~; YZe3ehre\rv6Tr AD DESCRI PTI ON PROPHYLACTI C AND THERAPEUTI C AGENT FOR
DI ABETI C COVPLI CATI ONS Technical Field The present invention relates to the

prophyl actic and therapeutic agent with conpound havi ng i nhi
on 3-hydroxy-3-methyl gl utaryl - CoA (HMG CoA) reductase activi m mmmm 'm[m
-active ingredient for diabetic conplications. The invention especla

relates to the pharmaceutical to prevent and/or treat the onset g fhe
progression of diabetic nephropat E};;E di abeti c neuropat hy, diabetic

reti nopathy and di abetic angi opat NeSEREKYOMNInd Art Di abetes nel

known to lead to the diabetic conplications such as diabetic ne;um' N E"lﬂg ll l”m
di abeti c neuropat hy, diabetic retinopat or d| abet I c_an

strict control of thePBQEIAY QJJ)@@M@W%% Tghel r preven‘io?ogzh

and treatnent thereof. Thq:(quDp\sBEﬂ@gdg\}ppL@d‘nUMgatlon of the tissues
are often observed in these conplications. Under the high blood glucose

condition, glycosylated proteins which are the nodulators for cell function
are proge_ch_ajﬂ_d_lg he accunul ati on of sorbitol due to the activation of

it 1 acel | ul Aneopise MshBY (laBRa HE b REEGHP ot tufaitida BosRDwih

gl oner ubampoehdsha%g lihikitonyegifecteo S-bydroxy-Grmethydglutdryle@dAt HGaCosel | s,

and ind f
calcificatio ccefhte 9‘?"% %@gqé}ﬁwg Egg{éﬁé@%ﬁ?mﬁﬁk‘j r@? tTi é’gg't'gﬂch as
type |vewmadberelaﬁes.fﬁ%ﬂ@qebarmnatmtml fo gervans ansidon ttagt the onset and dhe : J.

din. r‘b%?és loﬁ%f d?@@et?&ﬁebﬂr%%%lh ISt Meurd BaFHgC dla%éﬁbféggbﬁgﬂﬂ ard:

198- 200 % ¢c. Natl. Aca
2873- 284 PQ@@EP?'OPSmyl n recent days there are several papers reporting
that the expression of osteopontin in the kidney and bl ood vessel s markedly

I ncreasgs_under ,di abetic condition and the expression of osteopontin thus
accel erMi n sone ways related to diabetic nephropathy or diabetic
angi opat hy Diabetemtroelitusetis dnown #£o tlead decther diabieticnbomytisatiorsi glich 29,
624- 628 I 2)..35
(2000) )d'gé‘?@% Pﬁé Emr?gl M'at%tlca neura@gﬂm N§ d?ﬁefﬁg tﬁgh%%%‘g e)sosrl o‘%’ao%?% he
expr essﬁ@omth&&sﬁédptbﬁt $tﬁcg§oatﬁoleszf ﬂm:alcrcm gluoeser mey shetiegeires fer dion i s
ondi t 1o enidh B8 tSainRtIRCIEdt. CTHE TOMATS ahd the PHBNGANE, B BRFLSSUeS ot on
of di alfieiaft WMH{ ecﬁom%l:?go%%glgﬁg? emghgﬁquewycowspagl I8Nno
{Jhar nMagpytdsyhlted (#rﬁmmrseré te Widduhatomnforalelit faactsis and | dlmefd Iaﬁﬂ ff

i ssue eS|ons ch a XPr.ession pr |on 0 acel | ul ar
e 1 cdas oeumylelich, B s s b e AN avkH o HRERE I BCRB el BRERT
conpl i cdisieores, sleadlngstajltlm)actlttatlmpw apizacsgliviafi piodeinckinase (Qaa(PK)G.‘,) whighet i ¢

t

et noRasii @gd?aﬂcghﬁ]; b ANGloRRALIY L hoKidnedfleive 214 M Blihal

expect utlca e exc era eutrc effect
for di g@@pmel@b,egjlqs,capqi dﬁguces the accumulatlon of extracellular matnces and the

calcification.

