W)k VB T P E O ANA A~ — I — IR
ESiERRaYyiEv

Biomarker exploration for drug-induced

skeletal muscle disorders

20194 2 H

FRAT R Rt BRIE AR
BRE R AR
BR = SR
DV1502 R#k  AFEHR



HRNOBWER O—>Th 2B ML, BRE O PR O BT B AEE £ ClEA < 2
DD, B RARIE XML D RN & 5 Z L 026 | BiIR S 5 WILEIE S BRI O#]
B D b EEGEEO RIRIENEE CH L, 7 LT FrFF—E8 (CK) LT ARTF
7/ b7 A7 27— (AST) &, BRHEE~—I—L LTHERNGIK b
TS5, CK BEWAST (ZEMTH EHIT 5, XX F 2 ThD atorvastatin Tl G-
(BT RR I X 2 B EELH D VIR ORAEME L BBE LRV CK LFA5 AT

D% R LORREDIER S NEM SN TR Y . CK LY SR JORRIEOEN T8

T

IRk E ~ — I — R S LTV 5, Skeletal muscle troponin I (sTnl) . myosin light chain
3 (Myl3). 3 X O fatty acid-binding protein 3 (FABP3) L#Hl B ffEE~—H—& LT CK

EPFETHEMT 2 2 ENHER SN TV D23, 26 DR D 7S ORI EE A BB RE D i

it

BT D LV TZREDHE SN TS, RBFFETIE, EAID 5 WIMEFEWE THA R

LTy FOFEKGREIOCMIED A 2 R0 X7 Z2EfF 2170 1RO B FEE

T
I

2

A F = I =KV EEREO~—I—%2 AL, TOAFMAMEEZFHMET S22 L2 L LT,

F1E AZRn I 7 AT O TSR R AR PR E OB A A~ — I — DR

RETIE, BEMIEE ORI A~ — I — xRS 2 L2 B/, B R4



7> (CER) & %\ i tetramethyl-p-phenylenediamine (TMPD) % % 5- L CH ¥ kS & 755

L7277y hEHWTA XA I 7 A %17 -7, CER (0 & 5T 40 ppm, {REFES) &

HUWE TMPD (0 & 5N 9 mg/kg, HEIRR D #E) % 9 WO RENE Fischer 344 (F344) 7

v MCEEG U TER RS 2355 L, i CK AIE S X OVE# ) Ok BRI MEHTIZ & 0

B2 & &S, B ORBER) & Z Uiz >nT, RREREY £

WFERICHE ST D A XA v I 7 AT 2170, CER B KON TMPD REOF#f5 F5 L O A

WG LTI L 72 & 7=, CER BED IE CK 1X Day 11 (ZEEE(C E5 L7223,

TMPD #£ D M CK 134% 5 24 B2 2 BIZIK T L7, WESERRMMRA CliX, CER #ED

Day 11 [Z B &I O ZE fafb i L ONESE 2386, TMPD BEDOF 5 6 35 KUY 24 B4 1B #

MR DR EE DZEfu b 2RO T, A Z AR v I 7 AT Tl KEREARS T 2-hydroxyglutarate

(2HG) 7% CER B£ T, hexanoylcarnitine 7% CER F£35 O TMPD #ECHEIN L 72, 1#E Tl

2HG 7% CER #£ Day 8 3 KX U8 11, TMPD FED 5 24 I¢fH#2 (ZH9 M L. hexanoylcarnitine 73

CER £ Day 11, TMPD BEDOH 5 6 33 L O 24 BRI ICHIN U=, LA EOFER G miEd

2HG ¥ X U hexanoylcarnitine |%, 7 v ~ O/EA& i FEE OMIHIBEFSIZ 36 1F 287 7 7B k& 5 I

~ == LR D ATREVE DS RIR ST,

W2 FHIRIRNES A A v — & LT o 2HG BIE D A PR

RKETIX, A A ~—h—L LTCOMMET 2HG BEOHHMEZHNSD Z &2 I,



It 2HG O'BA PR E T DIRE 2, kb OFRGEE AL +~— I —Tdh 5 AST,

CK., BIOEKGRICK 74 VA L (CK-MM) &l L, @i, BXORERNLOE

BIZHOWTHRT LT, 4 20T 9 Bl OMENE F344 7~ FIZ CER 2 0 5 ME 20 ppm (4

FE) . 40ppm (9 FHMR) % 10 HENREEEHR G L7z, 72, TMPD % 0 & 5 ML 9mgke 435

L OV MR 2 HERR D& 5925 Z LI L0 BERAEES 275 Uiz, &K (CER #£1 Day 4,

8. 11. TMPD BEII#% 5 6. 24 BEEI%) (CEeMm L. Mg 2HG JBE % LC-MS/MS THlllE L

7o FEEIRD O OREBRIMZ I L, 5EH AST, CK. CK-MM {EMEDHEIE, 726 NZ

TR CORBRERR) ORBAHR RN 21T > 72, CER BETIX AST. CK. CK-MM [

ECEIIML7=23, TMPD BETIlX CK (4 BLX N9 AiH) . CK-MM (4 J8#R) OEIINTEED &

2oz, 2HG 1% CER B Cld Day 8 (4 BL U9 #ilin) 2>5, TMPD BECTlIie s 6 FEfH

®%UE (4 ) &2V % 24 Bt (9 i) (T8N L7z, JRELRE =P MA TiX., CER

B XY TMPD B0 1 i C/E A& e O 22 b £ 721358 03 4 S 4, i ERR AR =0 2 b

FEFEIX TMPD B ClX CER B L LHlE L CHE CTH - 72, CER DX TMPD THX L72F

FERRBE AL S MAEH 2HG R E O DWW T, iz X O ER MO FEITED b

7emno Tz, LEOFER D & | isE R 2HG 1 3E#S s 2 O #HI A BE P 12 30 T CK 38 L TYCK-MM

FVRBRETHL Z L, SDICHEEER L ORERILOEENTBD bR LRSI,

B A EIERNIC A T H D TRtk R ST,



AWFFETIE, CER 25\ X TMPD CTHMEEZFRE L7 v bOBEKEHRE L OmEH ¢

2HG ¥ X O hexanoylcarnitine 2388195 Z E WAL E 7o o7, ME 2HG (X CER REDOF

K& 15 DIRFRFRRF 2 7213 E CK oz e A UCm L7z, & 5ic, 1fnfE 2HG B

& U hexanoylcarnitine (& TMPD #£ D BARAR 7RI LIS > THAIN L7223, 1 CK (%

L Z2ho Tz, ZHHOREEN G 2HG I L O hexanoylcarnitine 735 4% i FE 5 D #r

Te g3 F~— D —EM T oo D ATREME DS R S 4L, EH 2HG OARA A~ — T —&

LCOHFEHMEEZRETA7-0IC, 420G Ltk EKGEE~—H—Th s AST.

