Effects of Aldose Reductase Inhibitor upon
Myoinositol Uptake by Rat Sciatic Nerve and
Human Erythrocytes
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Abbreviations: AR, aldose reductase ; ATP, adenosine triphosphate ; AUC, area under
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transport inhibitor constant; KRB, Krebs-Ringer bicarbonate; Kt, the substrate
concentration at which the initial velocity is one-half of Vmax ; MG, multiplier gain; M],
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myo-inositol ; MNCV, motor nerve conduction velocity ; MS, multi-ion selection; NAD,
nicotinamide adenine dinucleotide ; NADH, nicotinamide adenine dinucleotide, reduced
form; NADP, nicotinamide adenine dinucleotide phosphate; NADPH, nicotinamide
adenine dinucleotide phosphate, reduced form; Na-K-ATPase, sodium-potassium-adenosine
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BT, Thbb, FEMEE Tmg/dl 27 -7
+—+ (type I, Sigma #f, St. Louis, MO, USA),
90mg/dl FNva—R, 4% VYMBET LT IV
(fraction V, essentially fatty acid free, Sigma #t) %
4t Krebs-Ringer bicarbonate (KRB) £ & # (pH
7.4) 5ml FTITC, WAL > Far—bLiz. 1~
Fan—va RTH, WHEE2005Y 7 v 1 >l
H{f/ml 770 b= (Sigma #) &1 KRB &F
WO L. )i, BEETICE >y b A
W, MEEABOE&#BT £ 2K%EL T endoneurial
preparation £ L, BFTA VA AE 240 (Mettler
#, Ziirich, Switzerland) THEEL, LTOEBRICMH
Liz. &8, HEomRET, AEEREAV TEE
L.

3. ABMECBTS I A4 /Y P VERDASRS
IUYLE N —NBECEZ BBV I-AB LT
FNVE—AYF 78 —CEEFHORE

=¥, Mg E0mg/dl 71— &&H KRB EH
HIzZEEL, 0/C0.(19: 1) KT ENLETNITC,
0BT F VA v Far— LTz, RIZ, MRE~NDIZ
A7 —nNEDAAH%ENa (5 YT L) KEHEL
Na #EFEH AT TRET 40, &7 v AR
HEEL R E KRB BE®RC, ZH» >HEELT:
W%, KRB f10 Na # 2V > BBELLEBE U
T, 2V CHEK) EBL, 0/C0.(19: 1) /T Z
nZENITC, 6034 v Fa~x—bLk. Zh5DE
DI AL ¥ b —IVEBEEIX 5~1000u M, V3 — R
BEIT90~450mg/dl £ L, —EIZIZE STV F—
A5y —EEEFRE1~100uM %2 L DIH
MU, SEKwi, 2-PH]-34 4 /> b= {spe-
cific activity 370~740 GBq (10~20 Ci)/mmol, New
England Nuclear #, Boston, MA, USA} % 37
KBq (14 Ci)/ml, B X UHE~ O FER REIN D & 4
GEIREEA~OER Y AS) 2B T 5 el ["Cl-= >
= b — 1 {specific activity 1665~2035 MBq (45~55
mCi)/mmol, New England Nuclear #t) %#9.25 KBq
(0254 Ci)/ml fUA 2. ZA R =2 Y ¥ 5 —EHE
# & L Tk, ONO-2235 {5-[ (1E, 2E)-2-methyl-3-
phenylpropenylidene] -4-ox0-2-thioxo-3-thiazolidine-
acetic acid} (NEFEES, KBR) 2ERA LY. A ¥ F =2
N—y s U RTHR, BEE KRB EfEkavwLa Y >~
BRTT TV Tr510ml ARESHA ¥ —FRIIHB

f
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FEO EEL.Oml KKy v FLr—F— ACS I
(Amersham Japan #, ¥i) 10ml 0%, Wik
Flr—varhvry— LSC-700 (Aloka #, Hm)
T, *H 8L OC ORsTaERERTRIL:. —5A, 8
HWERIZ DWW T RS V7%, ERCEEY Y7
Vv—F—%Mx, ‘H BLUC OBRETEERFHIL ..
RN ANOERN I A A /Y —VERDVAARE
3, BEHED2[H]-3 44/ P —VE2ELS
WD, Thbb 1-[*Cl-er= b=+ Ax—
AD 2-[*H]-344 /¥ b—nE GERRENIDALS)
FELFKCLTHEEBL, BENERR DY OETR
L.

2) SBHEAYLE b —VBEORIE

tEoLER 2 NRELY Y vATHML, 2OV
Er—LBELBEEREY CHE L. FRLEE0.48
ml #0.25M 2" Y & »E@E®K (pH7.5) 0.40ml izfnx,
12mM NAD (grade II, 1 — R » B3, Sigma #)
0.1ml, 228{7/ml YL Er—LFE FosF—¥HE
¥% (b Y%k, Sigma ) 20ul & & $1237°C,
L0584 v Far—tLE. ZORBEBEOL VFa
R—ya YETHOEXEE 2 HLRAEREE650—40
(B3T®ERT, B37) % By TRt E&R350nm (R Y v
b 15nm) |, F&SEHFHE440nm (R Y v b 6nm) OFRETH
LT, Frzwk L NADH 5k 7. FEIZL
TYNE b —VE#EY  ZLERRICOVLTRERY
ERRL, &Y > 7LhD Y ALE b —LEBE 2EH
L, BUERB@bzhDETRLL.

4, BBWMBEADIAA /Y P —VBDRABIEZ
LHENY VE P —LOEE

Sy N E BT, BEEEL R0, 450% 7
13900mg/dl 7 v a—2 2& KRB #ERICZNE
NEEB L, 0/C0,(19:1) S4 T 237°C, 6053M 7V 4
vEaR—pLE. TAREDYALE P —LEGEDL
WD R OB ORD S NS W HERORETO3
B (AB BLUCE) 2ERLL. RiC, BIED LI
SR bEM, S EEEL R ES0x M 2-[PH]-3 4

triphosphatase ; OGTT, oral glucose tolerance test ; SDH, sorbitol dehydrogenase; SNCV,
sensory nerve conduction velocity ; TIC, total ion current; Vmax, maximum initial

velocity
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7.
O. e bFRMIRICBEIBIFA /P —ILENAR
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1. Mg
BEE» SHRL LMBORMEZ TR E L.

