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Pharmacological Studies on Drug Suppressing
Diabetic Neuropathy

Kuniharu MIZUNO

Abstract: Diabetic neuropathy is assumed to be caused by the acceleration of the polyol pathway in peripheral nerves due to
hyperglycemia. The rate-limiting enzyme in the pathway is aldose reductase (AR), and AR inhibitors are considered to be effective
against diabetic neuropathy. In the present study, many pharmacological investigations were performed for the purpose of
clarifying the effectiveness of a novel AR inhibitor, fidarestat against diabetic neuropathy. The study about the effects on many
enzymes revealed that fidarestat inhibits AR potently and selectively. In a study to investigate effectiveness in streptozotocin
(STZ)-induced diabetic rats, fidarestat was found to suppress the accelerated polyol pathway in peripheral nerves continuously at a
low dose and to improve the dysfunction in sensory and motor nerve conduction more potently than other AR inhibitors.
Furthermore, a 15-month treatment of STZ-induced diabetic rats with fidarestat showed long-term correction of metabolic
abnormality in peripheral nerves and the effect on nerve degeneration as well as on the dysfunction of conduction. From these
results, fidarestat is presumed to show effectiveness against diabetic neuropathy, suggesting the possibility for development of
fidarestat as a useful medicine for diabetic neuropathy.

Keyphrases: medicine for diabetic neuropathy, fidarestat, aldose reductase inhibitor, polyol pathway, hyperglycemia
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Fig. 2 The chemical structure of fidarestat.
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Table 1 The ICs, of fidarestat against AR activity from
rat sciatic nerve, lens and kidney

Sciatic nerve Lens Kidney

Fidarestat 28 18 29

Each ICs; value represents as nM.
D,L-Glyceraldehyde was used as substrate.
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Fig. 3 Binding of fidarestat to AR.

The stereoview with atomic symbols in the center displays the
structure of fidarestat.

The violet stereoview with numberings express amino acid residues
of AR and their sequence numbers.

Leu: leucine, Trp: tryptophan, His: histidine, Tyr: tyrosine

The gray stereoview labeled NADP shows the coenzyme.

The dotted line between fidarestat and each of the amino acid
residues of AR indicates hydrogen bond.
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Table 2 The selectivity of fidarestat for human

erythrocyte AR inhibition
Fidarestat
ICsoagainst AHR 1,300
ICsp against AR 9
Selectivity 144

The ICso values against AHR and AR represent as nM.

D-Glucose was used as substrate.

The selectivity for AR inhibition is indicated as ICso against AHR /
ICs, against AR.
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Fig. 4 Measurement of motor nerve conduction velocity
(MNCYV) in rat.
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Table3  Effect of fidarestat or sorbinil on the slowing of

MNCYV in STZ-induced diabetic rats

Dose MNCYV (mv/s) at various times after STZ injection

Group (mg/kg/day) O week 2 weeks 4 weeks
(Before treatment) (After treatment)
Nondiabetic 0 258 +02 296%05 33.8 £ 0.6
Diabetic 0 25507 259 1.0%* 26410
Diabetic + Fidarestat  0.25 268 =08  27.0 = 0.6** 28206
0.5 26610 264£07#* 289 +0.6
1.0 26005 264 +08%* 30.2 & 0.8 **
2.0 268 +05 26.6%x1.0*% 32.1 £ 0.8 ¥
Diabetic + Sorbinil  20.0 26305 265+ 0.6%** 302 +0.5*

n=7 to 8. Each value represents mean + SEM.

Diabetic: Diabetic control, Diabetic + Fidarestat :Fidarestat-treated diabetic group,
Diabetic + Sorbinil : Sorbinil-treated diabetic group.

#p<0.05, *#p<0.01, *##p<0.001 vs. nondiabetic group.

* p<0.05, ** p<0.01, *** p<0.001 vs. diabetic control group.

6 After 2-week treatment
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Fig. 5 Effect of fidarestat or sorbinil on the slowing of
MNCYV in STZ-induced diabetic rats.

