMii 3% 757
FEE LT, EAOEXTAKIZ L > THER I TS & (leak volume; LV) (235 H L, Hifg
T 2n ¥t F B IO 5 HT ARIEEHIE WAY-161503 2 FH T 60, Z b DY D LV 12
X DAEM &2 fEt L,

W, REORNFITBEIZHCIEL L TV D (5IHISCHK 69),
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22 ZEBMEB LU

221 @

8 - 12 A DO MEN: Sprague-Dawley 527 » b &2 L7,

222 FhEOHEE (Fig. 2-1)

Ty haevLZr 1.2 gkg B NEGIZTHEL, Fiiz T8-T9 L~ /L TUIKT 5 Z &I
L0 PR CEHT B D BT H AR & ORI 2 KT U, HEIR SO 218 0k S W 7=tk . MR R A
FEEOTHA (R (2t 2 EFTEXANEMmZ EE Lz, EHEN 1em EFEIBRL, RE
AR LI, T2 5 mm DL ZATRE LYW Lz, S OIZHEMIERNO V=2 — L&A
L7z, BIBAE A I B IEERSIRN WK D IS 2 MG Lz, W =2 — L2 bEIZA 1 mL @
AEEERATEAL, ZORET-EREOEEEEIRIIIL L EXAMSEEZRE L, EX
FIZ X > TR 7 AR IR IS RIC ) A, B RPCEHEEZHEL, LEE 1.0 &
LCRHE, 77225 1 g IR -AAERE 1mL & LTZOELZ LV & Lz, Eicks
LV Z b2 2035720 IV 28 10 - 20 uL & 72 5 X 9 1TEK & & (B R AIg A 1 % [
L. LV 2 ZET 5 F THEIGH 28 0 & U722 ICHEBE 2 # kM5 L. 10 52412 60 5
[ GF6l) LVOREETT o7z, ERIFHC, BEXMREOBEMANEORIE b7 72, Bk
WL 1 3B EICHRET L, 1 RBPIIERE~ 0 A B HEIR OB Th 7 b o T2,

e |0 1]

— om = L— | stimulator

Saline was leaked by
the electrical
stimulation. bladder

pressure
recording

1 s

measurement

Fig. 2-1 Measurement of leak volume in rats.
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2.2.3  MREENT

T — X OfFNTIX SAS 7' 7' F A Ver. 8.2 # VW TiTo 7o, 7 — X IXFEIRIZ I 1 5 FERIE
t U< IX LV B3RO FHM EAERERE L U CE LT, ARSI 1T 2 SRR 58 & 45
BB GREDOA BEEME 2 S EIEYE (Dunnett’s test) (2K V1TV, fERRER 5% A0 2 A &
= EHE LT,
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2.3 R

2.3.1 BRHRIEFERFWNEREFIEDOHESL

Frfihfil 2 1 S U, A2 — 0% 5 I URICEE L, il UL A B E 4 [BIZEE L
A CEEEA ST D L, WREEORME & HICERANEIZ LR L. 6 V T TN
J£1% 80—90 mmHg TZE L7z (Fig. 2-2A), F7o, HIPHERE 3—5 Vb aMIC LV b
BN L7- (Fig. 2-2B), WICEEZ 5 VICEE LRI B N T, il SV Ak A #0 S &
D EEENED B O IV OEEINAERD & v EMEN IR L 2 9 [Elff3r T (Fig. 2-3A) |
LV (3l v 2 11 [Tk & 72 -7 (Fig. 2-3B), BERENIE & LV ORE4% % Fig. 2-4 (2R L
7o —EDEMNEE TIX LV IZA LT, 40 - 100 mmHg & EAZEIZH 5 0D, —EDE
BENIEZ R 2 5 EEENIE O ERICEE S LV R8sz bz,

A B
100+
5 B 40,
I — ~
E 80 .%;/ % + + +
> / 2 304 +—
5 60- . /+/
? £
@ = 204 /
o 404 / g
E @ % /
o % S
§ 20 @ 10
= oo 0 e o—o
0 2 4 6 8 10 0 2 4 6 8 10
Voltage (V) Voltage (V)

Fig. 2-2  Alternations in intravesical pressure (A) and leak vokume (B)
response to changes in voltage.

