WO 02/ 03984 PCT/ US01/ 21404 ANTI CONVULSANT DERI VATI VES USEFUL FOR

PREVENTI NG THE DEVELOPMENT OF TYPE || DI ABETES MELLI TUS AND SYNDROVE X
CROSS REMEREMOESATO RELATED APPLI CATIONS 5 Thi s appli cati par/wbai/amsospriority
fromUnited States provisional appl ication Serial No. 60/ 217 141 filed
July 07, 2000 and United States provisional application Seri

60/ 270, 022 fi | edANEKIRNYYLSANT MATVES lé%lﬁEléhFQ%?RﬁMEHﬁlf*é@éHﬁereby

i ncor por at ed by DEVEL-SPAMRNT %OTW@Q@NEWEHHETWWWR@M%KUMS of
Formula (I): R CH20S0O2NHR s X R2 15 R4 R3 (I) are structurally novel
antiepileptic nd ve anticonvul sants in
ani mal test&R @%ﬁ%ﬁﬁﬁé\légﬁl@ ﬁhbﬁﬂﬁ%%@m%, J.F., SHANK, R P.
AND DCDéSC]\l S.P. J. Med. Chem 1987, 30, 880-887; I\/ARYANCFF B.E., 20
COSTANZO, M J. ﬂ%llcﬁoﬁclal nERINBINOmM Unided StEXSE ptuidionsl ﬁ)pllca‘tiNﬁ)S\éﬁélG-lT

S B o i iy 1% B e, B0 RS20 o st SR

S.J. NG?T@Y:z?o?oz@ ﬂledMﬁEBfWE, 2081 Eihe Ephtb&R 9 @hitQ 8rb hedby idERpatated b ARYANCOFF
BE, ' COSTANZO O M, NORTEY SO, GRECO MN, SHANK RP, SCHUPSKY JJ, ORTEGON 25
MP, VAUGHT rgferenge. ved. Chem 1998, 41, 1315- 1343) These corrpounds are
coveredloby three US Patents: No. 4,513,006, No.5, 242,942, and No. 5, 384, 327.
One of these conpounds

2, 3: 4, 5- bi SBAEKGRORINTY OFt Ty iNheEgJIOR D- f r uct opyr anose sul famate known as
topi ramate has been denonstrated in clinical trials of human epil epsy to be
effective as adjunctive therapy or as nonotherapy in treating sinple and
conpl ex 30 parti@bmpairkisroéSoamda §Econdari |y general i zed sei zures (E.

FAUGHT, B.J. WLDER, R E.RAMSEY, R A REIFE, L D. KRAMER, G W PLEDCER,
RM KARIMet. al., Epilepsia 19 36 ($4), 33; Sf K. SACHDEO, R C.
SACHDEO, R A. REIFE, P. LIM and L FOSEpNHRsi a 1995, 36 (S4), 33;
T.A. GLAUSER, Epilepsia 1998 S71-80; R C. SACHDEO din.

Phar macoki net. 1998, 34, 335-346) RS currently

15 R’ R’ (0

are structurally novel antiepileptic compounds that are highly effective anticonvulsants
in animal tests (MARYANOFF, B.E, NORTEY, S.0., GARDOCKI, J.F., SHANK, R.P.
AND DODGSON, S.P. J. Med. Chem. 1987, 30, 880-887; MARYANOFF, B.E.,

20 COSTANZO, M.J., SHANK, R.P., SCHUPSKY, J.J., ORTEGON, M.E., AND VAUGHT
J.L. Bioorg. Med. Chem. Lett. 1993, 3, 2653-2656; SHANK, R.P., GARDOCKI, J.F.,
VAUGHT, J.L., DAVIS, C.B., SCHUPSKY, J.J., RAFFA, R.B., DODGSON, S.J.,
NORTEY, S.0., MARYANOFF, B.E. Epilepsia 1994, 35, 450L460; MARYANOFF BE,
COSTANZO MJ, NORTEY SO, GRECO MN, SHANK RP, SCHUPSKY JJ, ORTEGON

25  MP, VAUGHT JL. J. Med. Chem. 1998, 41, 1315-1343). These compounds are
covered by three US Patents: No.4,513,006, No.5,242,942, and No.5,384,327. One of
these compounds 2,3:4,5-bis-O-(1-methylethylidene)-R-D-fructopyranose sulfamate
known as topiramate has been demonstrated in clinical trials of human epilepsy to be
effective as adjunctive therapy or as monotherapy in treating simple and complex

30 partial seizures and secondarily generalized seizures (E. FAUGHT, B.J. WILDER, R.E.
RAMSEY, R.A. REIFE, L D. KRAMER, G.W. PLEDGER, R.M. KARIM et. al., Epilepsia
1995, 36 (S4), 33; S.K. SACHDEO, R.C. SACHDEO, R.A. REIFE, P. LIM and G.
PLEDGER, Epilepsia 1995, 36 (S4), 33; T.A. GLAUSER, Epilepsia 1999, 40 (S5),
S71-80; R.C. SACHDEO, Clin. Pharmacokinet. 1998, 34, 335-346), and is currently



| WO 02/ 03984 PCT/US01/ 21404 nmarketed for the treatnent of seizures in
patients with sinple and conplex partial epilepsy and seizures in patients
wi th primaoy2/avssecondary generalized seizures in the UnPCRUSBIABES,

Eur ope and nost ot her nmarkets throughout ‘the world. 5 Corrpounds of Formul a

(I') were initially found to possess anticonvul sant activi tY in the
tradi ti onal mawgiesdpr BE diepinoaT 6t keizbpy irRatieNs githisiaplejgnd sopwlexparik, R P.,

GARDOCKI', Jo Jrﬁeps VM%zuréshpatl%gl\nﬁh p?m% or@dh’ﬁéﬂ?ﬁgeﬂer@hzed@%ﬁﬁ?&s iRt .
DODGSOQN, NO:PIV: | epsi a 1994, 35, 450-
460) . 5ubselé|rmmt8t§te§dlﬁ@r§p¢évém%aomﬁ@mar@@t@ﬁbmwaaowhwpw a (1) were al so
highly 10 effective in the MES test in rats. Topiramate was also found to

effectively block seizures in several rodent nodels of epilepsy (J.
NAKAMURA, S. TAMEmApounds okRmimauia A) wessHnitiallyfoundsiq peqRess anticapyqisami,

YAVADA, a”dTé\{bftﬁrﬁ% trE8ifional max%%@ﬁ@éhocﬁ%&Qure?(ﬁfﬁisgg&tWMc BHANK, an

ani mal ki ndl ed

[[;)I é\g'ﬁ%'i USJ pi | e§€% Res.
1996, 24, RPLIGARDOOHDrbF 5 Y y JdoRANRdS Bor SEGURSIY. ¢4y RIEFé n found
to be eff e%%ggcg{imgawmw R0 Wehd MARYONOFRS B, $piigsasl199n, W5PB0-

publ i cation for the freatnent of obesity, as disc¢losed in U S.
Patent No. 46007 Subssruenitodieneyeyied that Comprendsef Eﬂrm@l@ Giwrresisonighly s, as

G ool oo | Arr MR MeRRtes0n IS0 IER Aaslakb o oL dadk 5 25

cation Thakur publication
W99/ 44581 %HIMG%E@GMEI@I teslenbnodelp P eniapey (ﬂoNAKﬁMu%ai ﬁérMUFéﬁ Wi abet es.

fype 11 di 3RRBR, REISHI KOISHIARRA TS ERIAGHE NI SAMAD ADRIN. SRIA| £is,.0f
NI DDM is abol i'c di sor I hvol vi ng sre atl on of gl ucose
met abol i sm lalm:rmaﬁglulli’% 254=r%'358%)t amtie, an@wnal @f’ﬁﬂ@@ﬁ}rﬁpi’%i’ {Ans i nvol vi ng

the eyes, RRAFIERSH! ?S%]ood Iﬂeg%fige%/_ﬁ?gglg 7§y79?)| | diabetes nellitus

usual l'y dev ops I'n a u e or and is described as
the bodif s inability to nake either sufficient insulin (abnormal insulin

secretion) or 'tl@ofenr%%llntb/t %uﬁéJ B;re(ﬁéu)ﬁ%sééﬁwbuﬁat@r RRLARAR L O

insulin action in targe Jans and ti ssue arti uarly, patients
suf fering fmemrtalep@\MGIQhﬂloaS,eﬂSetSm}Bedm WiPQouhbisasion WePPi 140, faidhg i n

Oy aneY ydifbnl Sropklul BEFRARAL FI1L.S, PRIAPNB. ¢ OPHSYAWORAEL R @ Nor e

to high in abs eter y are [ower 't 8 d for the
| evel of pllawetngblocdgicosmlevels, qﬂ@mﬂed imy\@BOI nubticaiioat¥x0eeN 134 ang fos

CPAaC A | Tlleli il EOUEOBLAON IR SilicRdRORDI61 337 S YREREPal iPANSOS ent Y

el evat ucose concen rat i on or cem a
pubhcatlon W099/44581 disclose the use of toplramate for the treatment of diabetes.

Type |l diabetes mellitus (non-insulin-dependent diabetes mellitus or NIDDM) is

a metabolic disorder involving dysregulation of glucose metabolism and insulin

25 resistance, and long-term complications involving the eyes, kidneys, nerves, and blood
vessels. Type Il diabetes mellitus usually develops in adulthood (middle life or later)
and is described as the body's inability to make either sufficient insulin (abnormal
insulin secretion) or its inability to effectively use insulin (resistance to insulin action in
target organs and tissues). More particularly, patients suffering from Type li diabetes

30 mellitus have a relative insulin deficiency. That is, in these patients, plasma insulin
levels are normal to high in absolute terms, although they are lower than predicted for

the level of plasma glucose that is present.

Type Il diabetes mellitus is characterized by the following clinical signs or
35 symptoms: persistently elevated plasma glucose concentration or hyperglycemia;
polyuria; polydipsia and / or polyphagia; chronic microvascular complications such as
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function and insulin sensitivity, which helps in the diagnosis of Type |l diabetes mellitus

and evaluation of the severity or progression of the disease (e.g., Caumo A, Bergman

RN, Cobelli C,. J Clin Endocrinol Metab 2000, 85(11):4396-402). More particularly, the

OGTT is extremely helpful in establishing the degree of hyperglycemia in patients with

25  multiple borderline fasting blood glucose levels that have not been diagnosed as
diabetics. In addition, the OGTT is useful in testing patients with symptoms of Type Il
diabetes mellitus where the possible diagnosis of abnormal carbohydrate metabolism

has to be clearly established or refuted.

30 Thus, impaired glucose tolerance is diagnosed in individuals that have fasting
blood glucose levels less than those required for a diagnosis of Type |l diabetes
mellitus, but have a plasma glucose response during the OGTT between normal and
diabetics. Impaired glucose tolerance is considered a prediabetic condition, and
impaired glucose tolerance (as defined by the OGTT) is a strong predictor for the

35 development of Type Il diabetes mellitus (Haffner SM, Diabet Med 1997 Aug;14 Suppl
3:512-8).
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20  Aug;14 Suppl 3:319-24). In fact, a continuum from impaired glucose tolerance and
impaired fasting glucose to definitive Type |l diabetes mellitus exists (Ramlo-Halsted
BA, Edelman SV, Prim Care 1999 Dec;26(4):771-89).

Early intervention in individuals at risk to develop Type Il diabetes meliitus,

25  focusing on reducing the pathological hyperglycemia or impaired glucose tolerance
may prevent or delay the progression towards Type Il diabetes mellitus and associated
complications and/or Syndrome X. Therefore, by effectively treating impaired oral
glucose tolerance and / or elevated blood glucose levels, one can prevent or inhibit the
progression of the disorder to Type Il diabetes mellitus or Syndrome X.