Each column and vertical line represents the mean =+ SEM of 7-8 rats.
**P<(.01, ***P<0.001, compared with the diabetic control group.
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After 2-week treatment
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Sorbinil

Fig. 6 [Effects of fidarestat or sorbinil on sorbitol
accumulation in sciatic nerve in STZ-induced diabetic rats.
Each column and vertical line represents the mean £SEM of 7-8 rats.
*P<0.05, ***¥P<0.001, compared with the diabetic control group.
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- Table4  Effects of fidarestat or sorbinil on body weight
Hyperglycemia and plasma glucose levels in diabetic rats
Competitive Group Dose Body Plasma Glucose
| Nerve Inhibition (mg/kg/day) Weight(g) (mg/dD)
Conduction Y . o -
Velocity ] Na+Dependent T Polyol Pathway N?ndlébet.lc 0 380 =8 158 £7
MI Uptake Activity Diabetic 0 33 %7 495 +£29
Diabetic + Fidarestat 0.25 207 485 =16
05 2438 515 £26
1 Na‘Dependent I Na* K+ . 1.0 229 +13 546 +46
' i - Tissue MI
A';"“ Acid ATPase Activity A 20 805 449 £12
ptake
Diabetic + Sorbinil 200 2349 MR
n= 7 to 8. Each value represents mean + SEM.
Altered Diabetic: Diabetic control, Diabetic + Fidarestat: Fidarestat-treated diabetic group,
? | Other Phosphoinositide Diabetic + Sorbinil: Sorbinil-treated diabetic group.
H Aok N :
Na+-Dependent Metabolism *p<0.001 vs. diabetic control group.

Process
? Other Effects

Fig. 7 Relationship between metabolic abnormalities and
nervous dysfunction in peripheral nerve®”.

ERRBHEIZBVTHLRMEMBRR Y LVE F—LEOH
. TAA 2 b= L BEOEAE LU Na' K -ATPase TEHE
PETHABH LN TEY 2 b MERFIEHREE O
H EERBFAER SR TV S Y,

4. BRFAEBEWEICHT D0H & OFNELE O

BPEE COBMENRD, 74 F LAY v M AR 28R
IZPET S 2 L2k Y | ElERF O KRN ) A — L
BEOTELMHEHTEZ EE2ALMICLE, £, 744
VA MIXEEE L THW- ARBAERO v E=
NIV BT MNCV OBIEZHFET DR L/,



40 TKREFFRIG - BERAAEFRIEF NIRRT B4 5 KE AR5

— HERIR M REEIEREL LTIV R U BRO
ARPAEXITHB T LUV RE v RAENTHEREHL, ¥
FURAF v NIRRT E CIRBRA T T\ e,

FIT, 745 VREy FOFRAMEBRIT 2B,
STZHBRERK 7 v h& HV., MNCV & FIRIZZErfeE
ELTERAIA TR REEIEAE (sensory nerve
conduction velocity, SNCV) ¥ & BB O &V BERBE
HREEOBHHEEL L TBRENICAVONRTWAFE

(Foot wave) DE/NNERF 4% MNCV & THIZEL L
Tz WL RAF y hBEIUEFLRF y PR LA, £
72, & AR [RERIOALBRED Y L E b=V ERIZHT 5
INHIVEF % RBFAOIZ T RAEHREAR Y A — VBB OTL
Iz kT B RIE/ER ORHGt % R L7z,

BRRT v hEFL gl & RRICERT T ~ F%&1E
ML, STZ ¥4 2 38%1Z SNCV B L TEMNCV 2HIE L T
HZEEHEICENEN L S ICERF T v RS T L £

D% 2 B BEER CORMEICHELT2I7 4 F LR F v b,

TNV RFy R BLOEF LRy b EF A4 1B 1ME,
3ER LU 2 EEAEROERE L,

MEMRLEEE (SNCV) BLXUOFEORE !
Misumi*?%° Cavaletti & D F %R LT SNCV ORIE
BiTol, Thbb. Ty NOBERIZRV FALE S —
o R YU DL S0mg/kg FES U CRREEL . Fig. 8 IZ7RT &
512, Ty hEBMLCEE L, FRE Sy FETERS TRE
FEIRE % 33-35CIicfRo =, 0%, BERAENED S 3cm
DB IZRREEL A L CERHAE L . BON 5 MEE
BB E 2 ODOEEE HEH L, 8 1 &R TOMRE
EEENOEH G OHIZ BERIORREB L AL O
lem OEALIZ, BEABERIOTREB AL S 2cm DOERAL
T3 LT, B 1 EHEE CORER., F 2 IEEF S TOmRE
BEEMOEHEEGOB/IZ, FEBL ocm EOLIZBE) S
w7, iR RBOMOEEMIIFEEC lom & L-, HIHK
EREET A Y L—F — 2R L - EKAMER AKX D
BAEE BAREHENLRETIEEON 13ED
EBIE) % 0.lms DG T A ZLIZX WV RAESE, E-,
FRIEEEALI IR ES 10ms, cut off filter 3kHz DE&MHET .
ERT T LERLETFOINA ML=Vt r R a—
FITER&E LT, EKH) S HREESEMOL—I DNL
R ECORME A e Ra—FLTCRIETAILIZ
L OEEEERD, SNCVIZ6ecm (Fl1iEEEFE25
SO DR % TSR OWREOETRT A Z LI
DEHLE,