Train: 4, Mean+S.E.M., n=4.
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Intravesical pressure (mmHg)

100 -
L 40
80 / }/ ‘+
_a-a- g 30 /
60 - % / " }/
€
/ 2 20- +/+/
40+ u >
/ E ¢
201 /'%' S 10 /
i
0- 0{eo—0—0—®
2 4 6 8 10 12 0 2 4 6 8 10 12
Train Train
Fig. 2-3  Alternations in intravesical pressure (A) and leak vokume (B)

response to changes in train.

Voltage: 5V, Mean+S.E.M., n=4.

rat 1
rat 2
rat 3 °
rat 4

d4Pboe

100 -

80 -
-
=

o 60+
e
3

C>> 40 -
X
I

L 20-

0 _

Fig. 2-4

20 40 60 80 100 120 140
Intravesical pressure (mmHgQ)

Relation between intravesical pressure and leak volume.

Train: 4, Voltage: 5V, Mean+S.E.M., n=4.
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2.3.2 HEBET2uXtF o BLOWAY-161503 DIRNVEICHT S 1EH

ERMNE A, PR 1 S U, A% — L 5 U, fili% v A[El$ 2—3 8], &
J£ 5V OFFHNTHEL, LV 10—20 uL & 725 X9 IR E L., BRIt F=> - /L
7 RLF U UERYARLER HET 20X F B X O 5-HTe 2 A REEIE WAY-161503
DOVER Z it LTz, e T = 0 v F 1% 1 mg/kg #RMNIE G TIXA S B 2R S e o
7eh. 8 mglkg OFRNEE G TITAEIC LV 2 S8 72, ZOERITREG#% 10—20 5% &
—Z7 & 1.60 \H%E,,\ BT HZOERITEHE L Tz (Fig. 2-5), WAY-161503 % 0.1 mg/kg
RN G- CHEICLV 2 S8z, TOEMIZ10-20 02 —7 L L, ZOHBRENIC
s L7z (Fig. 2-6) W7 = n ¥t F B LT WAY-161503 % 5:12 & - CTELMILI O 1%
PENIEIZZLITRE® Hivie o 7= (Table 2-1, 2-2),

40 - —O— Vehicle, i.v. (n=12)
—w— duloxetine 1 mg/kg, i.v. (n=8)
—e— duloxetine 3 mg/kg, i.v. (n=11)

20

Leak volume (% change)
e
4

o N
r}/ St

Time (min)

Fig. 2-5 Effect of duloxetine on leak volume in anesthetized rats.

Values are the mean percentage change resulting from the administration of vehicle or
duloxetine and the error bars show the SEM. The leak volumes before administration (ul) were

12.1 + 1.7 (vehicle group), 19.8 £ 1.9 (1 mg/kg group), 15.5 = 1.5 (3 mg/kg group). *P < 0.05 and
**P < 0.01 versus the vehicle group (Dunnett’s test).
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—O— Vehicle, i.v. (n=4)

40 - -~ —A—WAY-161503 0.03 mg/kg, i.v. (n=4)
— —m— WAY-161503 0.1 mg/kg, i.v. (n=4)
S
S 204
e
O
X
< 0=
) N 1 /%
g ]
S -20- ~i
> \ n
L
| '40_ \ "

'60 T T T T T T T

0 10 20 30 40 50 60

Time (min)

Fig. 2-6  Effect of WAY-161503 on leak volume in anesthetized rats.

Values are the mean percentage change resulting from the administration of vehicle or
duloxetine and the error bars show the SEM. The leak volumes before administration (ul) were
17.3 + 1.7 (vehicle group), 18.0 = 2.5 (1 mg/kg group), 15.0 + 1.7 (3 mg/kg group). *P < 0.05
versus the vehicle group (Dunnett’s test).

Table 2-1 Effect of duloxetine on intravesical pressure in anesthetized rats.

intravesical pressure change (AmmHg)

duloxetine, mg/kg 1.v. 10 min 20 min 30 min 40 min 50 min 60 min
0 (vehicle) -1.1+06 -09+08 -02+1.0 -1.7+12 -15+15 -1.8+18
1 -0.4 £ 0.6 0.2 £ 0.6 -0.8 + 0.6 1.0 £ 0.9 1.3 £ 1.2 14 +14
3 -1.6 £ 1.1 1.5 £ 1.1 -2.6 £ 1.2 -23 +£1.3 -3.0 £ 1.6 -3.6 £ 2.1

The values before administration: 68.03 £ 5.36 mmHg — 72.63 + 4.59 mmHg. Mean+S.E.M.

