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bers have not been clarified in patients with type 2 DM. -
The GK rat is a widely accepted, genetically determined
‘rodent model for human type 2 DM.2° This rat is char-
acterized by nonobesity, early and mild insulin resis-
tance, later abnormalities in insulin secretion and mod-
est hyperglycemia,*

Previous studies in GK rat bladders revealed that
contractile responses to CCh, adenosine-5'-triphos-
phate and EFS changed significantly under age de-
pendent conditions.!?® Another study was done of
functional, structural and molecular changes in the
peripheral (sciatic) nerve and dorsal root ganglion in
GK rats.' However, to our knowledge no investiga-
tion has focused on bladder afferent nerve function
in this type 2 DM rat model. Therefore, we investi-
gated longitudinal changes in lower urinary tract
function, especially sensory function, using GK rats
as the type 2 DM model..
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- METHODS

Experimental Animals and Design
We used adult male rats, including 16 Wistar rats as
controls and 16 GK rats. The rats were maintained under -
standard laboratory conditions with a 12:12-hour light-
dark cycle, and free access to food pellets and tap water.
The protocol was approved by the University of Tokyo
Graduate School of Medicine animal ethics committees.
Eight rats per group (CLEA Japan, Tokyo, Japan) were
obtained at 4 weeks old. Every 3 weeks until age 14 weeks
and every 6 weeks from ages 14 to 44 weeks body weight
and 24-hour FV data were measured. In addition, at
around 1:00 p.m. the rat was placed in a warm (38C)
restraint cage, and heart rate and blood pressure were
measured while conscious by tail cuff plethysmography
using a BP-98A-L device (Softron, Tokyo, Japan). Subse-
quently, the blood glucose level was determined in hlood
obtained from the tail vein using the Glu-Test Every dis-
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Figure 1. Changes in body weight (A4), blood glucose (B), 24-hour food iniake (C), heart rate (D), and systolic {£) and diastolic (F) blood
pressure during development from ages 5 to 44 weeks (w). Blue curves indicates 8 Wistar rats. Red curves indicaies 8 GK rats. Single
asterisk indicates significantly different vs Wistar rats (unpaired Student i test p <0.05). Double asterisks indicate significantly different
vs Wisiar rats (unpaired Student t test p <0.01). bpm, beats per minute.
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- posable glucose test sensor (Sanwa Kagaku Kenkyusho,

‘Tokyo, Japan). At age 46 weeks CMG was done and CV
was measured.

After the rats were sacrificed by an overdose of anesthe-
sia, the bladder was isolated and bladder weight was mea-
sured. Isolated DSM contractile function was evaluated.

Another 8 rats per group were obtained at age 8 weeks.
At age 10 weeks all mentioned experiments were per-

formed in these ammals

" Measurement
Frequency-volume The rat was placed without any re-
straint in an MCM/TOA-UF001-006 metaholic cage (Mit-
subishi Chemical Medience, Tokyo, Japan) for 24 hours to
adapt to the environment. Due to a specially designed net,
this metabolic cage can pass urine separately from feces,
enabling precise measurement of voided urine volume.
After 24-hour adaptation voided volume, voiding fre-
quency and water intake volume were recorded using a
PowerLab® data acquisition system continuously for

24 hours starting at 9:00 a.m. The rat had free access to
water and food during recording.

Cystometry. The rat was anesthetized with 30 mg/kg
pentobarhital sodium intraperitoneally. A PE-50 catheter
(Clay-Adams, Parsippany, New Jersey) was inserted in
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‘the bladder through the dome and secured. ‘Continuous

CMG was performed in conscious rats 4 days after sur-

. gery. Each rat was placed in an MCM/TOA-UF001-006

_ metabolic cage for at least 2. hours to adapt to the envi-
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ronment. The bladder catheter was connected to a DX-100
pressure transducer (Nihon Kohden, Tokyo, Japan) and a
KDS100 microinjection syringe pump (Muromachi, Tokyo,
Japan) via a 3-way tap. Room temperature saline was
continnously instilled in the bladder at 0.08 ml per min-
ute. Intravesical pressure and voided volume were ve-
corded continuously using PowerLab. All cystometric pa-
rameters were averaged for 60 minutes after pressure
curves stabilized.

Conduction velocity. After CMG, the rat was anesthe-
tized with urethane (1.2 gm/kg intraperitoneally). The left
pelvie nerve was dissected from surrounding tissue prox-
imal to the major pelvic ganglion and placed on a pair of
silver electrodes. Fine filaments were dissected from the
left 1.6 and S1 dorsal roots, and placed across shielded
hipolar silver electrodes after laminectomy. Clearly differ-
ent unitary action potentials of afferent fiber originating
from the bladder after pelvic nerve electrical stimulation:
were recorded. They were identified by the Spike2 impulse
shape recognition program (Cambridge Electronic Design,
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Figure 2. Changes in 24-hour voiding frequency (A), 24-hour total voided volume (B), 24-hour mean voided volums (C), 24-hour mean
urinary flow rate (D), water intake volume during 9:00 a.m. to 9:00 p.m. light cycle (E) and 24-hour water intake (F} during development
from ages 5 to 44 weeks (w). Blue bars indicate 8 Wistar rais. Red bars indicate 8 GK rats. Pound sign indicates additional 8 Wistar and
7 GK rats. Single asterisk indicates significantly different vs Wistar rats (unpaired Student t test p <0.05). Double asterisks indicate
sngnlflcantly different vs W)star rais (unpaired Student t test p <0.01).
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Cambridge, United Kingdom). CV was calculated from the
response latency to electrical stimulation and the conduc-
tion distance between the stimulation and recording sites.
Fibers with a CV of more than 2.5 m per second were
designated AS fibers and those with a CV of less than
2.5 m per second were designated C fibers.™*