30

Many anti-diabetic agents typically prescribed for the treatment of Type Il
diabetes mellitus and/or Syndrome X, for example, sulfonylureas and
thiazolidinediones, have an undesired side effect of increasing body weight. Increased
body weight in patients with prediabetic conditions or with diagnosed Type Il diabetes

35 mellitus or Syndrome X results in deleterious effects due to accentuation of the

metabolic and endocrine dysregulation, and obesity per se is a pivotal risk factor for
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has now been found that conpounds of the following fornula (1): R
CH20S2NHR 5 X R2 R4 R3 (I) 10 wherein Xis 0 or CH2, and R, R2, R3, R4
and R5 are RISCUESURE Ofrettir RYENFION e useful in preventing the devel opnent
of Typesl| diabetes nellitus and Syndrome X. DETAI LED DESCRI PTI ON OF THE
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fol |l owi ng flbhagnew pegn fougd fhatepppasigIgRifte iRIowi ‘F@”Eﬁ Y wherein 20 X is
CH2 or oxygen; Rl is hydrogen or alkyl; and R2, R3, R4 and R5 are

i ndependent |y hydrogen or | ower and, when X is CH2, R4 and RS may be
al kene groups joined to for gg;a bénzene rCHEORNRRen X is oxygen, R2 and
R3 and/or R4 and R5 togethe thyl enedi oxy group of the 25
following formula (I1): R6 RY ) Wherein

R® (1

10  wherein X is O or CH2, and R', R?, R®, R* and R® are as defined hereinafter are useful

in preventing the development of Type Il diabetes mellitus and Syndrome X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS .

15 The sulfamates of the invention are of the following formula (i):
. X CH,0SO,NHR!
R
R2
R* R® (1
wherein
20 X is CH2 or oxygen;

R1 is hydrogen or alkyl; and

R2, R3, R4 and Rs are independently hydrogen or lower alkyl and, when Xis
CHo, R4 and R5 may be alkene groups joined to form a benzene ring and, when X'is
oxygen, R2 and R3 and/or R* and Rs together may be a methylenedioxy group of the

25  following formula (If):

R 038
>

wherein
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W th sul f urgIHRBPIAERG( PEHETRGHREIPA 953cy 2rf RopiASpudtar B Y 2 base such
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The compounds of formula (I) may be synthesized by the following methods:
(@) Reaction of an alcohol of the formula RCH20H with a chlorosulfamate of

the formula CISO2NH2 or CISO2NHR! in the presence of a base such as potassium ¢-

20  butoxide or sodium hydride at a temperature of about -20° to 25° C and in a solvent
such as toluene, THF, or dimethylformamide wherein R is a moiety of the following

formula (l1I):

R2
R”Y R

25
(b) Reaction of an alcohol of the formula RCH20H with sulfurylchloride of

the formula SO2Cl2 in the presence of a base such as triethylamine or pyridine at a

temperature of about -40° to 25° C in a solvent such as diethyl ether or methylene
chloride to produce a chlorosulfate of the formula RCH20S0O2ClI.

30 The chlorosulfate of the formula RCH20S02CI may then be reacted with an

amine of the formula R'NH2 at a temperature of abut 40° to 25° C in a solvent such as

6



6 WD 02/03984 PCT/US01/ 21404 nethylene chloride or acetonitrile to produce
a conpound of fornmula (I). The reaction conditions for (b) are also

descri beavdy2/m9sdTsuchiya et al. in Tetrahedron Lett., 197BCT/US®BS5404( C)
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in Tetr ah%n@@?hnsﬁfotr (b)%‘?@ aﬁo 443&ibed By BALAGHH diad.an W‘étréﬁt%oﬁ ESHCEArEL 0 a

conmpound of erein R s hydrogen by catalytic hydr ogenati on,
e.g. with a3388ble netal and H2 or by heating with copper netal in a

sol vent such as @pt haﬁé’éc’ufﬁrgf %Q%h%?@éuifé@m@ﬁﬁ@%étﬁmm‘ a hital 0B 18ueh REH2COH

may be obt ai ned cormerm a or as known in the art. For exanple, starting
mat eri alss oefodtdmeaindemﬂaol%ﬂzm aS/\metm/iermelmtdndRBr ac&jorRBlleawdldRanand R5 are

. Br ady | rEkopbgaf eRRRigBR 0P R (B B I el BT "o ©f

trinethyl sitettanefh L%tthemofzws Rmmdrsatf@taes m@naéaie;hud@awnmbommmoﬂ ose at a
15 tenperature of abou

| h . d.
net hyl ene cfHT’B‘I‘?&éWPﬁre'rt 'ﬁelsgwa@aﬁeQ%ﬂ\ég{t'ﬁ%@'ff)ee@f’é'f)g %ﬁg‘& b hﬂ@ﬁ%&%ﬂ'l oric
acid or a Lﬁﬁé‘fes%r | %)gdédgﬁeéﬁtﬁébﬁ&rm@tgi iRt é?ﬁrenfrélf‘chtefs' rﬁ@tﬁﬁb(éls' l'yl enol et her

reaction is son et al . Og. Chem 1973, 38,
3935. Rurther, CHrebstangihg medmialhsofetheifmhd@l‘l?@égowmawee oltaimad aemﬁcemiillyand

RCHO 20 may be reduced to ounds t he formu ndar d
reducti on %@@HWPWU&%the@rb chrtggﬁ'?‘f"@ns"ﬂﬁ'f’ﬁ m?t‘f”rl'ﬁl%ﬂ{tg? W%ﬁéaé}ﬁ sodi um
bor ohydri de\/\/l‘?érelntb%'ﬂ‘i"‘ﬁgaﬁ'EHE3 QWRJ‘ &rd Rg‘ar‘%qdéﬂi%éltarﬁoére\! entheIoPiLIA (10 Indyvsee, THE

or tol uene at a tenperature of about 100 C, e.g. as descrl bed by H O
House in " Midsined bythathethbd oR8ale.tBradg I, Cﬂhdh)ﬂli Re 4928 1453% or hrkaci®@v2) . 25

The conpoun I osed US
pa ent s NS 1O gl BB 0B BT R e Salet 08 VAR S 26

i ncor porsat Slérripgraulﬁref&ém%her R ensolcrém sGENP asloosbod, d. @Lﬁ“@thﬂelﬁé Ehibmdd § uge t he
various individual isonmers as wel racemate t here t he
various al phg PEERENERPER B "é@ﬁ'ﬂé’HF@ as ﬁyq;o&‘?%qw ahdy 'A%fbcgwhtaﬁ%'m ane of
the draw ngchl&fdeR&he%nethélsm@naEetm réé‘tﬁoﬁﬁ@éﬂ@ﬁb@cﬂby GNU. Ldrs@f etranbhy, the
oxygen of the nethyl enedio 5group (I'l) are attached on the sane side of

the 6- menbeP&H GpRg1973, 38, 393
Further, carboxylic acids and aldehydes of the formulae RCOOH and RCHO

20  may be reduced to compounds of the formula RCH,OH by standard reduction
techniques, e.g. reaction with lithium aluminum hydride, sodium borohydride or
borane-THF complex in an inert solvent such a diglyme, THF or toluene at a
temperature of about 0° to 100° C, e.g. as described by H.O. House in "Modern
Synthetic Reactions", 2nd Ed., pages 45 to 144 (1972).

25 The compounds of formula I: may also be made by the process disclosed US
Patents: No.4,513,006, No.5,242,942, and No.5,384,327, which are incorporated by
reference herein.

The compounds of formula (1) include the various individual isomers as well as
the racemates thereof, e.g., the various alpha and beta attachments, i.e., below and

30 above the plane of the drawing, of R?, R3, R* and R5 on the 6-membered ring.

Preferably, the oxygen of the methylenedioxy group (Il) are attached on the same side

of the 6-membered ring.



7 WD 02/03984 PCT/US01/ 21404 The foll ow ng Exanples are set forth to aid
in the understanding of the invention, and are not intended and shoul d not
be const we@d20384inmt in any way the invention set forthPCTVUSHIE21¢04ai NB
which follow thereafter. 5 EXAMPLE 1 It is known that oblob mce when
allowed to eat ad libitu devel op abnor nal | hi gh bl ood | evels of insulin
(hyperi nsul i neni & foﬂf?vﬂﬂgkéaWﬁ‘%@F?ﬁ%}é@Fﬁ t@)ai I@Q?gﬁgeré’ianfjﬁ‘é ofi§ n, and a
high | evel lﬁverﬂibﬁcﬁﬁyér@tn%ﬂm%%@bﬁ@bﬁ'@ul@hbttS%fcdH@trG&U & Iﬁnlhﬂdngﬁ\iéftﬁé gns of
Type |1 diabetes mellitus (R Y, Ann. Intern. 199 24, 97-103;
G W 10 EDHED®@miion gef farth %@P&ia*ms M@&h fefipmythereglier 15, 41-48; P. R JOHNSON,

MR  GREENVOOD, B.A. HORWTZ and J.S. STERN, Annu. Rev. Nutr. 1991, 11,
325- 35:;). Based on this know edge of the ob/ob nouse nodel, two studies
were de 'gned to deternine the eff eBXAMPLEGhpounds of formula (1) in these

mce nmodels. 15 {p ktnB@mftMt%b/o%trHré& wh@ntanb\k@d ] éamulnawrﬁrwtendmab@owly
divided into three groups; one group of control mce no topirapmate was

added to t heigh blead fQYIS'Sthé"Sé'H"E (hyepprauiagmiay alNePSH E1PStlYceia), keé@aﬁa Beoup
t opi ramat e aﬁégerﬁgﬁ @vélhﬁ gfyeeéiﬂét@d ﬁgﬂaagb&n éi%ffwmérﬁé’k HaerﬂH%/ﬁ s 6fai |y

dose of 20 K Hen a dai

for 36 days.
A third gro'[bfperl éb@ﬁé@i”&"@éﬁd%dé@@REfAB@ ’ﬂt@fﬂ(@/’qdoﬂgﬁméng ?F%?’ B2¥-days. 20

After conpl ehELSORT clid! nd%dpswgoqlggé he, AM@ pNRr@om@roN iMed and bl ood
was obt ai ned and ‘S@B pared for subSequent anal yses_ of Iucose i nsulin and
S

triglyceri d@BEENW Rref\. HORWARZ and 4:§| SEﬁBNy@P@U dtev Nétrf'lé’:,gélb {4 $28veal ed
that gl ucosgs ﬁ P leé:I%{H\A}Ié/dde%‘l@ﬁe olsleb h%u?@HbdGF P Stubfes Wéﬁ@déél?’ﬁ&ﬁv\er .

with topiramate than in the control group L%Ta . Insulin | eve
al so | ower torfletrsminethe gffsctstf Cﬁm@@UﬂqSéﬁthEG‘ H“ﬁ‘lﬁéﬁr@ﬁ%ﬂ@dﬁﬁt t he

di fference was statistically significant only in the first group (Table 1).
Table 1. Effect of topiramate on bl ood glucose, insulin and triglycerides

in ob/ 015 30 m cle thre Best atody, aTwNiosD PePERERsHOTIBAR wids diMdeshntorthiegskpynse

Kk | SE
?ﬁg / renr_ SE n;é]r?gé Egégﬁ’ﬁ%) m?eﬁ'cﬁ))% rérﬂét%! V\}agya-sﬁﬁbg 'td’ﬂﬁ@rfb&?i%r t@nt& 190%X8 ?/)10)

TPM 1 20: 8studiaperiotigdn a3g8cenigoyp B)pararr@te?wes aqard t@@:@ fosdcn agoynts
sufficient to give a daily dose of 20 mg/kg for 84 days, then a daily dose of 180 mg/kg
for 36 days. A third group received a daily dose of 60 mg/kg for the entire 120 days.

20  After completion of the120-day period, the mice were sacrificed and blood was
obtained and prepared for subsequent analyses of glucose, insulin and triglycerides in

plasma.

A statistical analysis of the results revealed that glucose was significantly lower
25 in both groups of mice treated with topiramate than in the control group (Table 1).
Insulin levels were also lower in both groups of mice treated with topiramate but the

difference was statistically significant only in the first group (Table 1).

