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SUMMARY

Indoxyl sulfate (IS) is a well-known anionic uremic toxin (UT). The accumulation of IS in the body
causes unfavorable effects such as chronic kidney disease (CKD) progression and cardiovascular events.
IS is also considered to be involved in cognitive disorders like dementia. In addition, pharmacokinetic
interactions of IS with clinically relevant drugs have been demonstrated in vitro. The principal objectives
of this study were to assess correlations between serum IS levels and laboratory test values (Scr, eGFR,
BUN) in the elderly with CKD, to investigate the relationship between serum IS levels and CK values as
an index of rhabdomyolysis in the patients receiving statins, and to evaluate possible modulating effect
of IS on the hepatic transport of pravastatin via organic anion transporting polypeptides (OATPs) and
multidrug resistance-associated protein (MRP) 2.

Serum IS levels were determined in the elderly with CKD and in patients receiving pravastatin,
rosuvastatin, atorvastatin, or pitavastatin. Laboratory test values were collected from medical records. In
animal experiments, pravastatin was administered to rats alone or together with IS or ciclosporine (CyA).
The concentrations of IS and pravastatin were determined reproducibly by HPLC.

There were weak but significant correlations between serum IS levels and Scr, eGFR or BUN in 37
elderly people with CKD. When they were divided in dementia and non-dementia groups, a much better
correlation was obtained between serum IS levels and eGFR in the non-dementia group. However, no
correlation was observed in the dementia group, implying that eGFR is not always a good marker to
predict serum IS levels in CKD patients. In order to approach the reason, mean serum IS levels in both
groups were compared in the CKD stage G3b and G4. The results indicated that mean serum IS level in
the dementia group was greater than that in the non-dementia group, although not significant. When
relationship between serum IS levels and CK values in patients receiving statins was evaluated, a
significant correlation between them was observed in patients at CKD stage G4, suggesting that the risk
of rhabdomyolysis increases in patients with severely impaired kidney function. Intravenously
administered IS did not alter both plasma levels of pravastatin and its biliary excretion. On the other hand,
intravenously administered CyA decreased biliary excretion of pravastatin significantly, but failed to
modulate plasma levels of pravastatin.

In conclusion, eGFR becomes a marker to predict serum IS levels in the elderly without dementia. IS
accumulation occur even at early stage of CKD in the elderly with dementia. Therefore, direct monitoring
of serum IS levels in the elderly is very important. It is less likely that IS directly interfere with the
transport activity of OATPs and MRP2, which locate on the sinusoidal and canalicular membrane of

hepatocyte, respectively.



REEREE

AUC : Area Under the Curve, = -FRffE AR T ifE

BBB : blood brain barrier, iz

BCRP : breast cancer resistance protein, FL723 A4 > /X7 &

BUN : blood urea nitrogen, Ifi. 1 /RFEZEFH

CD : cognitive disorders, Fa ki

CK : creatine kinase, 7 L' 7 F > FF—+F

CKD : chronic kidney disease, 121 igipi

Cr: creatinine, 7 L' 7 F =

CVD : cardiovascular disease, <[>

CVE : cardiovascular events, /[MLE A X2 b

CyA : ciclosporin A, 7 2 AR Y > A

CYP : cytochrome P450, > k7 & 2\ P450

eGFR : estimated glomerular filtration rate, HEFRERIK A &

ESRD : end stage renal disease, A< A4

HDL : high density lipoprotein, f&FbE U ARHZ /37

HEK?293 : human embryonic kidney cells 293, & I A% Sl ARk

HMG-CoA : 3-hydroxy-3-methylglutaryl coenzyme-A, 3-t K2 % 3-AF /L7 /L% Y
JUARIIE SR A

IF : interview form, A > Z B2 —7 F—A

IS : indoxyl sulfate, 1 > N3 3 /UHilg

MPAG : mycophenolic acid glucuronide, X =7 = / —/Lfg 7 /L7 v = N{K

MRP : multidrug resistance-associated protein , Z&AlMi4:EEE & > /X 7 &

OAT : organic anion transporter, A&7 =74 iR

OATP : organic anion transporting polypeptide, HH& 7 =4 L kAR U _X7'F K

Scr : serum creatinine, MjF27 L7 F =2

SN-38 : 7-Ethyl-10-hydroxy-camptothecin, 7-=F/1-10-& RKa ¥ 7 v 7

UTs : uremic toxins, JREIEVE

Vd : Volume of distribution, 434154
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Fro

T2 igifpi (chronic kidney disease, CKD) %, BFREFEIC L0 BHEREDIK T2
T 2EBTHDH. HABBFRICED T 7 v RIHES CKD 2T A KT
A2 2018) TiE, OREF, EEZH, MK, FHECEREOTIENTS ), R
0.15g/gCr L EDEAR B0mg/g Cr LA EDT VT I UJR) OF/ENEE. @GFR
<60mL/53/1.73 m? DT AU, ETILM A3 3 7 ALL EFfe T2 2 & T2l 5,
EEZNTND. D CKD I AsH, DAFZE - AR E O EE R (cardiovascular
disease, CVD) (Z LD X7 % EH- X5 Z L BRERNSNADZL  DEFRIFIEIZ X
DIRENTND. 9 2005 FEOFEFFAIC LAUE, BARANCEKIT D CKD B
1,330 TN (BRAKI8 A2 T AN) EHEESH, SFEERMRO—D LRI T
5.V R E S Tl CKD OAWRENEV. Y F£72, CKD BN HEITT 25 & REBAR
4 (end stage renal disease, ESRD) (22 V), MEBEITCEBAEDBL I L 705, DHE
OIBPEFEHTREENT 2017 AR TK 33 HAIZ BV, BERPEE OB & T
SHELTER Y

CKD ##& TIE, BHREO TIZ L0 AR THIUTAREKIL S IRME WA X
D RSMCHEIF SN A IRETEY) (BFEY) DMENICERT 5. 205 6, AR~
TRREE A RAT T WVE DS IR FHEME (uremic toxins, UTs) & EFe 3, ZFOEITK
150 FELL BI2 Kk 5. D UTs 1L, o FiE & BIThERNG, —RITKEMESF R
FeL) , Wt B-2vurmT ) e l) B URTEEEERS T (£
REIURRER, 3-TIVARX T4 AT N-5-Ta)N-2-7 7 7 a4 i L)
O 3RS ND. SDUTs 1%, CKD B&ICEITH CVD & CKD I TOEE 2
URZRF-L RSN TND. ¥ T4, UTs 12X 50 ME B w0 RE A 7
S RXLDPRAIRP S TEY, CKD BETIEAT — Y OMITIC > THFE UTs
DERNBFREPBEE L 72D, CVD PCEEN I HITHEINLZ E WL -
wa \ E) . 9-11)

UTs DT, A > RE¥I/UEERE (indoxyl sulfate, IS) (X2 41E Thied %< DAfF%E
NRENTEXZUTs OD—2>THY, CKD EEDOE T, A TRICERICEET
L ENMBN TS, Barreto 5 2 1%, MiEH IS IESEM (>35.7uM) @ CKD
BETIE, [MEOBFIZHARIECRB L CVD BECERNFRICEN I & %
Wi LT 5. Eohlr, RSN BE CIIIEMEENT B & bl U CREEERE D



RTFLRT W EE S, P CKD AT T D ktEneiE EOERIZE 1S 23
BHATED D LV S BN IR > TV D, 9

IS IMET X JEEO—2>THDH L-F) T F 77 U IZHFKT S UTs ThDH. L-b
UT N7 7 ATEYT DL BB ECEN CRER R SIVTAERT S, L- 1Y
TRT7 7 ANETT I BN T UV AR—F =% LTI S D0, I S

WCRIBIZBAT LTI L-N U R 77 0%, — 3 IBNMEIC X O EASND MU
F77F—EBICL Y, UTFICRTRIGRTA & R—/UZE# S, REHHIRIN S
ns.

L-cU 7R 77 +H0—> A 2 F—/L + EJLEVZ +NH;

Z D%, TFHIRANCEML, FFSREE22 1 TIS AR IS, 9 FFcAmRSh
IS T EICE N LPEES D23, MEX L X7 fEALRNE IS TIRERME A O

FHII NS W E S, KEIIRME W L > TRPPRIEZZ1T 5. & R TOIR
I AT FBUNT IS 1, BRI E R ORER A ES D AT =4 ik
fH{K (organic anion transporter, OAT) 1 35X TNOAT3 %47 WU PRAMAE A
FINIZED JAEN D, 191 ZOt% ERGBAN D O IRIIE P a5 03, 1829

WFRIZITFLAS AVIEE & 7327 & (breast cancer resistance protein, BCRP) 735

T2 NI Wbz a2

CKD BE1L, mifEiE, FERM, IEERFEIER Ea REMHEEZ AT 52 &N
%<, BREERERLEBZ AL TS, 2D IS OFEWILEES 7 FEEHR
K> OAT1, OAT3, BCRP %41 Lo RMIE /346 &\ 5 RNERRERFELE, R 77—~
¥ —® CKD BHE W CEYEEFAH B 20| S 24U 27 2 §IZEAT
W5, FZ IS, EMOBHS VT T o2 (G, AyTrhgit) (26 8 E &
ETAREMENR S D Z LS, LD invitro DIFFE L D RIB ST 5. B2 X5,
AL F U RIEOEERRBIEM T o DB RARIE T, BRI T & ICHB W THBLL
LT NEEIND. B2 ZOBFORMIIAHTH D03, BRI FICE- Tk
FUTHIN L 72 1S 72 £ UTs 28 ZORWER OZEBUZE o - TV D AIRENEIT +7905 &
HID.

CKD HH |\l 2 3k A i3 7= 0121, S OIRNENEEIZ %45 IS DR
EIAOLMNCTHZ LTMAT, BEMPO IS BEZEYICHET S5 2 L L EET
b5, ZHET, BARNLIEEHEEOMF IS IS LTIV < D0 O8IEH



IRENTWDA, PUCKD 27— & IS R EE DR 2 H AR NIV CTHHE L
TAFFEITIE & A EfTDI TR0,

ZZCH L ETIE, BRI & O CRMERE IR T oI 1S PR E A T
D2 ENARETH D E MR 2 72018, IERIENAEFWT B2 0% ARz <
& 2 ACREE D ANFTE D B MR OFEAE % 52 1 C i IS #E % HPLC I CHIE L,
BHERERMRATE & OFIBINEAFEM L7-. RIS, FRAMERERSE O M L Mg 1S JRE
EOBHEMEZRG L2, SDIZH 2ETIE, AZFUREICKIHEWERE 1S O
FRICOWTEEMMAE R A G5 Z L 2 BN & LT, ERIE AW T LRI
ABEH DD B MR DR AL 2 52T, B BRERIE DFRIE ChHH 7 LT F %
J—1E (creatine kinase, CK) i & EH§REMR A EI X ONMEH IS IR & OFEEAMEZ
BETL7z. SBITH 3 ETIE, FEMONTHEEICHIT S IS OFEALN ENIT 57
WIZ, TITNRAEZF % IS £12133 7 1 2R Y > (ciclosporin A, CyA) & & 12T
v MCHEERIRNIR G- L, 77 /32 2 F 2 O iR EHERE I QN ARH- k2 8)
7o b LTz



FE BRERRIR TSR DMIGE T A > R URiER (IS) R OFH

1 BRI TE ISR SMIET IS RE & BREERANE & OBIVEICEE Y 5
Ry

H1HE S

1
B, RN UTEEY (BB % RERIK AIECPRAIE 73U 0 JRH~
PR U, AEROEFE MM 2 EEREEZH S TWD. LL, BEEME T
T5HE, RNICERT 5 UTs 1T K- Thkx e R RED BE 5 S Z S d.