Isolated DSM contractile function. The rat was sacrificed
and the bladder was removed. After measuring bladder
weight, bladder strips was separated equally (approxi-
mately 1 X 1 X 5 mm) from the bladder body longitudi-

nally. Isolated DSM strips were transferred to 5 ml organ

baths containing Krebs solution, composed of 118 mM
NaCl, 4.7 mM KCl, 2.5 mM CaCl,, 12.5 mM NaHCO;, 1.2
mM KH, PO,, 1.2 mM MgSO,, and 5.55 mM glucose. This
was maintained at 37C, and bubbled with a mixture of
95% oxygen and 5% CO, to achieve pH 7.4. The strip was
attached at one end to a tissue holder and at the other end
to a Type 7923 force displacement transducer (NEC
San-Ei Instruments, Tokyo, Japan). Data were recorded
and analyzed by PowerLab. The strip was stretched until
1 gm stable tension was achieved. After the 2-hour equil-
ibration period, the experiment was started by exposing
the strips to high K* (62 mM) Krebs solution. The K*
Krebs solution was washed out and contraction was
evoked using the muscarinic agonist CCh (1075 to 1073 M)
(Wako Chemical, Tokyo, Japan). The final concentration
of CCh was added and the strip was washed and left
undisturbed until baseline tension was regained. Fre-
quency-response data at 2, 5, 10 and 20 Hz were then
recorded with EFS (pulse width 0.8 millisecond, 50 V,
5-second duration and 1-minute stimulation interval).

Statistical Analysis

All data are shown as the mean = SEM. Results were
analyzed using the unpaired Student t test for between
group comparisons and the chi-square test to compare the
Ad-to-C fiber ratio using CV measurement. Statistical sig-
nificance was considered at p <0.05.

RESULTS

General Characteristics

Compared to Wistar rats, GK rats showed lower
body weight and higher blood glucose throughout
the observation period (fig. 1, A and B). Food intake
did not significantly differ between the 2 groups
throughout the observation period after age 11
weeks, although slight variation was noted during
the first 8 weeks (fig. 1, C). Mean heart rate and
blood pressure parameters did not significantly dif-
fer between the groups (fiz. 1, D to F).

Measurement

Frequency-volume. Upon analysis of FV measure-
ment during the total of 24 hours, voiding frequency
was significantly lower in GK than in Wistar rats. In
contrast, mean voided volume was significantly
greater in GK rats throughout the whole observa-
tion period. Total voided volume, mean urinary flow
rate and water intake volume during the total of 24

hours did not significantly differ between the groups,
although in each these values tended to increase with
age (fig. 2). Similar tendencies were observed when
the corresponding values were divided by light and
dark cycles, except water intake volume during the -
light cycle, which was significantly less in GK rats

(fig. 2, E and data not shown). :

Cystometry. No cystometric parameter analyzed
showed a significant difference between the 2 groups
at age 10 weeks. At age 46 weeks peak pressure in
GK rats was significantly lower than in Wistar rats,
while GK rats had significantly larger bladder ca-
pacity and voided volume, and greater bladder com-
pliance than Wistar rats (see table). Post-void resid-
ual volume was minimal in each group at ages 10
and 46 weeks.

Conduction velocity. A total of 3,877 single unit
afferent fibers were isolated in a total of 28 rats,
including 3,028 units from the 1.6 and 849 from the
S1 dorsal root. CV did not differ between GK and
Wistar rats at age 10 weeks (mean 4.48 = 0.16 vs
4.47 *+ 0.20 and median 2.20 vs 2.10). However, it
was significantly slower in GK than in Wistar rats at
age 46 weeks (mean 3.64 = 0.17 vs 7.13 = 0.37,
p <0.001 and median 1.62 vs 2.15, fig. 3, A). When
fibers were classified as Ad and C fibers, the propor-
tion of Ad fibers was significantly lower in GK than

CMG parameters and bladder weight in conscious Wistar and
GK rats at ages 10 and 46 weeks

Wistar GK
Age 10 wks
No. rats 8 7
Mean = SEM CMG:*
Basal pressure {cm H,0) 584 =061 510 =057
Micturition threshold (cm H,0) 1258 =077 10.72 =080
Peak pressure {cm H,0) 4706 =293 4157 = 356
Bladder capacity (ml) 1.27 =010 115 =0.07
Voided vol (ml) 129 =007 1.28 =0.08
Bladder compliance {ml/A cm H,0) 0.108 = 0.008 0.115 = 0.010
Bladder wt:
No. rats 8 8
Mean = SEM (gm) 0.146 == 0.005 0.192 = 0.026
Age 46 wks
No. rats 7 8
Mean = SEM CMG:*
Basal préssure (cm H,0) 6.00 =047 539 =043
Micturition threshold {cm H,0) 1313 =044 11.14 - = 0.56T
Peak pressure (em H,0) 4762 =250 36.66 = 1.83%
Bladder capacity (ml) 167 =0 247 = 0178
Voided vol (ml) 177 =012 263 = 0271
Bladder compliance {ml/A cm H,0) 0.131 = 0.011 0.226 = 0.015%
Bladder wt:
No. rats 8 8