Table 1. Effect of topiramate on blood glucose, insulin and triglycerides in ob/ob

30 mice
Treatment TPM dose Blood concentration of specified marker
Group (mg/kg/day) Glucose Insulin Triglycerides
(N) (mg/dL = SEM) | (ng/mL + SEM) (mg/dL + SEM
Control 0: 120 days 302 + 36 10.2+0.5 190 £ 48

(10)
TPM 1 20: 84 days | 183+33(-39%) | 6.4+0.7 (-37%) | 103 £5 (-46%)
(10) 180: 36 days P=0.02 P=0.0004 P=0.075




(10) 180: 36 days P=0.02 P=0.0004 P=0.075 8 WD 02/03984 PCT/ US01/ 21404 TPM
2* 60: 120 days 179 11 (41% 8.0 0.9 (-21 % 113 8 (41% (10) P=0.007
P=0. 058 m00D@H84 P val ues were cal cul ated usi ng Student' sPCWUSe1ZA1k@d

t-test. Al P values were obtained froma conparison of the topirarrate
(TPM-treated groups to the coptrol group x Body weights at the
begi nni ng |of TEW 2ra¢ﬁ0é1&@ﬁ@¥ﬁ s t17 8 13r(-4re) gt8Q:hQ Sl %Y | t AE3 B %) t hat
is followlng 1 of treat ment Pi#-087 t opi r anBF@ 068 t he folFY.

simlar in P maugs were caitulaiad usiop iStudeat e twa-eiledtitegh PR valugs wereobtaigedn day
-1 for the I koup; and
62.7 1.4 g i Bl“p%ﬁg&&ﬁﬂ%ﬁoéﬁg@%%er@% S{égﬁeﬁ’y m#sf@tgé Bﬁ”twgﬂ &Sgy 179 for
Ei he TPM 2 gﬁmﬂypue@mdw thei lglginnigi of tépilamateadroipisiretion ardiatitbriend gf eEtudyr om
ay -1 to I heses
are ver sus WSt 123 Saft 5 d<ime ARG RER1e M HoRRT. LiBARRE (05T
mce was dicandebbndmpnramwtegraa:tqugrouwm 481%et (qmgqu ddy -ddatt thelconirdgroupoand

Second gr ouf s e301 Pafale! Rk RSN ba bretiba r nn Ry 2 PE ke |

give a dailyrog9asd 62,2601 Qf%myfmf@rtd@srsmzbmpaadaym g@m%rt&@O mg/ kg
for 112 15 days. Durlna he course of the dosin e m'ce wer e

exam ned t rPhQ!K’ M upsyirorgday 1 &3 Aay $19 ‘Mﬂ%ﬁ@g eI a|r PEREEgRr e

evi dent, t hGrSRMESS ihparathddeh afBl&dus &isepvaiest he nunber and size of the

| esions, and given a score ranging frommld to severe (Table 2) For four
of the Wontrol mice their health deteriorated to the poi nt that t hey
either died or hidnd QedaRiid)anluffisim JapLRRoRbY tRSkad ditiel A ) grBliesr had
| esions 20 (two mce werec severe and one mce as nild In
addi ti on t olntame greup of Qooﬁolrmlcemcct@ptrara@tedvaﬁ afged dathgifoed fordheramtreraiB-per i od,

ot her nice VF%J peﬂg%bg;dde%fb&ﬁ;?? s"f?ﬁ%ﬁb ﬁ/gs%?@éﬁ ﬁ‘th@'fdda i @MRURtsRYrclpt end

of the study e nine mce treated with

t opi ranat e fe\ga,ve aldailyl ansed §ng/kgaf@r Brdeys, Ty @daily, dospad 8@ ma/karfes! tay peri od
was co etg Y r§c?&ft f e WS obt ai ned
and pr glglar d&s ‘ﬁurm gﬁae ﬁaeurﬁw%ﬁg%gg%é E? anngeéaﬁﬁcosgménd | nsul%ﬁa and

gl ycosyl at e\dedrleﬁorogkloﬂﬁsmnsl Vi @l@@@@nawgtqmyde IHhe pexasity was B'ﬁttb'@ﬂie‘éjl ucose

was signi fﬂ,&%@ bXBéﬂM\ﬁig? 021 gfe Bﬂﬁffe%mgeaﬁéf E%?éneéist%rg aﬁg‘?ﬁ%‘ﬁéﬁﬂ%ﬁd%t he

control mce e control group

and 131 13sevgrajﬂahb@2) Fosfey oﬁthe contrgimieé their isplitdetedonatasdo dioe Beiaiipatat t he
end of the ﬁgygﬂherto*@d Sid8b BB% S thanized. Three of these four control mice had lesions

20  (two mice were classified as severe and one mice as mild). In addition to the four
control mice that did not survive the 118-day period, other mice developed skin lesions
ranging from mild to severe by the end of the study (Table 2). By comparison none of
the nine mice treated with topiramate ever developed skin lesions (Table 2). After the
118-day period was completed, all surviving mice were sacrificed and blood was

25  obtained and prepared for subsequent analysis of plasma glucose and insulin, and
glycosylated hemoglobin. In this second study, the level of blood glucose was
significantly lower in the topiramate-treated mice relative to the control mice (P<0.05,
276 + 49 mg/dL mean + SEM, n = 7 for the control group and 131 + 13 mg/dL mean +
SEM, n = 9 for the topiramate-treated group at the end of the study; the difference

30 between groups is 52%), whereas insulin levels did not differ between the two groups.
Glycosylated hemoglobin was significantly higher in the surviving control mice than in
the topiramate-treated mice (6.09 + 0.8 (n = 7) versus 3.16 = 0.1 (n = 9), mean = SEM,
P<0.01, 48% reduction with topiramate treatment). Also, throughout the 118 days of
study 2, the average body weight of the two groups of mice did not differ, that is, on



30 between groups is 52%, whereas insulin levels did not differ between
the two groups. ddycosyl ated henogl obin was significantly higher in the
survi vi ngv@onoyoed mice than in the topiramate-treated m BET/B01094040. 8 (n =
7) versus 3.16 0.1 (n =19), nean SEM P<0.01, 48% reduction with
topiramate treatnment). Al so, throughout the 118 days of study 2, the

aver a/ge bodiaywei hsialy vesfights wera3.§ g (bf Tiiadheisentiobgrogpand 42: %éﬂ g on 9
WD 02/ 03984 |

for the cont gqy g%r%géé ?a%agéﬁrfg%\é gf&kfp%q%( £82 ﬂgh%f&%%hﬁ%[ @Hhr%ac%g?%l(g{} uepat ed
group; and &%l.55.1 2148 gonrdaylaYB ick8@hé tmpnrameteeimated)grogp olipe badydwsightlgail. 3 g on

day 118 for the etr at e r ain simlar
in both grolfps "P"H‘?@U roy%t et g?‘% t%ﬁgtt”g erefjoﬁ%\'f'ﬁ%ﬁg?q laé?ﬁ L%‘{vaéct s of 5
t opi ranat e t@ﬂrérﬁﬁethh@QioQ@icaﬁmaK@rsSofdlﬁe tillseasd! Geastbesevoatialydo fecondary to

the potenti al nef|C| t .that ht ari froma.,lass of body
wei ght . Theoog%ﬁtﬁfb%'l?é'ﬁ@ ﬁ%oﬁ&[a?mtﬁaﬁnﬁr%n@é%s@ﬁ Qymﬁgjﬁo?ﬁ%dﬁ d endocrine
activities duggbsinatepitdntate ebcad@ettslmetstycnudraomnd@crtrieeaoﬁm@é)toﬁmmveam ivities

t hat are i ngependent of t te's effet on b ht,. .10 Ta,ble2
Siin Teai orsteiesgntmele i 05 oA e pefites Siasge BRGKeTHROES eoiteds

TOPI RANATE dffe80omBodsoweigh) Severe Moderate M1 d Total Severe I\/bderate MId
Tot al Day n:7N:9 11130000118 11240000105 n=8 N=9 20 3
50000 n=9 3600 O 3 n=10 N=9 0 1
12 0 d% o ¥ Sﬁqﬂﬂﬁnsbf‘ gontrol %“gt%"ﬁ”@i‘*"rﬁaﬁdé’b@ gnacg 053 00000
0 0 0 41 For eacBONBREY, |esions were scof@ARtMAHRBO0IpgkeaY. M | d: one

or two smal

Severe Moderate Mild Total |Severe Moderate Mild Total Day

n=7 N=9

1 1 1 3 0 0 0 0 118

1 1 2 4 0 0 0 0 105
n=8 N=9

2 0 3 5 0 0 0 0 97
n=9 N=9

2 1 3 6 0 0 0 0 96

0 1 3 4 0 0 0 0 83
n=10 N=9

0 1 1 2 0 0 0 0 70
n=11 N=9

0 0 2 2 0 0 0 0 61

0 0 2 2 0 0 0 0 53

0 0 0 0 0 0 0 0 41

For each mouse, lesions were scored as: none observed. Mild: one or two small
lesions (less than 5 mm in the longést dimension). Moderate: one or multiple lesions

15  (more than 5 mm but less than 8 mm in the longest dimension). Severe: multiple
lesions (more than 8 mm in the longest dimension). Day indicates the day during the
118-day period.

Thus when ob/ob mice were given topiramate admixed into food over a period
20  of four months, the blood levels of glucose and insulin, and the level of glycosylated
hemoglobin were significantly lower than in control ob/ob mice not given topiramate.
Furthermore, none of the mice that received topiramate at a dose of 180 mg/kg
developed lesions of the skin, whereas control ob/ob mice developed lesions. These
results demonstrate that topiramate either reduced or prevented the development of all

25  the hallmark signs of Type Il diabetes mellitus in an obese-diabetic animal model,

10



| esions (less than 5 mMmmin the | ongest dinension). Mderate: one or
multiple lesions 15 (nore than 5 mmbut Iess than 8 mMmmin the | ongest
di mrensi oo o08a39ese: multiple lesions (nore than 8 nmin t PETAUSKIGHSI4

di mension). Day indicates the day during the 118-day period. Thus when
obl ob m ce were given topiramate adm xed into food over a period 20 of
four mont hseveppden body wWeighévas apt affegieds d harasylt§ala svogasidhatiariramale of

gl ycosyl at ed, rgm%eﬂglbpré%%’f%cﬁ't(gl?l'sixlirf:amé % Hn@Wﬁrto b@%rbrin{hrf%idr% TR ob

m ce not given topiramate. Furt her nore, none recei ved

t opi r anat e |hdiabetes mellivys FBG. HENRY 6@@447@6196/’6]%%9%57261‘91 h@3:skPn, whereas
control ob/gd:RRRY, ﬂ%vgl @mﬁwultfemmw 56@%35?0451 9! bISERKRPBAY at ﬁOLhﬂt

topiramate elther reduced prevented the devel opment of all 25 the

hal | mar R si4yfis/. &¥inTpis 1395df3ht9§9§s98ﬁ§ﬁ itus in an obese-diabetic ani mal
nodel , 10 WO 02/ 03984 PCT/ USO1/ 21404 even when body wei ght was not
affect ed. The results al so suggest that toP| ramate can_reduce cel |l ul ar

resi stance to i ndndreme Xhalso tefmed digylin Repistaace SyRereper (RS Mefabokgpe ||

S/Lglz\%\e(s ”%JH\?H% (d?l\%taﬁ'(ﬁy%ymr%% X !l@%ggéardé}@r%t pilé‘s%ﬁts ri’s%‘l’agct@r%;f%lgcﬁej j D.