The accelerated expression of extracellular matrices such as type IV collagen
or fibronectin is well documented (Cagliero E. ef al. . J. Clin. Invest., 82, 735-738
(1988), Haneda M. ef al. : Diabetologia, 34, 198-200 (1991), Doi T. et al. : Proc. Natl.
Acad. Sci. USA, 89, 2873-2877(1992)), but in recent days there are several papers
reporting that the expression of osteopontin in the kidney and blood vessels
markedly increases under diabetic condition and the expression of osteopontin thus
accelerated may be in some ways related to diabetic nephropathy or diabetic
angiopathy (Takemoto M. ef al. : Arterioscler. Thromb. Vasc. Biol., 20, 624-628
(2000), Takemoto M. et al. : Ann. NY Acad. Sci., 902, 357-363 (2000)). From these
findings, it is expected that the suppression of the expression of osteopontin as an
extracellular matrices whose expression is accelerated in the kidney and arterial wall
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proliferation, the suppression of cell adhesion, the suppression of intinmal
t hi ckening and the prevention as well as the treatnent of osteoporosis
anong others in addition to the main effect of inhibiting chol esterol
bi osynthesis. In addition, the suppression of the accumnul ation of
fibronectin in the intimal |esion of the endothelial injury-induced
neoi nti nadentheh diabatiot ¢cd1cﬁti¢remam@e prophylastoaliy affeeliveahartheNonsst er the:

Jpn. Eggv%g ofd|a7b7et|clri'e7 ﬁal(ﬁ?ygc?r%lab pq‘ﬁgere has been no report

on the effect o expre SIO ost eopont i obj ect of the present
i nvention i Attmeger@tutaeret enpHeharAceUticals digpovaied 89 farewbich eeptrd)r ther eat

di abet i gsSaHRll Icﬁemt;pat tﬁ.r,@gé |a§.o<ﬁlsa§@ctn %s“@fehéﬁﬂ%gbbn Qhattﬁte' ,srdtﬂét.eﬁaéfh%
di abetic reti ? at | abeti c angl anong ot hers pressi ng
t he exp?&%ﬁ’%ﬁ‘ %f ”'t%t"é%d' £i RSteQPPRH k'PdﬁEJI}/afﬂj plﬁ?‘fﬁm 6@:@/§’élt§e%tn§@bqtﬁe

di abet i comprf@httdn@n SLBI'SChQSlu‘ébéifc Inef@rm)pamwndvabwct heeurbpa®lyt gidbedici on
as described ﬁB’ fbeﬁtt nvent or t he present |nv3ﬁ% 0&1 adm nj st er.ed
NG ConleliBaHR e digkate A BaRR Ry AmbRE oisrs oiha AR Hioh BxBeRREIG 1)
nanel y fiid - pha{rhﬁééut&&ls having the excellent therapeutic effect for diabetic

6E) - 7- [fo'ﬁéﬁé”ﬂ% gpyl - (4-fluorophenyl)-3qui nol yl'] -3, 5-di hydr oxy- 6- hept eno
ic acid clum (hereafter referred as pitavastatin calciun, into
st r ept ozot oblereyr®Ie) thencurmpaundauaving irhibitenydeffestean |@Mﬁ;ﬂiqﬁheedmtasa| |

ef fect é’cﬂwft WEEK RN g%fclg%émbn tﬁg%tpr'?f’eé 1sih bf %if ﬂ‘gﬁoﬁﬂe%ﬂ)n

vessel s, resu t own I n

| act oni Bédsqﬁﬁrﬁﬁﬁ'ﬁ@r %Bpehaﬁﬁm SHRRREERIPI ef éntiraal ﬂ'tb‘PerH'éQ Ahithesi on

of ost qaRBkiidh 58%!%@“% srie@fmeAof daete@bbméts Hm@ﬂgsotﬁérsl heéc@duﬁ@ﬁwewhéis on
I ONS Was