Mean = SEM (gm) 0.245 = 0.017 0.220 = 0.015

* Bladder capacity = intercontraction interval X saline instillation rate and
bladder compliance = bladder capacity/{micturition threshold — basal pressure).
1 Significantly different vs Wistar {unpaired Student 1 tesi p <0.05)..
¥ Significantly different vs Wistar (unpaired Student 1 test p <0.01).
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Figure 2. CV results (A), and ratio of As (light gray bars) and C (dark gray bars) fibers (B) in each group. w, weeks. Asierisks indicate
significantly different vs age matched Wistar rats (unpaired Student t test p <0.001).

in Wistar rats at age 46 weeks (32.7% vs 44.2%,
p <0.001) but not at 10 weeks (44.0% vs 40.8%, fig. 3, B).

Isolated DSM contractile function and bladder
weight. The contractile response to high K™ or EFS
did not significantly differ between the 2 groups at
age 10 or 46 weeks. The response to CCh in GK rat
bladders was significantly weaker than in Wistar
rat bladders at age 46 weeks but not at age 10 weeks
(figs. 4 and 5). No significant difference in bladder
weight was found between Wistar and GK rats at
ages 10 and 46 weeks (see table).

DISCUSSION
GK rats had higher blood glucose and smaller body
weight than age matched Wistar control rats through-
out the observation period, although food intake did
not differ significantly between the groups after age 11
weeks, These findings are consistent with previous
observations.**® The groups did not significantly dif-
fer in cardiovascular function. Previous studies re-
vealed mild cardiomyopathy in GK rats,*'" which is
generally in line with our data.

We investigated lower urinary tract function in
GK rats. For FV measurements the most remark-
able differences between the groups were larger

voided volume per micturition and less voiding fre-
quency in GK rats. Voiding frequency in the Wistar
group was more than that reported previously.'®
This contradictory result may have occurred due to
the different experimental setup. We used a meta-
bolic cage with a special net that allows urine to pass
separately from feces, thus, enabling more precise
measurement of voided urine volume. On the other
hand, neither total voided volume nor water intake
volume significantly differed. These results suggest
that bladder sensation in response to bladder dis-
tention may be impaired in GK rats.

To clarify this speculation, further experiments
were performed using CMG and CV measurements.
Although we found no significant differences in any
CMG parameters analyzed between the groups at
age 10 weeks, at age 46 weeks GK rats had larger
bladder capacity and voided volume, and greater
bladder compliance than age matched controls. In
accordance with these CMG findings, GK rats
showed significantly slower CV of pelvic afferent
nerye fibers at age 46 weeks but not at age 10 weeks.
There were large variations in CV data but such
variations were also observed in our previous re-
ports.?22 These CMG and CV measurements in -
GK rats further indicate the progression of sensory
dysfunction associated with type 2 DM.
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There was a discrepancy between FV measure-
ments, and CMG and CV results in 10-week-old
rats, ie we found a gignificant difference in FV but
not in CMG or CV. Possibly the artificial conditions
during CMG and CV measurements, such as in-
serted catheters, intravesical saline instillation and
urethane anesthesia, affected the results and ob-
scured the difference detected by FV measurements,
which was done under more natural conditions.

Previous studies in STZ induced DM rats showed
increased bladder capacity, voided volume, contrac-
tion duration and post-void residual volume, sug-
gesting bladder sensory impairment and detrusor
underactivity.?*#?®* We found similar findings sug-
gestive of bladder sensory impairment in GK type 2
diabetic rats, as mentioned. However, we also found
significantly lower peak pressure during voiding in
46-week-old GK rats. This may represent detrusor
underactivity, although no significant increase in
mean post-void residual volume or decrease in mean:
urinary flow rate was detected. Murakawa et al re-
ported that 2-month-old GK rats showed normal
nerve CV and no morphometric abnormalities in the
sciatic motor nerve, while in 18-month-old GK rats CV
was decreased to 76% of control values and there were

loss of small myelinated fibers, atrophy and loss of
unmyelinated axons, and an increased frequency of
regenerating fibers.!* In agreement with this previous
report, our CV measurements revealed that bladder
afferent nerve CV was decreased and the proportion of
myelinated fibers was decreased in aged GK rats.

In in vitro functional studies contractility in re-
sponse to a high K* concentration or to EFS showed
no significant difference between the 2 rat bladder
groups at ages 10 and 46 weeks. On the other hand,
the response to CCh was significantly lower in GK
than in Wistar rats at age 46 weeks hut not at age 10
weeks. Yono et al observed that the maximum con-
tractile response to CCh was similar in GK and
Wistar rat bladders until age 8 weeks, while at age
16 weeks the contractile response to CCh was in-
creased in GK rats.*® Saito et al reported that CCh
induced detrusor contractility was significantly in-
creased in GK rats at ages 12 and 70 weeks.’? We
could not determine the reasons for such contradic-
tory results between our and previous studies. To
speculate, differences in experimental procedures be-
tween the previous and current series, such as rat age,
vendor and experimental setup, may have influenced
this discrepancy. In the current CMG measurement
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decreased peak pressure was noted in GK rats at age
46 weeks. This may be linked to the decreased contrac-
tile response to CCh, suggesting that acetylcholine

mediated bladder contractile mechanisms during void-

ing may be impaired in GK rats at age 46 weeks.