NOLAN, 5 Adevelppment of Tyret2 diahaiessmetitus angsvasil@@ésylar @Wﬁﬁedﬂﬁuwg aiusesa er med
| nsul i riOReSiht%t O&‘Ciilng Hleﬁé)d inMAlARekiafce %ﬁ@q{y@fﬂ?derﬁi'é é@t lic

Syndronme X, 1S a presents risk factors evel opnent
of Type 2 drngdmeer@gshe\rvhem aé/oammcwem mmf@mr@mafm%é@ 'FWJP%PY@' &l ucose 10

I nt ol er ancfpen%%?fd 'Fﬁ’rgv\w%efﬂeaq @cg)qe{/é‘@%ﬂ Gccfs%si'n%lﬁ‘ﬂ‘éﬁd trifitedysd wWeredem a (eg,

high trig cerldes m ce given topiranate adm xed into
f ood over asngrpfmahtiwllomertfmmrm ﬁgﬁfqhgb/opmc%nqu@g)gqrayﬂ@t\e dihaseessults nsul i n,
and trigly [ trb%tpn ob mce not
gi ven topi r%@a@gﬁat%qégtm?ﬁsu tL’ Cgﬁé%dnu%ﬁso? Wgﬁt atdr{ﬁ%ﬁ?@gﬁg{%@?an reduce or
pr eventl3pat dssptigtedovithgByraronss ér%ldiwwgwtﬂﬁéévﬁimfﬁe@yndrone X and thus
prevent its devel opnent. EXAMPLE 2 Six to seven week old femal e C57 BLK
S/ J-mt/ + Leprdb m ce (db/db) and het eroz ous littermates were purchased
from The Jackson Laboratory (Bar HarBSAMP %02 ME). Upon arrival the mce

were quar ant i nedS % faﬁe%ﬁg%wf#@% 7'B Ké@“ rm9/+||__ Psh%e (p,%b AQES

cont ai ni ng ALPHA- eciality Papers, Inc.
Kal amazoo, Mtérozmsmemw%mm@sﬂ@ﬁom wa@hﬁnrelmbor@tﬁmﬁat Hadopf 21 to

fzggd g ¥ %ﬁ?glﬁ#p&?@ﬂ%l thé Hide WakkuSRRBAM for 3Ry ILNE RoGERRS PalrPinédber and
box cages containing ALPHA-dri® bedding (Shepherd Speciality Papers, Inc.,
Kalamazoo, MI). The mice were maintained at an ambient temperature of 21 to 23°C
on a 12hour-12hour light-dark schedule and given access to water and food ad libitum.
The diet was comprised of NIH (National Institutes of Health) Rat and Mouse/Auto 6F
25 Reduced Fat Diet No. 5K52 (PMI Nutrition International inc., Brentwood, MO).

The vehicle, used as a reference and for test compounds, was 0.5%
methylcellulose dissolved in water. The compounds were either fully dissolved or
uniformly suspended in the vehicle when administered to the mice.

The db/db mice were randomly separated into five groups of eight, as were the

30 heterozygous littermates. The groups were as follows: one vehicle control group and
four groups that each received one of four doses of topiramate (TPM) (10, 30, 100, or
300 mg/kg, respectively). Topiramate or vehicle was administered orally by gavage
once a day during the 8™ hour of the light portion of the light-dark cycle.

Between 18 and 24 hours after the last dose was administered, the mice were

35 anesthetized with CO,/O, (70:30) and blood from the retro-orbital sinus puncture was

collected into 2 mL heparinized shap-top polypropylene tubes, then placéd inice.

11



The diet was conprised of NIH (National Institutes of Health) Rat and
Mouse/ Auto 6F 25 Reduced Fat Diet No. 5K52 (PM Nutrition International

I nc., Brewowpe¥ss MO). The vehicle, used as a reference anBCTOR0/ASM4
conpounds, was 0.5% nethylcellul ose dissolved in water. The corrpounds wer e
ei ther ful L% di ssolved or wuniformy suspended in the vehicle

admi ni st er dlasrpa wae spparatedifrm Blood 5Cig @écqnérafegat@ﬁdéwtg%awp&g ﬁPb five
groups of &l esﬁ&a@@éﬁdtlmﬁqed%(@elmﬁ@b%m%% trdﬁs?eefe@mtefge WélEpISe8uRg Wer e
as follows: one vehicle control group and four groups that each received
one of fourfratened-©FCt opi ramate (TPM (10, 30, 100, or 300 ny/kg,

once & dhy duri ngUPbe Brfled s idle HmBY TRRLBIFUER bR ey SREEY®

cycle. Bet wdisicallgberatbrizg. Bpesiticadly.ttbe sameleswtre doa)¥zafiasingdan aﬂtgméteéd t he

mce were

retro-orbi t%%cgrmmgéﬁ%emé&hm%%%e@ﬁ gcrir% Bﬁ?ﬁp21ﬁﬁgﬁgna ?érﬁ ggﬁmngap top
pol ypr opyl eMenrthsalD’esLathrhmﬁy Pysteed Divisipa.dndianapaiis.0N).08 s&tisiear ausipsis 21404

Pl asma vas g r c f utes at 1600
g). For sarrp gog%]eg@r égfsé%&%o& B%ﬁinﬁa e\%’to &ﬂé for t@%ﬂéﬁﬂlﬁggﬁ&?ﬁ’g\gﬁer red into
96- wel | pl gtesformed usihg dzae@neiway QMSI{DM@GCQAORNQVA)Q\N%@HD@ES Meltipleassayed
usi ng ﬁ%) ndél&g RrQredu; es for blood 5 clinical |aboratories. Specifically,
the sanpl es”Were ana yZed using an automated Hitachi 717 autoanal yzer
(Boehri nger Mannfaiowing thaphicedWr® descrizadaabprerthe BEedtrdf tapyrmatdemplesmea
Laboratory t . Vi sis of
data for t@é{%’%s?gg?’ fj r%é%i'(’sé”{ag le\)efégh%é;@qurrﬁel@eq #O[r\l}(f e ? B} cﬁéﬁ/@@kﬂ ée{]%&/gr oup was
per f or med Ui;ierrgaﬂeb,e‘oklnve'ngvay dayﬁadarytdqsagé Wity leank&af( INMAA)TaMGt haolidnett' s

Mil tipl e 10% 2 EPe mt'fa%ﬁe 5, F%% M BAaGENRERE ?(Q‘Hé fhe érlafgniﬁ'g%ve’ the
ef fect of t%lr te on ucose and triglyceride levels was

det er mIted peyrstidyropdep.di abetl c db/ db mice and littermates, following 11
days oral dosage, with results as listed in Table 3 and 4. Body weights
are in Table 5. The abbreviation N represents the nunber of animals 15 per
st udy groupTablaBt Blasmd&Ghewse d ucose Honobzygous Di abetic M ce Heterozygous

(I\:lho gng eab?%;‘ q ;\_A © ;E@n eﬁ&jﬁ“{dzyé@m AT A ﬁgf%?%eygg“hsphgﬁ-ﬁaééﬂg Rice’®

Treatment | N Plasma Conc. % Change N Plasma Conc. % Change
w (mg/dL £ SEM) (mg/dL = SEM)

Vehicle 8 525+ 17 - 8 147 £ 4 -
Topiramate | 8 382 + 46 -27.4 7 145+ 6 -1.2
10 mg/kg P<0.05
Topiramate |7 344 + 31 -34.6 7 152+ 6 +3.8
30 mg/kg P<0.01
Topiramate | 8 333+42 -36.6 8 148 £ 7 +0.8
100 mg/kg P<0.01
Topiramate | 7 207 + 41 -60.5 8 1217 -17.2
300 mg/kg P<0.01 P<0.01

Table 4: Plasma Triglycerides

Homozygous Diabetic Mice Heterozygous Non-Diabetic Mice
Treatment N Plasma Conc. % Change| N Plasma Conc. % Change
(mg/dL + SEM) (mg/dL = SEM)

Vehicle 8 342 £ 20 - 8 141 +10 -
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Vehicle 8 525 17 - 8 147 4 - Topiramate 8 382 46 -27.4 7 145 6 -1.2
ng/ kg P<0.05 Topiramate 7 344 31 -34.6 7

Topi r anatveo 82/6884 42
41 -60.5 8 121
Triglycerides Honpozyqg
Treat nent N Topiamat

(mo/dL _ SEM1oYRhug! e
Topi ramate 8 27 30
-11.2 7 116 Topiramates
100 ny/ kg P< @
mg/ kg P<0.01 Ta
Non- Di abet i clapiraeatery
SEM) Wi ght

7 0.5 0.2 ‘K:f%
8 1.5 0.7 8apiramaie 2

7 -17.2 300 ng/ kg P<0.01

-36.6 8 148 7 +0.8

n8. % ZWahge N Pl adff Cg
8 342 20 - 8 141 10 - 1
-18.9 7 141 13 -0.3  1(
30 myBd&yt2Bpi r anufl €28 2

4

10

152 6 +3.8 30 ny/kg P<0.01

100 ng/ kg P<0. ORCTOpivAnst e 7 207
P<0.01 Table 4: Plasm

ous Di abetic M ce Heterozygous Non-Di abetic M ce

nc! % childge!3 (ng/ dL0-BEM
2 WD 02/ 03984 PCT/ US01/ 21404
W?/ kg To%iirarrate 7 303 29
277 15 -3%%63 92 617348

%/k5<0'01 Topiramate 7 199 16|-41.7 8 138 15 -1.8 300
| € 5:| Body Wei ghts Hom)zg oug Di abetic M ce Heterozygous
edt nen22hEdhange iB3Body N8Chang@2#6Body W4Ght (g
Vehi cl #“4 0.58-0|7 0.4 Ppepiqanate 8 1.7 0.9
m : . 01
rg% Topiramate 7 2.6 1.0 7{0.0 0.3 go ng/ kg Topi ranmat e
7 199 £ 16 -41.7 8 138 + 15 -1.8
300 mg/kg P<0.01
Table 5: Body Weights

Homozygous Diabetic Mice Heterozygous Non-Diabetic Mice

Treatment N Change in Body N Change in Body
Weight (g + SEM) Weight (g + SEM)

Vehicle 8 24+05 8 -0.7+£04
Topiramate 1.7+0.9 7 05+0.2
10 mg/kg
Topiramate 7 26+1.0 7 0.0+0.3
30 mg/kg
Topiramate 8 1.5+0.7 8 0.2+0.2
100 mg/kg
Topiramate 7 0724 8 -22+0.5
300 mg/kg P<0.05

The results show that topiramate decreased blood glucose in a dose-

dependent manner by 27% (P<0.05 vs. control), 35% (P<0.01 vs. control), 37%

(P<0.01 vs control), and 61% (P<0.01 vs control) for dosage levels of 10, 30, 100 and
300 mg/kg/day respectively. Topiramate dosing at 100 and 300 mg/kd/day also

significantly (P<0.01) decreased plasma triglyceride levels by up to 42% versus

diabetic controls. The results demonstrate that topiramate significantly ameliorates the

10
is not depende

nt on a reduction in body weight.

