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- Abstract -

Background: An OLETF (Ofsuka Long-Evans Tokushima Fatty) rat is a model of type 2
diabetes that is characterized by obesity-induced insulin resistance. Taurine has been
known 1o be beneficial for type 2 diabetes. This study evaluated the potential taurine
effect on the insulin response to high glucose in the islets of OLETF rats.

Methods: One percent of taurine was put in the drinking water for the faurine group of
OLETF rafs at the time of their being 20 to 39 weeks of age. At 40 weeks, the pancreatic
islets and beta cells were obtained to measure the glucose-stimulated insulin secretion
(GSIS) and the ATP-sensitive K* (Kar) channel current.

Results: Taurine supplementation had no effect on the weight change of the rats when this
was measured weekly from 20 to 39 weeks (mean + SE: 702 £ 19 g in the control group vs.
688+ 18 g in the taurine group af the 39th week). However, the GSIS was significantly
potentiated in the taurine-treated rats (8.9 £ 1.3% vs. 13.2 + 3.2% of the total secreted at
15 mM glucose for 1h). The glucose-induced Kar channel inhibition in the beta cells was
also greatfer in the taurine group.

Conclusion: Taurine supplementation is a beneficial tool for the restoration of G3IS in the
pancredatic islet of the OLETF rats. Maintenance of blood taurine level may be important in
freating fype 2 diabetic patients, who are subject to a low blood level of taurine (J Kor
Diabetes Assoc 29:198~205, 2005).

Key Words: OLETF rat, Taurine, Kae channel, Glucose sensitivity, Pancreatic beta cell, Insulin
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ron)gg F, ol&o] HAxHLAE AXA proton (H)

£°] complex L, III, IV 5ol 2Ja)) n)|EZ=glo} 7122 w}
Aukeeh ofgA 47 A7) 814 AALE protonSo] ATP
synthase 8] 78 W2 thA] So] x4 ADPS} 2lH]
(PDE FE] ATP7} qhEolZich AJaksl ATPE AlEAoNA]
ATP/ADP vlE Z7}|# ATP-RI7MA] ZM5-5.2 (ATP-sens-
itive potassium channel, Karp channel)& gt} o] 4
Eakg SESAIE, HYQEA BrEE (voltage-dep-
endent Ca’" channel)Z E2l] Ca®™ 2] A|F) §91e 2loA
olgel Huls gk

A= QlEglel Fule -2 Ak <1k} (oxidative
phosphorylation) & 53t 59| thalgoll uje} AAwm,
b Qs BgellA o] Aol el Bal] ol 4g &
gt} a2 u g, mRgeeo} vl Hodsls M2t
Hol= A% ARl ARY duios wAY < gt
= A gxEe.

Slok ko] wEbA|ES] dgl Euloll Aolr} gAY, =
© 5 dEe AYuch U gkor) srgnte] JHAEA]
k= <& elA A (insulin resistance)o] A3 kil ¢l
QEelet shalem, 2 fbvlAel Holo ulel % 7R
el 5 AR Feie] AR} sk

Taurine2 AEA] opu|:eAbo 24 A|Fufel] sk £
Ak 23 WA Fedk 715 AlEe) A Er =4
Yol Qe 1 Slellw sk, P E, o]
9 reactive carbonyl #HEe] A7 B B3l S0 9)
= Ao 4 ok Gy} stedslo] AR taurine
AH7E F53h, 1 elols AlMA ARy Hnege) o
$hgo] Z7Rgclar Shl?. &8t taurine S it shlol A
2 8% 5t gor™, agle] wat g 34 dole]
FHA Frdel Ugle] H Fx glov) I J)HLe- Al
44 Q1A ¢krk F o] taurineo] UCP2 (uncoupling pro-
tein-2)7} SR AEY Q7] BulE ALSIE B
7} ddou?, By Suly)e] thE OLETF (Otsuka Lo-
ng-Evans Tokushima Fatty) Z]9] #AF slle}bA ) ¢lgz)
o] m|X]= gl taliMe 24} € Heol gick OL-
ETF Fol|lA taurine®] &% F55 24 W23 HuE gl
o}, taurineo] FrEA} tee FEOA FURE AE AF
o 25 2] 9l AEeEE fFEa, aew
s e A7E Y7, OLETF Foll4 % taurine o]
vERd = gloka 225w, OLETF Foll4] taurine?] 37}
A Fo] EYl Bulsoll o] Hrhd, gyl uhy
ARlell FAGle] mEgt Rakgo] Ldglo] taurine-d Hirt
kel Bz X gAZA del A 5 9 M U
P = glvkar A3zbsic