F 3& 8/ N B O JI E 1 Wietholter & O 5 15 - # U T4T
o7, T HFig 9IS RT LI, 7 v MEBORMEIR
E#% 33-35CIcfRo7-t%. < HESELOPFRTERTIZEEL
BB EN L TREBHRLETAM L . FOoNDHES
BN REOREHOHAELGEH L, EXHIHIIHTEE)
BALME 2B DOBKER VA% 0.1ms Fig S &

BILIZXWRAEIEE, £ REBEBEY ) —3—2
FCHBL. ROBEOHALIZEET S Z LIiC kY HiED
BALAERH L, X512, EXHIES 2 2B OFHIEENE
fov—7 L LTENAFEOMNLEND ETORME
FoRa—7FETRET S LITL DEREL RO, F
FR/NERIZ1 7> bbb 20 ERIE L THOh 5B
DEFNDED & LTz,

Stimulation(S)
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Fig. 8 Measurement of sensory nerve conduction velocity
(SNCV) in rat.

Nerve action potentials, obtained with at least 40 repeated stimuli, were
recorded both at point 1 (2.0 cm distal to the anus) and at point 2 (6.0
cm distal to the first point). Ring electrodes were used for stimulation
and recording.

Stimulation(S)

Recording

M-wave

F-wave

(Heated pad)
N )
Latency

Fig. 9 Measurement of F-wave latency in rat.

F-wave was obtained from the small muscles of the planter surface of
the hindfoot by stimulating the tibial nerve. The minimal F-wave
latency was determined among 20 measurements per rat.
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Fig. 10 Effects of fidarestat, epalrestat and zenarestat on
the slowing of SNCV in STZ-induced diabetic rats.

Each value represents the mean * SEM of 7-10 rats.

N: Nondiabetic, D: Diabetic control, D + Fidarestat :Fidarestat-treated
diabetic group, D + Epalrestat : Epalrestat-treated diabetic group,

D + Zenarestat : Zenarestat-treated diabetic group.

*P<(.05, **P<0.01, ***P<0.001, compared with the diabetic control

group.
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Fig. 11 Effects of fidarestat, epalrestat and zenarestat on
the prolongation of minimal F-wave latency in
STZ-induced diabetic rats.
Each value represents the mean =*=SEM of 7-10 rats.
N: Nondiabetic, D: Diabetic control, D + Fidarestat :Fidarestat-treated
diabetic group, D + Epalrestat : Epalrestat-treated diabetic group,
D + Zenarestat : Zenarestat-treated diabetic group.
*P<0.05, **P<0.01, ***P<0.001, compared with the diabetic control

group.

MNCV izt 216 : fIEOBE L RIRIZ, 74 5L
A% v M lmg/kg/day O I &7 5H MNCV OBEX FEIZ
HELE, —FH, ULV RY y MEEBEBLITUE S LR
5y MESBETIRARRERITAR ONR o7 (BETE

).

Iho DR CEEEEEIIN T 745V AT v b
DR | FIKEIC & 5 REFHRNR Y F— LBEOTL
EEXRIET DI LIZXY EBERREORL L TR
BEEICH L THHRETRTZ EAVRENE, £/, MNCV
P EE RO EEEOEE TH IR LT F
BERILEBS RN HMOBEOIELEX LA TS
Mz, 74 F VAT y MIKKBRSEITEIES
R ZEDRE X T,