2. FROLER

BEieErnc, REIRE D~ %) »482im L T3000[E
/5, 1030, 4°CTELL, MM L HmERBEERD
B7e. FRILERIZ, ¥ KRB EER T 2 BIELHEL
THSUTOERIHL 7.

3. RMERCBITAIAA4 3 P —1RDAAB &
UHRIMIRY M E b —VBEICEZ 287 Vv0 -2 8
SU7PNF—RY Y75 —FHREROEE

9, FRIMEK%90mg/dl V2 —X %4 KRB &
EHCEFE L, 0/C0,(19: 1) KART 237°C, 6053~
VA yFax— Lk k2, ROERAND A4/
F=AERD AL % Na K7 M £ Na JEEREMEICHIT T
BT B0, FRM3KE KRB SBEHR, 271320
BRICEEL, 04/C0,19: 1) §HETIZZ2h Zh37TC,
60314 Y Far—bLE. ZHhOEDERD I A A/
Y —NBEE, 5 uM~750mM 7L 0 — REBEEIL
90~450mg/dl &L, —&HRIZIZ & SIZT LR —R Y ¥
75 —¥REAZ100uM 22 X3 2B MLE. &
W, 2-[*H]-3 4 / ¥ b — 0 { specific
activity, 370~740 GBq (10~20 Ci)/ mmol, New
England Nuclear #} #37KBq (1 Ci)/ml fiiz 7-.
TWVR—=2) %275 —FPHEH L L Tix, ONO-2235
B L O ICI-128,436 [ 3-(4-bromo-2-fluorobenzyl)-4-
oxo-3H-phthalazin-1-ylacetic acid]™(7 4 - > — -
A7 7—<8E, KR 2FHELEZ. 4> Fa—
Ya iRTH, RimE%E KRB kil a) v ik
BT2EELERL, RILKO S 50.5m] 2R 1
BLTRY > 07 07205 10%:88 HREER]L.5ml %
Mz T|BL, S5 BEHBHE UR 200P
(Tomy-Seiko #, HF) #H v TE0MMY =7 — b L
2. R Z3000EER/ 2, 1030 L, LiEE T4 Y
P=FEMEY AN A BEOMEICHLE. &

7z, RMIRD S B20p] 2T 0 > REWKS. 0ml
(Hemoglobin B-test L GMIET %, KR) = AR T,
540nm TANE7OEVBESHEEELS.

1) FMBRAIAA /2 b —LEDAZEDQRIE
L&D E#0.5ml owEiEy > FL— % — ACS 11 10
ml 204, kv FLr—varhyrs—1, *H
DRETHERETAIL 72, — 7, BHEBIIO>WTH5%
FREEHESAS & U 0.3N KEE{L/ S ) Y L TRS > 82
%, FgCEEy v FL—9% — %2z, *H ORgtee
AL, ZASOELD, FMEAD I A4 /3
F—VERDALEEFHEHEL, BAANEZ 0L >
(gHb) H7:H DIETEL -

2) FRMBAY AL E b —LBEOAIE
LEOEEE 2 NREES ) v ABKTPRHIL. 20
VIWEL-VEBEERBEREY TREL:. fRLEE
0.48ml #0.25M 2"V o »#E& ¥ (pH 7.5) 0.40ml 12
fnz, 12mM NAD (grade III, 1 — A h Hi3k, Sigma
) 0.1ml, 2287 /ml YV E P =LA FE FosfF—&
#H (o v JRFHRE, Sigma #) 2041 & & b 1237°C,
405304 v Fa—~b L. ZORBBEDA > Fa
R—¥ 3 VRO ENEE & HENY A N —LOflE
TEEERRORGTRE L, EiEy s 7L ORER L
DEFLTAFOVYLE b—LETHgFE L EH L, B
fiNnEZ o> (gHb) 72 Hh DETHELI.

4. FRMBADIAA /¥ b= VERVAZIZEZ 2
FRIER P EEBE N O B

FRMIRAD 344 /¥ P—=LERDRABIZBEIT B %
NWEFKFEEOBMERE T % 720, RIMERP O B2EE
ZEHE L 72 ETHRIERA D344 /¥ b —LERDIA
AEEEL. Thbb, £ FRIOKE90mg/dl 7L
D—ABEW, 7VI-RAEEELAEVEKR, £1:103
2mg/ml 7 v 1{tY — % (sodium flucride, NaF) # & ¢
90mg/dl 7L a—-RBHIZFNLFNLEEL, O
CO:(19: 1) KA TIZ37°C, 180M 7L 14 > F 2 — |k
L7z, iz, 50u M 2-[*H]- 341 /& b —/90mg/
dl Zva— 2 /KRB Rz LI ) Y iEEIZZER
FHEBE L, 0/C0,(19: 1) KA TIZ37°C, 60434 >
FaX— bl ArFaxr—v a2 T, FiZZ0
LB THRMMAD I A1 /2 b—LE DAL
Bikoi:.

5. ROFAVYLE LIz T27LE—R) S
7 7 —CHERI OB EENE

TAR=RY & 75— CHEEFDRMEKY L E b+ —
NEBIIHT 2 HEFERE 2RI T 220, Kifikks
450mg/dl 7'V a2 — A /KRB B&K, /-3 2127
NRE=RVF 7y -CHEF FHEML-BRICEE
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L, 0/C0,(19: 1) 8 TFI1Z37°C, 6053 1 > F 2 X —
LTz AvFar—va i TH, fIOL ST
HLT, RMBEAYLE N —VBEREELL. &
72, A v Fa—yaYEORMRKICOVTHY LY
- VREREIEL 72

. b MRAKCEFHVILEF—LBEE LU R

T4 /Y —VBREDEFER TORT

BEEQ R LVERBEENRIC, ROV EER
HEx - ABANEREMITL, SIETICEY2
FRMEA I A A 2 v b—VBES L URMEAY VE
F—LEEOEEET LN —R Y Sy 5 - LHEEH
(ONO-2235, ICI-128,436) #&5 + ORETHREIL 7.
1. W&

1) ONO-2235 DFRMERA Y L E b — VIS 57
=

7472 (4 A IERER) BRIRELS (B
o, ZME2M) Eake L. EHERIZS5.512.6
B, BRERIZ6.9T1.8ETH 7.