Table 2-2 Effect of WAY-161503 on intravesical pressure in anesthetized rats.

intravesical pressure change (AmmHg)

WAY-161503, mg/kg i.v. 10 min 20 min 30 min 40 min 50 min 60 min
0 (vehicle) 09+ 1.2 -1.0+ 0.6 -09+ 1.1 -1.4 + 0.6 -1.0+ 1.6 -3.0+ 1.0

0.03 -1.0 £ 0.1 -0.2+£ 0.8 -1.1+£ 1.8 -1.8 £ 2.2 2.3+ 1.3 1.9+ 1.8

0.1 0.9+ 09 09+ 15 1.1+ 1.2 -1.0+ 1.9 1.5+ 21 -0.6 £ 2.5

The values before administration: 95.10 + 10.88 mmHg — 95.73 + 12.93 mmHg. Mean+S.E.M.
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24. EZ

7 v MEFOBEXAELIC L 2 —@EOBEMEANITE EFIC X > T Z 2BERNICEA LA
HAEERORNLE (LV) 2RI, EEMICI A5 2 EOTE D HHHMETE LV IE) Zh6
S LT, HSS e & ORFETEFEICITV, 60 DL E—ED IV AR T DO TE LR MNE
R Uiz, IVIZEERZ LI —EOBEMNEZ B2 5 L 28I L3570, SNz L
oIV &7 D Ko, EER LRI L AR ZRE Lo, G Tl Ga11 5 60
EETIVHAEELTEY, EYOFFMNARETH L 2 EBNbh -T2,

HWEET = 1 v F 1% SULIAWEIK & LT 2004 4E RN TEARE Y IFlekr b= /L
7 R U CHBUAAERTH D ¥, HWEET = v X tvF 1%, FHERTAOA X 78 L TR
5wmﬁ%¢m@/f7x%w BWTEr b= KR/ VT RLF Y OREEZEDDZ

TR VG ML U TEPEL U 7o PRt ahie 3 bR 1 J8 B O S R B HO ) 2 18 Mk U TR
_t_éﬁ@ﬁﬂ%%<E%@éhf“ém%5ﬁﬁxﬁW##% Ko THEBRT 2nxtF
> DA RIEFEFRIFHIEMEAL S — BRI S D Z & 59, FRETA DA X 71213 5-HTe Z BN
EHEBLL TS Z L 2 X5 5-HTe ZAMIFEEIEEN 7 v MREFEKMZ21EME L L, JRIEN
& EH&E2 02 b, HET 20Xt F o ORBHIMERERICB O T 5-HT Z/ED
BGNREBESNTND, LVIEIZBWT, HiET = v %8 F v KO 5-HTe A RIEB KD
me1m5mzifmﬁﬂ@ﬁﬁﬁﬂﬁwr‘BWE%5KE5 L7 < LV & S8, LV £y SUIL
IR ORI, EEMNRIENFHI AL 720 95 Z L Rbhotz, £z, LVIETIEH, —id
PEDOBELKALIC L 5 LV ICH T 2T = 0¥t F 2 & WAY-161503 D HEh R R O ¢
WX DHZENTET, ZOIEMFHERRIOEWL, 26 OHEMOERETFIZE S DN
L7,