BT TZAHE VAT Yy MiIBF VRS v MTHRTH
RVDROCHEBT LEHER YL M LEEIIRT S
PHIER B L UM R MESREREE I T 2R E R L,
—H., 74 FVAHE v hDin vitro AR BREERIZEF L
2By NEENBENZ EBAERINATVWE Y, Zo in
vitro DIXIR & in vivo DR & OFEBEORE L LT, EA
REEOMEREX NS, AL, 744V A¥y bom
HEAESRIZ 20%THEDOIIR LT ®, T aryy
T 99% L FEFIZEW D b, MPICBiTAEA
FHAEDT A FVARE Y NBEIXEFT LAYy Mzl
THELIPIZEWLDEEX LN, £z, MEREFITIX
ARPSMZZB OBEAEBRTFET D Z b, fioER &
BABLRNWT AR LBERTDH7A4FLVARY Yy hORITYE
FTULRAE  MZHARTELLRY BRELTTAFLRY
vy MIEABRCTEEERALRET S LHESIT,

—%F. T/YV LR ¥ » X SNCV BEE, MNCV iR
SO F BR/NEBRER IC L CHBREREZ RE R Mo
Teo ZTNETIZZ/ ULV RF » MX 50mg/kg/day CTHERTR
Z v PO MNCVEBIEIZH L THEHTHE Z EAHEEN
TG O ABECIIT o ULLRZ v b 1 B OBRSEE
FEEOREIZ A, 16mg/kg 721X 2mg/kg # 1 B 3
El# 5 L 7-(48mg/kg/day E 7=iX 96mg/kg/day), X HIZHR
fERRERE I T AR T v P OABHRBAT
FULLRE y MBENRE &R DG 3BRI% VL L,
e, oOBE LREIC D, = UL LR F v MIK 10PM
DERETin viro AR IEEBEEREZ RTZ L 2B LT
W3, LA L, UL 2w MME 96mg/kg/day D FIBIC
BWTHAEHRER YL b—LEBRICR L TIEER
BRI, ZOZ IO EEI L bHEEINT
By fExOBEICRT 5 0E h—AERICH L T8
WNUAEy NREHThome LTS Y, X517, Ao
b NI LU RF y L ERRRES VLY b LB
2k LU CHEME A 2R TTIZ X 200mg/kg/day BA B0 EA
VETHD LEHEL TR ARIORKIIHAER TS TR
Mol ek 2 L2 v FOBBRAL LD
S>TboLEXLND,

A FHER Y L E bV EBIMETER ORRZEL
FEMBEHHEE 38,12 BRI 24 B OB v E
F— LV ERIMEERAORE S Fig. 121077, SEEMOE



Inhibition %

42 | TKEFFRIE  BESRRPERRERRE FE I 2812 B 5 2 BRSO 5T

RIEARHE EEEHOLBEHRER Y LE F— L EBOFY
EOZEFLEHER Y LY h—LEERE U BRER
BRETREORAIZBWTHERRLETRER Y LE b
—VEERBD LN (BERER), 745 L2F ok
lmg/kg/day B 5B TIIRMEES 3 RMEZICIVTH 80%
DEFHEER Y L E h— LERMGIER RO b, Z
OMHEVERIIBIET 5 Z L2 < 24 BEI £ TR L 72,
TFLRY v NEERTHRMEARS 3RMZICHE O TH
T5% DAL FHER Y L E h— LV ERIEERAR A LT
A, BMORB L HITEEIZHIB L, 85 sEMZBs LIV
12 BRI BV TH 4 Bt 5 3 Bt O FIH DK 80%3S
LOH 60%IZIE T Lz, —FH., =302y N EHRE
THEKEEIBLUSEHRZEOWTRIZBVWTHLEE
RIERIRA SN2 o T, '

Fidarestat Zenarestat Epalrestat
100 1 mg/kg/day 20 mg/kg/day 48 mg/kg/day
ok K
80
60 |
40 |
20 |
(IS
3 8 12 24 3 8 12 3 8 hrs
Time after final administration
Fig. 12  Serial changes of the suppressive effects of
fidarestat, zenarestat and epalrestat on sorbitol

accumulation in the sciatic nerves of STZ-induced diabetic
rats.

Each value represents the mean ®SEM of 5 to 6 rats.

*P<0.05, **P<0.01, compared with 3-hr inhibition %.
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Fig. 17 Effect of fidarestat on the ratio of large fiber in
STZ-induced diabetic rats.

D + Fidarestat: Fidarestat-treated diabetic group.

Each column and vertical line represents the mean= SEM of 6 to 9 rats.
*P<(.05, **P<0.01, ***P<0.001 vs. diabetic control group.
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Each column and vertical line represents the mean= SEM of 6 to 9 rats.
* P<0.05 vs. untreated diabetic control.
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