OLETF F= A% 205 o]$oll #A2¥ wud 4748 B
o, ulth, ¥, IAMEE 1 A S EHo

2 e 228y Zlellx) OLETF #9) 4k 4%
FHUE 3AZ Lol Al 1) A% 6-20971A09)
el e AlEge] A& U 4% AES Wy AR,
2) 205F0llA] 405 = EIxAAde] HAfo g Hoj=
SESAEES] AFA w ARA Lxe] g3t 249, 3)
4055 oliollMis W) SHAIE 79] BE g A% AEE
o] avdat £%9 443 94 Vo] Aol F 20504
405 Aol AlEH A% F7h2 QI QliAgol B4
A 7R ARY FaHe] A7E Ho|a'™, 405 o]
T A £RAES 3 zhiol] whE AIY Buol 47
& Uehdie], A3 ohalE, ches 1) 2% ) Bakg
o] vehly] Az}

o]A7}A] OLETF ¢t Bl oA ujul, mx|uks
<= UAZ 3 iAol thelA F2 odtslo] gt
A 2EoE 249 A4 (lipid dropletySoll <Ja)
&S AEe] AFA}AA} (apoptosis) 7 F7kska, AFEApdo]
AR 23 glovt, cleRixgel digkels] 3
o T ez B WEMIES didter A mkse
Ewgdoll I3k iRl Hu)53} T1oll RN taurined]
g W3 By glok

aH 22 252 OLETF #9] A4 wWehiEs o
L8, gk Il ozt glgwl Hulsel] v tau-
rine®] dES 2| Bz} sl om, 1 taurine 2] 7]A o]
HIER W 2 tialel eddto] Q)RS Kare channel
DS Fgelel A ik

&

ofN
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1. &8l SE Y W=

0
bl

A% 29 = 47 OLETF & (Otsuka Pharmaceutical
Co. Tokushima, Japan)& i HlFo] F2J3k Xlo|7} Lx)
REH URT (n=10)} taurine BodF (n=10)2.2 5
t} Taurine-2 2-8<Foll taurine-2 1% 28 (FHF <F 0.8
glkeday)siol ERelglom, 1 29 2L = 2] o
A 4057HA] FLsiSdeh. oY B L)kt S 24u)
$13%, 405 =) sodium pentobarbital wj2Jsloll4] IPGTT (&
7Hd] aBA 7AY; intraperitoneal glucose tolerance test)Z
At 3, A 2% U A WEIES Relsislch o)
taurine Fo3follA+= 0.3 mM2] taurineo] A Al¥FA S
Sotod g wRekel gl Ay folol] FF=I9ir}. Taurine&

TocrisA} (Ellisville, USA)Q] A& A8319c)

T

2. FE 2= U HEMZ 22

%% sodium pentobarbital & w2 A1zl & BEE Ak)
5, % OIS $4 2l el oa) Age] o] A
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s}

lo

N

st gelelgleh FEIE =FATIIL AlolA e
HARAZ 7Asla, 745 FEbE B3l AR (26 Gyste] mlzl
W37}5] collagenase (1 mg/mL HBSS; Hank’s Balanced Salt
Solution, Sigma, St. Louis, MO)Z 2} 10~12 mL F%}3]¢]
A RS BEY S ARe A9 Aoeldck AN
2 #ARE 37C FzolA 1587 £3RT F ALY