2) ONO-2235 DFRMERA I A A /¥ b — LT
BRE

FAT2 (4 R LIMER) BREE 4F (B
16, T3P BLUFA 7L (4R AMRER)
BREEZ L () o5 MEnRe L. FHERE
56.2+3.158, TBIFERIIB.4£3.2ETH 7.

3) ICI-128,436 OFRIMEKAY W £ b =N B X TR
MEAIAA /¥ b=V IZNT 25

F472 (4R VIKER) HRRE 6 6l (B
OA) BRHE L Uiz, THEHIZ59.314.8%, BRE
BIZ12.5x3.TFETH -7z,

2. 7o ba—n

1) ONO-2235 QRMERAY L E b —NicH T 2%
£

&t L T 75¢g oral glucose tolerance test
(OGTT) %, 1[EBX ONO-2235 5T, 2 E=RES
202~ 4 BEBICEAR305HT I ONO-2235 (200
mg) 2RSS L THF L. BANERN, AR&0
5. 6043, 9053, 12058 & UF180431Z ethylenediamine-
tetraacetic acid (EDTA) ML, FhZThx:7
123000 E2/45>, 1043, 4°CTE LU, MmiEx R
L, RMERIE S 5 B EBNREKT 3 ERLEEL
7o, MR VI —AD, RSV I-AB LT
YALEF—LORIFH LY. 2B, 2EEOME
S TiE ONO-2235 BEZHEL /2.

2) ONO-2235 OFRMERAN S A 4 /& b =iy
3%

Flz L CRBATHBEE, 1 BB ONO-

!

2235 EH/ESET2EHBEZED 2ERBICRAEIZ0S
ONO-2235 (200mg) ##EOHE L THEITL 7. AR
B X UAR%K1204w EDTARIL, #hZhiiRrE
FECMEL,,. MR va—ABLXUIA4
F—nLo, FRIMFKFIAA /¥ b=V DOREITITHL
2. 58, 2EBOMmMEIC DWW T ONO-2235 %
HEL.

3) ICI-128,436 OFRIMIKAY V E b — B & Uk
MERA S A4 /¥ b — o s 3 BE

L TREARMAREE, 1 HE @ IC-128,
436 FER ST, 2HBRZF D2 ERBRCAERIOS K
1CI-128,436 (150,300% 7-13600mg) %B %5 L TH
FTLZ. BEl, B%604, 150408 L V2104
EDTA #ML , Zh ZNFiEE L RARCLEL 7. i
BN a—ABIUIA A /Y =D, RO
Na—RA, VIVEL—L, BLUIAA4 /¥ b—10D
BlEWCHEL:. 28, 2EBEBE0MBEIT 2R
IC1-128,436 EE#HEL /2.

3. BEEOME

1) Mu¥EE

Mgy > ZLoMmEE:2 7 Va3 — A% F v ¥ —¥ik
THZEL Iz,

2) Mm#Es A A /v b —VBE

MAE0.25mi 1= 5 %EREEEESA1.0ml £MA TIREL
72, 8 5120.3NAKE /Y 7 A1.0ml 0% TH
HELCELLE. BLEO EE0.20ml 247 A
Fa—TWANTa—AFNV—D—= /EF7 /¥y
F35ug RREEMBELLTMZ, FYRVAKHT
Z8OCTHERRBEE L. v F vy —F —NTIH
BEESMAE R w7208, BU Y d0ul, ~NFFAFALYYVT
Fr32ul, PUXFLZOOYT 16l EHMLT
FyANEIY)AFLY UL, ZOR3 ]l #
HA 7 uERESFE M-80 (B L8{ER) KEAL
total ion current (TIC) # & UF multi-ion selection
MS) Iz k2 E{TRo7. T4 2% OV
(84, Uniport HP; $E#%IE, 60/80) Im %ML,
b5 LEEIRISCC—ELL. A v 5§ —7 z— A
BB UCHEASBEEIROLTRH250°CE L. MG fE
131.5kV, IV {Ei220eV L7, v Y 7 —AFAKR
Y T AH A (40ml/5) BERALE. P AFAYY
MMEI A4 Y P —LDTAARY b T AR LR
T E8BDHT, m/e 217 THRAEENB SN, miEo
FUAFAYYRAEHOF A7 e k7T A (TIO) &
2R T . R 4 20 R s A4 /Y b
LHHHEN, 2O m/e2lT DR A2 0 S 7LE
HBOI>Ea—F — - ¥ A7 4 M-003 (HEIE




SAAYE=NETLF

) PAWTEHREEL 2. RISEMAOBTTICNIE
MMEa —AFLV—D—%Y  ES vy Ko &
n, #0O m/e 204 DFR7UR I LARERER
L MEOHEDSAA /Y b —LBOBELE1T-
. ABCLTIAA /¥ VB LERR
EOLTREREERL, SNy 7 Ldho 44
/¥ b= NAETREREE L.

3) RIMBAZ NV 2R BE

FRONBRO.5m] % ¥ 10%:BE REIBHEL.5ml Ths >~
Rotk, LEE2NREY Y U LABHETHRHL, 20
7N a—ABE % Bergmeyer 5D FEDICHL THI
ElLl. Thbb, ZAa—RZD0nTH, HHEE
2001 20.3M MV ZF 53 L EEE PH7.5; 3
mM FiEg<732vv4) 2.5ml , 150mM adenosine
triphosphate (ATP)/12mM NADP #2001 LB
ELTH 2y PARTHS Img/ml Z'va—2R
6V BT F—¥ (FV IV -}
#, WH) #20u 1, 1mg/ml ~F YV FF—¥ () x>

—2 V¥ 75—~ YHEF 943

FN4—A M) #2201 BERAIL, 366nm TERINAT
BOBNEZREL TER L NADPH 22K 7.
FEIZL T a— R EHEY > FLERRIZDOVTHR
BEREERL, 8V 7AFO SN 0 — AMHEE &
BH U7z RIEESE, UV-190 (BR8BUERT, =) *
FRL..

4) FRIBAYVLE b— L EE
FEOSFFIEF.48ml DOV THIEED & > wBEE
EPERAOTHEEL .

