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Functional, Morphologic, and Molecular Biological
Changes in the Bladder of OLETF Diabetic Rats
according to Duration of Diabetes Mellitus
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Hyun Woo Kim, Sang Hoon Kim, Sae Woong Kim, Tae Kon Hwang,
Sun-Ju Lee', Ji Youl Lee

From the Department of Urology, The Catholic University of Korea College of
Medicine, 'School of Medicine, Kyung Hee University, Seoul, Korea

Purpose: Our study was undertaken to investigate changes in the bladder
according to duration of diabetes mellitus in the Ofsuka Long Evans
Tokushima Fatty (OLETF) rat model, which is similar to type 2 diabetes.
Materials and Methods: OLETF rats (n=14) and Long Evans Tokushima
Otsuka (LETO, n=14) rats were used. LETO is a normal control of OLETF.
The animals were assigned to 4 groups: L-40 group, LETO rats 40 weeks
after birth (n=7); O-40 group, OLETF rats 40 weeks after birth (n=7); L-60
group, LETO rats 60 weeks after birth (n=7); and O-60 group, OLETF rats
60 weeks after birth (n=7). At 40 weeks or 60 weeks after birth, blood
glucose, cystometry, bladder weight, detrusor contractility, and mRNA
expression of nerve growth factor (NGF) were assessed.

Results: Cystometry showed that diabetic bladders had increased
compliance compared with the control groups at 40 and 60 weeks, and
the O-60 group had greater compliance than the O-40 group. Contractile
responses to electrical stimulation, bethanecol (250 M), and ATP (10 mM)
were decreased in the experimental groups compared with the control
groups at 40 and 60 weeks, and the O-60 group had a lower contractile
response than the O-40 group. The mRNA expression of NGF was
decreased in the experimental groups compared with the control groups,
and the O-60 group had lower expression than the O-40 group. Changes
in NGF were identified through immunohistochemical staining.
Conclusions: The degree of diabetic cystopathy in OLETF rats was changed
by duration of type 2 diabetes mellitus. Our results showed that the
changes in the bladder in type 2 diabetes mellitus can be identified through
a new rat model. (Korean J Urol 2009;50:387-395)
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Z- 79 5435 30 ml9] Tyrode’s solution (Nacl 124.9

mM, KCl 2.6 mM, NaHCO; 23.8 mM, MgCl, . 6H,O 0.5 mM,
NaH,PO, . H;O 0.4 mM, dextrose 5.5 mM and CaCl, 1.8 mM)
o] &7l Fzol| ZoZ A mdgt) $2E 37°CE §A
Skl 95% 0,8} 5% COyE 71A171HA 1 g9l 7] A&
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1) Total RNA 22|92} (DNA EM: Ho5 27 o4 2]
total RNA 2]+ RNeasy minikit (Qiagen Inc., Hilden, Ger-
many)E o]-&sto] Felstglen, Aol F47] (Ultrospec
3,000, Pharmacia Biotech Inc., Cambridge, England)& ©]-&3}
o] 260 /280 nm FHE] W] F Fofo] RNAS] FEE A
Ao 714502 RNAS 92 {75 gHelesich
E2% & RNAZFE cDNA 42 First Strand cDNA
Synthesis Kit (Life Technologies Inc., Grand Island, USA)&
o] &3}9irl. =l RNA 1.xg¥ 10x reaction buffer (100
mM Tris, 500 mM KCI, pH 8.3) 2«1, 25 mM MgCl, 4 «1,
dNTP (10 mM mixture of dATP, dCTP, dGTP and dTTP) 2 «1,
oligo (dT)is primer 2 21, RNase inhibitor 1 21, AMV reverse
transcriptase 0.8 #1& 93 DEPC-H 2 EHTE 83 20
uu £ g 25°Col| A 10E-7F ¥ A1 Z k. 1 2 42°Col|A]
A7 A Hame] BEAE $al 99°Cell
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FaEL dsfjubSole 473474} internal control -
Z 2141 glyceraldehyde 3-phosphate dehydrogenase (GAPDH)2]
sense primer$} antisense primerol] Tt 3 7] 442 Table 13}
2t