SUL iX, < LoAe DX 5z ﬁi@ﬂ&ft L8N % < 4 SUL ISR %38
W OIH R A T T HI2iE, —IBEORKIC X 2 RISV T 2 ER 2 /MFtd 5 2 & 23R R
%T@éo%%\%ﬁﬂ@@iOﬁ—ﬁ%ﬂ@fﬁ%thM%ﬁwﬂwbkwfﬁ SUI i/
PEILDHGNFAM I L O SUL 3hE 7 /L ORI I L BB ZRITR IR B A 25 b ST B & Rl & 17
IMER DY | FNORRFHIEALOFMAREE T - 7223, 4 ElD LV L Z ORES % LV
DPE E NI FLWHIETRAR LTz, F£7o, FEBEO SUI OREKFIIZHB W T, /Sy R7 X B
EMEN D PRIFIVEORE FIENMER S 528 660 LV iE1E/8y KT A M LA UL JREND
DIFNEZTET S EVIBLARND S N E TIZR WK VEMET L E S X5,
LV ik & LPP L, ZNENOFETIED & OBEHRE WV OEWIZ DWW THRFTT 5 2 & N4 % OFE
BETH D,
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A IEIESE L7z LV 513, LPP {5 & & §1C SUT InBEE D JRESHIGHmIZ 06 L7271k L 720 9 %
LOTHY, HIFEICBVWTL, WVEZGLEEORBRZMAGDELZ LT, FI~v F—
IV DRREEHNC AT D /B Z2 it %,
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HIE

I~ F—ERIBED T v bIREHIERE T S /EA

FI~ F— gl (M7~ F—/L) OTFEREEREIZSTHFEHE LT, ZhETIZ,
7 v NOYERKE 26T 5 Z EnwEshTns, F2, F1EBWT, F I~ F—ANR
FERER B OBIR ZMHIT 52 2R Lz, LML, THET, F T~ F—/LOREEHIBEEEIC
ST AIERAORBRFII TR TWehotz, 2T, B 3ETIE, b T~ F—/LOREEHIEREIC
T HIEHORE 2, BT 7~ hERAWT, 1) JRENE, 2) IRHEEEREEES X0 3) &
SALAE R X DI EERIZIC L T o7z, 72, lktgel LT, ERTLr e xOIER%Z
Et L7z,

kT~ R—/VOFARNEG- X, JRENEFS X OBEBREEEEEC X 5 i Rpss DR i 2 F
a4, BRI OIRNEZ D S, b7~ R—uZ L5 RBEREEETE O ESF/EM
BIORAEOBAEMIL, FrXx Y o OHiE G TRAICHER Lz, /Lt XOFIRNEKEEIZ
E o THRBRICIRNEMETE DO LR B IR EORD ZRBD v, ZNHOERITA A A R
SZREFERE DO T v N ko CRABICHER SN,

LEDRERNS b T~ F—UE pd B4 A RZREREI U CRIEFIMAEZ iR S ¥ 2 (E
MEETHZEWNRBENT,
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3.1 &=

BE . BRMICEWT (BE) Brholoihh, BRIEmBER S RiEEZ X 25 Z & T,
JRIEVFEE D, Whwd TIRESHIFERE] MBI, KAWL DEHNTND W, JFEMRE
%(&H)m\; BRI 2N HPEO N, 72 & CHL Ao VIBEATE D T2 LItk -

CIRIEE D ELEO LN RV EIERDD DL L - TR Z R Z 5% E T, LT

RO R Tl L<BOHBND 19, ATl B ZREAEEOE R Lo 7T a—/Lin
&H;ﬁﬁéﬁm%%oﬂ ZOERIXIRERN T, BRIIR ORI 245 5 72 DIZITIRIEAR Y
T RIEEZ B Y LT 2515 7 EOFMBEEDHiEL INTWD 0, 20O XL 9 RN
PREEHIBERE 2 A 2 3 M)Ak LT\ %,

PRESHIBSRE 2 -3~ 2 ik & LCiE, #EMET » 2 AW TIRIERNEZJIET 5 5ESCL L
2o KRNI K B i HH g DR R I 2 I E - 5 FIEN— X Th 5 10, Tz, &5 2

BIZBWORLEL 21T, BT, o< Le&ae 8 SUL 0L % 5 2 —#EORMIZ L 5
ﬁm%ﬁﬁ%_%zé_k%amkbf\@%wﬁﬁﬁ@ Lo THEREINDwNEZET
D EEMEET v FTCTHRICHESL L, Eu b= V7 KLU U AAERDT =
1%t F X 5-HT ZAEIEEN K D WAY-161503 RN EZ D S5 2 & 285 L7z 69,