h
EZII gcg\r/%gﬁtqﬁ)ﬁr}x%ﬁ 'Begﬁbofeﬁ\ﬁ‘éﬁfg'eﬁyfﬁ%sﬁeeﬁ“ ES%'P t S'{ppr e§¢i9n ofthe 5 say
t Eat t fm:c;un&ﬂamm; iofivflmbnectin $n ttoe pntlmad:taestlm qcirthphgrhmthenalamgurgnnduced
the for iy 5 Bafth Sriefy RRT KB, tohBTe” ibthard Y A ER W
or - ermamwdj Kvi §1wa|80(g@ﬁ)8ht orfpweyen gheveklyas geeummrreppm’yem dhegffesat | v

accept phse 62 é}é&@lcg{mtegﬁohﬁﬁ I actoni zed formthereof as the active
i ngr edi ent tion of Draw dgs Fi_gure lh%ré?shows the effect of

pi t avast at |.H‘Q:8PJ@F'EPAS®R rggetdpyertishisdp PERYiEs Samp cauicals whiohe

condi t Ip@@@e@htcaﬂd/uf @reaedmatmtfcr@csmpmatiomssmm s distsatie ﬁ@)ﬂfr@pafhy Qilébéltld tured
under the norEa goncentr t|on of %{qu ﬁlaﬁ tlwhtﬁrelas {:ygure br?}hshovgts t he
ef fect NGRTARHMaSHabEYE SiFUPRRAtN, (AR] o(EBPlIY s ARYIGRAHIY, HPBOGI FIHG S0 Dhe
condi t isappressing tiecexpedssion fof ostemmontio i theokidneyisot dlawd Vessels vader thel t ur ed
under tdlrbg)cgaﬁrég?‘l centration of glucose. Figure 2(a) shows the influence
of the &4t ti o ot feval oni ¢ acid on the suppressive effect of pitavastatin

cal ciumon the expressi on of intracellular osteopontin nRNA in aortic
snoot h ats cultured under the nornmal concentration of
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calcium), into streptozotocin (STZ)-induced diabetic rats and investigated the in-
detail effect on the expression of osteopontin mRNA in the kidney and blood vessels.
As aresult, the compound shown in the formula (1) or its lactonized form thereof had
shown the remarkable effect on the suppression of osteopontin mRNA expression,
so the effectiveness of these compounds on the prevention and/or the treatment of
diabetic complications was discovered and the present invention had been

completed.



‘Best Mbde for Carrying Qut the Invention Follow ngs are the detailed
description of the present invention. The conpound shown in the fornula (1)
or its lactonized formthereof has been known as the compound having the

i nhibitory effect on HUG CoA reductase activity, but whether these
‘conpounds have any effect on the suppression of osteopontin expression,
thereby useful as the pharmaceuticals in the treatment of diabetic
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"The administration fornms in using the conpounds of the present invention as

t he pharnmaceutical are, for exanples, oral admnistration forns such as
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*conventional Northern blotting nmethod. That is to say that the total RNA
precipitated with 70% et hanol was subjected to centrifugation at 15000 rpm
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Preferred form is the oral administration form among them, and the pH of the
preparation is preferably adjusted in consideration for the stability of the active
ingredient according to the methods described in Japanese Patent Application Laid-
open No. Hei 2-6406, Japanese Patent No. 2,774,037, and W0O97/23200.




"At first, aortic snooth nuscle cells of rats (5 to 10 passage culture) were
seeded in a 6-well culture plate and the confluent cultures were attained
by culturing s in |low glucose (1000ng/L) Dul becco's nodified Eagle's

medi um (DVEM with 10% fetal bovine serum (FBS : Bi oWwittaker Co. Ltd.)
-under 5% C02 atnosphere at 37C. Thereafter, the nmediumwas replaced with
the mediumw th the test drugs (pitavastatin cal ciumand atorvastatin) and
.the cells were cultured for 48 hours. After the nmedium was again repl aced
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same bufordhe @dobin generlove was added, stirred gently for 1 hour at 4C, and
osteopontin protein was absorbed on DE52. After centrifugation, sedinented
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homogenized in a polytron homogenizer and the total RNA was extracted. The

total RNA thus obtained was precipitated by using isopropanol. The precipitate

was washed with 70% ice cold ethanol and stored at -80°C in 70% ethanol.