EXAMPLE 3

diabetic condition of the homozygous diabetic mice and that this activity of topiramate

Six week old male Zucker diabetic fatty (ZDF/Gmi-Fa) rats were purchased

15
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from Genetic Models, Inc. Indianapolis, Indiana. The rats were housed in groups of



100 ng/ kg Topiramate 7 0.7 2.4 8 -2.2 0.5 300 ng/kg P<0.05 The results
show that topiramate decreased bl ood glucose in a dose 5 dependent manner
by 27% ( WOop@3986. control), 35% (P<0.01 vs. control), 37P€T/(/FaR10W vs
control), and 61 % (P<0.01 vs control) for dosage |levels of 10, 30, 100 and
300 ng/kg/day respectively. Topiramate dosing at 100 and 300 n%/ kd/ day al so
si gni fi cantfbyr it haogiod ynedel ceges @tlap pawieat tennsrateerqf §8-1280.nsa by haw-1 42%
versus  di ghet i - TRRSAlSod BlinitR] [ AFELE

signifi cantq'%\]trg@&ﬁ%(%%ﬁeegmf-r%a%\%ﬁgggéstsﬂg conqﬁr@i_o% o(?ltlLe honozygous

di abeti c i (ZOF4BII tHior t/fd)wvese usad agnermal, endighgtie contipln ot heidipedeent on a
reduction i i O 5%%3@ - ' ORI R AvekEhodingbetic fatty
(ZDF/ Gm - Fa nﬁ)pggéd;‘\ﬂf%ﬁplﬁtrc aﬁ%}e%"%s@rﬁ%ﬁ?@gh@? ?lc' l\/brge’l s, | n(():.' F

| ndi anapol i s, | nthearehiclGused as @ referanch@nd éef test cgmpgprisswas DHMO 02/ 03984
PCT/ US01/ 2 [ Iy t @Rt gid SRRt ur e of
68- 72F, on%ﬁg@yc lg}lﬂgrs-el Sébﬁ%gr"pﬁ'ia{ggﬁt ?h%(raﬁqg%hnggu %Qgﬁ@g?g?'%ﬁ access to water
and food adudifobnly sospdrdad in tieyehicleDHieRadministerest tothe aicaper e used as nor mal

non-di abetic co o] i I et j ng
formula (PM Nu?trlfetrjlagsnw%%ﬁ' aﬁéo‘?ﬂy\é%?a\{gogm%?ﬁ%g%ﬁ? \%@R?J?&ﬁg%@g? a

ref erence aasdfoflaws: bes tvebiokepoontidgroupandthess gravpsippteddnubeseedenese|thied in
wat er . e r i I i S i spended in
he veHior <XrBar S (Fcfock bt bl dsBianaik foramall Bl i ot ed
into four gadmipisteéd eiaihby garegegnoa playeioe 14 gendeshiivevdaysotigingdhe 81 Bowont r ol
group and three. t > Lved one of three 10 doses of TPM
(30, 100, o t@%lﬁﬁ%@?ﬁg’“ 0?@%6@@??%%@?& Topi ramat e or vehicle was

admi ni st ered or ahtie biarigdtamgstudy dee @isiagre fled thtaughanied veiniand ptesyRa  duri ng
the 8 ' hour, of the.ligh i f i - tart of
t he study, QlH%OSFaapg%U\Q#%%FZ ei%"?oﬁgjﬁtegaﬁ] S %}\/égvyér]@%@d%qc%fﬂ%ﬁg Sftél}?gée and
triglyceri destdoselvasweiménidietesy, biond damples wese ag@n sakenip b gligomflaed (fede 15

ooy 07 e T ART ShEH o PRSI PRRUSR AL RS by P 0
2 L hepar i sriapetdp psigppyiepe paleppthepyplacecinticheBlasmaovasgepersted from dodPl asma
pas Sonar 2t Gl by 2Bl Rdton FEl Ry £ 780 b 4R SLABIL T AAybE nbaiddRf) )
the plasma was transferred into 96-well plates and frozen at -70°C.
20 Body weights for the animals were determined at the start of the study and
again after 14 days oral dosing. Glucose and triglycerides were assayed using
standard procedures for blood clinical laboratories. Specifically, the samples were
analyzed using an automated Hitachi 717 autoanalyzer (Boehringer Mannheim/Hitachi
717 Autoanalyzer, Boehringer Mannheim Laboratory Systems Division, Indianapolis,
25 IN). A statistical analysis of data for the drug-treated groups compared to data for the
vehicle group was performed using the one-way analysis of variance (ANOVA) with
Dunnett’'s Multiple Comparisons test.
Following the procedure described above, the effect of topiramate on plasma
glucose, triglyceride levels and body weight changes was determined for male Zucker
30 rats, orally dosed for 14 days, with results as listed in Table 6-8. The abbreviation N

represents the number of animals per study group.
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the plasma was transferred into 96-well plates and frozen at -70C. 20 Body
wei ghts for the animals were determ ned at the start of the study and

agai n af tveo 0dd398ays oral dosing. G ucose and triglyceri deBCWEs@/ As@layed
using standard procedures for blood clinical |aboratories. Specifically,
the sanples were analyzed using an automated Hitachi 717 autoanal yzer

( Boehr i ngerTag;AnBlagma Glsepse Loveds Aut oanal yzer, Boehringer Mannhei m

Laboratory—Sg:%gﬁtp ; ; paf@l ysi s
of data for the crutg-treated groups conpared °_to _dgfaao or the veahic e group
was performed using the one-waymafth) gsem of DigbetinGent(oANOVA) Gantrel
Dunnett's M .i;_vji,g; ;l S—tE§E 4 1757 oW 1Tg e procedur e de i

above, the e 0 opi ranmate on pl asma gl ucose, triglyceride |evels and
body wei ght €hainges was determined for male Zucker 30 rats, orally dosed
for 14 days/—w-th-resutts—as—t+Hsieg_n Fable6-8; Fheabbreviatgpmr i
represents tE%p'ﬁm t%r of ahi mal sib']égrig]t'%dy group?4'?4 WO 02/ 03984

PCT/ USO1/ 214B8@ mgliapl e 6: Pl asma (Pe@.06se Level s Treatnment N Plasma Conc. %
Change from % of Di.abetic . (ng/ S Di abetic ntrol Contr Di abeti c
Veni ol e 6 3oa0Rran8 S0 n 7l z%?r’—’afﬂe Sy 48 £ oare e 05 g/ kg
P<0. 01 Topir é0ming/kg 170.3 14.7 -B%08152.5 100 ny/ kg P<0.01 Topiranate 8

166.4 11.1 -49.5 50.5 309 ny/ R<0,01 Table 7,,Bl asma Trigl ride
Level s Treat WBWEa”NE?’I asma %onc. Iﬁ&ﬁééﬁaﬁgiel from %%?'EDi abetic (ér(r)cgde) sem
Di abetic ConBo®mglgntrol Di abetiPB<@omtrol 7 605.9 40.1 Topiramate 7

482. 4+10. 5 —20-4—79-6—30+ngrkg—P<0-0O5TFopirarmate—7+4986+588—17782. 3
100 ngy/ kg '

Table 7: Plasma Triglyceride Levels

Treatment N Plasma Conc. % Change from % of Diabetic
(mg/dL) + sem Diabetic Control Control

Diabetic Control 7 605.9 +40.1

Topiramate 7 482.4 +10.5 -20.4 79.6

30 mg/kg P<0.05

Topiramate 7 498.6 + 58.8 17.7 82.3

100 mg/kg

Topiramate 8 423.0 + 33.6 -30.2 69.8

300 mg/kg P<0.01

5 Table 8: Body Weight Change (grams)

Treatment N Body Weight Change
Gms * sem
Diabetic Vehicle Control 8 +103.0 + 2.1
Topiramate, 30mg/kg 8 +955+7.2
Topiramate, 100 mg/kg 7 +75.7 + 2.7 (P<0.01)
Topiramate, 300 mg/kg 8 +64.4 + 6.0 (P<0.01)

As indicated by the data in the Tables above, topiramate decreased blood
glucose levels by 25-50% (P<0.01). The reduction in blood glucose levels at 30
mg/kg/day occurred without significant body weight change. Topiramate at 30 and
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Topiramate 8 423.0+33.6 -30.2 69.8 300 ng/ kg P<0.01 5 Table 8: Body Wi ght
Change (grans) Treatnment N Body Wi ght Change Grs sem D abetic Vehicle
Control 8owD®984 2.1 Topiramate, 30ng/ kg 8 +95.5+7.2 TeEiN&meie)4 100
nmg/ kg 7 +75.7 2.7 (P<0.01) Topiranate, 300 ng/kg 8 +64.4 + 6.0 (P<0.01)
As indicated by the data in the Tabl es above, ramat e decreased bl ood

gl ucose | evd0smglgiigy 5@%(’@%3@‘1?@3"?"%"9‘%@? |'QYﬁPI ROt FW LGP ICILD /el s at

30 ny/ kg/ doyy OF GE& SR gvé/H,t hout significant body wei ght change. Topiramate
at 30 and 15 WO 02/ 03984 PCT/ US01/ 21404 300 ng/ kg/ day al so decreased
plasma triglyceride levels (20% and 30% P<0.05 and P<0.01, respectively).

Col | ectively, t r@olre% d;} $hd féémté oAk dhyapntice ERsAPR ® ahd tReduélee ratycker

rats 5 (Exanp cate that topiranate is an effective t;e;qgent for the

treat mert o(mExa'IW )w%ﬁi'@t tmnr@ma@ﬁ@p,eﬁpgqlve@ge@ﬁogtr’@ntrqa}tm@n erides, and
utility in If\)/@% élfc%ﬁ%lé@ﬂfh t%fneﬁaﬁl efﬂé@!s'dﬁﬁﬁ%icé?fdegym Utlitydh aRefesmerd dfithe!s i n

humans. 10 Fenal e mce ( / J- ml +Leprdb Jackson Labs,

Bar Har bor haUE)akaPfTé&’P@éléi{%b%fPs mgltusiRPEMABYsed four per cage in

sol i d- bottorred shoe box cages. Room terrperature was mai ntai ned at 68-72F
and humdity at 50-65% Room|ighti on a 12-hour light/12-hour dark
cycle. The m ce were maintained on I\E #hd Muse/ Auto 6F reduced fat

di et #54p2 (PM Mélbgbm b’ tsmcx $H- rE?‘E@ .awhea@éretawe@r H%ostmpj zed ad

libitum Test conpoun vehi cl e were ose orally a prepared_as
suspensi ons8 Wﬁekﬂ)OfE?Eﬁhvérer hptppd fsPEr eRgery solidspotforged ?ﬁ@@ HoweRoeh RPAI |

M dl and, M 0 ent
groups of f% %E?lgg%rlﬂa%@l” %Fé?%uﬂgr‘%(r‘@g’ﬁfa P@@Bé’\\ll\?ed arﬂnélfvggr 20
11 days wi tén ailRheur ighti2deungarseytlal dbe mige we@cmqm@ e@'l@)NlHt%ﬁilarndrrate at

30 or 100 MQGQA&S FHeddued etb#5§(’59 ﬂm%tir %h Rt IPBS atd water were
ﬁfama e t( c}

-L-fructopyranose su erel naf re erred to as Conpound at 30
or 100 Ify/ ksypephgd aqXibitlery 10, t he

Test compound and vehicle were dosed orally and prepared as suspensions in
0.5% hydroxypropylmethylcellulose (Dow Chemical, Midland, Ml). The dosing volume
was 10 mL/kg of body weight.
Different groups of female db/db mice (7-8/group) were orally gavaged daily for
20 11 days with either 0.5% methylcellulose in dH,O (vehicle), topiramate at 30 or 100
mg/kg/day or 2,3:4,5-bis-O-(1-methylethylidene)-B-L-fructopyranose sulfamate
(hereinafter referred to as Compound V) at 30 or 100 mg/kg/day. On day 10, the
animals were fasted for 20 hours before being tested for oral glucose tolerance (OGT).
On day 11, four hours after the final dose for each group, an oral glucose tolerance
25  test (OGTT) was performed by oral glucose administration of 2g/kg. Animals were
bled through tail clip at 0 (before glucose), 30, 60 and 120 min after glucose challenge.
The blood samples were collected into heparinized CB microvettes and then put on
ice. The plasma samples will be assayed for plasma glucose determination by using
SIGMA DIAGNOSTICS Trinder reagent (Sigma, St. Louis, MO). Statistical analysis
30 was performed using the program Instat (Graphpad, Monrovia, CA) and performing
one-way ANOVA with a Dunnett's multiple comparison test.