5) RMMBKASAA /¥ b —LEE
FROBERI00£1 1210% b Y 7 o oFEEE900 1 202
TIRBL, &5 CBTREHEE UR 200P (Tomy-
Seiko #) #FAHVCOWMY = — b L. AW %
3000EI%E/4y, 1043RLELL, L#0.5ml % o —
P ANTa—AFNV—D—=>/EF /¥ v I35
pg ARBEYE L LTMAL. &512, MY 2Zouo
BEERET2-OYIF LI —FA10ml 202 T
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Fig.1. Mass spectrum for trimethylsilyl-derivatives of myo-inositol. It shows
a base peak at m/e 217.
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Fig.2. Gas chromatogram (total ion current,
TIC) and mass chromatogram of trimethyl-
silyl-derivatives of plasma. Shaded area
represents mass chromatogram of m/e 217 for
trimethylsilyl-derivatives of myo-inositol.
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~—/ N
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Fig.3. Gas chromatogram (total ion current,
TIC) and mass chromatogram of trimethyl-
silyl-derivatives of erythrocytes. Shaded areas
represent mass chromatograms of m/e 217,
319 and 204 for trimethylsilyl-derivatives of
myo-inositol, sorbitol and glucose, respectively.
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L., FoRTARRTIC8CCTERERL 2. 351
Fyr—5—ANTI2REERE &, B LI
PUAFASYRILLT:. 2083l XA OE
BTE M-80 (B BUERR) IEAL, M A1/
Y b= EREKEID TIC B XU MS 2 &k 2t 21TV
(®3), 344/ b—LfaxfBERrELL .
hE, SROERY Y 7LONESOE SV BE ZHIR
DOFETEKD, RO La—R, YILEL=—L, B
Ttz A4 /2y b=—nid, OFRLb BT OES
(gHb) H7: D DETRL .

4. MEFROT7FLR—RY) ¥ 75 —YHEEFEBED
HIE

1) ONO-2235 #E

miExr=% /L@ L7%E, v b X ARILZ
T AEEEEEMNEL TMmE ONO-2235 BE+H
HU.

2) ICI-128,436 ¥

mEEEky v 7 Lictk, BERAEKZO< TS
7 4 BALTHL Tk 1C1-128.436 2HEL 72
V. #Etag

F—&ix, WFh L THELSEM TRL:. BFE
EMHE 121X, Student’s t-test, one-way ANOVA,
two-way ANOVA, Mann-whitney u-test % ¥ E A
W, plES%UT2EEL L. £, BRERE. &
INZREEFHOTRD .

8

501

2-(3H)-Myo-inositol uptake
{nmol./g wet wt/hr)

0 250 500 750 1000
Medium myo-inositol (pM)

Fig. 4. Intracellular 2-[*H]-myo-inositol uptake
by isolated rat sciatic nerve as a function of
medium myo-inositol concentration. Solid
circle (@ represents total myo-inositol uptake,
solid triangle (o) Na-independent myo-inositol
uptake and solid square (®) Na-dependent
myo-inositol uptake.: Medium glucose concen-
tration was 90 mg/dl. Each point represents
the mean of at least 4 determinations.
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Fig.5. Lineweaver-Burk plot of 1/V against 1/
[S] for Na-dependent myo-inositol uptake by
isolated rat sciatic nerve. The reciprocal of
Na-dependent myo-inositol uptake (1/V)
measured in the presence of 90 mg/dl glucose
(G90) and 450 mg/dl glucose (G450) was
plotted as a function of the reciprocal of
medium myo-inositol concentration (1/{S]).
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Fig. 6. Dixon plot of 1/V against i for Na-de-
pendent myo-inositol uptake by isolated rat
sciatic nerve. The reciprocal of Na-depen-
dent myo-inositol uptake (1/V) measured at
medium myo-inositol concentration of 5, 10
and 504 M myo-inositol was plotted as a
function of medium glucose concentration (i).
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EMIAA /Y P VBELOBEFERER 4 ZRT.
Total &i3 KRB &K T, Na JEefkEm Lz >
BRTENTNA Y FaR—bLRBFRTHS. ME
DEHN Na lfEHETH 2. NafkEME I 44 /v b —
VEIDIAGRIE, B I A4 /v b=V EBEES TR
EREIZEINL, 85004 M T7F b —IET 285
HEEEE. JhE LT, Na JeRESE I+ 1
=B RAHIE, ALy T A L1000 M
FTIRBEIAA /Y P —VBE L2 - TEH
L. Tabs, MEADIF (Y =0
BhasmRicld, Na REETEANEDO L O L Na
HEREE TN D L 00 2FBESXS . &
B, B A4 v P L EESO MOBE I
Na (RFFIE2391% ., Na JEREMEH 9%, it s 4
Y b= EES00x MOBA I Na RESEHS1Y%,
Na JEMREEMIO%TH D, TN Y Na KEEHMNK
2 HbI.

2) BN —-RDEE

Na (TFHR DAL RS A4 /0 b — LV BE

Tablel. Estimates of kinetic parameters
of Na-dependent myo-inositol uptake into
sciatic nerve

Medium glucose Vmax Kt
(mg/dl) (nmol/g/hr)  (uM)

Lineweaver-Burk analysis

90 22.6 85.5

450 21.4 110.7
Eadie-Hofstee analysis

90 19.9 55.8

450 20.5 105.4

DEF%E% Lineweaver-Burk AR T o vy b LI-ER
ER5IZRT. L 0 — A WEH0mg/dl DB
DERR & D 450mg/dl DBEDERD FHHE = H3 Ak
T, MEMIIHE O 1 STREL. —5, Na g
FUHEMDAARLERN I LI — R BELOBE %
Dixon SR Ty b LR EM6 IZRT. b3
A4 b—VEBES, 108X U500 M 0 3EKIT,
BEET2 CRBOER T b B 28R BT
RELRE. JEOZ 25, 5y b ABMIRIZBI S
Naf&FEH I A4 /¥ b=V EDRABE, Fra—2
WKLo THHE 2F 0, 20MEHAREBEE (EM
%) THDHZ ERENT.

Kinetic analysis DR 2R 1R T. Bt L
2— A EEIOmg/dl DA, Michaelis O 5E # Kt
(Km) ¥, Lineweaver-Burk A= & It 65.5 4 M,
Eadie-Hofstee 5= % 51355.84 M Th - 72, 8
NI —ZABEEImg/dl OBHE, FAHEE Vmax i1,
Lineweaver-Burk A 3 # % & 22.6nmol/ g/ hr,
Eadie-Hofstee A3 »* %1319.9nmol/g/hr TH o 7.
7, MHEE Ki (glucose) iz, Dixon Hx» 5366
mg/dl TH-7:(R6).