RFMUTs THD IS 1L, BEELZETSES. 2 Zhudnz, Mlairy—7v
TNV DFEA AR U G ER A 358 L, BRI OB X 5 B HEREDFIE, &3
IKERR TGN AT U A r R =5 VARSI K DB M OFIE 9 70 LI
54252 ENMESNTWD. £ IS 13, EYeRWie EORE A 5 FFH
O MBI AR ES D AT =4 #iiksN U X7 F K (organic anion transporting
polypeptide, OATP) 1B1 <° OATPIB3 Z /" L7zl & [HET 5 L ORENRHH Z &
M5, IS BEYOFRHOIAT R A 5 2 D RN H 5. Zhbd
FPMEICEEDUNT, IS 13 CKD FBF T 2 FEEh e~ AOM AL/E ] O 8 AR R < Bt
LTWLZENBEZILND.

CKD EF 23T 5 IS DAEMRERE~ DB D 5 WY BIE~ DB 52 E 2 5 b
X, OEEZOITUMF IS BETHD. LrLARns, M IS EEOHIEICIX
HPLC RMRIKT v~ 27T 7 ¢ — &L & OmBRERESRPSLETH Y,
BULD /NS W EFBEBIICIWT Y 7V A A 1S IREA IS 2 & 13N 228
BN, LTemdo T, B FRIE A AV CIf 1S SR EE 2 B TR 5 7
EOREN VI L SN TE T2

WHFZER Tl AL RIS & O ILRRFZE CIIEHTiE T4k BE 20
A OMAER IS IREZME L, £ OFEED MEEHTERTT 157.9 £ 19.9 uM (K
il 358.4 uM, Fr/IMiE 8.9 uM), MLHZEHTIERL T 103.8 + 13.3 uM (e KfE 240.9 uM,
B/ME 6.8 uM) Tho7zZ L aWE L. %0 £-FKHC, MEEERE 5 4 omiE
HISIEEZHTE LI ZA, 4400ITISAHBHENT, D14 TH 3.8uM &
A Cho7Z LD, MIKEHTHEATEZ I 2 M IS R T gk &



g U Chied TRVWMEZ RS 2 & MR S AL, S BIT, MRS Nl T8 O Mg
H IS YR A B RERR A b T T X 200 A it 27012, msE IS R
L& V7= (serum creatinine, Scr), [ HR5E% 5% (blood urea nitrogen, BUN)
B L OHEFRERIA AR (estimated glomerular filtration rate, eGFR) & OFHBE %
R L7=E Z A IS & Ser B LN eGFR & ORENICA ERAHRNGED bz,

CNET, MIESEHHEEEEARTOBE I HIMET IS EEICRET 2B H W0
<OMREINTWA. Barreto H 2 X, CKD AT —Y QR NHAT—Y G5 £FTOD
BENTBNTIIE IS JREE L eGFR 23HBAL, CKD 27— Z LIifiif IS I
FEZFM L72RER, CKD 27—V G4 TIIAT— YV Q2 BLUPAT—Y G312
T, = CKD A7 —V G5 TIEAT—V G2, AT —V G3, AT — G4 |ZH~T
BEICEMZRTZEEREL TS, £ Lin b3 1E, CKD A7 —Y G3 b
AT = G5 BAERHIRWTC, MIEF ISTRE & Scr & OMIZHERFRENRD b
HIEEHRELTWD., &5 Shimazu H 3 X, HARAZRSHRE LA IZRB W)
T, CKD OIS TGS IS RENHEML, CKD 27— G3 1L CKD A7
—VGl, G2 LOMICHEENBO LN EE2RELTWA. —F, ThbHoo®
L H 720 Eloot 5 3 X, CKD B IZEBWCTHLIEF IS JEE & eGFR OFHBINEITIK
WEHRE LTINS,

ZO LI, IS OMIFEFREIZE L T\ D0 0@ERH 5 D00, AARNE %
S L U CMREHTRREEARTO MG 1S JREEC, My IS IR & BHgREmAiE &
OFEIBIEIZBIT 2 MAEIIRON TN D, T2, R CaALIEXL D1, IS X L-k
U7 K77 ZHKT D UTs THDHZ Enh, BEORBENROENITMIET IS
WREEDOERIEBIOKRE RBERIZ/RD ZENEZLND. 2D L &S 500
X 91T, MESEHTRE BT 2 UHFEEOLOMIETY, MmigFH IS IRE DR KHE

ER/MEDORNCITRE 2EN R N30 Liend» C OB FHAERT 5 CKD
BENTBT DMIET IS IRE OZEECMIRIR AN & OB AR T 5 2 LI3EE
THDHM, THETEIUETL2|MEITR I TR,

Z ZTH 1 I, FEEDREE T DV T AL RO BhE R Th 5 #EE A
Db fii i AL 2 EE D AFTE 2 1S, MRENTRIEZHA L TOZRWEHEEIR T HI2
B HIMIEH IS BEZRIE L, BHEREDIRIECTH 5 Scr, eGFR, BUN & OFHBINE
ZaHi L7z,
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USA) L VEEALT-. IS OREERE Fig. 1 17, OO LO%E L, 7
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Fig. 1. Chemical Structure of Indoxyl Sulfate

F2TE WD D OO ERR

I NMRAER AL R AR AT LT 2 BT 21T > TOZR W BHEEEIR T
(eGFR <45 mL/min/1.73 m?) (Tt LT, FTE DRRAUTHE - 72 30FE & FIWVTHFZED &
g EENERORFEIZ OV T ZIT, FEOSOIIZATTE 37425588 L
7= EHMERAE OR MK (8 SmL) 2 BZEERRNE (' Xy7®
II-D, FEKAT 4 B, R (CEREL, =R GOk (1,600g, 547 LT
THHE 2457, REHIE ERF £ C-30°C I CTRF LT-. 728, ARBFZRIXERE AL
MW A b2 Rbim L B DOKGEE UKRE 77 54) 245 C, ALERPiRRmE A
A B 7 18 ORI IR & o 7 — iRttt o i /10 M IZE fa L7z,

B3I Mg IS IREEORIE

IS DiERIE, Ichimura & 2 ASEIHE L7 HIEICHEILL, HPLC-UV {EIZTIT
Sz, SR CEE L 72 yE 50 pL (ZAEBVERIL 50 uL & A % 7 —)L 200 uL Z %
THTHE LT, K T C10 90 uE L=, & O, 5°C §oF FCiz LorBfE (5,400
g 1040 L, oz BiEE7 4 vE— (94 L7 A-HV 7 4 /L ¥ —, 045 um,
PVDF4mm, FEEE, A/V7, HE) IZTAELZH 0% HPLC Okl E L=, IS
Do % Table 1 1R L7z, 7238, AEEIEICKIT 2 ZERENT 5% FTH -
7=,



Table 1. HPLC Conditions for IS Assay

Apparatus Shimadzu LC-10ATyp (Shimadzu, Kyoto, Japan)

Detector

Shimadzu SPD-10Avp (Shimadzu, Kyoto, Japan)

Injection volume 20 L

Column

Cosmosil 5C gAR- II
(5 ¢m, 4.6 mmid. x 150 mm, Nacalai tesque Inc., Kyoto, Japan)

Column temperature  50°C

Wave length 282 nm
Mobile phase 0.05 M KH,PO,4 : CH;OH=95:5
Flow rate 1.0 mL/min
Retention time 11 min
%4 TH  ERRERA O A

RIFZERT SR E OFMES, Ser BL Y BUN X AFTE /LT X0k L7-. eGFR
(mL/min/1.73 m?) |ZLL FOR L0 HH L7,

%55 18

-1.094 -0.287
eGFR =194 x Scr  x Age

-1.094 -0.287
eGFR=194 x Scr  xAge  x0.739

i

LM OEMEORE L, Student's t-test F 721X Dunnett MEIZ TITVY, #RERE D
Mg IS J2E & Scr, eGFR 3 L OVBUN & OAHBIMEDORRFHE, Pearson MREIZ LY
Tiole. T, =7 Bufeat 2012 (B4 s iflm— e R) 2 W T
WV, p<005 b o THERMELY & LT



3T FEERRE R
B e oW

EWERE D JVT L0 HER LT 05 5% Table 2 (2R L7z, #BRE DGR
IXBMET 4, APE 30 44T, EREEERL 89.9 i T o 7=, F£7= Scr, eGFR, BUN O
WEMEIZZENZE 1.56 mg/dL, 30.3 mL/min/1.73 m?, 28.9 mg/dL T -7z,

Table 2. Main Demographic and Clinical Characteristics

of the Study Population
Number 37
Age (years) 89.9+ 1.1 (76-104)
Male/Female 7730
Scr (mg/dL) 1.56 £0.12 (0.89-4.55)
eGFR (mL/min/1.73 mt’) 30.3 + 1.7 (7.5-44.5)
BUN (mg/dL) 28.9+£2.0(11.4-69.0)

Data represents the mean + S.E. with range in parentheses.

F2IH MIET IS REE
PRERFE 37 2230 2 IfiE R IS IR O KBS K O/ MBI, £40E40 65.5 uM,
26uM TH Y, VMG FHEEIL17.1£22uM THo T2

F3IE MIET IS IR & SRR AT IE & OFE B

KRB D MLIE 1S JEEE D %HfE & Scr, eGFR, BUN & OB % 2 £ Fig.
2, Fig. 3, Fig. 4 |\~ U7, FHBAMRER r ZHHL72& 24, IS vs. Ser T 0454 (p =
0.005), IS vs. eGFR T-0.513 (p =0.001), IS vs. BUN T 0.417 (p=0.010) T& Y, I
TEH IS L Ser BL N BUN & OMICIIAEZRIEOHBEN, Mmigdh IS L
eGFR & ORIITABEZRAOHBEN R G-, b BAF72FBEIRERAE b0k
eGFR {ZB W\ T Tho Tz,
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Fig. 2. Correlation between Serum IS Levels and Scr
Each point represents the individual data of 37 subjects.
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Fig. 3. Correlation between Serum IS Levels and eGFR
Each point represents the individual data of 37 subjects.
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Fig. 4. Correlation between Serum IS Levels and BUN
Each point represents the individual data of 37 subjects.

#4TH CKD AT — VRO MiEH IS #AE

W 37 4% [T U AZHS< CKD 2T A K74 2 2018) IZit# S
T BHEREX /32 DU T CKD A7 — VAR /3 A L Table 3 (2R L7=. CKD 27—
¥ G3b, G4, G5 DHEREFERIIZNEN 24, 114, 44 Th-o7=. £7=, Fig. 5
(21X CKD A7 —UAgDOIMIEF IS JRE D34 & & FHIEE R L.

% CKD A7 —UIZ31T S HLiEH IS 1 D KiE S L OR/IMENE, G3b #£ T 51.7
uM, 2.6uM, G4EET259uM, 7.0uM, GSEET65.5uM, 27.1uM Th o7z, Fiz,
SEAAIMIE S IS JEEE 1T, G3bRET 14.142.5uM, GABET 153+2.1uM, G5 BT 38.6
£9.1uM EFEH SNz, FEHIME R IS IRE AL L= 2 A, G3biEE G4REL
DOINCAEZEITRD LN ->720%, G3b #EE GS BEIFONT G4 #E & G5 O
HEENRD L (Fig. ).
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Table 3. Number of Subjects in Each CKD Stage

CKD Stages
Total G3b G4 G5
eGFR (30~44) | eGFR (15~29) | eGFR (<15)
Number (n) 37 22 11 4
Age (years) 89.9+ 1.1 88.9+ 1.3 90.0+2.3 95.0+3.5
Male/female 7/30 517 2/9 0/4

Data represents the mean + S.E.