%3 ETIX, IREHKEIZHT HIERHZAOMNITHZ EE2HIE LT, FFllcisr L
ETNEEGTL 3 ODT v MEHWERHMEFE JRENTE, IRHEEEBEEMELE, Fivd) <. b
T R=nVOEREZR LTz, £7o, A1 RZREOEE ZRFT 5720, pwA 41 R
SZRBEFFEOE /L R, BILOAEA A FEFUERO T 1 % v o ORI 5 O H IR DR E T
B L ORIVERICH T D ER A MG L7z,
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32 ZEBMER XU

321 BEW

FERIZ 1 8-12 Hls SD RMEM:Z ~ b &2 =,

322 Ty MNRENEDCHIE (Fig. 3-1)

Ty e L X 12gkg HTFHEGICTHEEL, BERICEHMICEE L, FEHZIEF
DB L7-%%. BEita @ S, R 2R <P & X TIEMENET R IR & (RO ~FEHH S8 7%, wif]
DIREZEYWR LTc, ~A 7 aF v T ERNT VAT a—H =% REODPDERN~FEAL, IR
EWNERER &R EEBLORENEZ Y b —/LE Y a—/LE AT, —HERER D
JRIEOETH &R\, FE, NIV AT a—H—ZBEHRN~FA L, @mARET E Tl &4k
. BE L, JRIENER, L7/X71—%—:/bu—w1 v NENLTCERENT T
WX VS E2%, L7 Fa—F—IZiek Lz, ZE LIZRERNENMG N2 & 2R L
7ot BRME A FIRNE G L, B 5R121IC8T D IRIENEOZELA TRk LT,

control

unit amplifier

[m]
[m]
[m]
a

00
oooo

(o]
(e}

NO

microtip pressure
transducer e
in the urethra N/

Intraurethral
pressure
recording

Fig. 3-1 Measurement of intraurethral pressure in rats.
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323 7y MRHEBMBEEOHE (Fig. 3-2)

BWE LA 1.2gkg 2 FRGICTHEEL, BHZ T8—T9 L)L TUIKI§ 5 Z iz k
DHER IS 2R ST, BALCEE L, JE T VAT o — W — AR Tz L7iE
FEICEN > TN h=a—VaHALLE, T=2— LB EEICK 0.4 mL OEBSEIR A
HEALTIREE T, Jiang & O JFE ™ (ZHE - TAROMEEZ W T TN Hdp-< b &
JEiE LTz, FEBRRRZAEZB T2, Mile W EBIER—OEBRE TV, JEETH %A I

TIETEXBRVE—T D LI LT, KEADSABRBERNRNLZFOREKANE (LPP) %
éEﬁ7V7T%@LTV7%3~&~_£ﬁLkouw@fﬁ#ai%ﬁ@ﬁﬂ i LB
Li=th. 9BV &2 5 RNICEES- L, 10 0412 30 ol 7213 60 0 (<., &F 3[aE
7zix6E) WEEIT-T,

/ ampllfler

The bladder was 35

gently pressed by a / 2 T
cotton bud. ~ _ press
\ bladder
©

i
oooo)
oo

Clei=]
0

0@

ress
P | pressure
. o recording

Fig. 3-2 Measurement of bladder leak point pressure in rats.
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323 Ty MRHEOHE (F2EHEZM)

JEREE S X AIRHE (LV) RIEICHOWTIEE 2| TRLE, Thbb, v b %
UL R L, FhiA T8—T9 L~ L TEIWT§ 2 Z L2 X 0 PR B 5 EATHR D
DOFRRIE A HEWT U, PEREU & TH R S 7212, NEERRRIR ST I oD 7 A L FEAR 2 [ L 7=,
S OICHERMZEFEIR L, REZFEE L%, RELTB L, Bt =2 — V&AL
%, YIBHER 0 0 BIED RN R WK D ITEM A S Lic, I =2 — L BEMISK 1 mL 4R
BHIRAZTEA L, ZORE CESHEEER 2 AW T EEDRNFN 2 BEXANESM 2 ma L
7o BERAIZ L - TR RITERIC R A, BT KB CEEFMEL, WES 1.0 &
LCHEAE, T2bb1gDREZ 1mL & L TRED NS OAEBRIFEROWNES LV & Lz,
LV 23 15 LR & 725 X 90, R Z L ICEXANES 2 EE LTRE T, LV N LET H %
CEEIGH 24 0 K U7t $EE &2 B ARNICEE G- L. 10 9412 30 70 & 721% 60 4y fil(Z
eI, B 3EIFEIL 6 EDREZITo7o, BERENOABREEIRIL 1 3B L, 138
HEE R~ D AEBLE IR O B INEAIT TR0 o 1=,