Following the above described procedure, the effect of topiramate and
compound V on oral glucose tolerance in female db/db mice, 7 mice/group, was
35 determined, with results as listed in Table 9. The abbreviation N represents the

number of animals per study group.
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animals were fasted for 20 hours before being tested for oral glucose

tol erance (OGT). On day 11, four hours after the final dose for each
group, amwopzab3vgl ucose tol erance 25 test (OGIT) was perf oraradShy21am4al

gl ucose adm nistration of 2g/kg. Aninmals were bled through tail clip at O
(before glucose), 30, 60 and 120 mn after glucose challenge. The bl ood
sanpl es were collected into heparinized CB mcrovettes and then put on
ice. The pl S I 1 pl asma gl ucose determ nati on by
using S CURTY RS aete Tl e ) Pm. S - Lot o M)

Statistical analysis 30 was perfornmed Blesmg Glheoser(oglimimtises)at ( G aphpad,
Monr ovi a, nd performn one- way wth a t's mul 4

conpari soncﬁ)égél%me gl | owi ng t  above dggﬁ(ﬁﬁ\bed procgggﬁlﬁf1 t he efpeo((:)'}tnﬁ]of

t opi ramat e afmthiclconpoun®69.50n268381 gla0Rdse45.6] er andd8 +R27 emal 27WBHAES .81 ce,
7 mce/group, was 35 determned, with results as listed in Table 9. The
abbr evi at i O oNirh@BeeS eNtBai43e: 16Wnber400f7 ap8 Aal s pe4.89t31dy gr oizd.1 L80WO
02/ 03984 PCT/USO1/ 21404 Table 9: Oral d ucose Tol e%a&ﬁg Test Eﬁga(%f/d)
Plasma G uco®d"¢kg/nL. sen) Treatnent O min 30 nin BOYHPn 120 nfr " Vehicl e
260.5 + 24. 3GpRatbt45. 519418 +H22Y 2701533 2388 TopT0.8rEEX6 1881832 + 3R 7
400. 7+68. 4 295.8 + 31.5 124.1 + 20 30 ng/kg 'P<0.0 (E<Q.Ol Topi ramat e
159.5 12.8 W8mgkas. 5 270P848% 6 184.2+32.3 100 néf §°pP<0. 01 P<0. 05
Conpound V e S3nd 22 BAME B2285. 7 44b% 238¥. 6 22847%28.§ 3P13kkap P<0. 01
Conmpound V 152.3 27.3 448.8 42.6 319.4 52.7 153 + 33 100 ng/ kg P<0.01
P<0.05 The 30¢89/kgs show that topiramate and corrpouﬁﬂo-9’1decreased fasting
glucose 5 Ieygbsungd supps esseds el evalgerls hp@od gbygasesd evel s 168digzed by
oral glucose challenge. This suggests that topiramate and Oorrpolgnd V each
i nprove gl uc®9eng/k@| er ancePs®8Tmay al so increase insulin sensith v

Femal e ZDF Tats were atso random y divided into control and topiranate (30
or 10 100 ny/ kg/day) treated groups, dosed orally for 16 days, and tested
for bl ood gl ucoskhe lesylts shaxnia ﬁoalra@afﬁ@@ééompe%}x{@@c'fe@ﬁ%wsg@e greRSs e

chal l enge of\ds ghé upptBsseti diltedlood glucose levels induced by oral glucose

challenge. This suggests that topiramate and Compound V each improve glucose

tolerance and may also increase insulin sensitivity.

Female ZDF rats were also randomly divided into control and topiramate (30 or
10 100 mg/kg/day) treated groups, dosed orally for 16 days, and tested for blood glucose
levels and oral glucose tolerance following glucose challenge of 2 g/kg. The effect of

topiramate was as listed in Table 10 (N=8 rats per treatment group).

Table 10: Plasma Glucose Levels (md/dL+SEM)

Treatment Time=0 60 Min after 90 Min after 120 Min after
Challenge Challenge Challenge
Vehicle 177.8 =17 474 + 25 434 +25 357 £ 30
Control
Topiramate 121+ 13 342 +£32 269 + 32 206 + 26
30 mg/kg P<0.05 P<0.01 P<0.01
Topiramate 129+ 15 333132 242 + 28 173 £ 23
100 mg/kg P<0.01 P<0.01 P<0.01
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topiramate was as listed in Table 10 (N=8 rats per treatnent group). Table
10: Plasma d ucose Levels (nd/dLSEM Treatnent Time = 0 60 Mn after 90 Mn
after 12wWo0bhnoxmss er Chal | enge Chal | enge Chal | enge Vehi cPeT/URM/B40417 474

25 434 25 357 30 Control Topiramate 121 13 342 32 269 32 206 26 30
ng/ kg P<0.05 P<0.01 P<0.01 Topiramate 129 15 333 32 242 28 173 23 100
ng/ kg P<0.01 P<OThese paglty indicede that inpirapaigdugreveeeralglycrse intancemid8: resul t s

i ndi cate ”Waﬁdlofﬁorrﬁfnﬁfe% aﬂ@%nx@s% &{aﬁéng&l.quafsolmeagestaaéus&&omaand 120
m nutes after cose challenge in ZDF rTats. These data al so show t hat

oral adnmi n|@@lrml@ﬁtrﬁfontﬁmmr&ﬁﬂ%lmnﬁ%\f%\ﬂé@o@ﬁ {RiYygBce BMEMAN @SRRIy al so

i ncrease ij LisBnsi itivity. 5 EXAMPLE 5 Five- to seven-week old nale

m ce (ob/ob) were purchased from The Jackson Laboratory (Bar Harbor,

Mai ne) . SUpon arrival the mice were quarantined for five days and housed
individually in wire mesh cages W theXalpgR ssquare "nestlets”. The mce 10
were mai ntained at an anbient tenperature of 21 to 23C on a 12 hour-12 hour

li ght- dark schetvg-do saengiveeinold ciete icedo@bhyergrirehangd frem theodackeen
libi tum TQ%BPA@:&@%\%@QWMH@G%% ARl the dfc@wbfGRaramiel fdruRBldale the

food (0.143 to eci se quantity of topiramte was m xed
t hor oughl y anﬁtrmuaeqtﬁ@wrﬂuaﬁmmre oesheagesvath 3-tsh eavRle UBsHgtsa HBe MiGe and

pestl e {0 %érggnélmgm% ‘éga deﬁfBletnPFenh:é ftbl%%f 24fth ©8°hi ﬁf‘lztﬂ%ﬁlr-QQ'PlBGPI?g%t-V‘er e

placed in al ounce |1 pol yet ene tub and bl ended by shaking and
rotating thdark a@edmweeﬂdagjvﬁfmﬁe%tmmwﬂpwd@ﬂeq}@” aqlifum.manuf actured in

Brentwood, MO bé’%ﬂakf{%‘t’e WS Eémmkéi’&'?b o% aQ%ttrécégggétﬁ@éht%p% f&5d3(09l43t04 5%

fat, and 64.5% quantit ramat e to the food was based
on the consubiriol). é‘fpreﬁsmu@fﬁ@r@Ifetépltﬁmﬂa’fﬁg'aﬁrﬁféx?ﬂ@OTQNGBWt'WP@émOW f our - day

20 period. JHERBYEGIGH A% Bl AU RPaHiPRb/RIg IR mEn f eeders
designed to preve da | sper si ng, ﬁ? g cont am nating
t he fodd. Mhow, aftertwhigh the contents were placed in a 1 5 ounce lidded polyethylene tub
and blended by shaking and rotating the tub. The lab chow (5002M Certified Diet
Meal, manufactured in Brentwood, MO by Purina Mills, Inc.) was not less than 20%
protein, 4.5% fat, and 64.5% CHO. The quantity of topiramate added to the food was
based on the consumption of chow recorded during the previous three- or four-day
20 period. The powdered food was put into stainless steel/aluminum feeders designed to
prevent the mice from dispersing, spilling or contaminating the food. Mice that were
able to disperse or soil the food were excluded from the study.
Thirty two-week old mice were randomly divided into three groups: (1) a control
group in which no topiramate was added to the food, and (2) a group in which
25  topiramate was added to the food in amounts sufficient to give a daily dose of 20
mg/kg for the entire 110-day dosing period, and (3) a group in which topiramate was
added to the food in amounts sufficient to give a daily dose of 60 mg/kg for the entire
dosing period.
The animals in each group were monitored for body weight, food consumption,
30 blood glucose, HbA1C, insulin, triglycerides and physical signs of Type Il diabetes
mellitus or poor health. Body weight and food consumption were recorded twice-
weekly on a Monday/Thursday or Tuesday/Friday schedule 8 to 12 hours into the light
portion of the light-dark cycle. Body weight and food consumption were recorded
using a scale designed for weights under 200 g. On each day body weight was
35 recorded, the mice were observed for signs of Type Il diabetes mellitus (skin lesions)
or poor general health (e.g., lethargy or unkempt appearance). The mice were
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able to disperse or soil the food were excluded fromthe study. Thirty
two-week old mce were randomy divided into three groups: (1) a control
group i nwhbpbBIRo t opi ramate was added to the food, and (POT/@S@uauw@ in
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u
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200 g. On y wei ght recor ded he m ce were observed for
?| gns of Tyhseatin. Biaam@tveaﬁ w@aratwﬁomm h‘OP@§¢|&$r*§')CGF@ﬁfU%@F déa@asMaeal t h
e.g., let hg%ngy bﬂh@ C /T R4

PCT/ US01/ 21404 OZ%hf ke g?% s%onos(,j d?gcr%qu&eﬁggsg&r?aﬁfﬁ%%ggr ee of

severity wageraguedtitated in H@d&@&!@ﬁi leﬁat?ﬁée@@ﬁ@b@lw@ﬁe%{ﬁ‘? megsurgdndige had
deter | Q0AL SfldefoPrdifidichn FARALASERN. sabf® dr WHBRIRB A htkichw D R RoveB From

eut hani Z Ce wer acce ood containing topiramate until a
few hours ahbafrmebbéjenerc@ntrdlmgatlbn ceéble blastesapiplestwera thal eallgcigd vitboul ect ed

fromthe n (?eﬁ\@@y aﬁ.(a rp(Pes ﬁe@i}a@lﬁéd IH}(%]@J é]?udsﬁrfyﬁéaedn thy&\%gmoga%éé%lléa d

transferre s “cont’ainin separated fromred
bl ood cel | Sobyversightrdeiiveratto AnlLyfrd$elqol @@ﬁxﬁlram& f S@itee20, @antbemb@quMﬁlt

anal yses. uco & S ol { itated
in the pl a?#%?qbqbba?a%ﬁ) %e%{r@eg c()3 i %@a?@grenéegggkgﬁgélhgﬁt%n%ﬁdﬁ ?/(g%?e ae
henogl dii n estahlishextbyacddmercia tgbomtafesthat! perforro btbodwhieiistnyanalyeepved from

the funnel \%g%c{{?gl acn%lipy%sfs' &#%ﬁéﬁo?rﬂeg T(pgetg ﬁgﬁ tﬁea&'ag ‘;%a&ﬁ{]gtetst]@? n&%ﬁﬂ ed

wi t hout nice
bl ood Was ot & %Usﬂan ﬁletrlbotrm)nlﬁdjigto@elwarefqpnﬂcbo pasd Whis test, andrtberetome)we@ rar d

St., Suit 1o} 7 A X
ver e ag!sasefzgﬁ%rl yg? h%&géq% M?Bﬁ’%?g’% féﬁgp%}é@e@?mkae 3‘”%?’%%%0&%& LLytics
| abor at or i eest F?atmme@’lf @raptbPad Softhem bicr; baariegs €A 92&1at ke datalformal ysi s

Gaussi ¢ °&{*§r89$ BT e P o bl A B oo TP T "t eat ama
therefore were
Following the above described procedure, the effect of topiramate (TPM) on
body weight (BW), glycated hemoglobin (HbA1C), blood glucose levels (BG),
triglyceride and insulin levels in male ob/ob mice, were determined, with results as

25 listed in Table 11. The abbreviation N represents the number of animals per group.