Together, these findings suggest that type 2 DM
may induce impaired bladder sensation and bladder
contractility during voiding in rats. Further investi-
gation is needed to determine the natural history of
lower urinary tract dysfunction in this experimental
rat model of type 2 DM.

CONCLUSIONS

The results of our longitudinal study in GK rats
indicate that type 2 DM induces bladder sensory
dysfunction, represented as slower conduction veloc-
ity of bladder afferents, and greater bladder capacity
and bladder hypocontractility to acetylcholine. To
our knowledge this is the first direct demonstration
of bladder afferent dysfunction in type 2 diabetic GK
rats. GK rats can serve as a model for investigating
the sensory dysfunction and detrusor underactivity
associated with type 2 DM.
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Biopsy

Not done XX
Normal XA
Inconclusive XB
Positive® XC
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*Cystoscopy : glomerulations grade 2-3.
*With or without glomerulations.

‘Histology showing inflammatory infiltrates and/or detrusor mastdcytosis and/or granulation

tissue and/or intrafascicular fibrosis.

RS EDS RO bR, S0 %
A IPTR L BRI R 2 A b OERIC
DWTHRERIRLE, $EOIC L LTHRI &I
%o

BN O B VERERE AT %84 (BSSIC) TiRE
20X IHEREETT R L ARFTR OB ET -
TwsY,

. FIEMERER R DR

ﬁﬁﬁ%% @Elimitﬁ%éﬂfk%
9, HEMN. SNIZRBEEE 2V, b oI5
DfEFIZ B L7HEREIMTh N Tn 5 D28
HIRTH 5.

I TR E R AT L TR S

IBERERBRT B ERARELEREFTOATDH
B o EIFRERRICH T A SHERIEX MBS ]
2 [BEBB 2 & OBIEN 2 S TIY &
AL THBENTYD I ENR—RHTHY,
FRBEINE & L TW R WASHIS,
BEEORBICN L TG RERERST Ed 4
FORRPEBEC 22 r—AbBRSh, BE
K & R AEERZBATWLOREEOBIRTH
%6

BIBRB LS

B, MEEERAORES U TEIKEL
BRAN, PIRIGEE, BEBLANEARES—EERIE

EYETH Y, Hunner'sLesion 28T 2541
R ERAT DR R 38 B B M e iR IR B B B IR % KR #)*

CCm® x )

RIFICE &N TfTo T L ﬁfuﬁ’“ﬂﬁf H5o
S35 O MR I3 Hunner's lesion % #0 [
BV GRIBRY) L&z 2v BB
GEREBR) TRENRL L LW EHICHE
DELZNLTNITHEEIE L LT TWBED, Wi
NOGE D BWKENRNIRROBEE R MLE
%Sbfwé(lwo\
. ERUKEIRRRTS & OCRRERREYIR
iy

RIEIEBM IR oA TR, BEELTD
BEZEDL, BHEICOWTIIREES ER L
7289 50% DIEBI CTRERDYE R D B, FD
R 6 W CHERTHEEbN TS,
YERRER & Ui, BEBEEED MR o ph R im~
DOFENHFEREINTBY, SHIICREEICI -
THEEPERIRIC BT 5 RERFIREI N, ER
BB TWDLLEEZORTWEY,
Hunner's Lesion % % 5354, BEAM OB
FRIBEGETBAT S U IEBREN BT EZ 1T &
EROWEICHNTH S, Pecker b DHE
T% Hunner's Lesion & Y]l L 72 103 17 92
BICIEREE I N, 5 H 40% T 3EDLEDOFEIR
HEPIEBSNT2E LTWAY, (R M
SNTWZRWA, FHEFISIEZ o T A
e WkEd 5 2 & CRERERTFIBREEI N
BIEITEBLEZLNTWA,



ELs - 5705528 - 2013468

70+ 207

6 FMEEBERABREOWREIAS—F

2. REMEE

IRARERE I I F ISR & BAE, 17
BIRER 8D BH, WTNSIRRINEEET
W EERBRNZERE LTWwh, ‘

1) AR &

O EEB L T EEREMRIIT Y 5 S ERE
BENRDEREHFLLOIEDR - THER
ERRE &SR - IRETER: & OBEBURECE R
Thbo WEISH L TIR—ENRIEMEREF
RICERAZ A NTWE, 72 P73/ 7=
VIERIRME L, EF L OMRTIZZREODH
DOERIYY I FrRuFVINT
ZEUDELEATEL FREFERZ2EHL
TW2, Zho ORI NSAIDs 13108 E
BLREORBMERbH LD, RERGSLEL
RAHARBO L) HEBEREEREREIIEZI VS
TR =i EOFEBEAZHET 5 L0
"’EIND, FBHER DA 7w COX-2 HESE
HEDREFTINTWEY, LR TORBRTIIY
U7 FIRAF VTNV T 2 VIR TRIR
WD I ORBBEIIFERA IR T v,
NSAIDs IZ & A ¥ P — VSR RO
4, WHO ® painladder I2ESWT FI< F—

TP k)