3.2.4 HREHENT

T — X DML SAS 70 77 LE W Tole, 7 — 2 I ERICBIT 2 IRIEENEZA
RONWEJE AFEHERR S LPP Z RO AR HERRE S L <13 LV 2RO P E IR UERR
72 & LTHE Lo, MR SIS 2 AT -7 & g B 1 58 O B 2 RE & 25 8 ik
(Williams test ¥ 7213 Dunnett’s test) (ZX DTV, fERRE S % ARWlE AEAEZH D L HEL
7
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3.3 MR

3.3.1 T v MREWNEIXT HIEH

JRIEOMNBERA~FA LT~ A 7 aF v T ENT VAT o ——Z BRI 5 JRiE O
FTHI RN, BEEALGRIC B WEZ R THIS N H VO . ZORIRIENEITFECNIC TREL
7o B, NTUAT a—H—ZBNA~TFA L, SNREFENH A ZE T 2 L& 2 b DAL
RIS ECHl & &, BE L7 (Fig. 3-3), b7~ K—/ (1,3, 10 mgkg) ZFIRNE S5
5L, WHEENORENEN EF L (Fig. 34), I~ FR— kA RENEDOEE L
FAERITRE#% 50428 —2 L LT 1mgkg X0 EIEZ S, 3, 10 mglkg & AR HEN
TER OEEN B bz (Fig. 3-5), b7~ F—/L 10 mg/kg 52BN TIZDOJRIENE E
FAERIIHRE#% 20 ICBVWTHOAEERLD TH- 1=,

Pressure sensor indwelling point
( distal urethra)

A Urethral orifice
Bladder neck

20 mmHg

Functional urethral length

Fig. 3-3 Changes in urethral pressure from bladder neck to urethral orifice.

Lefta : Bladder neck, Righta : Urethral orifice,

¥ : Pressure sensor indwelling point (measurement position) .
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vehicle

tramadol 1 mg/kg

r—
e

N

—
W _—
i V———

tramadol 3 mg/kg
tramadol 10 mg/kg

W——-—wz_, -

Fig. 3-4 Representative recordings of intraurethral pressure in anesthetized rats.

Arrows indicate the time of injection of vehicle or tramadol. Intraurethral pressure was
monitored for 2 min before and 10 min after drug administration.

—O— vehicle
© 251 —A— tramadol 1 mg/kg
=4 —m—tramadol 3 mg/kg
e 20 —&— tramadol 10 mg/kg
© HR
ST H\‘}**
g n \%*
* 3%

= i :
-o'Ct /é %-”J‘—‘t—i
o 0- ‘——/’(Jf
2
o
E '5 T T T T T T T

0 5 10 15 20 25 30

Time (min)
Fig. 3-5 Effect of tramadol on intraurethral pressure in anesthetized rats.

Values are the mean percentage change resulting from the administration of vehicle or
tramadol and the error bars show the SEM. The intraurethral pressure values before
administration (mmHg) were 12.2 + 1.3 (vehicle group; n=7), 12.0 + 1.5 (1 mg/kg group; n=6),
13.1 + 1.3 (3 mg/kg group; n=6), and 13.1 + 1.3 (10 mg/kg group; n=7). *P < 0.05 and **P < 0.01
versus the vehicle group (Williams test).



3.3.2 7 v MRHREMRERMEEICR T 5/EH

PRI A o ST AR T oK D LIEIRT D & BENIES EH L, —

£ (R RE LR ) LPP) (2 L7RE, JRIED 2 GABREERORNERDZ, FIF~v K
—/L (1, 3, 5 mg/kg) OFARNE G513, LPP # LR S8, £ K EA#FIL, 1 mgkg T 8.05%