A

N

100 mm wieFdA 2 &7 1568 dn)Asl] A &%

Z 104 Bz FAsA AR A L5 10%
BSA (bovine serum albumin, Gibco, Carlsbad, CA)7} %
3lE] KRBB (Kreb's Ringer Bicarbonate Buffer, Sigma) &
oHoll HA Hakslgic). WERIZE o17] flEiAle A4as
220G, 22G, 24 G, 26 G A AE 23 =02
ETA, AE2RE] O A et 5] ZelEA o
oot Eel® A 4% 9 wEbEE SmM ZERe] £
3lEl RPMI 1640 uljokod (Sigma)oll 10% FBS (fetal bovine
serum, Hyclone, Logan, UT), penicillin (100 U/mL)#} stre-
ptomycin (0.1 mg/mL)& Zd7}sled, 37¢C, 5% CO,, 95% ¥
710t uledloll Al wiokelsdet. H7|Adelehd Al f1el
HlELAEE 3mm X 8 mme] HFEk follA ujeks]
ek

3. HZE Az QlEd BHISe &3

A 459 714 (basal) B EEF 2=l 3t Q7]
Hn)% (glucose-stimulated insulin secretion; GSIS)-< WA+
modyS o] 83} polyethylene glycol ¥ (Linco Research
Inc., St. Charles, MO)2o 2 ZA3lgjcl w4 A £58
Belgk ¥, 5mM ZEro] £ RPMI siiekalolld] 124)7F
ol4t wjelzt ¥, Errdo] gl HalA Nz AR 48
well-plated] 7 welld 107014 ¢] £5E a1, 1A7h 37T
ollA]  RuRek (preincubationystlch. Hshd &oje] =A]
(mM) 0.1% 2] BSA7} 714 135 NaCl, 5 KCl, 5 CaCl,
2 MgSO,, 10 HEPES (pH 7.4)01%jtk 0% 34 £55&
5mM EE 1SmM EXollA ZHh 11704 alelE] 9k
ook 3 A%7kA) F3hd Sl P A7 F (700 g, 53,
Zbzk 200 LA 9] AERg ol ZA Ml 5 AE
7 248 98] -70ToNA Baksidck &R dke 4
7] 9l 9o Ax HAES 7 well®} 400 yL. RPMIE
A1, 150 pLeo] WyzhEl elkesol (lysis buffer; 50 mM HEP-
ES, 0.1% Triton X-100, 1 uM PMSF, 10 uM E-64, 10 uM
pepstatin A, 10 gM TLCK, 100 M leupeptin; pH 8.0)ellA]
SelAzich st Ralsh B4 (10,000 g, 28) ¥, 45
S FAsle] Z Qleel ek (remaining insulin content)
S Tl 7 welle] & ¢lerEl $hek(total insulin cont-
en) e o] Qe 3ol 1%l Bujekg tlete] Fel)
om, Ql&wl Hujske w7 Fv|9b ludl k] Xt
E Zol7] 93N, & well = F Agwl ¥F] HiaE

Folgict
4. BIIMRIEN 55

Karr 58 ZAES Z43] sl = 24 71
(voltage-clamp technique)S AHgsiglom, 1 & AT
Aol dgke] g 7MWl ARE EHE ¢ Ue
cell-attached mode& -85t}

A28 {e] =2 dhakel borosilicate glass (World Pre-
cision Instruments Inc, Sarasota)Z ARgslglord, 422l
27| (PP-83, Narishige Scientific Instrument Lab, Tokyo,
Japan)E o]&, Adgich ARk RS et
sylgard 2ehgA o2, A7 a2 Aot A A
o AGR ST AL oF 5 MRoIRick

ubxiel ZZ7]= Axopatch 200B amplifier (Axon Instr-
ument Inc, Union city, CA)E A-gslglox, 7|1E5 A7
= opdaruiAEl A% wi3ly] (Digidata 1322, Axon)&
Az AZE el #Aslgl o, pClamp 8.2 AZEdo] (Ax-
on)E Ahgslo] Baluek AESFEL 5 KHzE, o |
KHz# #19ick Axiovert 135 (Carl Zeiss, Jena, Germany)
3 An7del] AXE ol AEE AXA7]L, AlE Y
FFA7IH A AAsIck B 20& o]l
AEejNo] 2% F v FEF FASIG: EE
EEeH(10 mM)& FFAZIZ] A HERZES HolE
205 o4} 0 mM EE Filel] m&Fo], 7Hs3h Al
ATP 555 W SRS sioich AlEe] &o4o] =4
(mM)-& 137 NaCl, 5.6 KCl, 1.2 MgCl,, 2.6 CaCl,, 10 HE-
PES (pH7.4)0]9lem, feldT & =4 (mM)2 140
KCl, 1.2 MgCl,, 2.6 CaCl,, 10 HEPES (pH 7.2)5 A8}
Sick 2T HYE omVE gslel BFE Fsh