CK., CK-MM #% kb L7245, TMPD |2 X 2B EOFMHEEICB VT, M 2HG 1% CK

BEIORCK-MM L0 HERETH- 70, £z, BHlinER X ORERMOEENI L 720

ST, TNHDORERNG, M 2HG W EEHEEOE RN, F~—I— L LTHH

ThoHZENRBRSNIZH, M 2HG OBRRHIEE ~—1— & L TOffdsd & Oy 21k

IR TH S, £72. 2HG 2 BERGIEEDO AL F~——& L THEYT D121, thoEkk

EE~— I — L DU EERT — 2 OMERLETHY | SBOWENLEND, L

&

LM S ., ABFFEIINAA F~—h—fEf & L TD 2HG OF -zt & bia, Bk

b 2 RN 2 A A~ = —ED T O DA AR EEVEERIC R D LB X 5,



Abstract

Chemical- or drug-related muscle toxicity, ranging from muscle pain to rhabdomyolysis, is induced

by treatment with various compounds, including antilipidemic and hypocholesterolemic drugs,

anesthetics, immunosuppressants, and proton pump inhibitors. Early detection of skeletal muscle

toxicity is important because it has a critical influence on medical care and drug discovery, as skeletal

muscle toxicity can develop into life-threatening rhabdomyolysis. Aspartate aminotransferase (AST)

and creatine kinase (CK) are widely used as traditional biomarkers for skeletal muscle disorders.

However, novel biomarkers that are superior to the conventional skeletal muscle biomarkers, AST and

CK, or that can be combined with conventional biomarkers to compensate for the disadvantages of

AST and CK are needed because AST and CK have low sensitivity and specificity. Several new

biomarkers, including skeletal muscle troponin I (sTnl), myosin light chain 3 (Myl3), and fatty

acid-binding protein 3 (FABP3), have been recommended for use with CK to monitor drug-induced

skeletal muscle injury. However, several drawbacks are associated with the use of these biomarkers,

including rapid clearance and alteration due to renal dysfunction. In this study, we performed an

unbiased metabolomic analysis of skeletal muscle and plasma in a rat model of drug- and

chemical-induced skeletal muscle injury to identify new candidate biomarkers with greater sensitivity

than conventional biomarkers and examined the usefulness of the candidate biomarkers.



Chapter 1: Identification of New Biomarkers for Drug-Induced Skeletal Muscle Disorders Using

Metabolomic Analysis

To identify new candidate biomarkers for skeletal muscle toxicity, an unbiased metabolomic

analysis was performed in rats treated with two distinct myotoxicants, cerivastatin (CER) and

tetramethyl-p-phenylenediamine (TMPD). Skeletal muscle toxicity was induced in male Fischer 344

rats through the administration of CER or TMPD and then monitored by using established endpoints,

such as increased plasma creatine kinase (CK) activity and histopathology, and the metabolomic

analysis of skeletal muscle and plasma samples. Plasma CK levels in CER-treated rats were markedly

elevated on Day 11; however, those in TMPD-treated rats showed a statistically significant decrease

at 24 hr after dosing. Light microscopy revealed the presence of vacuolated or necrotic fibers in all

CER-treated rats on Day 11, with slightly vacuolated fibers observed in TMPD-treated rats at 6 and

24 hr after dosing. Metabolomic analysis of the rectus femoris indicated increases in

2-hydroxyglutarate (2HG) in CER-treated rats and hexanoylcarnitine in CER- and TMPD-treated rats.

Increases in plasma 2HG were also observed in CER-treated rats on Days 8 and 11 and in

TMPD-treated rats at 24 hr after dosing, and increases in plasma hexanoylcarnitine were observed in

CER-treated rats on Day 11 and in TMPD-treated rats at 6 and 24 hr after dosing. These experiments

demonstrated the potential of plasma 2HG and hexanoylcarnitine as specific and easily detectable

biomarkers for skeletal muscle toxicity in rats and demonstrated the value of metabolomics for



biomarker detection and identification in toxicological studies.

Chapter 2: A Study on the Usefulness of Plasma 2HG as a New Biomarker for Skeletal Muscle

Disorder

We have demonstrated the potential of plasma 2HG as an easily detectable biomarker for skeletal

muscle injury in rats. Therefore, we examined whether plasma 2HG was superior to conventional

skeletal muscle damage biomarkers, including aspartate aminotransferase (AST), CK, and skeletal

muscle-type CK isoenzyme (CK-MM) levels, in rats. Skeletal muscle injury was induced in 4- and

9-week-old male Fischer 344 rats by CER or TMPD administration. Plasma 2HG levels were

measured on Days 4, 8, and 11 (CER group) and at 6 and 24 hr post administration (TMPD group).

Plasma AST, CK, and CK-MM activities and histopathological changes in the rectus femoris muscle

were evaluated as the study endpoints. In the CER group, AST, CK, and CK-MM increased in 4- and

9-week-old rats; in contrast, increases in CK (4- and 9-week-old rats) and CK-MM (4-week-old rats)

were not obvious in the TMPD group. In both 4- and 9-week-old rats, plasma 2HG increased on Day §

and at 24 hr post administration in the CER and TMPD groups, respectively. Histopathological

analysis revealed myofiber vacuolation and necrosis in both groups. The histopathological damage to

the rectus femoris muscle was more severe in the CER group than in the TMPD group. Increased

plasma 2HG was associated with CER- and TMPD-induced skeletal muscle injuries in rats and was



not affected by age differences or repeated blood collection. The results suggested that plasma 2HG

was superior to CK and CK-MM as a biomarker for mild skeletal muscle injury.

The present study showed the elevation of 2HG and hexanoylcarnitine levels in muscle and plasma

in a rat model of CER- and TMPD-induced skeletal muscle injury. Plasma 2HG increased prior to

histopathological changes in skeletal muscle or the elevation of plasma CK in CER-treated rats.

Further, the increases in plasma 2HG and hexanoylcarnitine were accompanied by histopathological

changes, even when the plasma level of CK did not change. These results suggested that 2HG and

hexanoylcarnitine may be novel plasma biomarkers for skeletal muscle damage. Subsequently, we

measured the plasma concentrations of 2HG in rats with skeletal muscle injury and compared those

with the levels of conventional biomarkers, such as AST, CK, and CK-MM, to evaluate the potential

of plasma 2HG as a biomarker for skeletal muscle toxicity. Plasma 2HG was a more sensitive

biomarker than CK and CK-MM in TMPD-induced mild skeletal myopathy. Furthermore, no

differences were noted between younger and older rats or after repeated blood collection. These results

suggested that plasma 2HG may serve as a promising novel biomarker for skeletal muscle toxicity.