B A4 /v b—LBER0uM L LIEED
SAA b= VEDRABRERR2IZRT (ZD I A
A/ F—VBECBLWTIE, M4XTELEES
Na KEMES & CHEFEERDAARIIE I A 4
YA VBECH L TERMEMMR ). Na ikEHE
EAA /Y F—VRDAZERE, S~ ABELS0
mg/dl TA > % a~—}LEEE (G450 ik, 70
- AEEIOmg/dl TA v Fax—FLIEE
(G0) LD EEIEMFETHD , HIRNBDETEEL
(unpaired t-test, p<0.01). ZhiZxtL T, Na JEKTE
Wit /o b= VEDAAEIL, B L0 — @

Table 2. Effect of AR inhibitor on 2-[3H]-myo-inositol uptake into

sciatic nerve

2-[3H]-myo-inositol uptake rate
(nmol/g wet wt/hr)

Group n Na-dependent Na-independent
G90 10 10.5340.68 0.81+0.08
G450 14 7.21%+0.30 2 0.83+0.07
G450/0N0-2235 110~ 6 M 8 6.73+£0.37 P 0.72+0.11
G450/0N0O-2235 1x10~5M g  8.9840.40 © 0.73+0.05
G450/0N0O-2235 1x10~4M 12  10.20%0.544 0.81+0.08

Medium myo-inositol concentration was 50 uM.
a, p<0.01 vs G90; b, p<0.001 vs G90; ¢, p<0.01 vs G450 :

d, p<0.001 vs G450.
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13, ONO-2235 Iz L > THEOELIIRE 2h o
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Fig.7. Effect of increase in nerve sorbitol

concentration on Na-dependent (unfilled area)
and Na-independent (hatched area) myo-inosi-
tol uptake into nerve. Nerve preparations
were incubated for 60 min with 504 M myo-
inositol/90 mg/dl glucose after preincubation
for 60 min in 90 (), 450 (B) or 900 mg/dl
glucose (C).

Table 3. Effect of AR inhibitor on

!

VELD AARZE % one-way ANOVA THEEL 7228, 3
HErERED ooz (F=1.018, NS; 7).

2. VIE LR

HiED I A4 /¥y b —VEDAA LERCHEL
A rFar—yarBOYLEM—LVBERRIR
T, G450 G L WV EEIEMETH -7 (unpaird
t-test, p<0.001). G450ic ONO-2235 %2¥RiOL 220
i, VYV E b= fE ik ONO-2235 QEBE W KE L TE
TL, 1X10*M WINEEIZ G450 DM EEEZ 2D
7> (unpaired t-test, p<0.01). 7z, ICw, TR bBHG
4501283 Y E b —AENESR I T 20
PEZ ONO0-2235 DEEIX, 63%X107°M THot-,

II. b b ROIREBREAC ST 2R
1. 344 /¥ b—VERDAARE
1004
-
-
5
S
i
£%
TN A
%.g 50
N By
e
&
[} . . r
[+] 250 500 750
Medium myo-inositol (mM)
Fig. 8. Intracellular 2-[*H]-myo-inositol uptake

by erythrocytes as a function of medium
myo-inositol concentration. Solid circle @
represents total myo-inositol uptake and solid
triangle (&) Na-independent myo-inositol
uptake. Medium glucose concentration was
90 mg/dl. Each point represents the mean of
at least 4 determinations.

sorbitol accumulation in sciatic nerve

Nerve sorbitol

Group Concentration % Change in

(#mol/g wet wt) accumulation
Basal 4 0.0760.008 —
G90 10 0.0771£0.0086 _
G450 14 0.127+£0.004 @ 0
G450/0N0-2235 1x10~ 8 M 8 0.1294+0.011 * + 4
G450/0N0-2235 110~ 5M 9 0.112+0.013 ® —29
G450/0N0-2235 1X10~4 M 12 0.094+0.008 © —65

a, p<0.001 vs G90; b, p<0.05 vs G90; ¢, p<0.01 vs G450.
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1) WY AHEHER

RIVERAND 244 /¥ b — VIR D ARE L Hedy 3 A
4/ b=V BEEOBBRERISIIRY. 344/
F—VELDASEIE, KRBEEETA > % 22— b
LEBENI) VB TA v Fa—LEBEELD
BIEETH . Tihbb, ROBFICBITL 44
7y b—LEDIAAIE Na JEEBERTH->T, Nad
BERZOMOA» % L 2ME L7, Na JEEENS
SAA /Y PV RAKRIE, I ALY b=
WEICLO o TEBRIHEML, 344/ b—0
OYSEE (14g/d], 25°C) IGEW IR R BEETH 2
50mM KBV TH T T F—5Ranhot.

2) BT L a—RADEE

Na JEKFHERD AL LB I A1 /v P — L EE
DOM{%% Lineweaver-Burk FRT7 o w b LGSR
BROCRT. B L2 — A BED 0 » 5 450mg/
dl ADHIE L 7258 > TESOME 2 2 AL L | st
Fha—A L >T NaFEkBER- I A4 /> b=V E
DABDETT 22 bodmahsz. LaL, EEE,
o — S TREYT, BEAICERL.

3) TAR—RY 75— FREREMD L
G90, G4508 X Ut ONO-2235 £ 7%
IC1-128,436 % 1x107'M WML B2 817 2 Na 3¢
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4-
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b
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Fig. 9. Lineweaver-Burk plot of 1/V against 1/

[S] for Na-independent myo-inositol uptake by
erythrocytes. The reciprocal of Na-indepen-
dent myo-inositol uptake (1/V) measured in
the absence (G0) or presence of 90 mg/dl
glucose (G90) and 450 mg/dl (G450) was
plotted as a function of medium myo-inositol
concentration (1/[S]).

Table4. Effect of AR inhibitor on Na-independent 2-[3 H]-myo-inosito!

uptake into erythrocytes

2-[3H]-myo-inositol uptake rate

Group (nmol/gHb/hr)
G90 5 4.94£0.17
G450 5 3.03+0.29 »
G450/0N0-2235 1X10=¢M 5 3.2440.26 »
G450/ICI-128,436 1X10~¢M 5 3.03£0.23 *

Medium myo-inositol concentration was 50 M.

a, p<0.01 vs G90.