A7 A 2] 739 PCR tubeol] 0.5 2] cDNA, 2 1¢]
10x PCR buffer (15 mM MgCl,, 100 mM tris-HCl, 500 mM
KCI), 0.4 219] ANTP (10 mM mixture of dATP, dCTP, dGTP
and dTTP), 20 pM#! €] sense primer$} antisense primer, 0.2 /£ g
2] Taq DNA polymerase (Life Technologies Inc.)& &3}3}aL
DEPC-H 2] 5775 ¥ 20119 §HoZ F3aa )
Hhs& Algelaint. Fda s d2iRb-S2 thermal cycler
(Gene cyclerTM, Bio-Rad Laboratories, Hercules, USA)E- ©|
£-3lo] 94°C 30%, 58°C 30% L8| 72°Col|A] 45% & 305
7] & HHSAIF]AL 4°Coll A BE3-5 B A A1 FEh. GAPDHS
73-%- sense primer®} antisense primerE Z+7} 20 pMA S =3t
B3 94°C 18, 72°C 280 & 3057] Bk Wh-SA]F] 1 4°C
oflA W& HAAZT 5x142 PCR A ES 100-bp
ladder (Bioneer Corporation, tHA, gt=h)9} 7| 1.5% agarose
geloll 719455 A|3Bg o}g ethidium bromide (Sigma,
Saint Louis, USA)Z 3 Aste] zpe] A slol A &3wE &<l
$}3 Gel-doc (Bio-Rad, USA)2. & Zd&lqict. ksl az}t
3= mRNA WHAH ST+ densitometer (ImageMaster VDS,
Pharmacia Biotech Inc., San Francisco, USA)E ©|-83}o]
GAPDH®| w8l A xof i3t AXE F33ich.
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A Aol WHF HPE =22 E 4% paraformaladehyde =
4°Coll A 4A17F a1 skar, 20% sucrose - Holl Hol 4°Coll A
12A]17F ¥FX]gk & Polyethylene glycol®] optimal cutting
temperature (OCT) £8& o] &sto] A} 10 um &
2z AH & WE50] slideol] #4171 & phosphate buffered
saline (PBS) - (pH 7.4y o] -sfo] 554 30 Alxsld

Table 1. Primer sequences used for polymerase chain reaction ana-
lysis

Primer Sequence 5° — 3’ Size

NGF
Sense AAGTTATCCCAGCCAAACTA
Antisense  ATGTCAGTGTTGGGAGTAGG
GAPDH

Sense  TGAAGGTCGGTGTGAACGGATTTGGC
Antisense  CATGTAGGCCATGAGGTCCACCAC 983 bp

294 bp

NGF: nerve growth factor, GAPDH: glyceraldehyde 3-phosphate
dehydrogenase

t}. WA peroxidase] A& A A] (blocking)st7] $]3}e]
3% A3t AR AEsha, v 5ol A A& §lol7]
$3 A 10% normal goat serum solution® &2 Aol 4] 147+
EQF vk A AT 12 A E rabbit anti-mouse NGF anti-
serum (1:1000; Chemicon, Temecula, USA)-& A}-83}o] A&
of| A 247k FoF wH-A17] 3 PBS S0 2 1084 3¥ Al
Asla, 234 A Z Alexa Fluor® 568 goat anti-rabbit IgG
(1:500; Molecular Probe, Eugene, USA)E o] -&3}o] A2 <
A6llA] 1417) Fb S A7) 5 PBS B0z 357 3 A
3t} Anti-fading solution (Vectashield, Vector Labora-
tories Inc., Burlingame, USA)©. 2 mountings}o] &% dAu|7
o2 At
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2] +EF 24} (meantSEM)E T A3}
2] 242 Student’s t-test} AL (ANOVA)
= ol&sle] EAs e 7 7 748 H]AE Neuman-
Keuls multiple comparison testS A]e§s}o] pgke] 0.05 =]ntd
u] o] e Ao FAF

2
=

t

= Al BY X9 Hat

=l

1.

OH

L-40, 0-40, L-60 ¥ 0-607-2] FFFX] = 106434, 265+
14.0, 112.4%3.1 ¥ 312+14.2 mg/dlZ LETOZ|ol| v|}o] OLETF
FrF oA fosiAl =2 9 FXE EArk (p<0.05)
(Fig. 1).

