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Antihyperglycemic effects of M16209 (1-(3-bromobenzo[b]furan-2-yl-sulfonyl)hydantoin), a
novel aldose reductase inhibitor, were investigated. M16209 was shown to potently inhibit
recombinant human aldose reductase and strongly suppress the sorbitol accumulation in isolated
human erythrocytes incubated under high glucose concentration. In addition, M16209 exhibited
antihyperglycemic effects: in normal rats, M16209 (100 mg/kg, p.o.) had a weak hypoglycemic
effect but markedly stimulated the disappearance of serum glucose in intravenous glucose tolerance
tests. In diabetic rats, M16209 (100 mg/kg, p.o.) significantly suppressed the hyperglycemia of
streptozotocin-induced, mildly diabetic rats and stimulated serum glucose disappearance in
neonatally streptozotocin-induced, non-insulin dependent diabetes mellitus (NIDDM) rats in
glucose tolerance tests. Furthermore, M16209 augmented insulin secretion in glucose-loaded,
normal and NIDDM rats and restored the reduced serum insulin in streptozotocin-induced, mildly
diabetic rats. In the isolated, perfused pancreases from normal rats, M16209 (100 xM) greatly
augmented glucose-stimulated insulin secretion, but showed no effect on unstimulated insulin
secretion at 2.8 mM glucose. M16209 (100 xM) improved appreciably the decreased insulin
response to 22.2 mM glucose and enhanced slightly unstimulated insulin secretion in' the
pancreases of NIDDM rats. These results suggest that M16209 suppresses hyperglycemia through
augmentation of glucose-stimulated insulin secretion by directly acting on the pancreas. The site of
action remains unknown, but the inhibition of aldose reductase or the ATP-sensitive K* channels is
unlikely to be involved. The antihyperglycemic activity of M16209, combined with its potent
aldose reductase inhibiting activity, is expected to be beneficial in the treatment of diabetic
complications.
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M16209 (1-(3-bromobenzo[b]furan-2-yl-sulfonyl)hydantoin, #§1&=: Fig. 1) {38 R WS HEIE
DORIEIZEEST 5 X B 7))V F—XEBTER (AR) OFHHEEXN TH 5, KRXTid.
M16209DARFEEFEf A £ brecombinant ARZ FINVT X SIZKRETT 5 & bic. RLEY
OHBEMBEIERL LU DERBF LT LI,

M16209{% & hrecombinant AR%, 3&47 (ICs0=0.051 uM)ZfHSE U 7z (Table 1) (€000 TE
{, BBEDINVI—XFTA /Fa2X— Lt MRIIERFOVIVE F—ILOEE %
BEAICHE Uiz, X512, MIOOIIBERIRIEAPHEETNVDOHN S 7 P—XBHAMS v
hDENBERAES FHi L streptozotocin (STZ) BERIKF 7 v ~ D ERR R F e B E
Utco F 1z, MIG209 X NS DEMIDL v XHFH B WIILEHEF RV A - ILEREL
BEICHHEI Uz DLEDO LS Iz, M16209(3 E FARZETICHAET 5 L& H T, vivoD
FERRESHEE TIVIZERITH - 1o

M16209i2, EHET v POZEERMBEEIIT CBEICULMET XE LD 7248 (Fig.

2)., BERPUEEAS U O MBEOMKITERIRE Ul (Fig. 38), —ASTZEERK S v
b Tid. M16209 (100 mgkg p.o.) (& BIEFRAF Z v bORMEEMH U (Fig. 4). Bk
PR U7cIEA v XY MRFHBERKE (NIDDM) 5 v b Okl O k2 U7 (Fig.
54), i, MI6209%EIZX D, IEEH T » b (Fig. 3B) RUNIDDMS v b (Fig. 5B) D7
JLa— ZFEEAL VR AW OREL K OCBREMRK S v hofifA XY VED ¥
fn (Fig. O)MWED Sz, LHLIEH S, MIG209IIED A > X)) 3khiE UICEIERER
%Sy PCIRIEBR TERAETRILL - 72, HEHIZ. RENTOBEERTH TH S
sulfonylurea (SU)#|(Dgliclazideix, 1EH T v M TEHTIMBER TIEALZ R LUICH. BERHE
Sy N TIZBERIER UDhRI LD -7, YU EDHERIS. MI6209[3SURI&IZRZD
B IR RIS TR AR T EAEONER D, FOMERABFE LTS v
2 Y U OREDNEE LU TW S A REENTRE I L7,