80 r %
x|
O
A60 -
>
5 (@)
)
z
;40 B ]
o
= o o
E l
5 gl °
20 | 8 8
g+ gt
g e]
O 1 1 ]
G3b G4 G5

Fig. 5. Serum IS Levels in Subjects at G3b, G4 and G5
Open circles represent the individual data of 37 subjects.
Bars represent the mean + S.E..
* p <0.05, significantly different from GS5.
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i

ad
<

At BE

RFSREIS T (2B DI IS JRFEDY eGFR & A EICHIBET 5 Z Lo T, =
NETHL DPORENRREN TS, 123D YRFFER T e, SkimipasiT H
20 4 OIHAE IS JEE A HIE LB HRREM AL E & OAHBIME 2 3 L 72458, A
IS IREE & eGFR ORIICAERADHBEANREOND Z L 2WE LIz, 7739 Lz
B, BHTERER OMED IS #2E & eGFR OB > 72 (r=-0.645). D
HRELT, SN L-M T 77 VHRTHD Z ENDISRENITREOHFEOR
HANBEDENDBEEL CWDHEEZLNE. L LEND, REOAFEZER L
Bre o M 1S JREE & BHEREIR A & OAEBIMEA TN L 72 & 1L 2 E TR EN
TRV, Z ZCARETIHE, TS MR AT LTV 2 BEERE IR T & 2 x5
(TG IS IREE & BHERE & OB Z A LTz, £ ORER, koA & —EL
T, MiEH IS L Scr, eGFR B LU BUN & ORICHERFEBENZED Hiv-
(Figs. 2,3 & 4). ZIOHOFRERDH B, MG IS I & O OFEBIEE T L7z Z
NODEEOHT, b RAFZRFENG HGL7-DIL, eGFR Th o7, LI 5 T,
eGFR I Scr, Fin, MERIE O HEE SN HREREARMOETH Y, ZOREFIL IS
DL D> DIEIBIEDRERE AR B T & RT L WTERZ 5 TS Z & &R T
EEZ BT,

FERFE O MG IS L% CKD A7 — VM Tl Lz & 25, CKD A7 —¥
G3b & G4 ONWEHEIIFH BRSO LR 7223, CKD A7 —Y G5 IZBIT 5
L G3b B LN G4 T AT RIZEW D EA/RE L7, ESRD (272 5 & g
ISIRENKEL ERTDEWS ZomMmAE, CKD 27— G5 (28T D IRME Sy
WHEDBAZE AKX T 2 9% L HERl S 7z (Fig. 5).

BHEEENIE T ORF, 7 L7 F = (creatinine, Cr) [ZEITREIKAIEIZ LV R
PRSI DD, ED—FHT Cr iTAWI T AL T U AR—=%—2 %4 L TIRM
BRWESZTHZ ENMBITND, 4O ZHUTK L IS 1XEIT OAT &4 L7 JRAH
BN X 0 RAPICHEIE SN D, 1920 L ORFSE Z L — T OEIZ BV T, Mg
IS IR & eGFR 3HHBIME Z 7R 3 Z AT G STV WA, IS b Cr b JRAME
M RZT D LD, ZOHRMRIE OFLMEDR — a5 L T D AR E b %
5.

..[
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AEMETR ONZ OO, MiEH 1S IR & BUN OFEBIIE Ser X° eGFR D54 K
D HFIo T ZIUTOWTIE, BUN IFSRERIR AN 30%A11% £ TIK T L THI
ODTEATHZERBEBRL WD EEZLND. D

FeRl 72356 o bR, ARSI AT LW 2 @l XS RBRO B4 H
BIRLTWAERRTZENTED., LEB-ST, WTARILRAEICAFTTL TS
R 2R L LRSI, IMiEH IS JREE & eGFR OFIBIMIE, Sz /5t
E TG LIASRENT B CTOREER 739 L0 & REFCR S, T2 B0
TEEEZRT E TSN, L LR G Fig. 3 IZRT X912, 1507 RE
IHEERAEH ST H 0D, ATHIE Y THROLNEE EEbAETITeh o7z,
£ o T, MREHTBE IV TG T IS IREE D KE & i/ MEDM DK & 727273
R LN FRNE, BFEORE T TRV EB 2 bz, ARFHcS
INU7-98RFE 37 4 18 ZBITRRENEZ AT 5 2 ENMER SN2 LD, IRET
VERRAVE DA EEAMIEF IS R & eGFR OAHRAMEIZ MIFTHEBIZ OV TR 5
Z izl
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FOAE 29 % B HEREIR A 12381 2 Mig 1S AL ORFATh

&
[\
il

ll

=

1 i

HE OBEREREE RS CILOME 1 X b (cardiovascular events, CVE) 73 & 4
FICEZY, ZAUCKDECFES ERT5. 2 £, b OBERECTITRRAES
AT % G TR RAIRERERRSE (cognitive disorders, CD) MNFIET D U A7 B@EnNZ &
MENHILTN D, 24 BB T IZAE 9 CVE X0 CD OF8JEFS L OMERIZ I LB AR
(K TFRACARNICEFE T 254 O UTs BNEHEICBEET 5 L /AashTng. 9 &1
HES 1 B W T bk L7223, UTs O—>Tdh 5 IS DI FHIEE TR CKD B3
IZBWTE LS EAT 22 &000, 54, IS OIMHRE FH-& CD & OBJEMEIZE
HMREE > TV 5.

PREFEBF BV CINEBER I 1S BERT 5 Z 130372 0 BLRD HE1 53T
W5, F 7 < It Sankowski B 491X, o8— 0 UYRBE ONERER T 1S
PBRNCERET D2 A AMLTWA. IS AMEAKEIM (blood brain barrier, BBB)
AT D A N = X LFBHED & ZAF MR STV, 1 IS REO E
5L 1S OMNERENEEICEE L TS LB 500REYTHD.

HARTIXA BB E LSBT 2238, ZAUTHEVGREE BE S 2ICHn4 2%
ZEPBERIN TS, BRI E & DICRAIIRT T2 &0, D %S
M E CIIRFEDOBRBEN R THHRAIZIS 72 0 UTs BMANICER L T < ATfEE
MERDH D, ZHICEE LT, CD X CKD OFIIEME CRILT S Z L b sh T
W5 LIS DSEHEREIK T ICEIT 5 CD ORBRERITEREITSRD > T D
725, CKD & CD Z&0f7 2 mlinE (2317 D i IS JREEIZBE T 2t DU AR 146
DTCEETHD. LNLRNRD, ZORICOWTEEBARANESRE LIZgiET R
ED SV

BT CORBHIBIN L= 37 4 OFERERITE < (Table 2), W 18 41338
HUE SR ST, & 2 CARETIE, #BRE 258 ERE & IERRAEREIZ 0,
WIFEIZ 35T D ML H IS PR DR EIMEIZ DU CRET 2 N % 72

&
5
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H2H WA
HIE R OER

I MRS T A2 ACEEHICATT LT 2 MEENT 217 - TO7ZR W
REIX N4 (eGFR<45mL/min/1.73m?) (Zxt L C, P& DRRRUZE - 72 3052 T
RO EE & EAEFROEEIZ OV TARANEZIIARANEE TE o & EIFR
IZRHIAEATV, FRIEOE LN ATTE 37 4 Zxtg e Lic. FRIE DR LIRS
37 44 DFBFED G MEINIE VT L O MR LT, #RE 37 4D 5 5 18 A 0SFEENE
LS TWe, EREER L OVRIREEERIRE, CKD 27— 2 & Ok
SER L OFERAIEMSRE D434 %, Table4 \R7™. 728, FHERBIZ OV CRAVERE
& IERRAERERICA BAITRO b irino Tz,

Table 4. Clinical Characteristics of Study Populations in Dementia and
Non-dementia Groups

CKD Stage
G3bto 5 G3b G4 G5
eGFR (<45) eGFR (30~44) eGFR (15~29) eGFR (<15)
D Non-D D Non-D D Non-D D Non-D

Number (n) 18 19 14 8 4 7 4
Age (years) 90.1+1.4 | 89.7+17 | 889+1.6 | 89.0+£2.3 | 943+2.1 | 87.6+6.1 95.0+3.5
Male/Female 2/16 5/14 2/12 3/5 0/4 2/5 0/4
Scr (mg/dL) 1.23+0.08(1.87+0.21|1.10+0.04| 1.23+£0.08 | 1.69 +0.24 | 1.87 +0.21 3.14 +£0.49
e¢GFR (mL/min/ 1.73 mz) 346+1.8 | 262+24|378+12 | 362+1.5|233+32 | 23.0+1.6 11.9+1.6
BUN (mg/dL) 242419 | 334+32 | 220+1.8 [ 23.2+£1.9 | 32.0£5.1 | 324+23 555+5.0
BW (kg) 457+1.8 | 504+28 | 44.1+15 | 51.3+5.0 [ 51.0+6.1 | 54.6+4.0 41.3+2.0

D : dementia group, Non-D : non-dementia group.
Data represents the mean + S.E..

H2H ERREEOTA
ERPRIR AT OFRAT I35 150 55 1 78 55 2 8 55 4 T L7

H3E AL
FRHLERILEE 15 55132 280 45 S TICUHEIL L 7=,

15



HI3ET FEERAER
H1IE FRANEOAEE|C X AIME T IS 1B E O g

37 % DY 2 FBAERE (18 44) L IRRFMERE (19 4) (Z4300F, MyGH IS JREE
Z g UT-AE A, P MyEH IS JREEIE, FRAERET 15.8 £ 2.8 uM, FFFEHVERET
184 £33 uM TH VY, FREVERE & FERFERE CEMIMIE IS I A EZITRD
b7z (Fig. 6).

)
=)
T
-

z l 1
T 15 |
: |
= 10 |
5
3
5-
0

Dementia Non-dementia

Fig. 6. Comparison of Mean Serum IS Levels between Dementia
and Non-Dementia Groups
Each column represents the mean + S.E. obtained from 18
subjects with dementia and 19 subjects with non-dementia.
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B2 TH FEAMEDAMEIC X S Mg IS RO CKD A7 — V[ T O Lk

I, FIERER L OERAIERE O#ERE 2 2= CKD 27— G3b ff
(eGFR : 30~44 mL/min/1.73 m?) & G4 #f (eGFR : 15~29 mL/min/1.73 m?) (24317,
SR IS JRE A R U7z, B SN2 Mg T IS IR, G3b BEOLA,
PRHVERE 16.6£3.4 uM, FERFVERE 9.6£2.2uM, G4 BEDLGE, FREUERE 12.7+£3.2
uM, FEFRFERE 16.8£2.3 uM ThH o7z,

G3b FFFB LN G4 FETIRWNT, RBEERE & IFRAVERFIZ IS T 2 Mg IS ik

JEICHBETRD DI 7203, G3b BRI CRAVEREOEAMIFH 1S IR
DIERHIERE L D AL NIE < 22 DA Aoz (Fig. 7).

B Dementia ONon-dementia

—_ [\
(V)] (e
T T

Sermn IS level (xM)
>

G3b G4

Fig. 7. Comparison of Mean Serum IS Levels between Subjects with Dementia
or Non-dementia at CKD G3b and G4
Each column represents the mean + S. E..
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93T FRAMERER K OYERAEREZ 31T B fiE IS IR EE & eGFR O FEBIM:

S BT IS JREE & eGFR & OFHBIBIR & F8AERE & FERRAERE CHuf L7z,
Z ORGSR, FERRAERE TIImigH IS JREE L eGFR ORITHRD T BAFRMHBINE (- =
-0.820,p<0.001) P& 547 (Fig. 8) DIZxt L, FREVERE CIIAHEIMENZE O H v/
Mo T- (Fig. 8). F72, eGFR 2% 35~44 mL/min/1.73 m?> OIEH IS REE 7.2 &,
AEETG SN2, FRAERE CRifEZ2 R #BRE 1N Z 0o 7.