Table 5.

Effect of inhibition of erythrocyte glycolytic pathway on

Na-independent 2-[3H]-myo-inositol uptake into erythrocytes

Preincubation condition

n

2-[3H]}-myo-inositol uptake rate

(nmol/gHb/hr)
G90 5.9940.25
GO 3 5.40£0.12
G90/NaF 3 5.52+1.24

Erythrocytes were incubated for 60 min with 50 4 M 2-[3H]-myo-inosi-
tol/90 mg/dl glucose after preincubated for 180 min in 90 mg/dl glucose
(G90), glucose free (GO) or 90 mg/dl glucose medium containing 2 mg/
ml NaF (G90/NaF).
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EEEIAA/ VbV RAAEERLIITT .
one-way ANOVA IZ X 3l TiE, G45013, G90X
DEEEETH- 2 (F=8192, p<0.01). G450iZ
ONO-2235 % 7-i3 1C1-128,436 Z &ML 728i&, G90
rhEBECBETH- T (FhEh, F=6503,
p<0.01; F=8.192, p<0.01), G450 L EW o1z (%
nzEn, F=0.0974, NS; F=0, N§).

4) FRIBRABRENH ORE

FRINEE £90mg/dl 72— AW, S VI—REE
BHLRWER, 77213 2mg/ml NaF % &%90mg/dl
S — ABERTIBH S v A v Fax—PLIE
TOENFNORMBEKAD Na FFEKFEHEI A1 /¥
F—LERDAAEERSIORT . IHEHIIEIRDS
Nz h o 1z (Mann-Whitney u-test).

2. YNLEN—LEBE

B A4 2y b —ABDAARERBZAEL
HAVFa—Ya L BOVYILE L LVBEERGEI
7. one-way ANOVA 12 X 3BT, G450,
GHLVEECEMBETH» 7 (F=10.36, p<0.001).
G450z ONO-2235 % 724% ICI-128,436 %=L 72 B
X, G450 D EBCEETH-> (Eh T h F=

1004

*‘N\;\\*\}\

50

% Control

10 107

Concentration of AR inhibitor (M)
Fig. 10. Effect of ONO-2235 (@) and ICI-128,436 ()
on sorbitol accumulation in erythrocytes
incubated with 450 mg/dl glucose.
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!

3.645, p<0.05; F=10.61, p<0.001).
M7V R—2RY) &7 5 —CREAOBE L Rilnky
LE M- LVEEELOBFRERINCRY. VYE -

Blood glucose
(mg/dl)

Erythrocyte glucose
(pmol /gHb )

[
o
3

Erythrocyte sorbitol
(nmol/gHb)

201

g
ON‘O-2235

Plasma

ONO-2235
(yg/ml)
oN &
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Fig. 11. Comparison of blood glucose, erythro-
cyte glucose and erythrocyte sorbitol concen-
trations in the first OGTT performed without
administration of ONO0-2235 (O---O) and in
the second OGTT performed with adminis-
tration of ONO-2235 (@—@). Values are
means+SEM (n=11). *, p<0.05 significant
differences from the first OGTT. Shaded
area represents mean plasma concentration of
ONO0-2235 in the second OGTT.

Table 6. Effect of AR inhibitor on sorbitol accumulation in erythrocytes

Erythrocyte sorbitol

Group . Concentration 9% Change in
(nmol/gHb) accumulation
Basal 5 22.3+£4.2 —
G90 5 37.2+1.6 S—
G450 5 68.8=5.3 2 0
G450/0N0-2235 1X 104 M 5 50.1%£3.3 b —40
G450/1C1-128,436 110~ ¢ M 5 36.8+3.1°¢ —69

a, p<0.001 vs G90; b, p<0.05 vs G450; ¢, p<0.001 vs G450.
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VERER, BETVFE—R ) Fr 5 —YHEFOBE
CHEELTET L. ONO-2235 @ ICqix, > 1 X
10-*M, IC1-128,436 @ ICs it , 6.4X10°°M TH -
I
M. b b ROBREFAHIE T 5HRE

1. ONO-2235 DFRMIKAY L E b — T 2 &
& (™11)

1 EE (ONO-2235 &5 THIAT) D75 OGTT i
BIF 2 MEEE, FRIMBRAYZ L 32— R B L OHRMBRA VY
MVEM—EL, 2EEB (ONO-2235 85 THIT) ©
75g OGTT KB 3 I hdDEDE% two-way
ANOVA (repeated measures) *x §F W THRE L,
Scheffe RITHELIK L /.

1) IMm¥EE

BEAAOME#EIX, 1@EHN140£16, 2 E@EH

144+18mg/dl CHERICERZ k1 -7, BAERNE,
1EE, 2HE & HEFRICEML, 120322 0n %
n308+27, 317+27mg/dl OTEMEIWE L 2. Z D&M
FErHETLL. &7, OTFhOBBIcsWL Ty 1 H
Br2oEBMcERRD oz o7 (F=0.0917,
NS).

2) FRMIERAZ Vo —AEE

BAMINORMEKA 7 Vo — ABWEE, 1EEN
0.7840.20, 2 FE»%0.71+0.18x mol/gHb Tifi%
MuwZidie» ol BARERRRNCHEML, 1EE
TR1204C, 2 BHE TR0 Fh Zh2.20+0.43,
2.33+0.51x mol/gHb OEMIEL:. ZOHBMEH
EHETLR. £/, WTFhoBERicsWLTH 1EHE
L2EEMIcERE D s oz (F=0.0289,
NS).

3) FRIMBRN Y M E b — L EBE

HAMAORMERAY L E F—VlEIR, 1EE0
27.6+2.3, 2[EIE»529.6+3.2 nmol/gHb TH#H
KERZ»of. BERE, 1EHE, 2EE L LER

By, 1203 #n#h48.9+4.1, 39.6+3.0
nmol/gHb DIEEICE L. 1EHE 2 EEKC60
4, 904, 12098 L P10 B THEEZMNHD 5
it (F=5.782, p<0.05).