However, the organ or species specificity of plasma 2HG as a biomarker for muscle injury is not

known. In addition, to establish 2HG as a biomarker for skeletal muscle disorders, it is necessary to

perform a thorough comparison of plasma 2HG with other skeletal muscle injury biomarkers in terms



of sensitivity, organ specificity, species difference and sex difference. The present study provided new

and valuable evidence about 2HG as a biomarker for skeletal muscle disorders, and the results of this

study will provide useful basic information for biomarker research for skeletal muscle disorder.
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2003 DO N7 AOEFIREND 10 [T, EIHMNE UTHRE SN TIbEWE

(T 2% L, HFZERIsE OB RHIMEH L72s, KERMERLF (FDA) 12X 257K

SAVIZHTI D O FEIEE 1990 LKA LT %, WFFERRFE E O HIN & oK

EL DA & D TEED 2 D AVIZEE L, S L ORI Y 2 e X2 T 4 BEHT

R FEMEB LOWE LOREICI DT n =7 FOK T, BRRBROEHES & =

A MO E L S TWD (Hayetal,2014) , EIIEOMIEBRFE DR KRKDR h Vx>

JIXE 2B E ST\ % (Pauleral., 2010; Arrowsmith, 2011) , 5 2 FHEBRIZERIE T

DANIEMETB RN LR B TH Y | KBIRIR D 51% 08470, 19%03 L2 EORETH

% (Allison,2012) Z & D AL M EZIEHA TTRT L2 L DL S 2/RLT

W5,

— %Iz, BIEDIEERIK in vivo BT /L TR LN RIL, BIKRBRICEIT 2 HFEFER

ERYT0%—E LT, B RhTORELORIFRMENA SIS (Olson et al., 2000;

Sistare and DeGeorge, 2007) . L2 L7273 5, 7% 0 OF) 30%ILIERAR R Cla@lgt s e

WFEB DRV FENE (Campion eral., 2013) | & 2 WIXFERRIKR TREO L7z & O OERK TIX

EFE=H—TET, fRE L THKR TLEEMEZFHMI T 72t (Kola and Landis, 2004)

ThY, LIZUITERELHTFEOFILFRRKA & 72> Twb (Campion ef al., 2013)
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o, BRATIEEMERS  MIHT A EREELTNT 27O ORROET

NTHDHITHND LT, EEMBE LORERRIEA, TROLIEMRTRO LN D

DOFFKTITET=Z =TT fR L LTRA TR EEZFHME TS v aEttbmon T

V% (Kolaand Landis, 2004) . Z D7z, EFMBARBYIMEMETO LD BWiEtEllo

720 Dl B FE OB HICE SN LY THNTEY . in vitro, &5\ in vivo &7

IV B BRIRA~ORGIE LIS I W TR rTREZR , 2D RN 1 23 nl RE e FERERME D /S

AF~—H—iF, EELABICBONTRBMENSH H L I TVWD (Campion et al.,

2013)

K[E @ National Institute of Health (NIH) (X, /A A4 ~—F—% [EHBIIIZHIE S i,

TSN DRMEETH Y | IEF R R T v A RPN T nt A IR

BT 0B PHRICOFBIEE L THWLND D] LEFER LT (Biomarkers

Definitions Working Group, 2001) , BKINZE2s (EC) (. 2005 (T Innovative Medicine

Initiative (IMI) OBAFEAZFAMA L, ZORMVFAO—ER E L T, WL EMEFHEDO A 4

Y= A—DEELWREEUTO L DICER LT, OREDHBOMEE ICREITH D,

Off %z DEBREWFEL L Ot MW THEE 277, @IFMRRER £ KR L O —~

AT AZA TOEITHER LT 2IOIHMT 22 &R TE D, @BEMEH ST

MDA A~ =T — LV BEEEZRT RPN, @i HE) 7R A A~ — T —(ZH

TR RBNICHERTE 5, @FSICHETHZ LN TE D, QRO PR
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A2 XY LEBMENGE S BRER SV, OFERER @ Eide b)) oKEED S

5, ZNHO IMIIZXSERKIL, KE Critical Path Institute @ Predictive Safety Testing

Consortium (PSTC) DIEENIZ ML X 41T 5, PSTC 1., K[E FDA . BRI EHE 5T (EMA) |

AR D EFE M E RS G R O (PMDA) 72 SHER OB M 5 & B < 0REEAEE L o

R AV VEEE 28N TR ) | ATIE. BRI L VLR & DA A~ — T — W8 L BA %

DT TU % (Campion et al., 2013)

BB EMETEELAEICBT OMEE LTETETIY LFboh2 K 512kb,

PSTC IZBWT b HHAFEE 2 THT 520 BB Thon T b, BRSO 2ZWE

FOE=F U 73 BRI KOIERIR & 122 < OBEZ 2 TV 5, BRRBLS TIE,

PRBE AR AL O 72 D O R AR TR E-ME N = < EBLR#ECTH 5 (Clarkson and Hubal, 2002;

Goodwin, 2011) , &AL A XA — 7 (MRI) 72 EDMOIFZEAITEIL. Atk z

BEAL S 2 72 OISR ATRE T % 3, B IREER T H W RIS 92 Z S I3TFEEMAN TS

% (Goodwin,2011) . L7223 > T, AHEMRETE IS D&z s L OMERVED R\ i

NAF == —DREL, FAPIFRICRE 22 6T BN,

W) & D WML FEWENS KD B EIEIE. 55 AR 2> S RO BUELE £ THRJA < A

S, mMARMEGERE, 2 VAT v — VKT, R, S mfi, 7e hrRe T

[HEHE, BLOREOMDILEWIZ L > THERK S D (Nozaki et al., 2004; Oshima, 2011;

Tanaka et al.,2014) , BEJEOFREAREE (BHHOHRARE) O SRR R BRREE & LTI,
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R, BB X OEEARNZET 65 (Bagley et al, 2007) , 3-Hydroxy-3-

methylglutaryl-CoA (HMG-CoA) #ICEERIAEFEI (RZF ) DA, BOEERI RN

BfIE X E N E STV 2 (Joy and Hegele, 2009) . AXF o OHFTHE Y NAH

F > (CER) 1% 1.0% & fthod A 2 F o & bl U T W ElA TRUBOT Bl R iE 2 355 L

(Kashani et al., 2006) 557> GHOE L T2, BEUT BUAFE 1N 3 5 R G 0HEIT

SR H R R (Owcezarek ef al., 2005; Kuncl, 2009) & & HI1CA UL AEBEARET

&5 (Abassi et al., 1998; Singh et al., 2005; Bagley et al., 2007) , ‘B #& T w3 A & & 7>