FERRFNERE TR T DAEBEMRENT, 55 1 3 Fig. 3 IR L2 2 COMBIRE LD b
BlifTHoT-.

3 r (Non-dementia) = -0.820 3 r (Dementia) r=0.052
—~ <0.001 =0.838
=25 Ff v ) 2.5 F w )
3 =
= o
»n z
o 1.5 ; 1.5 F
£ i
g 1 F § 1+
«z o)
é‘) 05 r nos r
g
0 J 0 J
0 20 40 60 0 60
¢GFR (mL/min/1.73m?) ¢GFR (mL/min/1.73m?)

Fig. 8. Correlation between Serum IS Levels and eGFR in the Non-dementia
and Dementia Groups
Each point represents the individual data of 19 (Non-dementia) or 18
(Dementia) subjects.
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A B
ARFETIE, BAEZFIE L TN D Eilin B BRI T & AE A FIE L TRV E
EERSREIN T I D MyEF IS IRE AR L7z, ZOREE, BLNO X 5 2k b
w157z,
MCKD A7 —% G3b T, FRHVEREOEMIFE IS IRENIFEFERF LV b
Bz R TEAA Lo 7s (Fig. 7).

QFEFRAERE TITIMIET IS JBE & eGFR DORIICHRD T RAFAARREMEI VR S vz
DITKF L, FREERE TIIARBAMEITERD bivie > 72 (Fig. 8).

@eGFR 7% 35~44 mL/min/1.73 m* DIMJET ISIREA WD &, AEAIIG LR
Mol FREVERE CEaflZ T #RE 1L 0o 7.

ATV CTRBERE OIMEH 1S JRE & eGFR ORICHERMEEIIR O
DO OFBIREMEM A R LIZER E LT, OOMANEEL TW=EEZ LD,
F72, OO Yeh & ® IZ XD LETOHE L —F LWz, 51, L &En
MIEH 1S DS CKD OB 31T 2R AEEIZEE L TnD EE AL TV
5.

Fig. 8 IR SNIZfERIE, B HBCEIT 2 B OB % AIe/e R0 brE L7
A, PAE TIZR W EEREICI81 D eGFR IXIMLEH IS JRE AR B < HEH9 50
CHERIRRE L 70 B 2 L AR LTE. T OORERIE, BEMENRITHITIS & Cr DI
SRENART VNI Z D Z L ERB LTS, ZHICH L, BEEEZ AT D Eing
Tl eGFR (XMIEH IS JRE A I HHHIE & L Ciliy) Cldpvn 2 L 2VR STz (Fig. 8).
DT XX, PRAVEE AT D EEE T IS OIRNETED Cr ORNER L B/ <
BZDZEaRELTWD. 7272, AEORETIE, WEERM T CKD 27— G5
(2RI D HEBRE A3\ 72 v 7= (Table4, Fig.8) 72, FERAVEREIZ b ~FHBEIED
BEA 14 Tl AR E STV 5. A% EIC4 CKD AT — Y OkRE
AL, SR E2ERLNERD .

CKD BEDKIGTIZL- R T R 7 7 oMb A R=~DOREN TSNS 2
&, 0 =75 FREMERE TIVNBICEIT D L- MY TR 7 ORISR IR
TT228 N PGS TWD. RIBIZBIT S L-F U7 7 7 o OREEEX
REHARDD NV T 77 —E0N CKD BEDO K THEMT 5 2 L2k b R
IINTND. D L7edo> T, AEETO L 912 CKD & FREVEZ A 0F L T D ki
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T, WMINARICE Y RIBIZET S L-N Y P R 7 7 o &OHME, 22 TOA R
— VERROBMS G L TR 2 L E X OND. TOME, KN R Ch
HA v R—=/LOWRINEDEEIMN L, ZIULETFTO IS ARAMEtE S EHE S 7
5. ZO—HOT atAZX D, eGFR L3V Za < M ISR EH L (Fig. 8),
ZIUT S TIS DIMNERES T 5 L Z 2 b,

Iwata © %3 %, N IS IREDE LW BRI ROEMEICRE G35 2 & &
WEL WD, ZDO—J5T, IS (X BBB IZIF/ET 5 OAT3 %41 L TN B4k
INDH. *P Lo T, CKD &RBFELZ &OF L7-milin® TlX, BBB TO OAT3
MHITREREE T, ZAUC KV IS OB REIEIT L TWO D ATREER B X bils.
TAUCEEE L CThalr, 7V oA ~—RERFED B TIL BBB O P-F§ & /X7
DRI L > TN GO 7 I A FOPEHEA L, 2D Z & DFREEDE
BELTZoTZENHFEINL TS, 9

@DIINNEANE, RIEZL AT DHEHE TIL CKD 27— G2 DEETT T
([ZHLA IS IREAEEZ R L TV EHERSIND. 202 L&l d 272D O
NEBEIZHELTH DD, 1S DBHIEDFIECE BRI R D 572 B, FEE
SRO—o L LT, Filma by 5Bl CKD OB (Gl £721% G2) TIff IS ##
ErEEE=2) 7L, &EZRT LB SN EBETIERnP IS REAET S
L7 OORE BIZIE, BEPAEKROKERE) ZBWANCIT ) Z ENEETH
HEBEZ LS.
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28 AXFURBIRHBEICB TS 7 LT F o —F (CK) filf & BEH%RE &
O BEEMEOfRFET

i

A BT RIERABE BT 5 CKAE & B EERAE & OMBAMEICEE &
% ket

&
il

F1H S

AT URETHD T TNAZT DA 2 H ¥ a—T 4 — I (interview form, IF)
2%, 1 R RO BB G HICEBEB RS OMENRO b L ORERH 5.
B EEBE ISR L72a, REFMEREDHER S0 2 &2 &0 B @iz
JESC, A7 v UE - JRIEE AR L, BHIELZ S OICEbIEtbEI LN
5. LOTEHRDS. D Fl, CEARREZFUDIFICEH BEET3-v Rax
3-AFINTNE ) VAEESE A (3-hydroxy-3-methylglutaryl coenzyme-A, HMG-CoA)
i TTlF R P EANC L0 B ARIE N BT DK F o —o & S Tnd. £z,
RO BARIE (1 > TR BHREOB(ENE Z 2 2 23 h 5. BEFOEE X
ZOBAEDN S 5 BFITIFBIE L 04T, HEICEEG T2 8. L0 )R
b, % BHEEEREERE ORI L TEEN/BE I TWS. L, £0
SR (BF) OFEMICHOW TR STV,

T =AY TH D ST NREF L, AR O AR SRS D
OATP1B1 %> OATP2B1 (Z & U Miigff7> & FFHA I ZHR Y GA £ 41T HMG-CoA 1ZEJTli#
FHREL, IFCBIT a3 2T 0 — LOASH AR FEES. 0 2%, —i
DIFHEAN TRIEND DD, < BREMAED F F L AIMPERE S o7 'E
(multidrug resistance-associated protein, MRP)2 %/ LA HICHE S S, 2 L7z
Mo T, BRI NI S OB LY 7 IR F o OfFkIcBEbh 5 k
T U AR— L —DEEREIME N L, £ ORER T T N2 ZF O B2
TWBHAREMENR G D, 7T AZ T ORI IR BAE ORIE Y A 7
THY, Y MFRED EFIHENTRR E~DT T RAZ T OBITHERL,
RERUAMIE N TIE Lo 72 B, T NRAXF L DM RN R+ AHFE S L
T, IS/ 8D UTs I & % OATP [LEM R STV d. @
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ZZTH 2 0 1 BT, BEREREERNC S TSRS F R EOR 2 TF LRI
(2 &0 BRSO BIARIE S A S o9 < 72 2 BRI B 2 A R A5 5 Z & &
HENZ, WTARILRFRRORAE CH LT T NALF L, B ARRZF o, Tk
JVRAB T2 BB INAZF L OWT I ZEIRA LT 2 IS B B & 58 &
LT, BEURIMIEDOTEEE & S D CK E & BRI AE (Scr, eGFR, BUN) &
OB ZREF L. F£7o, BEEZKEMEAZ TV RE (FT AR EF o Fl-idnm
ANAZF ) IRABEERRIEIEAR 2 F R (T MUARAZF U ETIE X RN
F) BRABHCOT, KBERED CK AL Scr, eGFR, BUN & OFHBINEZ G L
2. BT, BAXZF BB HOWT CK L Ser, eGFR, BUN & OFHRS
PEIZOWT bigFT 2 & 72,
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GLREWaRS
XFGIBAE DI

W HRBILREFBLCAAGEBE R OBF D I B, AXF U RIEAHMT, F7130f
FEEHFND 4 BN TA L TR E R L, A% F 2 R HICR1T 2 S REE
DFHENFEETH > T2 BHE 45 Lo xtge b Li-. BEERE TableS IZR LTz, 77
INABT ) BANART v T MR AR T BHNRAZTF AL TS
BEX, TNENS4, 24, 124, 64 ThH-oT-.

728, AFRAIXERE AW AL BB L B2 ORR URKGEE 5 39)
215 C SN L7z,

=

¥ W
i

/

Table 5. Main Demographic and Clinical Characteristics

of the Study Population
Number 45
Age (years) 65.6 £ 1.8 (32-89)
Male/Female 28 /17
Scr (mg/dL) 0.85+0.03 (0.56-1.67)
eGFR (mL/min / 1.73 m’) 65.4 £ 1.9(30.6-92.6)
BUN (mg/dL) 152+ 0.7 (7.7-35.4)
CK (IU/L) 109.3 + 6.3 (38-226)

Data represents the mean + S.E. with range in parentheses.

2 BRI O R
XI5 B D4R, Scr, eGFR, BUN, CKIFEHE /LT LR LI,

CHCRE W oy L2
FRBEPEDRRGENE, 25 1H0 55 1 3 55 2 i 55 5 UCHELL /-,
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H3HT R
B AXTUREIRHBEIZBT 5 CK fif & BHEREMRAE & OFBIM:

45 2D AR F L SRHARA BRI D CK A E Ser, eGFR, BUN OAHBINE% Fig. 9
(R L7z, FARSMRE » 1%, CKovs. Ser ©0.051 (p=0.742), CK vs. eGFR T 0.268 (p =
0.075), CKvs. BUN T 0.085(p=0.578) THH, WFTIUTEBNTHHEMITHED L
N7 (Fig. 9).

300 ¢ (A r=0.051 300  (B) r=0.268
=0.742 =0.075
250 v ' aso | v )
OO © <o
QZOO - o) 3200 - <o
=) o =) o
=150 o =150 %o C o
v °P S v % g
© 100 } fogy 0o © © 100 } O 68 20
&8 oo S %
50 8 &, 50 | RS
O 1 1 1 J 0 1 1 1 1 J
0 05 1 15 2 0 20 40 60 80 100
Scr (mg/dL) e¢GFR (mL/min/1.73 m?)
300  (C) r=0.085
(p=0.578)
250 t
Ug
=200 ¢ O
5 O
=150 | e
v |
© 100 iy m
O O
I =10
50 o5
0 1 1 1 J

0 10 20 30 40
BUN (mg/dL)

Fig. 9. Correlation between CK Values and Scr (A), eGFR (B) and BUN (C)
Each point represents the individual data of 45 patients
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552 KEEMER & F U RIEARRE & R A & F U RIEARAREIZ BT 5 CK A
& HSREAR AT AE & OFH BN

WIZ, BEZKEERAZ T URIE (FTANREFUEIR AR Z T ) /R
BECNRIRMEAR X F U BRI (T MANREZ F U EIIEH AR E2 T 0) IRABEZ T,
i EBEBECRIT D CKAE & Ser, eGFR, BUN [ OFHBEINE 2 #g L7z

RIS A 2 F 2 R BRI 1 2ABAEREL 13 CK vs. Ser T-0.070 (p = 0.730),
CK vs. eGFR T 0.365 (p = 0.061), CK vs. BUN T 0.036 (p = 0.860) T 7=
(Figs. 10A, 10C, 10E) .