WIS, A VR UAWMCKT BERE T y MEBEERBER TR UICER.
M16209 (100 uM)IZIEH S » b D7)V — XRIEHEA R Y V3 EFRITREL -
(Fig. 7C, D) p8, 7V a— XFERIBA R ) V3w ilide FERZ RIFZ A - 7 (Fi
7A), SRR, gliclazide (10 uM) (7' )V O — X FIE R UFERIBA R ) V3 WMOWTH
HEIHIZRAE L7 (Fig. 8), X 5T, M16209 (100 uM) {INIDDMZ » MENSD IV T —
Z (22.2mM) FlIEHEA AU UAWMDIRT A2 HEST S & &b, FERIBA R 430
ABREICEELI, —HA. gliclazide (10uM) 2 I SO WTHICKH UTHEEATH -
720 M162090D A » XY v 3 WMEEER 12fthD ARFAE F|Dsorbinil & 5 U v {Jepalrestat T {3
Bonih -z F72. MI6209(ZSURIDA » R ) 3 MEEIEROEEIIEABRF &
Xhn. B #HD ATP-sensitive K*-channel DI HIPER ZRed X170, LI EDER
Mo MI6209 3B IC BEAERA L. VO — X Rl A R VAW A EENICEE T
3 LR ANI, MI6209D fE R EALIZEE S0 TIXE WA, ARDIEEH 5 i
ATP-sensitive K*-chamnel DI 5 LI b D EEZ ST,

AWRIZH T, ML62090358 7770 £ NARFE EEAH OMIZ. R RHIC R IR
EMEEREETAENEON E L oo, Fio, ZBEYIIRICEEEAL. Zba—-X
RIBHEA R Y VR ERMIEET S Z E0RIh, ZOWERABFO—DEE X
Sz, MI209DIEMBEEM L. ARHE/ER &M FERBESMHEDEEICE -
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Fig. 1. Chemical structure of M16209.

Table 1 The Inhibitory activitles of M16209, epalrestat
:'nd sorbinil on rhAR, RLAR, BLAR, BKAR, CLAR and
PAR

Enzymes ICso M)

M16209 epairestat sorbinil
hAR 0.051 0.032 0.356
RLAR 0.12 0.06 0.60
BLAR 0.24 0.07 13
BKAR 45 110 20<
CLAR 1.2 0.53 9.1
HPAR 9.3 14.2 20<

fhAR, recombinant human AR from muscie; RLAR, rat lens AR; BLAR,
boving lens AR; BKAR, bovine kidnay AR; CLAR, caning lans AR,
HPAR, human placentai AR. The assay of AR activity was performed
at 25°C with a reaction mixture containing 0.4 M ammonium sulfate, 0.1
M sodium phosphate butter (pH 6.2), 10 mM DL-glyceraldehyde and
0.16 mM NADPH.
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Fig. 3. Effects of oral administration of M16209 on serum glucose levels (A) and serum
insulin levels (B) in normal (son-diabetic) 1ats injected & ly with a 250 mg/kg
bolus of glucose. Glucose was injected at time 0. M16209 was gdministered 3 h before
glucose injection. Vehicle control (O ), M16209 100 mp/kg (@). Values are means *
S.E.(n=5). *P<0.05, **P<(.01 vs. vehicle control.
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Fig. 2. Effects of oral administration of M16209 and gliclazide on serum glucose levels

in sormal (non-digbetic) rats. Vehicle control (—O—), M16209 10 mg/kg ¢@— ), M16209