(20 min) . 3 mg/kg T 9.34% (10 min) . 5 mg/kg ClE 14.08% (10 min) T& - 7= (Fig. 3-6-A),
ELEX (1,3 mg/kg) DOFEARNEE LS LPP # LA &%, TOERIZ NI~ F—L X0 b Ff
FITH Y . mRKEAFRIT 1 mg/kg T 14.86% (40 min), 3 mg/kg T 26.78% (20 min) TH
~7- (Fig. 3-6-B), A4 A R Fux Y (1 mgkg) % 5 ORI F#E L7,
k7~ K—/v 5 mglkg X VE/LE X 3 mg/kg fFlkNEBE G2 L 5 LPP EF/ERIFHEL L

(Fig. 3-6-C),

—O— vehicle
< 20+ —A— tramadol 1 mg/kg
A > | —m— tramadol 3 mg/kg
cd ——
£ 15 T** v— tramadol 5 mg/kg
e\o/ | I\
D) 10_ * *%*
5 x
ﬁ "\
= 54
S
£
) P
4
&
_I -5 T T T T
0 10 20 30
Time (min)
—O— vehicle
B 40+ —A— morphine 1 mg/kg
—m— morphine 3 mg/kg
30 -

101
N
oa<§<§/ A

-10 T T T T T
0 10 20 30 40 50 60

Time (min)

» /\V“/
A %
¢

Leak point pressure (% change)
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30- —O— naloxone 1 mg/kg + vehicle

C g —w— naloxone 1 mg/kg + tramadol 5 mg/kg
c ] —m— naloxone 1 mg/kg + morphine 3 mg/kg
8 201
o <4
S 10- I
o ]

2 01— |l
§ 0 wx ;‘ —
S I \
a - -
= -10- e
S ]
a
v -20 -
© ]
S 30
0 10 20 30 40 50 60

Time (min)

Fig. 3-6 Effect of compounds on bladder leak point pressure in anesthetized rats.

Values are the mean percentage change resulting from the administration of vehicle or
compound(s) and the error bars show the SEM. A: Tramadol. The leak point pressure values
before administration (mmHg) were 55.8 + 2.3 (vehicle group; n=8), 42.6 + 6.5 (1 mg/kg group; n
=4), 54.6 + 2.5 (3 mg/kg group; n=8), and 56.5 + 2.6 (5 mg/kg group; n=8). B: Morphine. The leak
point pressure values before administration (mmHg) were 55.1 + 3.5 (vehicle group; n=8), 51.5
+ 3.6 (1 mg/kg group; n=8), and 52.1 £ 5.3 (3 mg/kg group; n=4). C: Tramadol or morphine with
naloxone. Naloxone was injected s.c. 5 min before drug administration. The leak point pressure
values before administration (mmHg) were 49.3 + 2.7 (naloxone 1 mg/kg + vehicle group; n=4),
41.9 + 2.7 (naloxone 1 mg/kg + tramadol 5 mg/kg group; n=6), and 47.7 + 2.2 (naloxone 1 mg/kg
+ m)orphine 3 mg/kg group; n=4). *P < 0.05 and **P < 0.01 versus the vehicle group (Williams
test).
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Fig. 3-7 Effect of compounds on leak volume in anesthetized rats.

Values are the mean percentage change resulting from the administration of vehicle or
compound(s) and the error bars show the SEM. A: Tramadol. The leak volumes before
administration (ml) were 18.8 + 1.8 (vehicle group; n=8), 14.8 + 1.6 (1 mg/kg group; n=4), 19.9 +
1.5 (3 mg/kg group; n=8), and 23.4 + 3.0 (5 mg/kg group; n=8). B: Morphine. The leak volumes
before administration (ml) were 11.7 + 0.9 (vehicle group; n=8), 12.0 + 1.9 (1 mg/kg group; n=4),
and 14.8 + 1.1 (3 mg/kg group; n=4). C: Tramadol or morphine with naloxone. Naloxone was
injected s.c. 5 min before drug administration. The leak volumes before administration (ml)
were 13.3 £ 2.6 (naloxone 1 mg/kg + vehicle group; n=4), 14.2 + 1.9 (naloxone 1 mg/kg +
tramadol 5 mg/kg group; n=6), and 16.4 + 1.5 (naloxone 1 mg/kg + morphine 3 mg/kg group; n=
4). *P < 0.05 and **P < 0.01 versus the vehicle group (Williams test).
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Fig.2 Predictable schema shows the role of tramadol in micturition relfex.
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