— 7, NEttE R & F o F 3R FHRE COMBIRE r 13 CKovs. Ser T 0.394 (p=0.106),
CK vs. eGFR T 0.094 (p = 0.710), CK vs. BUN T 0.224 (p = 0.372) Th-7-
(Figs. 10B, 10D, 10F).
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300 r=-0.070 300 r=10.394
250 | (a) (p =0.730) 250 | () (p =0.106)
=200 | =200 | o
= 150 0 @150 oq °
: e e 39
R O R
100 <§§ Q0 100 o ©
50 F % 50 f 8 o
0 1 1 1 ] 0 1 1 1 ]
0 05 1 15 2 0 05 1 1.5) 2
Scer (mg/dL) Scer (mg/dL)
300 0 (O r=0.365 300 (D) r=0.094
250 F (p=0.061) 559 | (»p =0.710)
P (o4 o —~
=200 t =200 t o
S 150 © = 150 © X
N & o © N4 %&0 O
100 o <><>§j< o ©100 t o &
<,
50 f 0 ° 50 f &
0 1 1 1 1 J O 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100
¢GFR (mL/min/1.73m?) ¢GFR (mL/min/1.73m?)
300 ¢ (E) r=0.036 300 ¢ (B) r=0.224
250 t (»=0.860)  »50 | (p=0.372)
—_ DD —_~
2200 F = 200 | O
2150 | O = 150 | O
2 2 :
R O N
100 %Dﬂ 100 a0 P
50 | i 50 | o-
O 1 1 1 ] 0 1 1 1 ]
0 10 20 30 40 0 10 20 30 40
BUN (mg/dL) BUN (mg/dL)

Fig. 10. Correlation between CK Values and Scr (A and B), eGFR (C and D), or BUN
(E and F) in Patients Receiving Hydrophilic Statins (A, C and E) and Lipophilic
Statins (B, D and F)
Each point represents the individual data.
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WAE KAZTFURERHEE BT 5 CK AN & BHERERRAIE & OFARIM:

KRR T RERAREIZIS TS CK fliL Scr, eGFR, BUN OFHESM: 2 Mt L,
Z DGR % Table 6 35 LW Figs. 11~13 2R LTz,

KB A L2 F o OFERE r 1%, 7T AXF DA, CKys. Ser T 0.271 (p=
0.659), CK vs. eGFR T-0.817 (p =0.091), CK vs. BUN T 0.654 (p =0.232) TH Y,
0 ANALF L OEA, CKvs. Ser T-0.130 (p = 0.565), CK vs. eGFR T 0.380 (p =
0.081), CKvs. BUN T-0.013(p=0.956) THV, & TOMRGHIBWTHERFEET
NSy AWAYIaY il

FRIAMER 2 F o DYh, 7 MWNAZ F AT HFEB5%E r 1%, CK vs. Ser T
0.187 (p =0.560), CK vs. eGFR T 0.625 (p = 0.030), CK vs. BUN T 0.161 (p = 0.616)
ToHY, CKvs. eGFR TIEOMBEIMEN R SN, B X /N2 X F Tl CKvs. Ser
T 0.782 (p=0.066), CK vs. eGFR T-0.359 (p=0.484), CK vs. BUN T 0.374 (p=0.465)
THY, CKvs. Ser TIEIZFERE A RS A7,

Table 6. Correlation between CK Values and Scr, eGFR, or BUN in Patients
Receiving Four Statins

CK vs. Scr CK vs. eGFR CK vs. BUN
Pravastatin 0.271 -0.817 0.654

(p =0.659) (p =0.091) (p =0.232)
Rosuvastatin -0.130 0.380 -0.013

(p =0.565) (p =0.081) (p =0.956)
Atorvastatin 0.187 0.625 0.161

(p =0.560) (p =0.030) (p =0.616)
Pitavastatin 0.782 -0.359 0.374

(p =0.066) (p =0.484) (p =0.465)
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Fig. 11. Correlation between CK Values and Scr in Patients Receiving Pravastatin (A),
Rosuvastatin (B), Atorvastatin (C) or Pitavastatin (D)
Each point represents the individual data.

28



300  (A) r=-0.817 300 r (B) r=10.380
=0.091 =0.081
250 @ ) 250 v )
2 ° o
5200 F S 00
=150 | =2 150 | o
lo
o N <%
Q100 | %0 C 100 F O 60Y o
o QOO O
50 B 50 B <><>
0 1 1 1 1 J 0 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100
¢GFR (mL/min/1.73m?) ¢GFR (mL/min/1.73m?)
300  (C) r=0.625 300 r (D) r=-0.359
=0.030 =0.484
250 F v ) 250 F v )
5200 r o ono -
S = ©
=150 F < = 150 |
N N> O <o
O100 | o © 100 f ©
& o
50 | o 50 | ©
O 1 1 1 1 J O 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100
eGFR (mL/min/1.73m2) ¢GFR (mL/min/1.73m?)

Fig. 12. Correlation between CK Values and eGFR in Patients Receiving Pravastatin
(A), Rosuvastatin (B), Atorvastatin (C) or Pitavastatin (D)
Each point represents the individual data.

29



300

250

CK (IU/L)
v o a8
S S S S

()

300

250

CK (IU/L)
o o 9 S
S =] S S

)

Fig. 13. Correlation between CK Values and BUN in Patients Receiving Pravastatin
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A B

AL F BRI K DR RE L, IPRED ERAMSSIE &L RO HEEREY

FEWERH CHD. O TINRAZF U thd E LT, AT L RIEOIMGEF ) HHE
HAE BN T & 2 ITHIREN ~DFATIZIL, OATP1B1 <X° OATP1B3, OATP2B1 73
B LTn5d. O ETHLELRLIEEIIC, BHEETRICAZ T UREILD
FESUHRIRIED U A7 INEE D Z EIZOWT IF 72 ETHEEMEA R STV D2,
ERERBAK T DR & BB RMEIE DFELY A 7 ORIRIZOWTIHIZ & A ERdtE
TV E7o, BEHRAEEIC LV B RBOBIASMICEZ 5 2 & bAbi
TWn5s, ¢

BRI RMEEOZWNE, g CKEOZE (EF) R IA4A 7 r e VROBE 2
L LCiThhd. & 2 CARETIE, CKAE & B REMR Al & OFBIM: 2 Mt L7z,
ZORER, BRIGEE 45 4 Tl LT 6, KIEER 2 7R3 ARFARE & IR
AL TV RIERABEC T TRl L72356, &2 WIES A X T SRR T
TRHli L7 b 0D, BHEEEDIK TS CK Z EH-I85 &0 5 A E 2B X A
ZEITE o

WBETIL CKABAS, Bk 221 TUL LA, ZebE 171 TU/L BLEZ ST E LTW 5728,
45 ZOFNBBED I B ZOEEABZ TWZDIE 1 ZOHTHY, KEBHyINE
EDOFPHNIZH > 7= (Fig. 9).

AR T RIKFHEME BB E D CK EF-C— @O AR HELT 5 2 &
X -o T, BBRENRIET 5 Z LT Eh Thor L EnTnD. 9 %
EIZBIT2FE ® T, A¥F U RERAFIZBOTHRRIZ 2~7%TEZ Y,

K B EFM MK T ORBERIL 0.1%~1.0%E MEIN T\ 5. ARFHZSmL
TEHEE BRE R (2R W ClARF CK S L5 L7y DleinotzZ &) x5
FBE D) eGFR 723 66 mL/min/1.73 m? T 0 BHEREIN M BB DD 72 o 72 (Fig. 9)
TR EN, FHEMENE LN ST BRI TN D EB X L.

¥, T MVWRAZTF BN T CK Al & eGFR ORIICAH B2 IEOFHEEN K. 64
7= (Fig. 12C). Z OfERIE, BHEEENIEF 213 E CKEREm <L 725, T7b b
RMRIED U A7 BNEEDH Z 2R LTEY, ZSMEIIXRIT WD, ZORIE20D
TIFA BRI L TR 2 0ERH 5 & Bbinb.
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F2E AXTFUREIRHAEIZBIT 5 CKAE & iy 4 IS EE ORI B9 5
et
B S

EREREIR TIRFIC R & T R3EIT K DB RMRIE DS 2 0 o3 < 2D Z 21T,
A ZF o FREOMAPRED EADEHEICEHE LTS, ZoMHRE EFOEK D
— DL LT, AXF U RIEOIFI ARG T D b T v AR—4—"Td % OATPs
DOISEEIR T AE 2 6N 5. BRI TR D OATPs OFEREIL FIZ>W I, in vitro
DIFZEN BARPNICEFET D UTs 12 & 5 OATPs OEFE) 72 [ ¢ <2 OATPs DFEHL
i 9 722 LD invitro DRFFED HHEE STV DD, BERAZRBREEIXIZ L A E1Tb
/A QAYASAY

IS 1%, ESRD BHEDOERNIZE BERM LTV UTs O—2Th D, O EHIL, H1
A 1 BT W TG IS RSB HEREMR A CTd 5 Ser X° eGFR, BUN & A&
ICHEEEG 5 Z L AR L7 (Figs. 2, 3 & 4) 7%, %65 2 #0551 3= ClLBHEREIR TS
TRVWIEERFIERFEN TR E oo QN zizh, A X T VR BRE BT
% CK fii & BEHRe A & OEBIEICBI T D Mat &2 +211T 9 2 &N TE e
7. & ZTARETIE, WTARILRIFRPECABERIC A Z F U RIE (T T ANRL T,
DANAHEF L T MVRAZ T EHNRAETF o ONT ) ZIR~A LT
BET, RIEOHRLN 243 A4 %35 L LT, MiEF ISIREAZREL, CKEE D
FREAME 2R L7e. 7eds, BN & L CIEE 1 3 L RRRIS, AiEtER 2 F o R

(FITNAZF U BLOR ANRZF ) IRIBE L IREPEAR 2 F L3R4 (77 Fbos
ABZF B LR E AR F ) R CTOL#EE, £ A5 F 2 R3ERAEICE T
D ZAT o7z, S HIT, MREE DOBEHKREN CKD 27— Gl, G2, G3a, G3b,
G4 [ZHE-> T2 &b, CKD A7 —Y 2 LICBIT5H CK A L& Mg 1S JEE &
DOFEBPEIZ SN T HE b TRET L7,

2 EERTE

F 1 AZF SRR S O MR OB
WFARILRIRGEIZ AR T, AZF URIEZIRA L TWDEBEITK LT, e

DU S T2 LEEZ VTR DO EF & EAFRO BRI OV THIZATV, [
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DFLNTBEERGE Lz, B S m% Table 7 1R 3 . ABEB LR ik 2
BB ERIBRME (22 8y ZCI-D, fEILREK T3EKSH) (B, mi
THE (1,600g, 577, FEiR) U CHLIEEI 2157, BUBHIE &R £ T-30°C |2 THRAF
L7z, 7eds, AR, EREAFIOWT A CRRPHREEE B2 OEGRKR 0Kk
RF39) 15T, WTHARILERBEREARAER O ¥ > 7, FLIRERIRE A %
— RS OWH ) DO T IS L.

tl\

Table 7. Main Demographic and Clinical Characteristics

of the Study Population
Number 243
Age (years) 78.6 £ 0.7 (24-99)
Male/Female 71/172
Scr (mg/dL) 0.92 £0.02 (0.41-3.34)
eGFR (mL/min/ 1.73 m) 56.5 £ 1.4 (12.9-160)
BUN (mg/dL) 20.1 +£0.7 (4.7-104.6)
CK (IU/L) 73.9 +3.9 (12-364)

Data represents the mean + S.E. with range in parentheses.