30 mg/kg ), M16209 100 mg/kg (- ), ghiclazide 3 mp/kg ¢+ ), gliclazide 10 mg/kg
(). Values are means £S.E. (n = 5). *P<0.05, ** P<0.01 vs. vehicle control.
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Fig. 4. Effects of oral administration of M16209 and gliclazide on serum glucose levels

in STZ-induced, mildly disbetic rats. Vehicle control (—O—), M16209 10 mg/kg @ ),
M16209 30 mg/kg (—{>— ), M16209 100 mg/kg (- ), glictazide 10 mg/kg (->-),
gliclazide 100 mg/kg (‘., ). Values are means=S.E. (n=5). **P<0.01 vs. vehicle control.
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Fig. 5. Bffects of oral administration of M16209 on serum glucose levels (A) and serum

insulin levels (B) in NIDDM rats injected intravenously with a 1000 mg/kg bolus of
glucose. Glucose was injected at time 0. M16209 was administered 3 b before
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Fig. 6. Effect of oral administration of M16209 on serum insulin levels in

STZ-induced, mildly diabetic rats. Values are means + S.E. (n = 8-10).

* P<0).0S, ** P<0.01 vs. vehicle control.

plucose injection. Vehicle control (—(O-), M16209 100 mg/kg (—@-). Values are means

+8.B (n=5). *P<0.05, **P<0.01 vs. vehicle control.
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Fig. 7. Effects of M16209 on unstimulated insulin release (A) and insulin release in
response to 5.5 mM glucose (B), 11.1 mM glucose (C) and 22.2 mM glucose (D) in
isolated, perfused pancreases of normal rats. The basal glucose concentration was 2.8

mM and the glucose concentration was raised, starting 40 min after the perfusion started.

M16209 (100 M) was present in the perfusion buffer starting at 20 min. Control (- O-),

M16209 100 uM (-@-). Values are means 3S.E. (n = 3).
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Fig. 8. Effects of gliclazide on unstimulated insulin release (A) and insulin release
in response 10 5.5 mM glucose (B), 11.1 mM glucose (C) and 22.2 mM glucose (D)

in isolated, perfused

of normal rats. The perfusion was performed as

described in the legend for Fig. 1. Control (- O), gliclazide 10 uM (- @-). Values are
means *SE (= 3).
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Wapseric B LC, SBREZEXNRHATICH LTTFHEELITY, THBAONHEERLEEOE
BEEOERYH>E2T, AEOEEEZELSEBWTHESERELZIToLER, KOLBIHELL.

AL, ERFESHEDISREDOMRE L BAY L LT, FRIAm &z M16209 (1-(3-bromobenzo
(b) furan-2-yl-sulfonyl) hydantoin) 23¥ERR A GHEDRIEICE LT 5 & Shd 7T/ F—XRTERIC
LB AHICHEEEREZRTZILEZBALNZL, ELRINVI—-XARKRMERO Y VE M —AERH LA
HiET B 2RV Lk, EXEFF7 F—XBARS vy FOBRBEREL T L, HERREE
BREEOHE LR LN, invivo DERKESHET TNV TR EEMBETH S Z L &R LT, M16209
DOEFBFEORAOIZDIZEEZ v b, streptozotocin FERKR 7 v b, EA VR Y UEKFERERAFE 7 v
MZBIT B, BIRN IS AT OMENE &1 VR Y VRWEORIED b, A2 kR TH gliclazide
OERALITRLRY, BERCRBROICIEERTERERTEERERE 2O, TOEBBFLL
T, A VAV UAWOEREREE L TWARIESS TR I, ZOREEIDDIIEDIL, Fv B
BRI X5 M16209 DR 2, FRBEEREA 2 ) v ouiaicdx, s a—25)
Btk VR Y VAW ERRNICRET D Z L2 TRETIREL . U EOKRIX, MI16209 3%
HERRAOHEIGRE L LTEFHBIUEKBENIEATHI LR TERTHD L LI, 4%
DEEOFRICHHEPTDZILDOTHS. IoT, TORFIEL (BEBF) RICETILDOTHD,
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