THRHRAEICREL DD ZE2BETHE MK TDY R XA FHDHWIE

EIRABBR LD Y AT TEAA L FOBADD bR EH BRI ERIT 5 2 &5

BETHD,

JLT7FoxF—F (CK), TANRNTGX LTI /) o275 —F (AST). %

7t Frs)—E€ (LDH), EAEr@gy S —€ (PK), BLXUO'IA 27 mzEr (Mb)

I, BEOEEZEH OO, F~v—H—E L THEHAIN TS (Wu and Perryman,

1992; Bagley et al., 2007; Brancaccio et al., 2010) , L2L723 56, ZHbO~——I3FH

FE AR XTI~ D R RVEDS A0 L TR 0 B IE S & OikEE & 2 XA 5 2 LT

X 72\ (Wuand Perryman, 1992; Matsumura et al., 2007; Van Hoof, 2012) , F£7-. CK, AST

BELOLDHIZ, BMIZEZ > THEEEZRT I ERMBNTVND,

K I, & MZBITOEREHGEZEOR S —BRIIZHEH STV D ERKRIIBEETH Y |

15



W D22 2 VEFEAM (Shepherd et al., 2004; Lee and Vasan, 2005; Owczarek et al., 2005; Kuncl,
2009) CHE#EEMSE (Okinaka et al., 1961; Zatzet al., 1991) 126 K< FHWHR TV S, CK
. 2 VT F UV CBROY ViEEET T v ) Uk (ADP) [ L, TT v
=V W (ATP) &7 VT F U ER SN D RIS % i3 2/%3% CTd % (Wallimann ez al.,
1992) , CK L2 DDORERRZRFIXTF Ry T7 2=y b M (HHEE) BLOB ()
MHRD “EEREATHY, 35074 Y ¥ A A CK-MM, CK-MB, 1 T CK-BB &
LCHIET D, CK 74 VP A LAORHRITMMHIC L > TRARD D, Bli~——L
LT CK-MM, Lffiw—74—& LT CK-MB, Mgk~ —75—& LT CK-BB & H T
B ERETE D, LOLERL, N A ~v—H—L LTOIMH CK OFFAMEIZIZR
R0, INEFAAEBEEIIRRETIE, 7oA RICEEL T CKIEEME T
B2 ENMBNTVD (Gunst et al., 1998)

I 5T, AST BEL W CK OAFEIZFER L & HIZELT D2 EBMbNTND
(Cherian and Hill, 1978; Morandi ez al., 2006) ., {bFW'E & OAMRB T IIE A 2204 in 22
DD, NAF~v—H—RTITINODEKNEZEET H04ENH S (Ishikawa ef
al., 2014) ,

UL b TERD R ASA A~ — T —I%, EOREL LR EEDKR S 6, IV ER
THRAA A~ = =DM EE ENTWDS (Matsuzawa et al., 1993; Bohlmeyer et al.,

1994; Sorichter et al., 1999; Koseoglu et al., 2011) ,
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AWFZE TR, EH D 2 WIMEFEWE TERBEEZFHIE LT v FOFEHB LT
MAEZE AT, (EROBEKBIEENA A~ — D — LV EREO~—D—ZHHL, ZD
ARMEZFHMT S5 E2HME L, 8B 1 ETIE CER » 2 Wi tetramethyl-p-
phenylenediamine (TMPD) Z# 5. L CTEMMIEELZFHF R L7727 v M OB L O
DAZRT T AR 54T Z & THRA A~ — D — A RER LTz, H 2 ECIEE 1 &
TR LIS A~ =Tl L ERD AL A~ — I —DIEEZR I L S ISR

IRD)- 7 SSHNON I N ASIANE T TR Byt
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BO1E AL R I AT & TR B AR OB A e — T — o

N

Mo 2 WIMEFWEIZ X DB matEix. PR 2 S BRUH RARE £ TIE A < &

S, mlRMAETEHEE, = VAT o — /UK, IR, S i, B LU oo

LA L > THER S D (Oshima,2011) , FIE 22RO AAEIE 1 X EMICBE D 5 728

ERHEEO RHEE COMRMMB N EZE TH 5, 3-Hydroxy-3-methylglutaryl-CoA

(HMG-CoA) EILHFHELER (X2 F ) D6, BEERLMBREITIENTH D

23 (Joy and Hegele, 2009) , AXF L OHFTHLEY NZAFF UL 1.0%E MDA ZF b

Fef U TR CREBUT b ARIE 2 35 %8 L7 (Kashani ez al., 2006)

AR RO R T FERRREERBR O Z 2 69 FRICBWTHEETH D,

CK BLONAST 13, AEEICK L TIERMN LWL TWANAL F~—h—Th 5,

JREE R KO RIE DR S 235/ STV 5 (Bohlmeyer et al., 1994; Sorichter et al., 1999) ,

INETOMNIETIX, 7 MARREF %O CK ONNE., FHHKEE £ IR

FORAEREFBE LRI L REHN (Ballarderal,,2013) . CK X 0 R L O A

OB AAL A~ =D —=DPHEFEORPRBICLETHLDL I ENTFRINT
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(Laaksonen, 2013) , FEMIZ L HERMHEELE=F2 Y 73 57-HIZ, skeletal muscle

troponin I (sTnl), myosin light chain 3 (Myl3), I L O fatty acid-binding protein 3 (FABP3)

% CK &GRS 2 - & AHESE ST D (Munteaneral,2017) o LAsLZAR D, Zhb

DHF LW, S~ — T — 2L, fLHF 5 DOHEO R X B L OBHEREREE I L - THENE

BT D L Vo o RGN R STV 5 (Tonomura et al., 2012)

AR, M, B L OMTORBED O T 0T 7 AV THITO AL R I T A

AT, "A A ~—DT—BEEDOHDOY— /& LTHHZ TS (Johnson et al.,

2016) , W AR W HIER K OMER DR NA A~ —F— L LT, A ZAr I/

ANTREE I L O RO U CEALZR ATREMED 8 D & STV % (Monteiro ef al., 2013)

Cannabinoid-1 ZFEEFEIZ L D4 XOERHE L OLHEETIZ, AXArI 7 A

FIEIZ L > TIEF acylcarnitine 35 L OVRH ethylmalonate, methylsuccinate, adipate,

suberate, hexanoylglycine, sarcosine, dimethylglycine, isovalerylglycine 23t R L7z &

WE I WD (Tomlinson et al., 2012)