4) M ONO-2235 #EE

2EEI2B1T 3 ONO-2235 13, 303 TIEEIE
LzBER L. 1800 BT HTEEDG6% DI
NEHoONT . ZFHZ BT 318050 F M
ONO-2235 #E £ TEHROATHEE L RMEKA Y L E
PSRRI ERERERD sk h o/
(r=0.394, NS).

N . AUCQEE)-AUCQCEH)

YL E b == AUCLER) 100(%)

{7272 L, AUC (area under curve) &, &
OGTT B2 Y NE b—ihfR TER)

2. ONO-2235 ORMEAN S A 4 /¥ b= iZws
IRE (RT)

1EE (ONO-2235 3E# 5 THIT) D RE AR AR
WBYBMEE, MF441 Y =N, FRIERA &
A4 /v r—NfEE, 2EE (ONO-2235 5 THt
T) ORBETRRC BTS2 s DEOELB LV
=% paired t-test THREL 2.

1) [m¥EE

AFERWHIOMEMET, 1EE L 2 @BMIzEER
ol BEANEZ, 1EE, 2EHE & bEEITHEM
Lz, £7, 1BEBr 2EBEMCZIEDoNdh >
7.

2) M#EzAA /¥ b —VEBE

AEEFEIOMES A A /¥ b—LiEBER, 1EH
r2EBEMICER o, EEFCH L BEER
Thot:. BEAKE, 1EE, 268008
LB EEOERL TR AE»o0. 72, 1EEE 2H
BRicZrZEo ool

3) ARMEBKAN A A Y+ —LiBE

Table7. Plasma myo-inositol, erythrocyte myo-inositol and plasma glucose concentration in normal and diabetic

subjects
Plasma myo-inositol Erythrocyte myo-inositol Plasma glucose
(x M) (nmol/gHb) (mg/dl
Group n 0 min 120 min 0 min 120 min 0 min 120 min

Normal 10 27.2%2.1 —_— 126+11 — 90+ 3 —_—
Diabetic
untreated 5 36.8%+7.7 45.9%+10.9 188425 2 194433 130+16* 195420 ¢
ONO-2235-treated 5 35.5+3.8 49.8+ 2.0 178+22 # 184+24 123+ 8° 183+20 ¢

ONO-2235 was given 30 min before meal loading. Plasma concentrations of ONO-2235 in diabetic subjects at
Omin and 120 min were 0.92+0.81 and 5.83+1.41 # g/ml, respectively.
a, p<0.05 vs Normal group; b, p<0.001 vs Normal group; ¢, p<0.01 vs time 0 min.
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Fig. 12. Comparison of blood glucose, erythro-
cyte glucose, erythrocyte sorbitol, plasma
myo-inositol and erythrocyte myo-inositol
concentrations in the first meal load test
performed without administration of ICI-
128,436 (O---Q) and in the second meal load
test with administration of ICI-128,436 (@—
®). Values are means:SEM (n=6). *,
p<0.05; **, p<0.01 significant differences from
the first meal load test. Shaded area repre-
sents mean plasma concentration of ICI-128,
436 in the second meal load test.

!

ttest). REEME, 1EE, 2EHEBL EEOEL
ERE& Ao, £, 1HEL 2EEMCERRED
shighrotz.

3. ICI-128,436 OARMEAY L E b — LB &k U5k
MERANIAA /¥ b= T 38 (K12)

1EE (ICI-128,436 FEHE THETT) DRBATFRER
BB IMEEE, FRMBRAZ Vv —R, RIOEKAY L
Eh—L, MEESAA4 Y h—n, FRIBAS A4 )
v h—NEE, 2HEEB (IC1-128,436 5 THI{T) &
BEEEHRBIIBULIINSOEDEE two-way
ANOVA (repeated measures) # F W THRE L,
Scheffe M THELE L 72,

1) M¥EE

ABERETOMEEZ, 1EEA134£10, 2EE
23142+17mg/dl THEEMICER Z»r 7. REAH
%, 1EE, 2EHE L RENICEMLE, BEHL
o %7, WENOBMICELTS 1EE: 2 EEM
WCEERRDshik» o7z (F=0.8367, NS).

2) FROERA S L 3 — AWEE

AHEEFIORMIKA 7L a3 — ABWEE, 1EE
1.73+0.66, 2[EE252.04+0.38, mol/gHb THE

Y=0.66X+14.3
r=0.824
101 p<0.05

% Inhibition of erythrocyte sorbitol

c T T T T T
0 10 20 30 40 50

Mean plasma 1C1-128,436 (pg/ml)

Fig. 13. Relationship between %inhibition of
erythrocyte sorbitol and mean plasma concen-
tration of ICI-128,436. Subjects were given
150 (@), 300 (&) or 600 mg of ICI-128,436 (m) 30
min before meal loading.
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BMeEidiro/. REARNE, 1EE, 2@BLy
SEANIEMU I, B L2, 72, wTROEM
LT 1EIHE 2EHMIZZRRD shkno/:
(F=0.1542, NS).

3) FRIMBAYILE b —LERE
SEAWIORMBAY VE b —LEEE, 1EH
2823.7+1.2, 2[EE»24.2+1.4nmol/gHb CTHEE
wEEREbo. BREAFR, 1HE TIHREHICHE
MLz, 2EE TREY LIEBE2REEL .
1, 604F, 1503 B L U20BDOVFHIZBLTL 1
AR 2EBEBIEEENR D SN (F=29.15,
p<0.01).

4) MEEI A4/ Y b— LR
ABAFAMOMBEI A /> b —LEBER, 1EE
#335.2+3.0, 2EEH34.7£1.8, M THEMIZE
Rabofd, WFhbEEEDOFEYE27.2+2.1
M ET7) SVEBERCEETH -2 (vFhd p<
0.05, unpaired t-test). REAFRE, 1EE, 2EE8
EHEBRCHEINL. 272, WThOBBzsW»T
Yb1EEE 2EERERRD s o1 (F=
0.7002, NS).