F2IH Mg IS IREDE &
IS OFERITH 1EF 55 1 5 55 2 8 55 3 TEICHEIL L 72,

FI3HE  RAREEORAE
Alalktge b Ip o 7- BBE OFER, Scr, eGFR BLONBUN IZBEE /LT L VR L
7-.

54T fEHALEE

St OIMIER IS JEEE L, Scr, eGFR 33 X ONBUN & OFHEMEOMENE, &1 5
HE B2 S HICHEILL 7=,
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N
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3
1

B B
|

/‘D%
AL F 2RI BT T D BRERER A & Mg 1S ¥R O FH B
243 2 DAL F AR BB R A ILiET IS 2 & Scr, eGFR B X

Y BUN & OFHEIME A MRS L7z, SO - MBI E » 13X, 1S vs. Ser T 0.389 (p <
0.001), IS vs. eGFR T-0.363 (p <0.001), IS vs. BUN T 0.506 (p <0.001) TV, %

1¥0265 1 BT O

FF & RIERIS, MyfH IS JREE & Scr 38 KL TUYBUN ORIZIFAERIED

FABEZS, — T MIET ISTREE & eGFR & OMIZITAEZRAOHEN KO- (Fig. 14).
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Fig. 14. Correlation between Serum IS Levels and Scr (A), eGFR (B) or BUN (C)
Each point represents the individual data of 243 patients.



F2H AXTURERABEIZRIT D CK il & iEH IS IR & OFHBINE

RIZ CK fE & g 1S JRE & O OFEEIRE r ZHH LI2E 2 A, -0.081 (p =
0.206) TH Y, AELFEITED b -o7- (Fig 15). 728, 243 4 DORIGHEE
DN, CKEZNBME 221 TULL LIE, 4ot 171 TUL LA EDOEETH - - BE T 11 4
ThoTlz.

40 r=-0.081
35 | (»p =0.2006)

— (@)

§3O - ©

= 25

>

= 20

(£15

E

5 10 2o & o

wn (@)
5 90 @ o ©
0 OQQ |8 (S) 1 ﬁo ]
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Fig. 15. Correlation between Serum IS Levels and CK Values
Each point represents the individual data of 243 patients.

F3IH KR 2T RIERAEE L BRI A 2 F R FERMFEC 1T 5 CK E
& MIE IS R & OFEEIM: D bk

RIZ, BEZKEWEAZF LRI (FTRAZF U BLO0 ARAXF L) £
FHRIATE A Z T2 RIE (T MANRAZTF U BIOE X ARAX T V) [RABECHHEL,
FERAEREO CK AL L MIET IS IR DML G L. ZORE, KPR 2 F
VR AR I D FEIBIREL # 13-0.033 (p = 0.709), ARVANEA & F L R IEAR AL
2R HFHEIREIE-0.108 (p=0.247) TH Y, WTNORARECB N THLAEEM
D BV o Tz (Fig. 16).

2%, Fig. 15 TRSNTWZ CKENX A TH - 7oL, KEMER 2 F R
ARAEE 127 249 1 4 (0.8%), HRIEMEA & T L RIERARE 116 47 10 4 (8.6%) T
BY, o BEIZ LV AREMER 2 F o RIERAFEZZ N2 L 2VR S 172 (p = 0.003)
(Fig. 16).
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Fig. 16. Correlation between Serum IS Levels and CK Values
A : Hydrophilic statin (n = 127), B : Lipophilic statin (n = 116).
Each point represents the individual data.
FATH HAXTFURIERARECET D CK A & fiE 1S SR & ORI ik

S HIZ, CKAE & M+ 1S JREE & ORI A4 A 2 F L SRR A RE CEbl: U 7o 4G
XK, BONTHEBRE r 1377 X2 Z FURMBET-0314 (p = 0.080), @ A/NNRH
F IR T-0.010 (p=0.926), 7 hARZZF U ARAEET-0.125 (p=0.224), B4
NAZFUIRARET 0152 (p=0.522) ThHoTo. WIT D AZ F U RIERATECE
WTHARRFEENIRD bivie o7z (Fig 17).

7%, Fig. 16 DIREMEA 2 F L RIERMIETL < A b Tz, CKAEDEE T
HoT-BEL, TITNRRXFURARE 32 4% 0 4 (0%), © ANZREF UARFARE
5 4F 14 (1.1%), 7 "AARZRZFURHRE 96 44 8 4 (83%), B X/ NAXF
VIRARE20 41 244 (10.0%) THY, PRREICLY a AR ZF U RARE &I
B LT AR AZF URRABEC (p=0.018), IFNCr ARAXFUARFABRE LT
B LB A ANAHXF UARARE (p=0.023) |2 CKEEERINZ N2 EDVRENT.
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Fig. 17. Correlation between Serum IS Levels and CK Values
A : pravastatin (n = 32), B : rosuvastatin (n = 95), C : atorvastatin (n = 96),
D : pitavastatin (n = 20).
Each point represents the individual data of patients in each group.

HS5IH 4 CKD A7 — IR 5D CK A & migH IS 1A OFHEIM:

243 4, ORISR EE % BHEREDIRFEN D G1 705 G4 £ T 5 B CKD AT —
2T, FAT—UICBIT D CKAE L yET IS IRE & OFBEIMEAREFI L. 55
- FHEIRE # 1E, G1 T0.182 (p = 0.533), G2 T-0.063 (p = 0.576), G3a T-0.142
(p =0.215), G3b T-0.051 (p=0.725), G4 T0.517 (p<0.028) TH Y, CKD AT —

P G4 IZBWTHERIEOMHBENZE® bivlz (Fig. 18).
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Fig. 18. Correlation between Serum IS Levels and CK Values among Five CKD Stages

A:Gl (n=14),B: G2 (n=281),C:G3a(n="78), D : G3b (n=50),
E : G4 (n=18).
Each point represents the individual data of subjects in each group.
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A B
ARETIE, BEREOEK TS o T REN ER35 IS 28, AZTF U RIEITK

D RERUHRIRIED U A 7 % b 2 BRINZ 722 2 B0 & B B DN T 2 72 DI, BT

FAIEOFRIE L S5 CK il & Mg IS JREE OB 2 it L7,

£7, AREHCR T D XGREE O MIGET 1S JREE & BHEREM A OFH BIM: 2 s
L7, Mg IS RT3 B b Ser & BUN & OICHEZRIEDOFB %,
F£72 eGFR & OIZITAERADOHBEZ R~ Z &£ 2vr Sz (Fig 14). Zivh Ofh
FiL, BRI N T DI IIER ISIREN B35, 372bb IS BMENICE
T 2L VWOH 1 HE | EOFBREIMT LD TH o7,

ZOZ LEEE R, CKAEE MG IS IREEOEBMEZ, O2xfREAE 243 4 T,
QKIAEMEA & F o RIRARFARE & NERME A 2 F L RIEARFARER C, @F% A & F L R3
ARFABERT CRHI L 7=, ZORE, B2 AR EF o OH4 (Fig 17D) ZkE, Wi
HADMHE, T72DHIMIET IS IRENE < 2512270 T CK EMEEZ /=T &\
IEEEMEDIRER & 72572 (Figs. 15, 16 & 17).

Fig. 15~17 OMEITIE, CKD 27— Gl~G4 DIBEEZZTHZ L —HEL
TRV, £ 2 TRIC, AT —VIC CK & fiE T IS JEE ORI %
Bt L7z, T ofER, Fig 181273 X 912, GI, G2, G3a, G3b D% CKD AT —
UTIIMBRENE LN o720, CKD A7 —Y G4 TIEAERIEOMBENE G
7= (Fig. 18E). Invitro DHFFET IS 7% OATPs # HELESTH 2 L, 5V T OATPs
DRBIEZHIT S Z ENME SN TND. %9 KREFTIEAR Z F 2R3 i i
FEZIE L TWRWDS, T OJATHEICEA X, Z OfEERIL OATPs IZXT 5%
IS OIERIC L D A &2 T RO FFIE A~ DT JAZDPATE S T2 5 DIk
DSEAE L, 3 hSRRAUTH RRIE OFE & 72 5 CK ED_EFAZE NS - 7= "l RetE 2 Rig
L7z, 7272, ABETIE CKD 27— G4 [T T AR BELRNREH TH - 72
Z b, oo CKD 27— P CRERZRFE RGO o TeE R 2 5, Hrd
BREBHLETH 5.

2

)
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B3E T v MBI DT I NRETF L ORFEECHT 5 IS BL Y7 m 2K Y
> DI ER RO L

=1

il

%1 HT A

A HET in vitro OWFFEIZEBWT IS &3 & Ox AR RS T
7o, IS IXB R R i BRI AFAET 5 OAT1 <° OAT3 Z T L CIRAIE 43
WEZTDHZEND, ZOWRRIZBWCHEA O7 =4 Y EMAERSEZ 5
AHEMERN R SN TV D, £ D—J5 T, Fujita 7 1, OATPs # 3B SH7- b A
R A SR AR 293 (human embryonic kidney cell, HEK)293 [ZBWTCIS A U /7
B DFEHARE TH D T-=FL-10-8 R b7 b7 2 (SN-38) DY A
BEEHEREL-ZE2HRE L TWD. F72, Katsube ©H 7V X OATPs 2388l =&
72 HEK293 (2B T IS I, REERAFAC SN-38 DLV AL Z ) S 7= L i L
TW5%.

CKD A& IR OERIZAEVR A A OHEZ P 2. BRALEE OifRI& O
FEWZBE3 2 JHA I, B IESE 55.2%, &I 22.7%, FERP 22.9%, 58 B EE 13.7%
L ENnT. T Lo C, EEE CKD BAEIIEM S RA 20 L T 58|
BRENT EDEZ HALD. OATPs S R S AU TR, 2 ORIz
WTEL DIFFENR 72 S, Fix DT =4 U MESEM N OATPs DFEE L7205 Z L3t
\Z invitro DAFZE T RINNTE 7=, LTINS T, invitro DFEERIZIIT 5 1S OFHES
R invivo LoyL, 37205 CKD BE OERNTEDOREFBLSND A2 HIZ
T 5 Z LUK EREEBE R EW A RO, £72, ISIL OATPs DFEELAZ X 7 L
2 b— T2 EERTRBELMESN TV, O 2z ic, BERNTITER
72 OATP PHEZNR & BBIHIOWTNPIEEMICE Z 202252 L b,
CKD & ZBT LN 72 b A et 9% L THETH 5.

F2 5055 2 BT, IS 25T OATPs ORai&EMEIZ 5B 4 KT T MENNTONWT, A
H2F AT HBED CK & OMBEWEDBLEN LG Lz, L L2Rs
5, CKD 27— G4 OHBEERETHIET IS JRE & CK i & ORICH E 72 HEE 2 A
AT DD, IS D OATPs [Zx1 4 5 B2 AMEIZIT TE o7, £ THIH
T, Ty MTIS L7 INRREF U aifllkNE L, 7T 22 F o)k
72 5 ONC RV H IR E) 2 Rl 5 = & T, IS 12K D OATPs OE 2972 B E 2 H

® A
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DEMEEGEFITH L L L. 7o, D7 DIZ, OATPs Z[HET A2 LN T
WA >TEBY, BPIF LT I RARZF o L OMBE/ERANRHT ST
% P CyA Z RV, RO 21T - 72,

H2E EBRIE
1 RS I KON
ARETHTATHWTZEMIILL TOWEY ThbH.
TINALZFF MU T LK) (Sigma-Aldrich Co., St. Louis, MO, USA)
T a AR Y KT (FOGHZEETEE, KBk)
I OEERE Fig. 19 137, ZOMORIES LUV, 3~ Tk
RIS A .