ek

5. g &8

lo = o

%

IPGTT uf] 7z2)A ™ (tail vein)ol|A] x| gt Pl o 2 RE]
g ZAs).om, glucose oxidased& o]-&stirt (Gl-

ucocard test strip 11, Arkray Inc, Kyoto, Japan).
6. SHH &4

A= #HET 3592 (Mean + SE)E ZAJs0] o,
EAR S AL Student t-test® P < 0.05 FollA] ZS5S
ek Rl Sl oAl g Aol 27& 3
well# Hulsiolon, o]Eol|A Z}7} 245 k59| HTF
& o 279 W Pulew igly, olF WS
m=12 FAJ3I3c}

>
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z
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0 —
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(B) Age, week

Fig. 1. Changes in body weight (A) and daily water intake (B)
in control (n=10) and taurine-treated (n=10) groups in
OLETF rats. The symbols represent mean + SE.
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1. 5 ¥ = 2] Loy Bis

¥ 2950l 247 OLETF # A%e) HFke ¥ 7
AolollA) folit Aol7h gigich (Fig. 1A). olF 39571
AR Age] F/bh BEElon], AF 2 AEE
% ol SANRITh U9 B 4ol W dzgw
taurine FoIF Aololl 1057 2 Hol7} WA olgket
(Fig. 1B).

2. M=% 4050 Al8E IPGTT (intraperitoneal gl-

ucose tolerance test)

A% 4070 T 79 ASE 124704 FAA
Aol A% ke 2g9] EEG Zelelol Puld
AAJslgic} (Fig. 2). X FYF 308 2HHoz
B3t W FAE tawrine FolFoll A izl B
As] dgkew, )5 whE oFE Hylrk

o

A

ot
o e

e

[\)
>
=

]
.

of
¢

3. 4% 40F OLETF FQ| #Z& 2=0M EHE Q=

ST

Taurineo] 8% L5 A71E 22471 7176l Yol,

280 ~
260

3 240
E’ 220
i Glucose Control
3 200 4 (29/Kg,i.p.)
g 180 o l
2 160 A
o .
3 140 A Taurine
o 120 A
@ 450
80 4
60 1
. 40 A
20 A
0 - r T T T .
0 30 80 90 120
Time, min

Fig. 2. Changes in blood glucose level during intraperitoneal
glucose tolerance test performed in control (n=9) and
taurine-treated (n=9) groups in OLETF rats. The rats were
injected with 2 g glucose/kg body weight. The symbols
represent mean + SE. *P <0.05 compared to values
from taurine-treated group of the same time period.

taurineo| 31x%9] Fxvto]] oJgt Qlarel Enlol] ofvy ogk
+ "= AE W), 4057 o] iz F taurine
Fole] A £xollA el Bul=E S48 (Fig.
3). WA 2 AgTe kel F49 F e Pl
frelgh Zpol7} gigiet (Fig. 3A). 12]3, SmM EEell4]
249 717 Qdgd) BulFYE =T 9 taurine FoF
AolollA Felgt xol7} §AAIEY, 15 mM FeoZ Al
A%E 8 AZE B A AL 7 7] ledl BhlEkE v
23] K, taurine FolTollA thzel] vsl] As] Us

2 27k ZAhIle e & 4 itk (Fig. 3B).