WIEBRIE 7 EDFGF A A Y2 FEHT 5, &
DHEFEANED 720 F ¥4 4 Fid NSAIDs & 4
HyaZedLIELD A,
SHITEBIEAA T (FFvaky, 72
YHZN, ENVEREHED) ERAWBEI L LRI
HHY, BRI L TCE—BOWERH D DD
D, BRI RETERR & OREPRIEE IR
B L TIRBE R RIE DN VB LSV,
M Ed A F2EERT 5 X9 RBVWEHIEE)
BEREEIBRENTWAEAIISL(, +V
F A4 FOWRTREBELT) L 0 KT
YRR B X U Hunner's Lesion 2% 2 %413 %
DIEFRERIFER - VR EME L7239 R R v
BERLV, TN OBBEICENETTTIZ
EREEN L 2o T B R ORBEEEL
DEE IR 2 FAEE & U CHR O REEIE
KBRS e AT A2 LIEETH
5o

@ BRI 2 3P REsE
HFEIZZHT AENICIEZE O BEIEBIET)
BhEL W BRI Lichiay VElRLE SR
B, TOREAETHEABITEROREDS L
CREZEEBRLTWAY, 242, BEE



70 + 203

FERE R BERER IR O IRR A O RIEDRER E L
THEIR - BWEZ EOBERREERE &721LC
\WAEDT, KERBRELZVWTHIY YEIEH
WA EEERBODGEN KT 8851300 T
LAERZEASEL D, YR CEIENLS
BROBEBICH Y VEZ2BWLZ L
TV,

@ EHICED VW HE ~

A. A5u4 FHE 25704 Fidsahziuk
EEAZEOEFTHY, HEMRESLBETR
BB T UV —REBL Efk4 BRI L
THERSN TS, MEEERLISYLTLT
L F=vur# 15mg 1 BHEKESHZICHERT
BIBIEET 76% D BE TEROUEZ AH
L0 B, BEOOMERTIIM LAY I V5
ROUFEOEFORNI XSV Ed-7UNVT =
ZSIVORHTHEELVAS I VENALT
Wb,

- B. fie Ay 3 UHE  BEEBREOEE S
NABRED—D21Z, FEHEEP O B L A
mL, #hoORERIC X ) SFEERDT] S
ZENTVWBLEDBRENDH L, Pl A ¥ I VH]
RS OEBILE v P = v 05w R E
THVERMH B2, EHEE LTRAE A
WMEISHD Y, 0% ITEROGER R0
Wb 2P, Sant b OMEIES LB T
TR E KR L TEMOBEEIZR D2 H DD
FEEIFID LN o72?,

T# 5y 7 AP 25mg IRAT 1 HOPMRD S
AT %0

C. ZBAMIOE (BLI2T7I MY TFY
V) kg =R VT RUTY Yy OBERIL
=P U C PR O R R ER R TE T 5 2
EBEREATH Do BAEBILHBRTIZ 25 mg
5K 100 mg DESETL 7 ARDEEY
Tolbl s, EEHTIZL% THENZD S
N, B LCIREEED 2 L%\
W, FTIRIEM 10 mg ORGP SLET 5.

D. pentosan polysulphate : AREFNIAFR T
RFEENTBELT, BARATLIAETSE
LETERV, R L LCIEREED gly-

R ET0RE25 - 20134£8 8

cosaminoglycan (GAG) J& D /KIEZRAL & 15155
LB I VOEHTHETLLEEDN
TBY, RETIIAHE STV,

E. VAN Y BB EAE L 7 A
BRICBWT, ZV5 3 VBEOREEMRE
EMEOHBZIHTAILICLY, WiREE
WERBICLARATERSEL PR /EH
R CTh b, MEMBEL IS RBR L
EE 2R, BHEVEGEE 2 & O EN
BREZEIRBECRIETRERIHE TS 2
W, BRIy bu—VICEERERHO—D L L
TEZLNTWBE®,

2) BEDETEARRE

EREPITE AR 3N b SRR OIGETY
PRARBEIS I 2 v BRI SRR oM
BEL ETORRBIPLETHY, BHICHLT
DRARETH D Z L OT454EE L BERE
PILETH 5, .

A. DMSO : BUEHERER A OREPIE AL T
FERENTWAEX & U TI3HEd HRAY X
THY, KEMHIERSER, HitiEz oz
BERHLrLEbILTwh, EBEAGRETIZHE
REKBOEELZREZRDOTWEY, AHE
KT DMSO % 50% 2R L, BEMRPICIER
T 5. 1 E%E 8EMBET)ENL VD,
ANEEORFEEE L SIXbhr o TR, EA
B—IRCERD T A A A ARPERLFRLHE
2B 5o _ :

B. AU ¥ a8 Uik GAG BOEPY
BThY, ~%80 VY OBEBAEANCE ) REL
72 GAG BOWBEIIFFTE %, 56% THEIRD
WEEZBLBREND LD, BEIIANY ¥
10, 000 BA138 2~3 H % 4 AR h 72 ) EA
T 5,

C. ~7%1 F 120,000 BAZoA~N8Y) & 4%
UV RAA Y 5mL & T%ERBF MY YA 25
mL ZEELEETHY, ~SY VIZXBHE
PO R & U N 4 VI X 5 RETREE
A sEROEEZWFEIN TS, No-
miya DIHEIC I NIXOE 1 Bk 5 2 12 BE
TolBE 0% DEETEREENEONT