Osteopontin mRNA in the total RNA obtained was detected by the



"Aortic snmooth nuscle cells of rats (5 to 10 passage culture) were seeded in
a 6-well culture plate and the confluent cultures were attai ned by
culturing in | ow glucose (1000ng/L) DVMEM wi th 10% FBS under 5% CO2

at nosphere at 37C. Thereafter, the nmediumwas replaced with the mediumw th
“pitavastatin calcium (8 u M and/or nevalonic acid (100 ,u M, and the
cells were cultured for another 48 hours. The nmedi um was agai n repl aced
wth 1.5m of FBS-free nediumper well, and the cells were cultured further
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di abet i o[ RfhAQRALE YaciBLked BREIHECXARY ARALINY AP RRrRIPSSthd™bands were
analyzed according to NIH Image. 18S tRNA was used as the RNA internal
standard and the amount of the expression was represented with the comparative
intensities of the density of the bands. Osteopontin mRNA was similarly
measured in the normal rat experiment.

The results of Example 1 are shown in Table 1.

In Table 1, OPN mRNA/18S represents the ratio of the density of osteopontin
mRNA to the density of 18S tRNA based on the NIH Image Analysis and % inhibition
represents that to the respective control groups. The values of OPNmRNA/18S are
mean * standard deviation.



"CLAIMS 1. A prophylaxis and/or treatnent drug for diabetic conplications
conpri sing conpound shown in the fornmula (1) OH OH R X COOM (wherein Ris
organic group, X is -CHZCHz- or -CH=CH, and Mis hydrogen atom C1-10

al kyl group or physiologically acceptable cation group) or ifs |actonized
formas the active ingredient. 2. A prophylaxis and/or treatnment drug for
di abetic conplications according to claim1, wherein Ris group with the
ring structure selected fromindolyl, indenyl, pyridyl, pyrrolopyridyl,
pyrazol opyridyl, thienopyridyl, pyrinidinyl pyrazol yl, pyrrolyl,

i m dazolyl, indolizinyl, qU|nonI hexahydr onapht hyl , cycl ohexyi ,
phenyl si | yl phenyl, phenylthi enyl and Ifuryl group. 3. A prophylaxis
and/or treatnent drug for diabetic conplications according to claim 2,
wher ei n the conpound shown i n thgdgeyul a (1) s TovastappRg pravastatin,
simvastatin, fluvastatin, opRERYEHER | Y IRNEINS GPUARNAPSSY S FhibHlor"

(+) - bi s{T{3R—S5S;
6E) - 7- [ opr | - enyl ) - 3- qui nol yl j<3,.5- di hydr oxy- 6hept enoi
c acid} ﬁeﬁfﬁ‘i Lf%n%%Y A pro h?#%(ggaand/ or treat rreét‘j'%(fii}g?’?%r di abetic
conplicati ons according to claim3, wherein the corrpound shown i n t he
6E) - 7- [2adwml§t5atbw| -4-(4- fl uorophenyl) 3 qui nol yI] 3 5-di hydroxy 6- hept eno
ic acid} calcium 12 .AF. Al3. AQAf,.AS. @A ,. A AU . A ASOA@A MET; B
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* : significantly different from the control; p=0.016
** : significantly different from the control; p=0.036
OPN : osteopontin

The ratio of osteopontin mMRNA in the kidney and the aorta to 18S tRNA
increased from 1.343 to 3.233 and 2.400 to 3.200 respectively in streptozotocin-
induced diabetic rats. Pitavastatin calcium did not influence the expression of
osteopontin in the kidney and the aorta of healthy rats (1.667 and 2.433 respectively),
but decreased with the statistical significance the amount of the expression of
osteopontin mRNA in the kidney and the aorta of STZ-induced diabetic rats to 1.933
(inhibition rate : 40.2%) and to 1.300 (inhibition rate : 59.4%), respectively.