4. M% 405 OLETF F9Q| & HEMEAHM =H
Karr S HMEO| Hi5}

rn

A A5l asxel £2g 2=l 93t dwwl
Hl50] taurineel] 2]l WA TP, taurine FoiT2] #
HlElA oM AAF oz ATPS o] Z7lsigich=
& QR ol% sl S8l Foiml Lol ofef 4
Z] ATP/ADP ratio?] Z718 7218l 1 B4} 244
3= Kare B2 AF-E Z75319c} (Fig. 4). dlzgolld +
29 A4 WEMEE oo 10mM Exgo] 83
AES] gHE THEHE wl, Kar T2 AR e
580l ZAx MAs] Y=gl om (Fig. 4A), ol2ldh A=
dut GAF oA E2d Aol 93t B2 FAE AgH
o} 83 o Aoy, e} taurine FoiF-e] wel
AZolA = s3] TEGOZ AFA] B2 84 74 S5
7F izl vl "xjs] Wsich (Fig. 4B).
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5mM 15mM 5mM  15mM
‘ (A) Glucose
‘ +— Control
207 *— Taurine
= 181 *
2 16+
e 14 - |
- 12 4 |
g 104 , ;
g 8-
Z 6
- |
24 | |
f o- L
l 5mM  15mM 5mM 15mM |
i (B) Glucose 1

Fig. 3. Fractional insulin secretion expressed as a percentage of
total insulin content secreted. Total insulin content is the
sum of final insulin content and corresponding secreted
insulin. The symbols represent mean + SE. *P <0.05
compared to values measured at 3 mM glucose of the

same group.
Control
27
14 i (kR |
0 o
10 mM Glucose
(A)
3 1 Taurine 30 sec
1 ‘
1
0
(B) 10 mM Glucose

V]

_T'_

1212] HIEHLE 715Nl 4 Fas A
W= 5o} oA A z2RAle] Aofloltk MODY-23] o
l‘x_é of| 4] glucokinase?] 7150 AA|Eh= R} gl
g rule] sltel Goto-Gakizaki Fol|4]= glycerol-phos-
phate shuttleol] Aoz} ek Buxlglom Za 244]
Z2Asto 2 Sms ARd Dol
A YD 599 Aole} malate-aspartate shuttleol]A]2] B
4 sl W b e OLETE Aollahe a4
QA Zpell U WA AT A% AT
3Z4o] AJF 207014 407 Aolell T

B WEPIESl 5T A6 93t elgel Rele
M vish ol Exd oS Sol ATPAE s,
Kare 529] 240] 2dalslo] AlEu} eh2o) 14 Ca®" 9]
AT §90% ol ek, ® thE Aest Tx
G e YolulAel, AIE =hAEske] Wz glo] A
Cae] iR ael UgRl Boslde] U, o
7d529] EAlE Karr & HAIEAAQ diazoxideE Foigt
Aol rEEe] AlEe] K+ 555 fAlstol, AT Ca®
kg FHAL Aol A & ok

3£ A%l OLETF #18] 4 Zueolld] ieed 4]
oJ5t @&l Hu|7} taurineol] olsl] A= 4= 9ok Tau-
rine-3- B3k 2w rdol| o3t AP} webAIES] Q1] FH]7]
B % K S0 9249 770 32 2898 2%

r‘_,

7 streptozotocin-g-

rO

—— Control
—o— Taurine

*

04 \\# G
0.2 4 | .
0. B 1 I

2 3 4 5
Time, min

Po/Poc
o ===
o O N
S W (S W W — —
rd —
yd
o—
- *

(=]
—_

Fig. 4. Effect of 10 mM glucose on Kare channel activity in control (A) and taurine-treated groups (B) in OLETF rats. Cell-attached

mode at a holding potential of 0 mV. The vertical scales indicate the number of channels (C). Mean conductance of Karp channel

activity during 10mM glucose loading for 5min. The symbols represent mean £ SE. *P <0.05 compared to values from

taurine-treated group of the same time period. Po: open probability in the presence of glucose, Poc: open probability in control

before glucose application.
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ek Taurine-2 Karp 2 2RH12] ATP 2402 Hi91A)7]
A gFecha e ) aiiEel”, AEN ATP SEolle
zpo]7} glo] W) Kare E22] ATPol| that ZH4do] taur-
inedl] 23l ZrlEIATkE & e fivh 2PEE, FoiR
EEcdoll sl taurinew] wlebAZNA o] ©-& ATP7}
ARER, a2 Qe gl Fut FUENE Ao
A7tk