Pravastatin Sodium Ciclosporine A

Fig. 19. Chemical Structures of Drugs Used in This Study

F2H Ty hDTTNREZTF LIS OFFIRNEE:
(1) EEREw

FEEREMI I Sprague-Dawley RHEMET ~ & (200~650 g, &~7 R—, FLi%) % H
W, B ERITAEEER K FEW IRt X —OER A, AREER KT
) FERUEIIE > THT o 72,
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() FWEEE O

TINRALFANIRY) ZF L) a—L 400 EABBERD 1 : 1 IR
L, IWREZ I mm & L7z, IS I3AEBEERIC TR L, JREE 11.5 mMm £7213 60
mM & L7z, CyA (3% / — /L EAPRRIEIR O 1: 1 IR L, REIE 10 mg/mL
L7

(3) G-I

T M IS~1I8REIRE R L7214, v hoSve ¥ — v R U U A& RN
(40mg/kg) 52 LITRXVEREEL, MEREICEE Lz, ISOHME IR I3k
%23 umolkg 7213120 umolkg & L, T/LEL Y ¥ (FEL mL, $91 226G x
1/27) ZFAWCSHIR L 0 &5 Lz, ISOFREERTR L OW5E4%2, 5, 10, 20, 30,
60, 90, 1207 1ZISKEG-%4T > TWRWMAIDSHFIIR K D~V o R U oL (BRoOsE~
7=, HUR) TUEL L= ) P& AVT04mL 9 ORGL L7z. BRE L 72 M 30z O
7B (5,400 g, 1557, 5°C) L CISEE 3 21572, 15 O/ i3 &R £ T-30°C
TRAFE LTz, 1550072 MAES0 ull S AR RS0 ulds JTOVA & 7 —/1200 uL % I %
THICHRE, KRG T TL0 ik E L sl (5,400g, 1057, 5°C) L, f51
7o R OISIREE 2 HIE L.

IS LT TNRAEZFUERIL CyA ETTRAETF o OHFHFERTIE, IS 72X
CyA 7T N AL F B GEANCHFIRE VIG- Llc. 7724 F O 58132
umol/kg, 1S D¥E-E: X 23 umol/kg F7213 120 umol/kg, CyA D¥H &It MBI
LR EZ I 5Smgkg & U7, MBS, BRI RIS E R - CRIE L 7=
%, FICRY =F Lo F 2—7 (id.: 028 mm, Becton Dickinson, NJ, USA) %
AL, TINRAXTF U EEH 120 53 F T30 oM@ I L7z, RHF&EEFT D >
DaEAWTHRIE U7z, BREC L 72AE 20 ul (ZABAE/K980 ul 2 Nz TR L=, 50
uL ZH Y BRI S0 ul & A B —/b % 100 ul I THAIHE#RE, KB T T
10 J3 i Lol (5,400, 1047, 5°C) L, foiiz RGO T I 2% F
EEZRIE L.
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%53 MAET IS IREOHIE

IS DFERIT4A T HPLC-UV IEIZTITVY, O % Table 8 12/ L7z, 723,
MEHRD T 7 7 =0 OFWEPERT 2720, F 1, H 1%, FIWIRL
T Em TEE L.

Table 8. HPLC Conditions for IS Assay

Apparatus
Detector

Injection volume
Column

Column temperature
Wave length

Mobile phase

Flow rate

Retention time

Shimadzu LC-10ATyp (Shimadzu, Kyoto, Japan)
Shimadzu SPD-10Avp (Shimadzu, Kyoto, Japan)
40uL
Cosmosil 5C gAR- I
(5 um, 4.6 mmid. x 150 mm, Nacalai tesque Inc., Kyoto, Japan)
50°C
282 nm
0.05 M KH,PO,4 : CH;0H=9:1
1.0 mL/min
11 min

HATE MR ONCEHF T SR Z T PR OWE
TINRARZF L DERITAE T HPLC-UV IEIZ T T2 7=, OO 5% Table 9

(R LTz,
Table 9. HPLC Conditions for Pravastatin Assay
Apparatus Shimadzu LC-10AS (Shimadzu, Kyoto, Japan)
Detector Shimadzu SPD-10A (Shimadzu, Kyoto, Japan)
Injection volume 40 uL
Column Inertsil ODS-3 (5 ¢ m, 4.6 mm id. x 250 mm, GL Sciences Inc., Tokyo, Japan)
Column temperature  40°C
Wave length 238 nm
Mobile phase 2.5 mM CH;COONH; : CH;CN =7 :3
Flow rate 1.0 mL/min
Retention time 11 min

H5E AUCB IO Vi0EH
Yamaoka © 70 |2 o CTRAZ X7z, MHREMENT v 2 Z A MULTI % W C
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-2 R—=RET IV (Cp=A"+BPY IZ X2 4 TUIDEATV, FIHIMIEHIRE (Co)
R U7, 3B 5% 120 23 £ ToMmAEPHRE R dh#f T HEfE (AUCiy, 0-120) (3
BIGEICE VR L, A (Vo) 13REGELE Col OFIC IR L.

956 TH ualaLEt
i R T E 71T + ARHERZE (mean+S.E.) T/RLUTZ. 72k, AEAEMR

JETX Student's #-test F 721 Dunnett #REIZTITVY, p<005%2 Lo THEEDD &
L7z,
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1 IS BARNE 5% O i R L HERS

FIIS 27 v MIEMTHEFFIRNE S L, £ O REHER 2 3:m L 7z
(Fig. 20). 23 umol/kg % G-HEIZIIT D Cold 190.87 £7.40 uM, #5574 120 43 (Ciz0)
TOMBEFPREEIL 20.74 £ 3.65 uM T o 72. —F, 120 umolkg % 5REZIIT 5
Co 1% 630.40 = 80.83 uM, Cix I 107.26 £ 19.08 uM T > 7.

i G- @O MIIT T N CORERMICIB W THEENRD bk,

750

s
3
E 500
7))
|
<
g 250
=
-

0

0 30 60 90 120
Time (min)

Fig. 20. Plasma Concentrations versus Time Profiles of IS after Intravenous
Administration to Rats
Each point represents the mean with S.E. of 3-4 experiments.
*p<0.05, ¥ p<0.01, ¥** p <0.001, significantly different from 23 gmol/kg IS.
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F2H TINRNAZTF U OMBEPREHRIT ST D IS O

TIRARF BB ETZIL IS FHATT v MR G- L7254 o g
JEHERS % Fig. 2112, AUCiy, 0-120 3 & T8 Va % Table 10 (2R L 72,

TINAZF oGRS T v MEIZBIT S Cold 5.02 £ 0.80 uM, Cizo
13 0.13£0.07uMm ThH o7z,

—7J7, 23umol/kg @ IS PFAREZISIT D ColX 7.27+£3.75uM, Cizo 1L 0.04+£0.02 uM
Tho7-. F£7z, 120pumolkg D IS PFHFEZISIT D Cold 4.96+0.19 M, Cio L 0.07
+£0.04uM TH o7z,

TIRALF LIS PTHOFIZEE D 5T, BG4 30 4y F Cla g 25 K
SIHRL, 60 URRMAERICIZE A ERRi S e < 2 o7 (Fig. 21). 1S DFFRF
2B DT T RALZF D AUCiy, 0120 1L, 23 umol/kg HFFARE CHMPEE ERED 65.1%,
120 umol/kg GFFARETHAMIZHRFD 64.8%F Tl L=, AEEITRO LT,
Va \ZI3 A B 7228 E A L7273 - 7= (Table 10).
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8 [ —8— Pravastatin alone
—a— with IS (23 umol/kg)

6 —8- with IS (120 umol/kg)

Plasma pravastin level (#M)
N

0 30 60 90 120
Time (min)

Fig. 21. Plasma Concentrations versus Time Profiles of Pravastatin after Intravenous
Administration to Rats with or without IS
Each point represents the mean + S.E. (pravastatin alone : n =4, with IS : n = 3).

Table 10. Pharmacokinetic Parameters of Pravastatin after
Intravenous Administration to Rats with or without IS

AUCiy 0-120 Va

(¢ mol* min/L) (Lkg)
Pravastatin alone 79.9+£25.9 0.42 +0.05
with IS (23 pmolkg ) 520+ 1.6 0.43+0.15
with IS (120 umolkg ) 51.8+ 5.0 0.41 £0.02

Each data represents the mean = S.E. (pravastatin alone : n =4, with IS : n=3).
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FIE T INRZTF ORI D 1S DA

T TNABF o F Ty MR 5% O BAFERRY P2 4 Fig. 22 |2 LTz,
T INAETF B GRE, 30 S3thds KON 120 3412351 2 SRR Th R R
TNENHREGED 49.7+£3.4%, 55.4+4.8% T ->7=. 23 umolkg F7=1F 120 umol/kg
D IS ZOFH L7cadt, #54 30 /71281 5 BRI ITEE 4 51.5 £ 2.0%,
482+2.0%TH Y, ISPHIZ L DAEREMITRD NN T,

O Paravastatin alone

= S0 O with IS (23 umol/kg)
= @ withIS (120 umol/kg)
Rt
&
»

—~ 60 | |
-3 11t 1 o
x Hhe T [T [ e
= ! t
= ©
2 2 40T
E Nt
=
E 2t
@)

0
30 60 90 120
Time (min)

Fig. 22. Cumulative Biliary Excretion of Pravastatin after Intravenous Administration

to Rats with or without IS
Each column represents the mean or mean + S.E. (pravastatin alone : n =4, with

IS : n=3).
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FAW TINRZTFOMBEPREHRBITST D CyA D%

T TN L F BB 5REE LU CyA DFHRRIZ 31T 2 AR EEHER 4 Fig. 23
IZ, AUCiy, 0120 8 £ OY Vg % Table 11 1278 L7

CyA JFHHREEICEIT D Cold 479+ 1.52 uM, CialE 023 £0.05uM T o7z,

CyA R LIZ5E, 7732 % F D AUCiy, 120 1, BEMIEEREIZHERT
92.3%E THRUD L7es, AEZAITFED bR oTc. —7, Vald 22 5128 L 7-.

15 —{J-Pravastatin alone
2 —@-with CyA
3
=
210
B
=
S
=
S s
[+
£
E *
=

0 —B —=.='
0 30 60 90 120

Time (min)

Fig. 23. Plasma Concentration versus Time Profiles of Pravastatin after Intravenous
Administration to Rats with or without CyA
Each point represents the mean + S.E. (pravastatin alone : n = 8, with CyA : n=4).
*p < 0.05, significantly different from pravastatin alone.

Table 11. Pharmacokinetic Parameters of Pravastatin after Intravenous
Administration to Rats with or without CyA

AUC, y 0-120 Va

(¢ mol*min/L) (Lkg)
Pravastatin alone 81.92 +4.71 0.27 +£0.04
with CyA 75.62 +£5.76 0.59+0.20

Each data represents the mean + S.E. (pravastatin alone : n =8, with CyA:n=4).
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FS5H T INZXZF ORI D CyA DR

7T NALF BB R L O CyA OFHIRHC 31T D1 5-4% 120 43 £ TORME
By PR % Fig. 24 IR L7z, CyA %2 0FH L7234, #5130 o 2 2
PEMEF1T 30.6 £ 2.7%72° 5 13.8 + 3.8%~, #5404 120 4312351F 2 SAREHRM=1% 32.9
+3.1%0°5 16.7 £ 3.8% ~H B LT,

OPravastatin alone B with CyA
40 * % * *
] ]
= T | I
3= i I | i
o 30 Ii
S
S -
2 2
S8 20 |
23
510
=
=
=
Q
0
30 60 90 120
Time (min)

Fig. 24. Cumulative Biliary Excretion of Pravastatin after Intravenous Administration

to Rats with or without CyA
Each column represents the mean + S.E. (pravastatin alone : n = 8, with CyA : n=4).