ARETIE, CK £V BIREDENTI I8 A A~ — I — 2 PR T D701, 3

FIFEFEIE B AFIEE 7 v MBI 2 FHAR L OMIED A 7 R v — Lt & 926 L 7=,
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KB B L OT5A

EOILY)

8 W DOHENE F344/DuCrlCrlj 7 v b (HAF ¥ —/L X+ U N—EX 4], Kanagawa,

Japan) 40 %, FAXHEE 30~70%, =@ 21~26°C., FRET 12 BERE] (4R 7 B~ 7

) ICRELERBREICTAT UL AU A Y7 T 7y r— I S L, 1A

{BEB L= 9 MEn CHEBRICHE L7z, 1 BRIz O & 54T 8 BEIZHESy 1T L. 20 #1% CER

AT, 5% @ 20 5% TMPD #4512k U7z, Skl LUK OKEK) 13 H HITER

SH7, B ERIL. B =R NSt (Tokyo, Japan) OEMWEBRTE S OKFE T CTHE

Jiti U7

CER & 5-

Z w MZ CER % 0 ppm CByRETEF CRF-1, 4V = & )LEERET 3£k 4L, Tokyo,

Japan) & 5\ MZ 40 ppm OIEET 7 HH T 10 BRI S- L, %5604 H % Day1 &

LT Day 8 38 LU Day 11 IZHFe L7z (n=5 Bl/HE/RFR) .

TMPD #5-

Z w M TMPD 0 mg/kg (A : 0.5% A F bbb — R, 70545 A7 kS
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f, Kyoto, Japan) & %\ M3 9 mg/kg & HEGRHIFE ARG L, &5 6 & 25 M3 24 FFH#£IZ

Fi L7z (n=5BU/RE/IE ), BEHIE AR CRF-1 28RS E 72,

Bt L OMRM

FERTHRDOFERERT, A Y 7T BT CHEREIRD PRI 21T - 7o 1% | i 22

FIE S EHLNITHIR L CEAE A (B 7 AF, KRERER ., 3 L ORIEE ) 28R L7,

Mmiglx, CK @RIz~ RY >, HDHNEA XA — Li#HTHIZ EDTA TUEL L CHE D

(oK@ L, w0 BE (3000 rpm, 15 43, 4°C) &SI % -80°CIZERAT L 7=, B HSARIE.

I3 BEARAR PR A T 10% R YERE AL~ U U CREE L, A Z A I 7 2T HICIRIE

EHFTHGHE L. -80CTRAF LT,

e CK HIE

MmAEF O CK {EEIZ, HRDOT v A F v b (L-Type CK, FEHEHE T3ERRARAL,

Osaka, Japan) ¥ X OVHENHTEEE (7180, Hi A 7 7 ) v ¥ — XA &4, Tokyo,

Japan) ZHWCTHIE L7, CK DT A VA LA THDH CK-MM (BEHAHHINR) 1XEHH

ERUKENEE (RSt~ WF9EAT, Saitama, Japan) % FWVCHIE L7z,

T B AR A R A
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W= V) CEE LT B 2 BB E S THK - T 7 0 aB L ClgI L, ~~ b

XLV 2 F VAL T o, (FR LR BERREE AL, DTSSR TR LT,

AR T2 ki, Mann & (Mannetal.,2012) 3 X O Greaves © (Greaves et al., 2013)

DA ZHIC, BEERIZSCCER (), BE (1), PHEE () ETEE (+H+)
DT TREAM L 7=,

AZ R I AR

BRI, AR LN B T d o 7o KBRE RS A2 V. CER B£D Day 11 (0 3

L TN40 ppm) 35 KON TMPD FEDOF G- 24 it (0 B8 LT 9 mgkg) DY 7 %M

L7ze MEX, 2 COWMMEEOY PV EFEH L, A X AR 7 @I, 3 fkE

DOHIER (UHPLC/MS/MS optimized for basic species, UHPLC/MS/MS optimized for acidic

species, GC/MS) % FHU T Evans & O#45 (Evans et al., 2009) (29> TH#1 L. Dehaven

5O (Dehaven et al., 2010) (25> THRRMERGE) 2 [FE Lz, PWIRPEE O K

EIX, ZR O HHRARE CTH 5 L RUE L T M iEZ A LTz,

R SRR AT

ERT — Z L VPE I ERZETER Lz, AZRw I 7 A7 — 21220 T

. BB O L . MIREEOFEEICS T %G HOMEOK (Fold change) & L TR
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L7z, B L OG- RERM . M8 CKEIZBI L TIE F BUEIC K 2 #5523 P <0.05
D AT Welch O t lE %, FRREIC L DHER2 PE > 0.05 O34 1% Student D t FRE
ATV, BUERERDO PE < 0.05 2 FERAEL B2 LT, AR I 7 ZTICE LT
IX Welch @ t BRZE 21TV, BRIER R D P < 0.05 zHERAL B LTI, ThbORE
FHERIARNTIL. SAS®System Release 8.2 (SAS Institute Inc., Cary, NC, USA) %\ CTiT-
Too Flz, RERER O A X R v I 7 AFHT7— 21220 TlE, MetaboAnalyst 3.0 (Xia and
Wishart, 2016) % fiu T, CER B£3 L O TMPD B 38 L TN L 7= N IRIMERGE 2>

WTERD DN (PCA) %5k L7,

23



1% CK
CER #£3 LU TMPD #EOIMEE CK E% ., ENENOXRIREE & ik L7z, CER BED
Day 8 DI #E CK EIXx Bt & B R /22T A LN/ - 7203, Day 11 TIIxBEIEL DA
BlZmo 7z GetBRRE 13517 TU/L, CER #F 18550+ 14258 TU/L, P < 0.05, Fig. 1A),
TMPD D #:5- 6 el D A CK EIL B L RIS TH 0 | 5 24 REfE# Tkt
FREEL D b ABEIE 72 CebIREE 252427 TU/L, TMPD #f 177%13 TU/L, P < 0.001,

Fig. 1B),
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Cerivastatin TMPD
(T “ Ium
100000 4 100000 -
10000 A 10000 - Rk
1000 - 1000 - ‘ \
00 ppm 00 mg'ke
100 A B 40 ppm 100 4 09 mg/'kg
10 10
1 1
Day 8 Day1l 6 hr 24 hr
Plasma CK level Plasma CK level

Fig. 1. Plasma creatine kinase (CK) levels in cerivastatin (CER)- and tetramethyl-p-
phenylenediamine (TMPD)-treated rats. Plasma CK levels (mean + S.D., n = 5 per group) of
rats treated with 0 or 40 ppm of CER on Days 8 and 11 (A) and 0 or 9 mg/kg of TMPD at 6 and
24 hr after dosing (B). # P < 0.05: compared with the control group by Aspin-Welch’s ¢-test. ***

P <0.001: compared with the control group by Student’s #-test.