Example 2 The suppression of the secretion of osteopontin protein in aortic
smooth muscle cells of rats

The effect of pitavastatin calcium and atorvastatin on the secretion of
osteopontin protein into the conditioned cuiture medium from aortic smooth muscle
cells of rats cultured under the normal glucose concentration were measured
according to the method described below.

At first, aortic smooth muscle cells of rats (5 to 10 passage culture) were
seeded in a 6-well culture plate and the confluent cultures were attained by culturing
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10S>s 10%&td| bovin@etiVEEHS = Blov@hEkEY€d Lid.) under 5% CO, atmosphere at 37°C.
Thereafter, the medium was replaced with the medium with the test drugs
(pitavastatin calcium and atorvastatin) and the cells were cultured for 48 hours.
After the medium was again replaced with 1.5mL of FBS-free medium per well, the
cells were cultured for additional 48 hours and the conditioned media were collected.
The equal amount of 0.14M NaCl in 50mM Tris hydrochloride buffer solution (pH 7.4)
was added to the predetermined volume (0.5-1mL) of the conditioned medium, and
then 50 u L of anion exchange DEAE cellulose ; DE52 (Whatman Co. Ltd.)
suspended at 50% concentration after swelling and equilibrated with the same
buffer described above was added, stirred gently for 1 hour at 4°C, and osteopontin
protein was absorbed on DE52.
After centrifugation, sedimented DE52 gels were washed several times with
the same buffer, and 60u L of 0.2M Tris hydrochloride buffer solution (pH 6.8)
containing 5% of 2-mercaptoethanol, 4% of SDS, 5mL of EDTA, 20% of glycerol and
0.01% of bromophenol blue was added, and heat-treated for 5 minutes at 95°C.
After cooling to the room temperature, the suspension was centrifuged and the
predetermined amount (30 « L) of the supernatant was subjected to 10% SDS
polyacrylamide gel electrophoresis. After electrophoresis, proteins were
transferred on nitrocellulose membrane according to the conventional technique and
the Western blotting according to the conventional method was conducted. Namely,
the nitrocellulose membrane was shaken in TBS-T (Tris buffer-physioclogical saline
solution containing 0.2% Tween-20) with 3% bovine serum albumin for over 1 hour
and the membrane was subsequently exposed with the same buffer described
above containing anti-osteopontin antibody (MP 1lIB10, ; American Research
Products Co. Ltd.) at 1/1000 dilution for 1 hour with shaking. After that, the
membrane was shaken for 1 hour in the horseradish peroxidase bound anti-mouse
IgG antibody solution diluted to 1/5000 with TBS-T containing 3% bovine serum
albumin and then washed with TBS-T for several times. Chemiluminescences
were detected on X-ray film using ECL™ (Amersham Pharmacia Biotech Co. Ltd.).
The density of the bands were analyzed according to NIH Image.
The above measurements were carried out with the concentration of O M
(control), 0.03 z M and 0.3 u M for pitavastatin calcium, and with the concentrations
of 0 » M (control), 0.3 u M and 3 u M for atorvastatin, respectively.

The results of Example 2 were shown in Figure 1.
The density of osteopontin protein measured with NIH Image Analysis for
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It is clear from Figure 1 that both pitavastatin calcium and atorvastatin inhibited
with the statistical significance the amount of the secretion of osteopontin protein

into the conditioned medium from the cultured aortic smooth muscle cells of rats.

Example 3 The effect of mevalonic acid on the expression of osteopontin
mRNA and the suppression of the secretion of osteopontin protein

in aortic smooth muscle cells of rats

The effect of mevalonic acid on the suppression with pitavastatin calcium for
the expression of osteopontin mMRNA and the secretion of osteopontin protein in
aortic smooth muscle cells of rats were measured according to the method
described below.