BY, WERTHROIAED 30%FFORE TS
BERADLNTVSEY,

3) Neuromodulation

B D S3 720F S4 WRIRE BB 5
o TEMRECEICES T A CHEMEDORLE
EEBEIHFEIL, ZHICX VRS ERCHER
FBIEE 2R T IGEE TH 5. Comiter b I3HE
BB ISR 2RI & 5B
TV, U TEROUBPEONTLFHEL T
WB Y, RIECIRERER AR <, TR
R,

4) Botox BEREAEIETE ASREE

AZLEY Y X 2%E (Botox) 1%, WGBS
B 2 MHRIECGENTO 7 2 F V3 ) Vi
PN X D MREERRE L, HREERE
RYEHITH B, Botox IZHEMEE D BB T 5
ERAXH AL LIMONS LHITkY, MER
fEbtJ g & g & L 72 Botox & W72 JERE
BERNEABHEORANZ SN, 2004 £ 6
2010 4E1Z 260 BIOERBFI D EH 527,
Botox O EIL, H#200 Bt 3NnsT L
Do 72h5, Kuo HIX Botox 100 BAI ¥ 558
& 200 AL 5 CIHREMR LB L, BER
3 FITH T 200 BRI 58T 80%, 100 ¥
MR EEET 72% OER CHEEBERAOHE
SEROWER D, 100 BATHTHICBED
ROV BB IEROYEE D726 F
ZrRFELTWBEY,

5) FEE (BB X OB,

Rt Rt s & OREZER)

ERRETHABERORESZWED L L
X, BRtEERET 5 WREET, B LeT
DEIBEITECEIT 2 BE, WD THRBOER
B0 BHETH L,

CE W D a = = R D AN DY 3 il o
L, B L7-=A% e BE L v Bl
AT 9 ik & BEIEE T4 ) AT IR L 22 IR
RGN & REEMEAT) FEIFD 5,
FRIBE T BT & OBMEIFTL VAT 4
BREIRETAEMNL S NV IEERET 5,
TIOBESERB IR EFERTHLI L

4
N

70 : 209

B X HBT 2 LEEND B,
TEREHEAHES] Tl B IERSER T
BIEB S o™ EEOREHR TRRE
D &7 B AR R 2 R - LT
fToTwWh,

Bblic

BEMEENRIES C ORBEVEMEICHES
L, TUVVEF—-LBEMR, MiEEHEEREL
DL HRBE SN B ERHERTH 5,

MOBRELBERSNEETENTVEr—X
LLENE DO L EREICHT S NERED
FHBENTWETr—2A 557k, T3
BABLBCEZOEFRLMERL, MEMER
KOBNERD, @ULREMES X UEMiER
IR B Z EHEBENDE—HTHL,

WRICE L CIRPEBILEINTWERZEWERERT
H B0, FEEERI LI BRBBEME &
WEEDWH IO S LB RS2 T L, BEMK
BRIBENEOD B ENBETHY, s

FROCBEORRANLEDORFD EEZ DN
éo ‘
X #

1) Homma Y, Ueda T, Ito T, Takei M, Tomoe H;
Clinical Guidelines for Interstitial Cystitis. Black-
well Publishing, Tokyo, 2007

2) Skene AJC. Disease of the Bladder and Urethra in
Women. William Wood, New York, 1887

3) Hunner GL. A rare type of bladder ulcer in
women ; report of rare cases. Boston Med Surg ]
172 - 660-664, 1915

4) Hanno PM et al: The diagnosis of interstitial
cystitis revisited : lessons learned from the
National Institutes of Health Interstitial Cystitis
Database study. ] Urol 161 : 553-557, 1999

5) Sant GR, Hanno PM. Interstitial cystitis : current
issues and controversies in diagnosis. Urology
57 1 82-88, 2001

6) Holm-Bentzen M et al  Painful bladder disease :
Clinical and pathoanatomical differences in 115
patients. J Uro! 138 : 600-502, 1987

7) Homma Y. Hyper;sensitive bladder : Towards



70 : 210 EELHERE . ET70%E25 2013488

clear taxonomy surrounding interstitial cystitis.
Int J U doi @ 10.1111/iju.12143
8) Homma Y et al : Clinical guidelines for interstitial

cystitis and hypersensitive bladder syndrome. Int
J Urol 16 : 597-615, 2009

9) Oravisto KJ. Epidemiology of interstitial cystitis.
Ann Chir Gynaecol Fenn 64 : 75-77, 1975

10) Leppilahti M et al : Prevalence of symptoms

related to interstitial cystitis in women : a

population based study in Finland. J Urol 174 :

581-583, 2005

AEzRL., PRRICET 2EFEAE. BIERE

BESEE 14 1 266-277, 2003

12) FERES. RIITBIT 5 HEHERERK 282 FlO
BERME E RO W, BEEBEREMAERE
2:19-23, 2004

13) O'Leary MP, et al: The interstitial cystitis
symptom index and problem index. Urology 49
(Suppl 5A) : 58-63, 1997

14) Bumpus HC Jr, et al : Interstitial cystitis, its
treatment by overdistension of the bladder. Med
Clin North Am 13 : 1495-1498, 1930

15) Rabe HH, et al : The place of cystoscopy and
hydrodistension in the diagnosis of interstitial
cystitis : a potpourri of opinions emanating from
an International Consultation on IC in. Kyoto,
Japan, March 28-30, 2003. Int J Urol 10(Suppl) :
S16-S18, 2003