5) RMEAIAA /& b —LEBEE
REBAFHORMIRA I A A /> b —LEER, 1
EEA5192+16, 2 [EE»%184=+16nmol/gHb &K
KERRD 2722, BTN EEFEDOFHEI26+11
nmol/gHb (R7) D EBCEBTH -7 (WTh
b p<0.01, unpaired t-test). BEEHFE, 1EEH, 2
BE L RO T CBIML e nEEOEL T
Eholk. Ek, WTFhOBBzsw Ty 1EEE 2
EEMICERED >R »o7 (F=0.0014, NS).
6) Mk ICI-128,436 e

2EIBW B 5 ICI-128,436 A I1X, 605> CTIEME T
BULBERL 2. 2103080 TH [EEDI8% D i
Ex@Ewons. £BHI2E T 3210580 ¥Hm &
IC1-128,436 W& L A OATEH L /- RMEKA Y L
Eh—-niSFEMccEEMBESED st o=
0.824, p<0.05, ®13). &7, RMBRA Y LE b —1
MEIE I, FIZRERCHAIL THAL .
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&L BB, BURRBEYD L clEE g S Lo —
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BT2HEOZONHSA TS, BRI LID
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Y b=V AAMEFETH o722, 5, Na
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BFLEZE»S, Na kI A /¥ F—LED
RAHE I AN —KEEOBZE, TobbiEE%T
HBEEZSN:. —F, FLa—Rik, Na kgt
TAA Y =V DAZCHL TR ERT 3
ZEWRENTS. FoME AR, Lineweaver-
Burk 7o v b 3 X U Dixon 7o v b DER L O BES
MElchsZ LpsBiohbirot. ZHIE, Zra—
ANIAA /Y b L EEENENEY 2B T 50
2, WEH A A v b — BRI S IR
FLDOI LIk B ERENDS. ZOB, Kt [ErEs
7L o — AWEIOmME/Al TE5.5uM Lok hha
Bol:l s, TOEKE I L P—LIZEL
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A/ b=z 2R 7 va -2zt 2%
NORB0EUE: &2 &0 3. MEIE, Greene 5
PRAOHBLRFHELZRAO TR > ERER L 12
IZRIBED KA TH - 7. BRREY O RIBrhgg2oe -
BOLTHHERFEEORBHE BT 144
Ch—ARENBEEINTWS. TOBFELLTIRE
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S %, MNCV 8 & UCHIEHREERE (sensory
nerve conduction velocity, SNCV) O£ 28 ZE L
Fo. FORR, BEBEEIAA Y- VEBESETIE
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PLEDEHNL, BREIA A /¥ - LERERT
X SNCV 3B EIZHEML T MNCV $EFHEML
7z, IR5IE, b FRBHHEEAE D HARE Ao b S
FA /Y =NV DOBETEHE I LETBRTHHOT
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344 /¥ b=V KRED MNCV BEx T 21EH
B R TH 5 Y, sodium-potassium-adenosine
triphosphatase (Na-K-ATPase) EHET2ML T
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Wik, RATZ 7F VN4 ¥ b —NREEEDRTEY
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FETE 5 LEFENST. Greene 5® ik, FHRA
Sy M RBEWMRCBYB I3 4 /Y- VREL
Na-K-ATPase EME T 1% 344 / & b — VIR
B L > THEERERBET I e 2mEL 2, &
NIZMENIAA /Y b —AKZ L Na-K-ATPase 1§
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7 ¥ =V REOWHEMEEHEL T 2 (FRA%KE
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bwa [#E - /Y 7TESRE] WERL, S5
BHRMRBEORMEREERRT 2 wbh Tn3™, &
D& 3 RHEOWMEBENELIERSW Dok s ¥
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5.

—%, SEOBRENOERT, 344 /v -1
BDAAHR L FEBICHENY VE F—LVBEOELIK
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5. KBFFETIE, FTE MRORICBVLTH T v M
BHERBED I 44 /2 b= LR DAARNASIL L5
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Abstract

This study was designed to explore the mechanism whereby myo-inositol transport into
peripheral nerve and erythrocytes was impaired in a hyperglycemic milieu and to evaluate
the effects of aldose reductase inhibitor upon decreased myo-inositol uptake and sorbitol
accumulation in rat sciatic nerve and human erythrocytes. Myo-inositol was transported
into rat sciatic nerve by two distinct transport systems, sodium-dependent saturable and
sodium-independent unsaturable. The former was an energy-dependent, carrier-mediated
active transport and was primarily resposible for myo-inositol transport into rat sciatic
nerve. Medium glucose impaired the sodium-dependent myo-inositol uptake into nerve in
a competitive fashion. Addition of 1004 M ONO-2235, an aldose reductase inhibitor, in
the glucose medium normalized the reduced sodium-dependent myo-inositol uptake into the
nerve and inhibited nerve sorbitol accumulation. Addition of 104 M ONO-2235 in the
medium prevented the reduced sodium-dependent myo-inositol uptake into the nerve to
some extent, while it did not affect nerve sorbitol accumulation. These results suggest that
ONO-2235 improves sorbitol accumulation and myo-inositol uptake in peripheral nerves
and that ONO-2235 operates on nerve myo-inositol uptake via a mechanism other than
sorbitol pathway inhibition. On the other hand, myo-inositol was transported into
erythrocytes by a sodium- and energy-independent passive transport system. Medium
glucose suppressed sodium-independent myo-inositol uptake into erythrocytes by an
undetermined mechanism. Addition of ONO-2235 or ICI-128,436, another aldose reductase
inhibitor, in the glucose medium did not affect the reduced sodium-independent
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myo-inositol uptake into erythrocytes while it inhibited erythrocyte sorbitol accumulation in
a dose—@ependent manner. In addition, effects of ONOQ-2235 and ICI-128,436 upon
erythrocyte myo-inositol and erythrocyte sorbitol concentrations were examined in glucose
or meal load tests performed with and without administration of the inhibitor for each
diabetic subject. Both of the inhibitors had inhibitory effects upon erythrocyte sorbitol
accumulation but showed no essential effects upon erythrocyte myo-inositol concentration.
These results suggest that the predominant myo-inositol uptake system in peripheral nerve
differs from that in erythrocytes and that aldose reductase inhibitor inhibits erythrocyte
sorbitol accumulation iz vitro and in vivo. It is concluded that aldose reductase inhibitor
has beneficial effects not only upon sorbitol metabolism but upon myo-inositol metabolism
in peripheral nerve, that erythrocyte myo-inositol is not a suitable indicator of nerve
myo-inositol, and that the erythrocyte-sorbitol test is useful as an indicator of the systemic
availability of an orally administered aldose reductase inhibitor.