TABLE 11: Body Weight and Plasma Glucose Levels

Control TPM 20 mg/kg (n=6) TPM 60 mg/kg (n=7)
(n=5)
BW (g) 69.0+4.9 65.6 +2.8 67.5+1.6
HbA1c (%) 47+04 498 +0.6 3.56+0.4
BG (mg/dL) 243.2+42.0 229.2 £46.0 144.3 £ 20.0
P<0.05
Triglycerides 111+7.6 104 £ 6.4 88+3.2

(mg/dL)
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further analysed using a test appropriate for paranetric data, an unpaired
two-tailed t- test (Prizm 2.01, G aph Pad Software, Inc.; San D ego, CA
92121). Wweodedsds for a 20 group of TPMtreated m ce were POTW&sExi4d40 t he
control group. Follow ng the above described procedure, the effect of
topiramate (TPM on body weight (BW, glycated henogl obin (HbA1l C), bl ood
gl ucose | evelrsuliB@g/mL) ri gl yddig t&.6and i nsullRi+é&¥el s i n malledabd.bb i ce,
wer e determ — i 1 . at+on N
represents the nunmber of animals per group. TABLE 11: Body Weight and

Pl asma G ucose LEwedasta how tredt toitisinate tredtéd atinm6) (6UPM/BE) hagl/ dogsigteny  (n=5)

BW(g) 69.0 4.9 6 7.5 1 HbAlc(9% 4.70.4 4.98 6. 6 0.4
BG (ng/dL) '9%8r 'ibglfgaﬁg Eg’ggéﬂ“c&%‘? 656‘:1»4'%‘.’%13 W%% ﬁo’B%ﬁeé%"'%“r"i”b’g'yag"e'ﬁ?'g'es 111
7.6 104 6.7he38 dedredsed Werekvidehd eVifD WiRdd)B SigAifiednT/diisddric2s 40Bodyl wsigihti n

(ng/ nL) 514. 8.6 12.2 1.9 11.4 2.1 The data show that topiramate treated
ani mal s “( 6 fkg) had consistently |ower HbAlL C and bl ood gl ucose (BGQ

| evel s when conpared with control aninmals. These decreases were evident
even without significant djfferences in b weight 5 ( . Because the
mce in this stud§FaKEr eorlnﬁe\)\'/h&?? %ﬂ@{Wgrﬁgﬁhﬁppggp%&/aﬁﬁﬁpv%eq\gg% \g??eady a
hi ghfi |nf:| deélfé?ggb Hi@singiaa?ceTéfeeéim§i1a1e ihifdlabtal inciiddlerru:@‘h sitfn lesioms Wasa®ns was
as ol | ows; () imals.in contro ro n. t i_nitiated;, 38%
of ani mal s PHOWSH 4?%%‘%“ QP %CQF@VBPQF&HBP@GB%%g%lwa'a%ﬁﬁg‘g’y%f‘m%mi n the
6]9 lmg/ ki T%@g%%g tdpitaimats Qrbgp,fénﬁsdtg"/ﬁﬁf ahWisllsGﬁ thB0 mg/(l;gIT@M QI}OBb. i nci gence
of | esions graduall increased in the contraol .grou nd usua range

bet ween 57% and %Wﬁlg tb@?'f%ggtdﬁb'iop‘fﬁﬁqgége Qg -@eéwoler%ffq%m&%q u@ﬂygrogp di ed
or had to bgcrUbsHRRItAE donttdd gkdip a@tiQisPally rangsd/hetere@d 5B%kamdd7%.opurirantatse, t he
total incidence of lesig}ns r n‘lai ned .n ark}g &5 co Etantddlur'n the first 60
days, usual PSoEshgMIS 1hESgaBfoLgoNRAigd 95959 9 pg AYNaMFed- Béb?g@upour mce in
20/ kgt opjietginmb@okighat sfdogifaette dhe thialindidithct of lesiopstérasinaedearlyThe t ot al

i nci dence of | esiaon nth i j
gr adual ]Sy constasnlt dur?ngI thetfirs? 68%%3%{ utshglﬁ/trgggi% Qtwese%n%/"/g( gn(} 8(5)"%r ?)%F\ge this

period four mice in 20mg/kg topiramate treated group died or had to be euthanized.
The total incidence of lesions in the group treated with 60 mg/kg topiramate gradually
declined, and after the first three weeks of dosing ranged between 15% and 38%.
Two mice in the group treated with 60 mg/kg topiramate died during the first 60 days of
20 dosing; both had severe lesions that already existed before dosing was initiated.
During the dosing period between 62 and 110 days, the total incidence of
lesions in the 60 mg/kg/day topiramate treated group was lower than in the control

group.

25 Thus, the data show that topiramate improved glycemic control, reduced
triglycerides, and may increase insulin sensitivity in the absence of a decrease in body
weight. Topiramate also reduced the incidence and prevalence of skin lesions in

animals that exhibited these lesions before topiramate dosing was initiated.

30 Based on the results reported in the Examples above, it can be concluded that
compounds of formula (1) are useful in preventing the development of Type Il diabetes

mellitus in mammals including humans.

For preventing the development of Type |l diabetes mellitus or Syndrome X a
35 compound of formula (1) may be employed by administering a therapeutically effective
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declined, and after the first three weeks of dosing ranged between 15% and
38% Two mice in the group treated with 60 ng/ kg topiramate died during the
first 60vayz0me4 20 dosing; both had severe | esions thatpral/usad4@xi st ed
before dosing was initiated. During the dosing period between 62 and 110
days, the total incidence of lesions in the 60 ng/kg/day to |rarrate treated
group was |aeuntoftie dompored ebirfmep | MesuparticHarh iy, Pr‘f‘&?@“'&& h& show t hat

t opi ramat e aémrogw%ﬂt & npem &aa&%@ Fn‘éllltusrcﬁ@%&‘émetx bgﬁowb%uhaisﬁforrﬁmé (yay

increase insulin sensitivity in the absence of a decrease in ﬁ melght
Topi ramat e 1A% be eawiyed bwaémrnﬁiemr@ée@iﬁa off 80agiRdiae N9 lof ﬁbq%é s in

ani mal s t ha% (S@gh% Béﬁ)ﬁﬁréfﬂgﬁﬁ in ﬁr%'r@ﬁ’gfe M&Dﬁd%ﬁo@ﬂ%&gllﬂ%r@ﬁré@ébly in

initiated fesults Teported in th anpl es above, "it can
be conclbudebierange of ebapolfrias26Mg engadrdwiceday-e useful in preventing the
devel opment of Type 11 diabetes nellitus in mamal s includi ng humans. For
preventing the devel opnent of Type Il diabetes nellitus or Syndrorre X a 35
conpound of for nis ase(dp hergigythederanispapesitiony isimtanded tReneainrese Raredeht i cal |y

effective aéfgng%é@g é%@ﬁé#éé@ﬁ{saﬂrﬂ{éﬂspeemeal BinoBhtst E@WEH)EQQW"?m@ﬁctf ornmul a

|. More partic preventing the devel opnent of di abet es
mel |'itus orWBthCHS@H% okeatlm@rm@mﬂy dront epmRinations yof theespepiéied lﬂ@r%&ﬁm By

adm ni Sltoe“tﬂgsgﬁ L‘Pr{é‘l doses in the range of about 10 to 1000 ngy
daily, preferably in t e range of about 10 to 650 ng daily, nore preferably
in5 the range of about 16 to 325 ng once or twice daily. As used herein,

the term "COMDOSAL Lo hdréin mnsékd&ﬁ? SERRS o “eRfbdtilicany 8BEE! NG the

speci fi ed i ngredi in the specl anounts, as well as an%| pr o duct
whi ch resul amourdi means Ehabﬁmblmilolf e@ttvworrfppund @bmﬁrﬁléwlﬂﬁél agent fat eligite f i ed

i ngredients hb@nol&é?%eg?mﬁeﬁzﬂa #e%éor?s@qh' Bq’ésu@@ys‘tbﬁﬁ%ﬁ}ﬁél‘%r'ﬁunﬁﬂltﬁéﬁs Qélhgr W se

noted, t he erm rapeutl ca effective ~anount” neans that anoun
acti ve Konpeauglit by a peaesraies welegipriang sredicehdacten ar ethes C“ft'ﬁ@n,bﬁlm*b@ﬂé'éﬁs or

medi ci nal rQ%@%ﬂél’?owﬂe%yh@&?ﬁ@oﬁﬂé&n@&és o‘g%lrd rbeh'grfpéétéchat i's being 15

sought by a researc terinarian, |ca oct r or other clinician,
whi ch includes alleviation of the synptons of the di sease or disorder

being treated. g@&.rﬁ&'%@gg@%%e agmmfnl%ﬁéma%ﬁ i B¥eRfineg Bfirlosedet er m ned

by those skill var
admi ni st r at $kilked in te at, red gtilhvary withéhe QDd@Dé@fhﬁlatSir@Waﬁlﬁ sirengtioRfdr enent  of

the disgas ept%BQr%'tlBr‘n 904 tHeh R dr &M of thBHdaSe condition. In addition, factors

associated with the particular patient being treated, including patient’s sex, age,
weight, diet, physical activity, time of administration and concomitant diseases and

medications, may result in the need to adjust dosages.

25 For pharmaceutical administration, one or more of the compounds of formula
(1) may be administered by any suitable means, as would be apparent to one skilled in
the art. More particularly, the compound(s) of formula (I} may be administered by any
parenteral method, including, but not limited to oral, pulmonary, intraperitoneal (ip),
intravenous (iv), intramuscular (im), subcutaneous (sc), transdermal, buccal, nasal,

30  sublingual, ocular, rectal and vaginal. It will be readily apparent to those skilled in the art
that any dose or frequency of administration that provides the therapeutic effect described

herein is suitable for use in the present invention.

To prepare the pharmaceutical compositions of this invention, one or more
35 sulfamate compounds of formula (1) are intimately admixed with a pharmaceutical

carrier according to conventional pharmaceutical compounding techniques, which
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associated wth the particular patient being treated, including patient's
sex, age, weight, diet, physical activity, time of adm nistration and
concom t ano ozloweases and nedications, may result in the PerRUStR1a® ust
dosages. 25 For pharmaceutical admnistration, one or nore of the conpounds

of formula (1) may be adm nistered by any sui tabl e means, as_ would be
appar ent t ccagiiRs e Rked wige variely efifermaisnengingondie farmof praparationsissiied s) of

formula (1) of@d/mlh%tr%ﬁdﬂ 'é' >Li8, 8@ rifdYinj8Bt4bleRSMRIMLRNS willBd B@Qaréd%iﬁgdl ng, but

not limted to oral, pulmonary, iIntraperitoneal (ip avenous (iv),

i nt r anuscul @aPrgAraje S@%h)‘&ﬂ@h@ﬁﬁﬂiﬁs A ity dose WaIHRONEN ag’%ﬁé‘@é? 208 o0t thgo
subl i ngual, e(%%‘lr@ff%dlérﬁcfcﬁ;lraﬁﬁﬁg l‘é%gfraﬁtﬁy avallablé kdr oPR sbRMstatioaRPARILABE O

those skill In-t dose or_ frequency of adm nistration that
provi de$ t Hebletsegoapainieg 85 aig; 469 m@@ﬁpmof ﬁ‘?é'i"%?ﬁe'?ts'r%‘iap% NP SQXE i n
the present,d i fowa@llﬂﬁﬁ%ﬁ&eﬁféﬁtsp%fdg@‘h%'ﬁowaére@ﬂémﬁ’z%dtété}@ﬁ of this

i nvention, one or nore famate compounds of fornula (1) are

i nti mat el y migrackstaiive gelldlopd sodiatsiaichlycoleig, magnegisForerrats. pdrifiednvent i onal
phar maceut | ke SAIRAUE 0t RERBICANERetnbbRlsc2iiaNGHALAGE JbRATIAAR0L 21404
carrier a wde variety of forns dependi ng on the form of

preparat | orglm,,ﬁyemet"f iven exide.rindtnolyspate @).g. . i.v. sterile injectable

f or mul ons will be prepared using appropri ate sol ubilizi ng agents. A
unit dose would contain about 10 to 200 ng of the active ingredient.