16) Van de Merwe JP et al: Diagnostic criteria,
classification, and nomenclature for painful blad-
der syndrome/interstitial cystitis : and ESSIC
proposal. Eur Urol 53 : 60-67, 2008

17) Hanno PM, et al: Conservative therapy of
interstitial cystitis. Semin Urol 9 : 143-147, 1991

18) Greenberg E, et al : Transurethral resection of of
Hunner's ulcer. J Urol 111 : 764-766, 1974

19) Ueda T, et al: Over expression of platelet-
derived endotl}elial cell growth factor/thymidine
phosphorylase in patients with interstitial cystitis
and bladder carcinoma. J Urol 167 : 347-351, 2002

20) Peeker R. Complete transurethral resection of
ulcers in classic interstitial cystitis. Int Urogyne-
col J pelvic Floor Dysfunct 11 : 290-295, 2000

21) Minaglia Setal : Increased prevalence of intersti-
tial cystitis in women with detrusor overactivity

11

~—

vefractory to anticholinergic therapy. Urology
66 : 702-706, 2005
22) Badenoch AW Chronic interstitial cystitis. Br J

Urol 163 : 1685-1688, 2000

23) Theoharides TC. Hydroxyzine therapy for inter-
stitial cystitis. Urology 49 (suppl 1) : 108-110,
1997

24) Sant GR A pilot clinical trial of oral pentosan
polysulfate and oral hydroxyzine in patients with
interstitial cystitis. ] Urol 170 : 810-815, 2003

25) van Ophoven et al : A prospective, randomized
placebo controlled, double-blind study of amitrip-
tyline for the treatment of interstitial cystitis. ]
Urol 172 : 533-536, 2004

26) Freyhagen R et al: Efficacy of pregabalinin
neuropathic pain evaluated in a 12-week, rando-
mised, double-blind, multicentre, placebocontrol-
led trial of flexible- and fixed-dose regimens. Pain
115 : 254-263, 2005

27)- Peeker R Intravesical bacillus Calmette~Guerin
and fimethyl sulfoxide for treatment of classic
and nonulcer interstitial cystitis : a prospective,
randomized double? blind study. J Urol : 1912-
1916, 2000

28). Parsons CL et al: Treatment of interstitial
cystitis with intravesical heparin. Br J Urol 73 :
504-507, 1994

29) Nomiya A et al : On- and post-treatment symp-
tom relief by repeated instillations of heparin and
alkalized lidocaine in interstitial cystitis. Int J
Urol. 2013 doi : 10. 1111/3ju.12120. [Epub ahead of
print]

30) Comiter CV etal : Sacral neuromodulation for the
symptomatic treatment of refractory interstitial
cystitis ! a prospective study. J Urol 169 : 1369-
1373, 2003

31) Smith CP, Radziszewski P, Borkowski A, Somogyi
GT, Boone TB, Chancellor MB. Botulinum toxin A
has antinociceptive effects in treating interstitial
cystitis. Urol 64 : 871-875, 2004

32) Giannatoni A, Porena M, Costantini E, Zucchi A,
Mearini L, Mearini E. Botulinum A toxin intraves-
ical injection in patients with painful bladder
syndrome : 1-year followup. J Urol 179 : 1031~
1034, 2008

33) Kuo HC, Chancellor MB. Comparison of intravesi-
cal botulinum toxin type A injections plus
hydrodistension with hydrodistension alone for
the treatment of refractory interstitial cystitis/
painful bladder syndrome. BJU Int. 2009

34) Konutturi MJ et al: Colocystoplasty for the



EELEE - H£70% 5 2% - 201348 5 70 : 211

treatment of severe interstitial cystitis. Urol Int . mast cell count a reliable predictor for the
46 - 50-54, 1991 outcome of surgery? ] Urol 144 : 255-259, 1990
35)' Nielsen KK et al : Failure of combined supratrig- 36) Gershbaum D et al: Practice trends for the
- onal cystectomy and Maintz ileocecocystoplasty management of interstitial cystitis. Urology 57 :
in intractable interstitial cystitis : is histology and 119, 2001



Fﬁ 'I&*Ea—ﬁa’uz\, EEENEDE, SR

lizumic

BEER, IREUDBRSCRRSERIE, WIRERIED
HEZECTLE D IOERT 2ERD 12 TH 5,
ZN6 DIEEDRE & 72 2 FREDLS, BEEE
'”(E)&L@@W%(Wﬁ)f%%OAAW
TIEFICHNE, ZNZTN2EN TS LIIES
TH 5,

LA L, EBIZIXIC & OAB 28, A —1N—9 v
TLIEXIBREREETIEMD DY, ZHvo
72356, IC ICHRERZEER W L, Wh
TEHNFRILZ LI e LT, #ilicE
EBT5ZE8%\0,

IC LWz X, ¥/l painful bladder syndrome
(PBS) *® bladder pain syndrome (BPS) & $#r&
NBHEHI, BRI D THERELEEST 2
bl ERICENREZERL w501
BEOEEBEIGEY T, UL 28EROREDE
PHEL TR IEA0IE ) BEVY, ERPRE