Taurineo] AlZEfollA] AYejehy 2-8-& & uf} shie 7]
Ao FA, taurine 2} Woll g8l oFdslel S4sts
ol-g3krki gkt F taurineS R Aatol] EAfsh 4] ok
A3}, SAsE 25 7= £4 2AA (neutral phospho-
lipid3) 47 A & Qlowl, 1 Az ehe] §E4
HeRR 7|2, Adeks 7o g 3| EAlfsls 75 o
A S, Z o] £z, 2 (iransporter) ) &
A (recepton) 9] 7157 VNE &g v]H 4= gl AlEat
 ojuja} 715 AE 27)del ARl FU AR
2 2g3o] A Pl

B Ao Hik= taurineo] EErdol] 2%k ATPY ¢4
+ M7 AR Az Lrdgo] v|EFeglolollA
AbslE 9] Aks) (oxidative phosphorylation)Zbd & citric
acid cyclee 7 ), n]EZcglo} W) Ca¥'9 57} =4
SAslolof Sehe ARLS: 4 e 9k ol citric acid
cycle®] EEA-44 (dehydrogenase)Eo] EA3kE7] 98l
A Ca’'o] asly] ujielch?. Ca’o] mEZ o} 74
(matrix) 2 Eol7k= 52w v|EZEelo}l vl Eallst
£ UZ9) F<5AI9l Ca™ uniporter Yotk Z Ca® unip-
ortere] B4E7} w]EREelo} Hsket A Ca o] bl
Zelohllze] ool Fesicta gl ok 7k A
AFEoNA taurine-2 AB2EHE AFE ) taurine % (10 mM)
ol4] Ca™ uniporter®] BAEE oF 20 Z7HA7)E Aoz
FeiA] e el el UCP27} IRl 21
A WEREANA] taurineo] Ca™ uniporter B EE =7}
A% 4 sieke Aol BRERIE?. B AYAE taurine
< OLETF # 9| #lA wlelAdEe] Lol oigh A5
Ca” uniporter9] 84 F7H5 B 3| ST FZ5h,
FF vleFselol Zwo] AH FH oz Frgslojo} 3 )
Alo|c}. w3l 2 Age] tz ) taurine FoiF- ApolofA
AlgHstell Qo] Apol= 1L, taurine Fol7} wilelA| £
Z A9 S A 3R] kg o g Hol, OLETF
9] 5] nigkoll =J3} QlErIATaAe] 2719t ol mhE
et B4 gw 3 Fvhe aabdow oA
37l F3k Zlo g A7k

Taurine 2 A14] Alell QIolAE 8E Aske] 6
g 7S Bolrka A k. OLETF oA #3
ARAEF Age] F2 o] opy|Hirtal sh, o|Zlo] ol
gl Ruloll golg Frh= 2avt ek, 0|} Fo| taurine

°o] OLETF 9| % A4 =& 773, A3 £54
2o A H4E oAlelol TExell o3t Al YIS
Adsielek & = ek ey AAZog d2 A
A FEE "#Js] Z4A|F)= bezafibrate (PPARa 4~84
AFANE FoIsiiE wl OLETF 9 &2l Eu|7jso]
oFE Fod 7ot vehta 1 ¥ g3 A4ER) ok
Moz ul2o)', taurineo] ¥E A4 EEE /eIt
S, taurine®] o E3}, & wERIEUe] TE o)
AN AFHE A e gloka A7)

B I RAlollA] taurine ] g FE7L 4ol B
Hee ul?, ole EEe] Txwlo] AE AFFokg w3}
21713, AJEW polyol pathwayoll 7]1Q1s}ed, Lhe | Ea} &
& 7HAE sorbitolo] AlFEel] 45|51, thal AE A
F4 F5 A5 913l taurine X myo-inositolo] A|E£]
2 wpduher] ujFo|cy.

AEF o7 vkl Wyudl £5 ®ulel OLETF #Hetb 2
of A7RY QIR E 7L Fisold taurines] &
7H S A wEb oY Tt oS S719) 1,
upehA QlEdl FHlEE Mgl A7kl ek
o4 taurinee] % SE] §71e L A2 2 YHZ by
ol h$ Fespl) weislolol & Aoz Aze)

K

LN

2 o

O4HHZ: OLETF (Otsuka Long-Evans Tokushima Fatty)
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