Topi ramat e i s cuWhimihpjoragaing sascilication teachps heineiales atthe AresantipeRton
tablets contf Qe d#Qﬂh?Pu@nbs@Qﬁndmawn RGIBEnAGRMod 1Ttend DI et s
contain sone I efo inactive ingredients:; |actose
hydrous, prergelicaof ﬂvezrwn@ctrmr@hmpaa?ﬁe@ra&@ﬂpgﬂJalual variations. pderigtions@sgiolim st ar ch
glycolate oxypropyl
nmet hyl cel | u@@%%ﬁ%ﬁ%@@&%gﬁb mt%@ﬁ%dgﬁsﬁg%e%%{vﬁ@ %{: iron

oxi de, I&nd pol ysorbate 80. 10 Wiile the f oregoi ng specification teaches the
principles of the present invention, wth exanples provided for the
purpose of illustration, it wll be understood that the practice of the

i nvention enconpasses all of the usual variations, adaptations and/or

nodi fications as come within the scope of the following clainms and their
equi val ents. 15 22 WO 02/ 03984 PCT/ US01/ 21404 WHAT IS CLAIMED | S:
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1. Anethod for treating or preventing the devel opnment of Type Il diabetes
mellitus in manmals afflicted with such condition with a therapeutically
ef fecti vavanposs4 of a 5 conpound of the fornula I: s X CHOBORNHR404R R2 R4
R3 (1) wherein Xis CH2 or oxygen; Rl is hydrogen or alkyl; and 10 R2, RS,
R4 and R5 are independently hydrogen or |ower alkyl and, when Xis CH2, R4
and RS may \WeaalikenageEougs j oi ned to forma benzene ring and, when X is
oxygen, R2 and R3 and/or R4 and R5 together may be a net hyl enedi oxy group

of the fol]Jowing fo lag. (11): RGOL X R7 O (1] 15 wherein nd R7
are the sanJe gnfneg?qdffr@%ﬁ‘%m&rﬂﬂ p&‘?"«?“ﬁ%Wdegﬁ?lof’%’&@rgquR?I“Vgggf’%eg?semgﬁﬁlm and
are joi ned mhamfrligamiceuclibRich ¥bnditiorcwith aierypeutically. ef2ctivehamomttiobd of cl ai m
1 wherein the congognd of fo[irml a (l) is topiramate. 20 3. The nethod of
claim 1,5 wiAToNNe REMeHRI MR liti cal Iy effective amount is fromabout 10 to
650 ng. 4. The nmethod of claiml, rein the ampunt is of fromabout 16 to
325 ng once or 25 tw ce dajby. (ﬁHdO\SQzNH%fiti ng or preventing the
devel opnment of Syndrone X (Insuly i stance Syndrome, Metabolic

Syndronme, or Metabolic Syndrone s afflicted with such
condition with a therapeuticall yseffeggi ve anount of a conpound of 30 the

formula I: 23 WD 02/03984 PCT/US01/21%04 5 X CH2OSANHR1
wherein

X is CH2 or oxygen;
R'is hydrogen or alkyl; and
10 Rz, R3, R+ and Rs are independently hydrogen or lower alky! and, when X is
CHa, R+ and R5 may be alkene groups joined to form a benzene ring and, when X is
oxygen, Rz and R3 and/or R4 and RS together may be a methylenedioxy group of the

following formula (11):
O—
R6>< g
R _
@) g (i)
15 wherein
Rs and R7 are the same or different and are hydrogen, lower alkyl or are alkyl

and are joined to form a cyclopentyl or cyclohexyl ring.

2. The method of claim 1 wherein the compound of formula (1) is topiramate.

20
3. The method of claim 1, wherein the therapeutically effective amount is from about
10 to 650 mg.
4. The method of claim 1, wherein the amount is of from about 16 to 325 mg once or
25 twice daily.

5. A method for treating or preventing the development of Syndrome X (Insulin
Resistance Syndrome, Metabolic Syndrome, or Metabolic Syndrome X) in mammals
afflicted with such condition with a therapeutically effective amount of a compound of

30 the formula l:
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RR2 R R3 (lI) wherein Xis CH2 or oxygen; Rl is hydrogen or alkyl; and 5
R2, R3, Wand Mare independently hydrogen or |ower alkyl and, when X is

CH2, Vanoverb2/om94 be al kene groups joined to forma benzenECT/Usg/:anm when X
is oxygen, R2 and R3 and/or Wand R5 together may be a nethyl enedi oxy group
of the following formula (I1): RO1 7 10 RO~ (I1) wherein R6 and Ware

the sane or different and are hyli” ] éﬁ\zl\esca Tor are alkyl and are

joined to forma cycl opent yR5a ring. 6. The nethod of claim
5 wherein the conpound of fornuls§ 5,2t opi ramate. 7. The nethod of claim
5, wherein the therapeutically efff/ecni ve anount is fromabout 10 to 1000
mg daily. 20 8. The nethod of cRAi m 5R3wherein the tQFrapeuti cally

ef fective é{,grh is fromabout 10 to 650 ny daily. The net hod of claim
5, wherein € dmount i s of fromabout 16 to 325 ng once or twce daily.
25 10. A rret hod X ¢ Cltip @eavxyggni rrpal red oral glucose tolerance in mammal s
afflicted with '%1 hﬁondi ti OR a therapeutically effective anount of a
conmpound of the RoF #fIRIEn or gl V'v@‘ 2/ 03984 PCT/ US01/21404 s X CH2OSO2NHR1

RR2 R& R3 (1) RAVREIRI dhd'RI Sre ShdepBhdéhtly B98Fogen or lower alkyl and, when X is
CHo, R4 and RS may be alkene groups joined to form a benzene ring and, when X is
oxygen, Rz and R3 and/or R# and RS together may be a methylenedioxy group of the

following formula (Il):

10 o~
wherein
Ré and R are the same or different and are hydrogen, lower alkyl or are alkyl

and are joined to form a cyclopentyl or cyclohexyl ring.
15 6. The method of claim 5 wherein the compound of formula (1) is topiramate.

7. The method of claim 5, wherein the therapeutically effective amount is from about
10 to 1000 mg daily.

20 8. The method of claim 5, wherein the therapeutically effective amount is from about
10 to 650 mg daily.

9. The method of claim 5, wherein the amount is of from about 16 to 325 mg once or
twice daily.

25
10. A method for treating impaired oral glucose tolerance in mammals afflicted with

such condition with a therapeutically effective amount of a compound of the formula I:
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Ri is hydrogen or alkyl; and 5 R2, R3, R4 and R5 are independently hydrogen
or lower alkyl and, when X is CH2, R4 and R5 nmay be al kene groups j oi ned
to form aveena®se ring and, when X is oxygen, R2 and R3 panisel/R4o4and R5
toget her may be a net hyl enedi oxy group of the following formula (11): R60-
7 10 ROX -> (Il1) wherein R6 and R7 are the same or different and are

hydr ogen, |ower al kyl or are alk nd @H%%? to forma cycl opentyl or
cycl ohexyl ring. 15 11. TheRgl aim 102 wherein the conmpound of
formula (1) is topiramate. 12. tged of claim 10, wherein the

t herapeutically effective anount /s krom about 10 to 1000 ng daily. 20 13.
The nmet hod of claim 10, wherei nRthe tReérapeutically fective anmount is
from about ﬁ'ngiBO 650 ng daily. 14. The nethod of clalm 10, wherein the
amount is of From about 16 to 325 ng once or twce daily. 25 15. A nethod
for treating or Xissvldpor oxygehe devel opnent of skin | esions associated with
Type 11 diabetes,nellitus or Ig}?/l,ndrdorre X in mammal s afflicted with such
condition with & THEIREENET 1813 % fective anount of a compound of the
fornulasl: 25 WRORE G308 RGahé Wekberdehdd hydrodebRIBWERAKIRanR, WHen Rés R3 (1)
wherein X is CH2 or oxygen; Rl is hydrogen or alkyl; and 5 R2, R3, R4 and
R5 are i ndepndéandyRmay begeliens gioope joingidke forareibendean rirgiasd, \Wren X4 and R5

%2 and Re aARI9Eh TAPTAI R S aner ey e i R EeetRy SPpid e Ve

following formula (l1):

R6 O\é
10 O % (11
wherein

Ré and R are the same or different and are hydrogen, lower alkyl or are alky!

and are joined to form a cyclopentyl or cyclohexyl ring.
15  11. The method of Claim 10, wherein the compound of formula (1) is topiramate.

12. The method of claim 10, wherein the therapeutically effective amount is from
about 10 to 1000 mg daily.

20  13. The method of claim 10, wherein the therapeutically effective amount is from
about 10 to 650 mg daily.

14. The method of claim 10, wherein the amount is of from about 16 to 325 mg once
or twice daily.

25
15. A method for treating or preventing the development of skin lesions associated
with Type |l diabetes mellitus or Syndrome X in mammals afflicted with such condition

with a therapeutically effective amount of a compound of the formula I

25



following formula (I1): R60- 7 10 RO -- (I1) wherein R6 and R7 are the
sane or different and are hydrogen, |ower alkyl or are alkyl and are

j oi ned t ovdormoss cycl opentyl or cycl ohexyl ring. 15 16. TkherTmsetmdosof C ai m
15, wherein the conpound of fornula (1) is topiramate. 17. The net hod of
claim 15, wherein the therapeutically effective amount is from about 10 to
1000 ng daily. 20 18. The nethod/0 i gyxlﬁfﬂ in the therapeutically
effective amount is from apl ?rlgs £y yl.Q 19. The method of claim
15, wherein the amount is of frow abguttn26 to 325 ng once or tw ce daily.
25 20. A nethod for inproving def/ect\ve insulin sensitivity in manmal s
afflicted with such condition pftth arBherapeuticall )effecti ve amount of a
conmpound of lﬁg}&nfornul al: 26 WD 02/03984 PCT/ US01/ 21404 R CH20SO2NHR 5 X
R2 R4 R3 (VY wherein X is CH2 or oxygen; R is hydrogen or alkyl; and 5
R2, R3, R4 and R&isaCiHd2 bnaejgendent |y hydrogen or |ower al kyl and, when X is
CH2, R4 and RS ' be al kene grou joined to forma benzene ring and, when
X is oxygen, Rﬁéﬁgy‘ﬁ@%?\a?ﬂgylﬁfpdznd R5 toget her may be a met hyl enedi oxy

group ofs the fokd @ ROLIdORIBH Trdebbdently tydrbgd® oRoWer biky)andMiBéeXnis

CHo2, R* and R5 may be alkene groups joined to form a benzene ring and, when X is

oxygen, R2 and R3 and/or R* and Rs together may be a methylenedioxy group of the

following formula (I1):

O—
R6>< %
R’
10 O/g ()
wherein
Re and R are the same or different and are hydrogen, lower alky! or are alkyl

and are joined to form a cyclopentyl or cyclohexyl ring.
15 16. The method of Claim 15, wherein the compound of formula (1) is topiramate.

17. The method of claim 15, wherein the therapeutically effective amount is from
about 10 to 1000 mg daily.

20 18. The method of claim 15, wherein the therapeutically effective amount is from
about 10 to 650 mg daily.

19. The method of claim 15, wherein the amount is of from about 16 to 325 mg once
or twice daily.

25
20. A method for improving defective insulin sensitivity in mammals afflicted with such
condition with a therapeutically effective amount of a compound of the formula !:
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R6 and R7 are the sane or different and are hydrogen, |ower alkyl or are
al kyl and are joined to forma cyclopentyl or cyclohexyl ring. 15 21. The
nmet hod ofw@bhz0assL0, wherein the conpound of forrmula (1) iBCTOpIvHANGte. 22.
The nethod of C aim 20, wherein the therapeutically effective anount is
from about 10 to 1000 ng daily. 20 )%3. The net hod of claim 20, wherein the

therapeutically effective anount ro NipRt 0 650 ng daily. 24. The
met hod of claim 20, whereingh [@Hg@%ﬁ%m about 16 to 325 ng once

or twice daily. 25 27 R2
R* R 0
wherein
Xis CH2 or oxygen;
R1 is hydrogen or alkyl; and
5 Rz, R3, R4 and Rs are independently hydrogen or lower alky! and, when X is

CHp2, R4 and R5 may be alkene groups joined to form a benzene ring and, when X'is
oxygen, Rz and R? and/or R* and Ré together may be a methylenedioxy group of the

following formula (Il):
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wherein
Re and R7 are the same or different and are hydrogen, lower alkyl or are alkyl

and are joined to form a cyclopentyl or cyclohexyl ring.
15  21. The method of Claim 20, wherein the compound of formula (1) is topiramate.

22. The method of Claim 20, wherein the therapeutically effective amount is from
about 10 to 1000 mg daily.

20  23. The method of claim 20, wherein the therapeutically effective amount is from
about 10 to 650 mg daily.

24. The method of claim 20, wherein the amount is of from about 16 to 325 mg once

or twice daily.
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