ERERTR, BIERRALVLEE, ﬂﬁ;m&ﬁ%
BRIEIX OAB E2W L CBET 2RI TH D,
WHh W B EIRYE OAB & XN T W BEMO Gz S
DBEERFTRTIZAS XL wd, 82561
%“)\43071 “IC” fE @va@ihﬂnzfj”“'m:&@
%,

AFEZBWTIX, IC & OAB DERISICES Y
HT, IC & OAB DERIDEEIz D \WTIHRARS
FEHEKOBLADOZEO— L EnFEnwTdH
5,

HEEBERX

IC 13, JRE L OB M SRR T, KRR pE
I BRIR, WESER, REVHER, BEhRE, S,
ﬁFﬁ(ﬂ%W&&%Eéﬁk L, B&lckoTix, BR
B, BERREERE: COBERICEREL IERS, T
FEER, BB, AB.;:EK, Eﬁﬁﬁﬁc‘:@f&%?[ﬁ“u,

B ERMES 3% 22, ZORRERE LT
1%, Hlﬁﬁﬁﬂiﬁamﬂa’ww, R FREIZEIT 2 7Y

*1 Discrimination of the overlap between interstitial cystitis and overactive bladder
*2) Akira Nomiya and Yukio Homma : BF ASZESEMREBRIFERE (F113-8655 HAE TR AR 7-3-1)

0385-2393/13/ ¥ 500/3C/JCOPY

el 67 3% 7 B(499-507) 2013&E 6 B 493



SR 1 EEEERROBRIESE

PERRER 2B IS - REEE RRERENE BARNER Zof
BEIEENRERE B RAEARRE HEERERE  FENBE  SREER
TRRERERE  RTIEYE [EREAE % FTEMHE SR
BEhE RERE R =73
FEMH R B B:iihva ;D] HEEHEE
BT RRERERE A

AW ) TV A VEORFE I R ERICET WBH 35,

2B HEEF OB e, RE LEoMEEiEoE
=9, HOREY, B, BmY, REOHEEY
Bl s RELEOBEIR EPBEINTE
D, INEDEHBDORTFIZTHL T, ZDOFEE,

FREE LA B 3 R EME ORE, HEIKER
VI BB & o B YRR, Thic
FlERWTHERTFPIEHERF OB FHH
P, KERGDOTIE - Fefdke Z b, IC DRk

EY) FPCwz btz onzY, 20Xz,
IC DYREEIX OAB D Z T iR 2 L EADSEA T
WRWDODEFIRTH 5,

Emzumnsosions

IC D2ZWiix, 2 DERP—FRTEHEISEZRD
TRY, FpHEERERIERCHHEIIN
TwhnZ Ep s, KEEOBREICEN LA
W EMRBRETH - Th b drBHicE i
I EDE\,

ZUEEL S LCwAEBELTE, OFRK -
REMREIN WL L, Ok EOERE
B L) ICRBIIRENEBEC T S v —
A—=hRnI l, b, ORIZEREAED XY
BB WFRE L EOEGIRE CREROIREZ EE
WWEBWICER TSI LR ENBIToh, &
BREOBIEIRNBWI 2T > T 2 L pEERT
BB, L, BRDEED,0AB LA —1—F v
TTHEFADD D, ZOEHIIHELBD S &
bH 5,

IC ®2WZ, 2007 ETfTI N THREEE
C BERREAA R oA v Rz, bPERE Dk
B7 YT HIETIE, 2000 EIC 3R S Lk “Clinical
guidelines for interstitial cystitis and hypersensi-
tive bladder syndrome” ®IZ¥EHL L T, 2T L IGHE
Ao TC03, ZHUCL B EER3IDORAL Vb

494  EeW 67 B 7E 2013FE6 B

OBRFOBRER « R, REVNER, EHR
BRELRL
Q@FEHERGIERT R, © BERRIRAR I FE 5 MlED & 0,
i (ReRHID, FATREmD), B8, BE»S:
FEREN, BEOBRBICHEIEE, BE0Ex
nixe

@Bl « MEOERE BT 3 IRIERYE,
BEREIEAE, EVEEIRERE, BEbEE (Reic LEEME
B EORBORE BRIEEZIIR 1 IKRT)
EELOMERTIR, ZOBWIEEICEILL f
GHBEMRAE DO ZT o, IREEEN S ES -
Fo4 vy Wl TERToTwE, BED;
K7LV AL, B1IZRTEBD T
%, ¥TIREEEROBERZITY, f¥TH 2]
ZEIRBORELITY, X\ XS EEE:
DEED L WA, BT T 0B ERR
FoTRKZH2ToTwa, Thbt, BEL
BB R DRI BE ORI - B8 L MERTREA
AN 5 HET L T BN H 5, B
2370 R, OAB b IC DZNIZELIL T\
%,

A BEDOERER—ERBEDORT > b

MIEEBEAOTER E LCd, 8R, &S
R, REVNERE, RETUE BRETURE, B
mEWH B, ZORCHEEEEA IR D R
2h DI, BEMAEOTERESY KL T\n»2
ZZoNBEHRE  NRETH D, PERBICE
W HWRTBZEDL N, ZDEL, BRE, $
FRIEEE, BERESEZ ¥ OBRRICREMET 2R, 1
BB - BB - SMeE - REDOE A PESRE, k
B EDH 5h, ERIBHTEETHY, Be
NEREOF TR T2EEH T O R EER S
b\, WEEBRAICEST, THREER