I B AR A R A
2 TORIRRE (Table 1, Table 2, Fig. 2B, Fig. 2D) 1 O CER A£® Day 8 (Table 1) (Z

BT RIZA SN o 72, CER BED Day 11 TiE. 2610 KERE G THI& D
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Zefafb s L OMESE N B bz (Fig. 2A), ZAHDO T » b TlE, BISE MBI S REOFT

APBEEIZEEO bz, 2 5B 1 Bo e T AfTHREBROFT R Hbivlz, TMPD

FETIE, &5 6 38 LT 24 AR ITERAM L 722 T OfF 024 TE R B iIa o 22 fafb 2378

» Bz (Table 2, Fig. 2C),

Table 1 Histopathology of the cerivastatin-treated and control rats

Cerivastatin
Dose (ppm) 0 40
Day 8 11 8 11
No. of animals 5 5 5 5
Soleus muscle
Vacuolar degeneration, muscle - - - 1
fibers ()
Necrosis, muscle fibers - - - 1
()
Rectus femoris muscle
Vacuolar degeneration, muscle - - - 5
fibers (++)
Necrosis, muscle fibers - - - 5
()
Cellular infiltration - - - 3
(+++)
Tibialis anterior muscle
Vacuolar degeneration, muscle - - - 5
fibers )
Necrosis, muscle fibers - - - 5
(@)

Grades: -, within normal limits; +, slight; +/++, slight to moderate; ++, moderate

The numbers of animals with pathological changes are listed.
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Table 2 Histopathology of the tetramethyl-p-phenylenediamine-treated and control rats

Tetramethyl-p-phenylenediamine
Dose (mg/kg)

Time after dosing (hr) 6 24 6 24
No. of animals 5 5 5 5
Soleus muscle
Vacuolar degeneration, muscle - - 5 5
fibers ) )
Rectus femoris muscle
Vacuolar degeneration, muscle - - 5 5
fibers (+/++) (++)
Tibialis anterior muscle
Vacuolar degeneration, muscle - - 5 5
fibers (++) )
Necrosis, muscle fibers - - 1 1
*) *)

Grades: -, within normal limits; +, slight; +/++, slight to moderate; ++, moderate

The numbers of animals with pathological changes are listed.
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Fig. 2. Histopathological analysis of muscle fibers. The rectus femoris muscle from rats treated

with 40 ppm CER (A) or 0 ppm CER (B) on Day 11, the tibialis anterior muscle from rats 6 hr

after treating with 9 mg/kg TMPD (C), and control vehicle (D). The following findings were
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noted: (A) marked variation in fiber size with moderately vacuolated and necrotic fibers; (C)
moderately vacuolated and slightly necrotic fibers; and (B) and (D) no abnormalities.

Hematoxylin and eosin staining.

KRBBIE 53 L MDA 2R 3 7 A fghr

CER £ Day 11 3 X O TMPD BEDO# 5 24 B DT » b KBBEFHIZ OV T A X R
237 AT EIT o T2, T OMATICE D 402 FONRMERHY (4 Shi-b o 279
T, M SNTW2RWE O 123 fll) NEE SN, idh SIVTOWRWER RS0 o7
D3, ARMIETIEfnd SRR O %> 7=, CER BB X O TMPD B2 2
ALOHINER BA7 50 FEONKMHEREO > HWEETHB L THEMLZDX 19 FETH-
7z (Table3), Table3 |2/~ L7 NIRMEAREIMICBIT 5 FR 3 HTIC L > T, CER FEE 7

I% TMPD 58 & NN O x5 REE L OMIIZARME R 2N RO bz (Fig. 3),
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Table 3 Identified biochemicals in the rectus femoris muscle with the highest fold-change values common to the CER- and TMPD-treated groups

Fold Change
Super Pathway Sub Pathway Biochemical Name CER 40 ppm TMPD 9 mg/kg
Day 11 24 hr
. . Valine, leucine, and isoleucine . .
Amino acid . isovalerylcarnitine
metabolism
. . Valine, leucine, and isoleucine . .
Amino acid . isobutyrylcarnitine
metabolism
Lipid Fatty acid, dicarboxylate 2-hydroxyglutarate (2HG)
Amino acid Valine, !eucme, and isoleucine 2-methylbutyroylcarnitine
metabolism
Lipid Carnitine metabolism stearoylcarnitine
Lipid Carnitine metabolism myristoylcarnitine
Amino acid Glutamate metabolism N-acetyl-aspartyl-glutamate (NAAG)
. Pyrimidine metabolism, uracil .
Nucleotide L uracil
containing
Lipid Carnitine metabolism hexanoylcarnitine
Lipid Sphingolipid sphingosine
Lipid Ketone bodies 3-hydroxybutyrate (BHBA)
Lipid Carnitine metabolism octanoylcarnitine
Lipid Lysolipid 1-stearoylglycerophosphocholine 2.74 1.68
Nucleotide Pyrlmlqlne metabolism, cytidine cytidine
containing
Amino acid Glutathione metabolism ophthalmate
Nucleotide Pyrlmlqlne metabolism, cytidine cytidine 5’-monophosphate (5'-CMP)
containing
Energy TCA cycle fumarate 1.91 1.52
. . Valine, leucine, and isoleucine . ..
Amino acid . hydroxyisovaleroyl carnitine
metabolism
Lipid Fatty acid metabolism butyrylcarnitine 1.72

CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine. Data are expressed as a ratio of the value relative to the mean value of the respective control group.
Data represent the mean of four samples. Red shaded cells indicate a statistically significant increase (P < 0.05 by Welch’s t-test). Light red shaded cells indicate that
the mean values trend higher for that comparison (0.05 < P < (.10).
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Fig. 3. Principal component analysis (PCA) score plots of the identified biochemicals in the
rectus femoris muscle with the highest fold-change values common to the CER- and TMPD-

treated groups.

CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine.
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CER BB X OV TMPD BEOE#& i CHam LTI L 7= 19 FEONKMERF D 9 b

Mg @ 2HG, 2-methylbutyroylcarnitine, uracil, 35 J ON hexanoylcarnitine 3B 4% #5 & [F]

REARTHIIL72, LA L7223 5, CER D Day 8 Tl 2-methylbutyroylcarnitine (X6 & (2

B U, TMPD BED 5 24 BE[E#4 O uracil 1ZZ281L L7220y~ 7= (Tabled), § 72+ H . 2HG

5 X O hexanoylcarnitine 73, CER F 721X TMPD %## 5. L7277 v N OF#HF L O

THE LT EH LI=NEERE Th -7 (Fig. 4, Fig. 5),
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Table 4 Plasma biochemicals with altered levels in CER- and TMPD-treated rats

Fold Change
Super Pathway Sub Pathway Biochemical Name CER 40 ppm TMPD 9 mg/kg
Day 8 Day 11 6 hr 24 hr
Amino acid Valine, l'eucme, and isoleucine isovalerylcarnitine 0.80 1.29
metabolism
Amino acid Valine, l'eucme, and isoleucine isobutyrylcarnitine 0.97
metabolism
Lipid Fatty acid, dicarboxylate 2-hydroxyglutarate (2HG) 0.87
Amino acid Valine, l'eucme, and isoleucine 2-methylbutyroylcarnitine
metabolism
Lipid Carnitine metabolism stearoylcarnitine N.D. N.D.
Lipid Carnitine metabolism myristoylcarnitine N.D. N.D.
. . . N-acetyl-aspartyl-glutamate
Amino acid Glutamate metabolism (NAAG)
Nucleotide Pynnpdme metabolism, uracil uracil
containing
Lipid Carnitine metabolism hexanoylcarnitine
Lipid Sphingolipid sphingosine
Lipid Ketone bodies 3-hydroxybutyrate (BHBA) 1 11 1 42 1 82
Lipid Carnitine metabolism octanoylcarnitine N D. N.D.
Lipid Lysolipid 1-stearoylglycerophosphocholine 1 .28 0.91 1.22
Nucleotide Pynnpdme metabolism, cytidine cytidine 0.97 1.08
containing
Amino acid Glutathione metabolism ophthalmate 1.34 0.92 1.59
Nucleotide Pynrmghne metabolism, cytidine cytidine 5'-monophosphate (5'- ND. ND.
containing CMP)
Energy TCA cycle fumarate N.D. N.D. N.D. N.D.
Amino acid Valine, l'eucme, and isoleucine hydroxyisovaleroyl carnitine N.D. N.D. N.D. N.D.
metabolism
Lipid Fatty acid metabolism butyrylcarnitine 0.87 0.85 0.80 0.76

CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine; N.D., not detected. Data are expressed as a ratio of the value relative to the mean value of the
respective control group. Data represent the mean of four samples. Shaded cells indicate a statistically significant increase (red) or decrease (green) (P <0.05 by
Welch'’s t-test). Shaded cells indicate that the mean values trend higher (light red) and lower (light green) for that comparison (0.05 < P <0.10).
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Fig. 4. Box-and-whisker plots of 2-hydroxyglutarate and hexanoylcarnitine in rectus femoris

muscle samples. Metabolites in the rectus femoris muscle from rats treated with CER on Day 11

or TMPD at 24 hr after dosing. The box represents the middle 50% of the distribution, and the

upper and lower “whiskers” represent the entire spread of the data. The hyphen indicates the

median. The name of each metabolite is indicated on the top of the plot. The y-axis is the

median scaled value. # P < 0.05: Significantly different from the control group by Welch’s t-test.

CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine; RF, rectus femoris muscle.
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2-Hydroxyglutarate: Plasma Hexanoylcarnitine: Plasma
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Fig. 5. Box-and-whisker plots of 2-hydroxyglutarate and hexanoylcarnitine in plasma samples.
The box represents the middle 50% of the distribution, and the upper and lower “whiskers”
represent the entire spread of the data. The hyphen indicates the median. The name of each
metabolite is indicated on the top of the plot. The y-axis is the median scaled value. # P < 0.05:
Significantly different from the control group by Welch’s t-test. CER, cerivastatin Na; TMPD,

tetramethyl-p-phenylenediamine.
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)

Pl

RETIL, BRGEEDOFH AL A~ — D — 2 RER T D7D, 2 D ORI 5E
¥inm e (CER 3L TMPD) THMAIEEZFER L7 v FOBEKETFR L O
FEZOWNWT A X R —MENT 21TV, LT Z ERRHE S, OCER LU TMPD

FRMERHEEZICBW T, M X OMEF o 2HG 5 L O hexanoylcarnitine D14

K

%R & 2 AR D2 b &2 7R LT, @CER BEIZIRUW T, B R O i Bk AL T

M2 L F 721 3afE CK oz 2e A U Tl 2HG 238 L7-, @TMPD BEICEHB W T,

MmAE CK 135 6 W Tl k83, 24 BER#%ICEA L7223, ifnfE 2HG B L

hexanoylcarnitine |&, J&EAHLALFRIZLIZ - TN L 7=,

INHORERNG . 2HG 3 LY hexanoylcarnitine 235 #& i[5 E D #7272 34 4~ —

B — A T do 2 FIREMEN RIR STz,

Fexld, BHETFOR D CER 3L TMPD 2 B EEFRYE L L THUL, A

= RBIRAF LIRSS, v — D — A FE LT, AZF UK D5 BRMREEIX

HMG-CoA & ICEFHPLEICESEBE T D Z L BNRBR I CTWDH 2N (Flint ef al., 1997;

Nishimoto et al., 2003; Obayashi et al., 2011) | A 1 = X LADOFEMITMKIRE L THRBITH 5,

PR R TRRAZF AL D EEA IO EERIRR N E D D TEERR O R D

% (Waclawik et al., 1993; Schaefer et al., 2004; Westwood et al., 2008) 75, I h=a KU 7

NEPEM IR N T D Z L D3 in vivo (De Pinieux et al., 1996; Schaefer et al., 2004; Obayashi
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etal.,2011) ¥ X O invitro (Nishimoto et al., 2003; Sirvent et al., 2005a; Kaufmann et al., 2006)

DIFFETRB SN TWD, AR TIE, TR G AR O, 37205 KIRE

BIXOFIEE AT CER THHE|ICREEI N, 1B GBS BB O T A GoRkE

TR CTHoTm, 2D L%, AZTF NS L D EREG M T 1 BN O 2 1

HET 5 &8ss LB Tt & —# L7 (Reijneveld et al., 1996; Westwood et al., 2005;