*p< 0.05, significantly different from pravastatin alone.
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A B

YFFEEE CTLART,  ALIRE RN B e s O AR IR Z T B o Mg 1S I
FEARIE LTZBENIIW T, @HTRiiES 1S RO R Eds K O/ IMEIE 358.4
uM, 8.9 M T, FEJIMEF IS JEEEIEL 157.9 £ 19.9 uM ThH - 7=, 39 Zi & R,
Niwa 5 30 [ TBHTESE 80 4 O ME R IS IREZHIE L, BITANL Y 153.1 uM
TholobE L TnD. ERloWE Y T, MEKEITERIT 129.6 £ 77.5 uM
Th-oTe.

BITREICRBIT D NS OWEZIEC, T v boMmET IS B A ik ST fE
ERFREE (K9 150 uM) & T 572012, £ 1S OFHGEIZOW TR E A 72, IS
DOFe B % 23 umol/kg F 721% 120 umol/kg & U TERNE G- L 7= 556 O 21 ik
IS HEFEIX, HE#% 20 TENEN 190.9+7.4uM, 630.4+80.8uM, #514% 120 43T
20.7+3.7uM, 1072£19.1uM TH-7=. 120 umol/kg B HHEIL 120 /3% TH IS 03
TR THEFF SN T2 &5, IS % 120 umol/kg T 59 % & MEEHT R O 1L
W CHELL LR RBIC e B EHEER Stz £ 72, 23 umolkg FEREIZEIT B 120 4
% OFHNME T IS JEEEIE, 515 1 T H CKD AT — G4 FEO )i
HIS PR 15.4+£23uM EIFIFEREECTH 72, L7zdi > C, 23 umol/kg BED IMTEH IS
BREEE, BIPEARTERE OMIGH IS IR L FERIT 5 LS.

IS IZ OAT |2 X W JRHAE W EZT D Z 2D, ) ZOBRICBWTT =41k
o EMBERZSI &R 9. 1P £72, MRP2 X° OATPs (Zxf3 2 BLEIEH & #E
INTND. ® ZDOXIITISIL, el b T U AR—F—%4r LI 3EMHEAEH
| ITRREMN S D3, in vivo \IZBIT A AEERAOHREFIZTZNE TH2RL,
Y DOIRNENREIZ T2 IS DB O W TIIARIRR AN E. £ 2 TAETIS,
TINAZF oA IS LT T v MCHEFEIRNE G- L, 771322 F Ok
IR EHER 36 K OB R R B O ZEKIZ DUV TRRGET L 72,

BiR b, IR 2F ATROMICE G SN D0, SRIOMETTT v MIEME:
RN 2% &, Fehitk 30 43 £ TITmSER 6 KRR L, 60 4y AR MmAE
IZIXE & A R &N o 7= (Fig 21). —J5, s T4 30 4 T 5
EOK S0% NP S T 00 5T, 30 LR OfEITIE L A EE(EET,
T I NAE T O L, EAB B I HIRTFERITIER LIz & Z 0K
TLzEEZLND (Fig 22).

51



INHDORERIZ, 7T NAEZF SR B TR AR D TP/ H Y A F
AVCHRHHICHE SND Z L 2R LTEBY, 7y MIBIT LT IR EZTF
DARNEIRE IR AEAET 2 Oatps =° Mrp2 NEBE AR D> TNDH Z & &2 B L
W% &% 2 b,

TINRAE T L IS OOFHEE, 7T N X F U O MR EE A B B R b
ANETFRAD T DA H Y, AUCiy, 0120 (FHIRILHRFIZEL~ 23 umol/kg O FHEE,
120 umol/kg FFAIRE L BT LTENAEZEDN 2L, £l Vil b AEREITIAD
A72iro72 (Table 10). F7z, IS OFHIE, 77 2% F > O RMEAH R R A
BRI v o7 (Fig.22). VRTSMEREICBNT, IR ZF O
TNT I URERICHT D IS ORI HOWTCIRAABIEC L VBRI LI 25, 7
TNRALF L OFREGEPFEIR T T2 2 2R L. 39 ZomAEEZ D
&, Fig. 21 OFERITIS OPFRICE > TTINRAREF L DH R T FEERMET L
TR L, 25 OERBMEES N2 Z & 2 KT 2 B2 b, &
=, 120 umol/’kg @ IS JFFRFIZ T T A X F L DI FRE O _EFH 70 & OV RV R HE
MO VRO LN oT2Z Lnb, T hA~OHEEEFRZ IS 28 Oatps X°
Mrp2 % RS2 AlHEMEIAR U &l S 7.

CyA IE, I SCEIZ b REND K D18, < DFY) & O THAER ]G S
TW5. ZhiE, CyA HEW CYP3A4 ODEETH S Z LITMZ T, CYP3A4 H5
WX PEX N EERILET OMEEA AT 52 L, PP I 5(T1% OATPIBI,
OATP1B3, MRP2, BCRP OHEANZG V50 Z LR EITERT S, —KIZT T
INAR T T BN A 72 0 L B STV D8, 8 U ScE
E CyA LIFPFHEETHD. WEME COMEEHOBKFE LT, CyA I2X5
OATP1B1 <° OATPIB3 OFHEN STV D. M :@‘%i&a:%zci‘, PN
IZBWT Ty M I RREF b CyA 285 LTEGEIL, IR ZF U ONF
JIVTZAMEF L, MARED AN Z D Z ENTHRISZ. L LR,
Fig. 23 \ORENT= X 91Z, CyA RS T A2 F o OIMSETREN EH3 5
EWVIOFERIIE LN Do T,

LIATYAF2E5EC, OATPIB1, OATPIB3 [Z78ik S AL CHFMIfENICHEE S D Z &
DHLMN SN TWAHI a7 = /) —/)ViEJ /7 v = K{K (mycophenolic acid
glucuronide, MPAG) ™ O IMAEHIREHERS 35 L OBy Rt 82 kt4 5 CyA D
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B, KiggtERl—0 CyA &G ETHM L& 2 A, CyA OFFHIZ L Y MPAG @
MAEFIRE GBI L, I RPN GBI T 5 2 2 A L. 8 &
UL, MPAG @ OATP1BI1, OATPIB3 |Z X D AFHL Y iA#A DY CyA |2 K » TRHES I,
AR R S K& KW LT e E 2 Dhve. ZOfRICE S &,
CyA % OATP1BI <° OATPIB3 Z[HE L TWA N, ZOWENT T ANAXF 20
BNIpnot=Z L7, ZOBERICOWTIIE RSB NNETH 50, B
TIXT T /32X F 25 OATPIB1 X° OATPIB3 (LT CyA IZ L AP EEZITICL
UNOATP2BI 12 L » TR E < IFHIIRPNICIRIE SN TVWD Z 2R+ H L EZ 5
Uiz, CyA IIHFRERAEIIE o> MRP2 ZFHES 25 Z & 205, Fig 24 OFERIZZ O
FIZRB ERARTZENTED. 2720, CyA 20 iR LKET 52 & Tha iz
OATP2B1 12k BBHENENRE VD, CyA & 7T NRAFF N K HFEAER D
R AR S NS TRk ST b,
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i

KD SELNTZMREZLLFICE D 5.

FEBEREAR T2 3610 2 i IS JREE & B BEREMR A (E & OFRRIMEIC DUV T

1 R RARAEIC /e D & fiEH IS IRENIEEIC LT 5.

2. MiEH IS J2FE L Scr, eGFR 3 LT BUN & OBICHIVARN S & A B A2 FHRI R
HHITZZ LD, MIET IS D FRITEREREIR T & BRI BT 5.

PRI T IC31T 2 FREIHEREIR T & iy IS JRAE & OFHEIMEIZ DV T

1. FEFREERE CILMLIE T IS #2FE & eGFR & ORI BAF A B OFBEESR MG b
DI LT, A TR 2 ooz,

2. PREMERECIXREHID CKD 27—V BIfigH IS BED FHNE & 5 & Tl S
NDHOT, EE g IS J#E%4 CKD ORI TcE=XV 7L, &fiz
R R O 725 & BT D NERD D .

A Z2F L FRFAR AT BT 5 CK i & B A E & OFRBIVEIC OV T
BHSREIC T IZ L D UTs NERE L, 210 OATPs [IZIERT 2 Z Ltk A x T

FRIEDIMAPREED B L, ZAUT X0 FABEBERIER 285BI L T CK 2 BT %

EARE LB R A & OFRIME A RN L7223, AEMEITRWEERh o T,

AL T RFPRHBAN 1T 5 CK & Miiif IS #/ & OFBIEIZ OV T

CKD A7 =3 G4 BEZEWT, CK fif & i 1S JREE & ORI IEOMBI M
N2 Lnh, BRREAEL L TigT IS IRED ER-T 88T, 24 FRHK
(C X DREIWERFEHD Y 22 D3 E 2 rIReiAvR Shiz.

77 3NAZF L DL HERE & ARy P HEEREN I X9 IS & CyA DT HOUNT

1. HEEG-Sn7 1S 1%, AT Oatps 12K D7 TR HFF U OIFELY A= T2 5N
Mrp2 IZ LD 7T 82 F o DR HhHEIE 2 BHE L7V,

2. CyA 1%, HEHEE-TIIAF OATPs 240 L7 7T A X F L OFFRLY A2 %
B 29, MRP2IZxF L X0 O HEEM 2R Uit 2 fHE 2.
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Faa 2 DI2H720, AR L CRAAIREIZR 2 ZHE JHifE2 0 £ L7k
B ERR TR PGS A IOR ARG 80RO K 0 RS2 LE T
KX DFEEEL LCIFEEGY, FI-REROBOERE L L TIEEZHY L
LB R KPR TERE /IRt BAZ I AL L B E T

Fio, BIEE LTRMX O ZHEZ Y £ Ui ALiE KRG TR
FATER N, IHEER R PR PR ER R mIBo=I O L 0 &2 L
F9

AHFFEEZATT DICH T, KIEAWRRTIRESEEZBY, Bl LTI%EE
#0850 £ LI bmE ER R TR FBEE P 0R /N B B R & -
LET.

AWGEZ BT DICHTZ 0, ¥IGA L/ TS g 200 £ L dbiEiEER K
FRPGEATER A BB IR SEHh N T2 L E T

AWFEDOEMEC DT, #AEAIER Z3AREZIH Y, Fix ORGFHT ZWH VW7o x
FLEEHEASEMT L, KRS A7, RGBT HIOREH N LET.
AWFFEDOEM DT, BIGFWIe T3, Tz niciesE L, FLIRERR
At v 2 — RS O ERRI TR O - L E T

AWFEOEMEC DT, I T3, Sz nwiciZsE L, Wias
B2 Ey e EARTHAENAZII D, AH v 7 OEFRICEEG - L ET.
AWFEORMEC DT, BIEFW T3, Sz nieiZsE L, WIias
TEEFmpEER  mERLAEZII U, BRRER = ERK AT LT 56
RRAER OB, FAREE KB, RE e KRR, ®EFINKIC3SE
JEHNZ L ET.
AWFROFERIZHT= 0, BPWIZEZIH Y F Lo AbREE & EA AR
RHEZEEAZII D, B, FHEOERRICEES - LET
AHFZEITER L, $AB K72 D T ) EBE W XA 0 £ U= dbihE ER R
FEFE AR CRAIY) OFRRICES# - LET.
AWFFEDFERN DTV, IEAIE72 THE, WIS ZI5Y £ L7 HEL T
BRI B2 LR
SF2H3 A

AR FAT

o
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