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of the expression of osteopontin. The object of the present invention is to
provi de the pharnmaceutical s which can prevent and/or treat diabetic
conplications such as di abetic nephropathy, diabetic neuropathy, diabetic
retinopathy and di abetic angi opat hy anong ot hers by suppressing the
expression of osteopontin in the kidney and bl ood vessel s under the
di abetic condition. Knowi ng the present situation as described above, the
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The object of the present invention is to provide the pharmaceuticals which can
prevent and/or treat diabetic complications such as diabetic nephropathy, diabetic
neuropathy, diabetic retinopathy and diabetic angiopathy among others by
suppressing the expression of osteopontin in the kidney and blood vessels under the

diabetic condition.

Discl fl i

Knowing the present situation as described above, the inventors of the present
invention administered HMG-CoA reductase inhibitors such as the compound shown
in the formula (1), namely (+)-bis{(3R, 5S, 6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-
quinolyl]-3,5-dihydroxy-6-heptenoic acid}-calcium (hereafter referred as pitavastatin
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 a result, the compound shown in the formula (1) or its lactonized form thereof had
shown the remarkable effect on the suppression of osteopontin mMRNA 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.



the normal concentration of glucose. Figure 2(a) shows the influence of the
addition of nevalonic acid on the suppressive effect of pitavastatin

cal ciumon the expression of intracellular osteopontin mRNA in aortic
snmoot h nmuscle cells of rats cultured under the normal concentration of

gl ucose, whereas Figure 2(b) shows the influence of the addition of

meval oni ¢ acid on the suppressive effect of pitavastatin calciumon the
secretion of osteopontin protein to the conditioned culture nmediumfrom
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Furthernore, the conmpounds exhibiting the inhibitory effect on HVG CoA
reductase activity such as |ovastatin, pravastatin, sinvastatin,
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conventional Northern blotting method. That is to say that the total RNA
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fillers, disintegrators, surfactants, glossers, dispersion agents, buffers, preservatlves
flavors, perfumes, coating agents, carriers, and diluents among others can
appropriately be compounded therein.

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 WO97/23200.



The effect of pitavastatin calciumand atorvastatin on the secretion of
osteopontin protein into the conditioned culture mediumfromaortic snooth
nmuscle cells of rats cultured under the normal gl ucose concentration were
nmeasured according to the nethod described below. At first, aortic snooth
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 s in
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amount of the tissue piece in ISOGEN (Wako Pure Chemicals K.K.) was
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



ExanRl ~ 3 The effect of mevalonic acid on the expression of osteopontin
MRNA and t he suppression of the secretion of osteopontin protein in aortic
snooth nuscle cells of rats The effect of meval onic acid on the suppression
Wi th pitavastatin calciumfor the expression of osteopontin nmRNA and the
secretion of osteopontin protein in aortic snmooth nuscle cells of rats were
nmeasured according to the nethod descri bed bel ow. Aortic snmooth nuscle
cells of rats (5 to 10 passage culture) were seeded in a 6-well culture
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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.



11 CLAIM5S 1. A prophylaxis and/or treatnent drug for diabetic
conplications conprising conpound shown in the formula (1) OH CH R X COOMV
(wherein Ris organic group, X is -CH2CH2- or -CH=CH, and Mis hydrogen
atom C, _,o0 alkyl group or physiologically acceptable cation group) or its

| actoni zed formas the active ingredient. 2. A prophylaxis andlor treatnent
drug for diabetic conplications according to claim1, wherein Ris group

with the ring structure selected fromindolyl, indenyl, pyridyl,
pyrrol opyridyl, pyrazolopyridyl, thienopyri dyI pyrimdinyl, pyrazolyl,
pyrrolyl, imdazolyl, indolizi nyI q I napht hyl , hexahydr onapht hyl ,

cycl ohexyl, phenyl silyl phenyl, phenyl |enyI and phenylfuryl group. 3. A
prophyl axi s and/or treat nent druq for diabetic conplications according to
claim 2, wherein the conpound sholfidney the formula (1 ) Aorlaovastatin,
pravastatin, sinvastatin, GANWRISAABS N, %SMhibitios t aDPRmMRNAPT 8 SYAkhiBition
rosuvastatin or (+)-bis{(3R 5S,

6E) - 7- [21.pégmh RIGPERAN - 4 (4-1f 3amicppdeny! ) - 3- qui nol yp hog+P3dshydr oxy- 6hept enoi
c acid}-calci um 4. A prophylaxis and/or treatnent gr ug for diabetic

conplica gt wher t he hown i he
for s }@Mﬁgg&&@@ { 33 6@@6*332”1 Sy PIRHE28 N4
6E) - 7- [ 2- g 4- (4-fl uorophenyl) - 3-qui nol yl ] -3, 5-di hydr oxy- 6- hept eno
ic acid}calcium 12 AS . A% A% As% As% A Ar A A A A _As
X@D7>@r4Al S6Z_E$P$zupkf a\ gca] ca] ca] ca] ca] ca] c" caljcalc
a] ca] ca] &?b%foﬁquj‘dQQia] ca] 3]3 #0349 ca] ca] ca] ca] c8 apoﬁka] c: a] cRa] ca! P$(
#(22344445;
- g@(@JDﬂm-MH‘JcJ UUVWWE] A wr mgb] Xkfa\ W ] ca] ca] ca] c*a] ca] ca] ca]ca] ca]c
a] c"a] ca] cajg atievisttaliorn] ca\g3daD®@7dl ca] cad@.2] cal cA@ovabsarca) capdal cal ca
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a] caXhF! ks3" 10%& ()- 109& ()-S 109& ()-9!10%& ()- 10%& ()-LS10%& ()-\@ W?
10 * . significantly different from the control; p=0.016

** : significantly different from the control; p=0.036

OPN : osteopontin

The ratio of osteopontin mRNA 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 culture 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 (56 to 10 passage culture) were
seeded in a 6-well culture plate and the confluent cultures were attained by culturing
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fetal bovine serum (FBS : BioWhittaker Co. Ltd.) 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 DES52.

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 bromopheno! 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-physiological 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 11IB10, ; 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
lgG 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 u M
(control), 0.03 u M and 0.3 u M for pitavastatin calcium, and with the concentrations
of 0 u M (control), 0.3 » 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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various concentration of pitavastatin calcium are shown in Figure 1(a), and the
density of osteopontin protein measured with NIH Image Analysis for various
concentration of atorvastatin are shown in Figure 1(b).
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 mRNA 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 n
M) and/or mevalonic acid (100 u 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 mMRNA 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 mMRNA band to the
density of 18S tRNA band according to NIH Image Analysis, and Figure 2(b) shows
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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.

Industrial Applicabili

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.
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CLAIMS
1. A prophylaxis and/or treatment drug for diabetic complications comprising
compound shown in the formula (1)
OH OH
R. X/K)\/COOM (1)

(wherein R is organic group, X is -CH,CH,- or -CH=CH-, and M is hydrogen atom,
C,.10 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 phenylifuryl group.

3. A prophylaxis and/or 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, 5S, 6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolyl]-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, 58S,
6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolyl]-3,5-dihydroxy-6-heptenoic acid}-
calcium.
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