L

g 7ls9 B

W37 AAANA 7 T8 FEL L 139.645.7,
171.4£7.6, 122.4+6.9 3 412.7+13.3% (sec)o|L, 7} <]
F82 L 106.413.4, 265.7+14.0, 112.4+3.1 ¥ 312.7+14.2 ml
ol, 7} 79| W4 F5=% (4 Volume/ 4 Pressure)+= 0.178+
0.011, 0.253+0.019, 0.162+0.015 & 0.312+0.023 ml/cmH,0Z
407, 60 B thzrol] nlal] AgdrolA folskA St
s}t (p<0.05). 605+ OLETF @7 oA+ 405 OLETF
FiF ol vlste] #E7H4, A 8 et vs S

7Fsledel (p<0.05) (Fig. 2).
3. WA #s)

405 LETOF] 9| "4 F-A1= 113.95+2.80 mge] o™ 40
Z OLETF @ XxF = 135.5345.63 mgo|3) 3L, 60F LETOZ|
o] whad FAIE= 127.38+3.14 mge] 9.2 605 OLETF P
= 157.83£5.37 mgo 2, 40Foll & dE2TI AT Ao]
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Fig. 1. Comparison of blood glucose level in Long Evans
Tokushima Otsuka (LETO) and Otsuka Long Evans Tokushima
Fatty (OLETF) rats. Blood glucose levels of the experimental
groups were increased compared with the control groups at 40 and
60 weeks, and the O-60 group had a higher level than the O-40
group. The data are expressed as mean+*SEM. L-40 group: LETO
rats 40 weeks after birth (n=7), O-40 group: OLETF rats 40 weeks
after birth (n=7), L-60 group: LETO rats 60 weeks after birth
(n=7), 0-60 group: OLETF rats 60 weeks after birth (n=7). *
significantly different from the control groups (p<0.05), b
significantly different from the O-40 group (p<0.05).
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Fig. 2. Comparison of bladder compliance in Long Evans
Tokushima Otsuka (LETO) and Otsuka Long Evans Tokushima
Fatty (OLETF) rats. The diabetic bladders had increased com-
pliance compared with the control groups at 40 and 60 weeks, and
the O-60 group had greater compliance than the O-40 group. The
data are expressed as meantSEM. L-40 group: LETO rats 40
weeks after birth (n=7), O-40 group: OLETF rats 40 weeks after
birth (n=7), L-60 group: LETO rats 60 weeks after birth (n=7),
0-60 group: OLETF rats 60 weeks after birth (n=7). *: significantly
different from the control groups (p<0.05), b, significantly
different from the O-40 group (p<0.05).
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Fig. 3. Contractile response of the bladder muscle strip to 2, 8,
16, and 32 Hz electrical stimulation in Long Evans Tokushima
Otsuka (LETO) and Otsuka Long Evans Tokushima Fatty (OLETF)
rats. Contractile response to electrical stimulation was decreased
in the experimental groups compared with the control groups at
40 and 60 weeks, and the O-60 group had a lower contractile
response than the O-40 group. The data are expressed as meant
SEM. L-40 group: LETO rats 40 weeks after birth (n=7), O-40
group: OLETF rats 40 weeks after birth (n=7), L-60 group: LETO
rats 60 weeks after birth (n=7), 0-60 group: OLETF rats 60 weeks
after birth (n=7). *: significantly different from the control groups
(p<0.05), b, significantly different from the O-40 group (p <0.05).

2t 60l thztell v)al

ol 23t 2ol = %ﬁ}iﬂ
] S7He Hoh (p<0.05).

AgTolA 9

< 7Y WFZ7 100 mgell 3t
g o2 FAsY k. A7) Al
g BT oA Feart SR
AR S7FE P AT W 5]

oA astglon, 53] AFIE AgE
5 Bol 7 i*Piv} (p<0.05). 605 OLETF 37 2] v
< F%8L 405 OLETF Y7 ol nlste] AA]siA 7+
sklek (p<0.05) (Fig. 3).