Aortic smooth muscle cells of rats (5 to 10 passage culture) were seeded in a
6-well culture plate and the confluent cultures were attained by culturing in low
glucose (1000mg/L) DMEM with 10% FBS under 5% CO, atmosphere at 37°C.
Thereafter, the medium was replaced with the medium with pitavastatin calcium (8 1
M) and/or mevalonic acid (100 « M), and the cells were cultured for another 48 hours.
The medium was again replaced with 1.5mL of FBS-free medium per well, and the
cells were cultured further for 48 hours.

After the cultivation, the cells adhered to the culture plate were homogenized
together with ISOGEN, RNA were extracted exactly as in Example 1, and the
amount of osteopontin mRNA was analyzed by northern blotting method.

At the same time, the conditioned medium was collected, osteopontin protein
was absorbed on DE52, subjected to electrophoresis exactly as in Example 2, and
the amount of the secreted osteopontin protein was analyzed by western blotting
method.

The above measurements were carried out in the three cases when
pitavastatin calcium and mevalonic acid were not added, when only pitavastatin
calcium was added, and when both pitavastatin calcium and mevalonic acid were
added.

The results of Example 3 were shown in Figure 2.

Figure 2(a) shows the ratio of the density of osteopontin mRNA band to the

density of 18S tRNA band according to NIH Image Analysis, and Figure 2(b) shows

10
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conditions described above.

Although pitavastatin calcium suppresses both the expression of osteopontin
mRNA and the secretion of osteopontin protein from cultured smooth muscle cells of
rats, it is clear from Figure 2 that these suppressive effect with pitavastatin calcium
disappear with the addition of mevalonic acid. From the fact, it is found that the
addition of pitavastatin calcium suppresses the production of mevalonic acid,

thereby suppressing the expression of osteopontin mMRNA as well as the secretion of
protein thereof in aortic smooth muscle cells.

ri i

The compound of the present invention shown in the formula (1) shows the
specific and effective inhibitory action against the accelerated expression of
osteopontin in the kidney and the aorta afflicted with diabetic condition without
affecting the expression of osteopontin under healthy condition, and markedly
suppresses the biosynthesis of osteopontin in these organs in diabetes.

Therefore, the compound shown in the formula (1) is especially useful as
prophylaxis and/or treatment drug for diabetic complications possibly brought about
by the accelerated expression of osteopontin gene such as diabetic nephropathy,
diabetic neuropathy, diabetic retinopathy and diabetic angiopathy among others.

11
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CLAIMS
1. A prophylaxis and/or treatment drug for diabetic complications comprising
compound shown in the formula (1)
OH OH
rR. A _A__coom (1)

X

(wherein R is organic group, X is ~CH,CH,- or -CH=CH-, and M is hydrogen atom,
C,.1o alkyl group or physiologically acceptable cation group) or its lactonized form as
the active ingredient.

2, A prophylaxis and/or treatment drug for diabetic complications according to
claim 1, wherein R is group with the ring structure selected from indolyl, indenyl,
pyridyl, pyrrolopyridyl, pyrazolopyridyl, thienopyridyl, pyrimidinyl, pyrazolyl, pyrrolyl,
imidazolyl, indolizinyl, quinolyl, naphthyl, hexahydronaphthyl, cyclohexyl,
phenylsilylphenyl, phenylthienyl and phenylfuryl group.

3. A prophylaxis andfor treatment drug for diabetic complications according to
claim 2, wherein the compound shown in the formula (1) is lovastatin, pravastatin,
simvastatin, fluvastatin, serivastatin, atorvastatin, rosuvastatin or
(+)-bis{(3R, 58, 6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolyi]-3,5-dihydroxy-6-
heptenoic acid}-calcium.

4, A prophylaxis and/or treatment drug for diabetic complications according to
claim 3, wherein the compound shown in the formula (1) is (+)-bis{(3R, 5S,
6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolyl]-3,5-dihydroxy-6-heptenoic acid}-
calcium.
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