Z} ol A] bethanechol (250 «M)ol] Tt whsg-Lo] 3
2 459435, 35.9+5.7, 42.9+33 Bl 24.1£2.5% AgollA o

ol v]ste] {2} A 7H4&sl9l o™, 605 OLETF B
79l 7§ 40 OLETF BxF ol ulsto] B & o] zh4-s}
Atk (p<0.05) (Fig. 4).

ZF FollA] ATP (10 mM)oll thgh Bdte] 7532 154400,
11.2%1.7, 13.920.7 Bl 82+0.72 A& rollA] tZoll vlsto] f
oA ZH4slglem, 605 OLETF Bi# 9] 73-9- 405 OLETF
FaFell vlgte] tlS ol ZHAslit (p<0.05) (Fig. 5).
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Fig. 4. Contractile response of bladder muscle strip to bethanechol
(250 £ M) in Long Evans Tokushima Otsuka (LETO) and Otsuka
Long Evans Tokushima Fatty (OLETF) rats. The contractile re-
sponse to bethanecol (250 M) was decreased in the experimental
groups compared with the control groups at 40 and 60 weeks, and
the O-60 group had a lower contractile response than the O-40
group. The data are expressed as mean+SEM. L-40 group: LETO
rats 40 weeks after birth (n=7), O-40 group: OLETF rats 40 weeks
after birth (n=7), L-60 group: LETO rats 60 weeks after birth
(n=7), 0-60 group: OLETF rats 60 weeks after birth (n=7).
significantly different from the control groups (p<0.05), b
significantly different from the O-40 group (p<0.05).
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Fig. 5. Contractile response of the bladder muscle strip to ATP
(10 mM) in Long Evans Tokushima Otsuka (LETO) and Otsuka
Long Evans Tokushima Fatty (OLETF) rats. The contractile
response to ATP (10 mM) was decreased in the experimental
groups compared with the control groups at 40 and 60 weeks, and
the O-60 group had a lower contractile response than the L-40
group. The data are expressed as mean+*SEM. L-40 group: LETO
rats 40 weeks after birth (n=7), O-40 group: OLETF rats 40 weeks
after birth (n=7), L-60 group: LETO rats 60 weeks after birth
(n=7), 0-60 group: OLETF rats 60 weeks after birth (n=7). *
significantly different from the control groups (p<0.05), b
significantly different from the O-40 group (p<0.05).
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Fig. 6. (A) Reverse transcript-polymerase chain reaction (RT-PCR)
measurement of nerve growth factor (NGF) mRNA expression.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used
for the internal control. M: 100 bp marker; lane 1: GAPDH (983
bp); lane 2: GAPDH+NGF (294 bp); lane 3: L-40 group; lane
4: 0-40 group; lane 5: L-60 group; lane 6: O-60 group. (B) Results
of densitometric scanning of NGF mRNA expression. The mRNA
expression of NGF was decreased in the O-40 and O-60 groups
compared with the control groups. The mRNA expression of NGF
was lower in the O-60 group than in the O-40 group. The data
are expressed as meantSEM. L-40 group: Long Evans Tokushima
Otsuka (LETO) rats 40 weeks after birth (n=7), O-40 group:
Otsuka Long Evans Tokushima Fatty (OLETF) rats 40 weeks after
birth (n=7), L-60 group: LETO rats 60 weeks after birth (n=7),
0-60 group: OLETF rats 60 weeks after birth (n=7). “ sig-
nificantly different from the control groups (p<0.05), b, signi-
ficantly different from the O-40 group (p<0.05).
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Fig. 7. Nerve growth factor (NGF) immunohistochemical staining of the bladder. NGF expression was decreased in the O-40 and O-60
groups compared with the control groups. NGF expression of the O-40 group was lower than in the O-60 group. (A) L-40 group (scale
bar=25 £m), (B) O-40 group (scale bar=25 zm), (C) L-60 group (scale bar=25 xm), (D) O-60 group (scale bar=25 xzm). L-40 group:
Long Evans Tokushima Otsuka (LETO) rats 40 weeks after birth (n=7), O-40 group: Otsuka Long Evans Tokushima Fatty (OLETF) rats
40 weeks after birth (n=7), L-60 group: LETO rats 60 weeks after birth (n=7), O-60 group: OLETF rats 60 weeks after birth (n=7).
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