Westwood et al., 2008), Z ORI R 72 TMHEIT, HFERIC LA ha v RUTH

BT RN F—IERA TN = XL DEWZER L TS AfREMEN & 5 (Phillips and Haas,

2008) . XARAYIC, FRHERESRAIZ LI TMPD L& T v b TIXHA L M Tlided o7,

TMPD #FRMEMEEIL, HOBILIC X > TR SNDBERT I INETF AL - T

SlEEZSND EE X HLD (Munday, 1988; Munday efal., 1989) , Zd X 912, CER B

LN TMPD |2 L 2 B EEILR D A = A LTEKRT L2, AR CRE S -

INA F~— I —fFEMiIIE. CER & A\ X TMPD BEA S HREEIC kU CRARBICOBES L5 =

EMPCA IZ K » CHEB &7z (Fig. 3),

T MOBRBRGEELZERTAHED CER BLX O TMPD Z ¥ 5 L7~ ft 58 kHHERE &

gL ¢, KBRESB LOMmEF o7 v v =F FEHNHENN L 7~ Cannabinoid-1 2%

RIEPIEL CTH 2 ibipinabant |2 L > THEINT-A XZBITF LT Vv =F O M

HEED FR 2 HEETiE, 2 b2 RY 7 ADP/ATP KD ENE G425 Z &

DHE TV D (Schirris ef al., 2015) , 7 V)V =F > O ME R E O BN
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AR T DB (LOREEICEKNT 5 Z DB RB I TS (Tomlinson et al.,

2012) o =F %, REENIMROMIENOG I ha FIT< U v 7 A~DOHY

IAFRZHZETEH U (Bartlett and Eaton, 2004) , AEMIBEOREHNIMHATH D Z LB B

TV % (Bieber, 1988) ., L7273-> T, hexanoylcarnitine 35 & T" octanoylcarnitine D F #5

WIREE D LA, R B R b DTTHEIC KD b D L&F 2 biviz, iR D B gL TAEL

727 BTV CoA D—BiE, 77 N K (acetoacetate 33 J2 U8 3-hydroxybutyrate) (ZZ5#i X 41

D ENE BTN D, ANFSE Tl 3-hydroxybutyrate O/ E A TR L TRV |

B IEALIEVE DN S SCRs S iz,

AL TIE. CER F£7-1% TMPD Z &5 L7=&HEOEKH R L OMIEOR )5 C¢ 2HG

DEF LD, ZHEI har R 7T OEREREICLD O EHELR I N, BEDOHIE

TIX.2HG W by RU T OV —RG, BT F 7 a b e i {bEEEIE 25 L

UETFEEHZ LEARENTWS (Latini etal., 2005) , 2HG 1. kU #/LR Lk (TCA)

FREOFREURTH S a-4 N 7V Z LR (0KG) & B LEITCEEICH Y . oKG 2> 5 malate

dehydrogenase 33 & O lactate dehydrogenase A & - CTPEA S5 (Intlekofer et al., 2015)

2HG 13, 7980T T =20 VX7 VAF NKFEMEI ha s RUTEZETH D 2HG

dehydrogenase (Rzem et al.,2004) |2 X % aKG ~DEHUZ L > ThREINDH 72D, 2HG D

MAEFPREEIE, EH 22505 T Tl 300 uM K lZHEFF S 415 (Dang et al., 2016) . (K2

FIRBETlE. 2HG dehydrogenase DX 7 L X 2 L—3 3 242 kY 2HG AN L. 2HG
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OGN 2HG dehydrogenase DHIHIIZ L 5 X b= N U 7EEREREE IR 9 2 Be{biE o

ARNVAZELD, AZTFUICEDERGEEREZICBITSI har N 7o REIL,

t NEESDREBROFWEICEBNT, VUNRREZTF L BANRNRY T BLONS TR

BTG ART OV THIE I TS (Bergman et al., 2003; Gambelli et al.,

2004; Seachrist et al., 2005; Sirvent et al., 2005b; Westwood et al., 2005; Westwood et al., 2008) .

BRHIEI Far FY TICE R, =R —B0RE 2 72 972 D AP RN R & <

WAFET A2 . TMPD O hay R 7 TOBLIZZF DG EEORBICEE THL L&

Z B35 (Munday et al., 1990) . CER 3 XU TMPD 7% 2HG DAL ZHE M &1 5 D,

2HG O3 %2/ S5 DO0IARHTH H D, 2HG OEZEFEDS TCA [R5 B 211 A]

S, EAEEMEICEE A RIT L, CER 3 L0 TMPD B#ART 2 B FHEE O —K

ERDTENITREIND,

2HG # L OF hexanoylcarnitine 23 E#3 L MAIZ B WNTHEM L7 Z &%, CER &

F O TMPD |12 X A BRRGEELZMIEY L L TE=FZ—ARETHHL I LA RELTE

D, ZOZ LXEEOFMERICBWWCHEHATH S, &5IZ, Tomlinson H (2012) 13,

cannabinoid-1 Z BAEIEHFIEIC L > THERE INTZA XOFEGE LT O OEEIZB VD

T 2HG 3 & O hexanoylcarnitine 2SI L7722 & 2 ME L TWDH Z &b, 2HG BLW

hexanoylcarnitine (X, £ XIZEWTHBRHEEDONAS T~ — I —FHTHDLLEZD

N5, CER 57 v F O 2HG L~bid, JREFEHRFAOZL o R BB L OULE CK
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LV DN JENE - T, Day 8 (IZHIN L7z, ¥7z. TMPD % 5-7 v b+ O If#EH 2HG ¥

& O hexanoylcarnitine L ~/UI IR AR 7RI GIZ > T EF L7223, g CK L

JVIZEAE Lz no Tz, 26 OFERIE, MAE 2HG 5 &L Y hexanoylcarnitine 735 4% i fE 5=

ORI ZIB W T CK LD LEENE W E 2 RELTWVWD,

SFHREJIZ, TMPD 5 6 R 3R BRLRR TR LD A NI b Db 5T,

MAE 2HG B L ONCK LU hn L 720y »7-, TMPD ¥ 57 v  TH L= MiE 2HG

BLOCK Lo EIRE R FRIE L & OO Z OAR—EDOEH T &0 TiEZ2 s,

He

EREAHPEE OB & B L TV D ATREVEN & 5, BE OB 1L EITMISE D%

Jfbn 6725 Z EnmbEN TR Y, 20K ) ZRRBE 2 L Cid, iE 2HG 5 X OV CK

VU B RS R 2 B L 22 LivZewy, FEEER. mEOMEICB T, TES

DZERULZ R L 5 A Z F VBl EE T CK O ERNALRRNT LEDVUR

2 S TW 5 (Mohaupt et al., 2009) , *FFEAJIZ, CER RO MHE CK L~ LidstBEED

100 {5 LA B2 L7223, 1% 2HG 35 L OF hexanoylcarnitine L~/ D HEANIEH 2.5 % T

Holz, L7ehR>T, CERFED Day 11 1ZAHALDH K 5 22 iy O ffEE 123\ T

I, fEF CK s 2HG 35 & OF hexanoylcarnitine &2 0 HIEENE W EE X LD,

FrxDHBIRY . T T v MBI 2 (bW EFHREME R REE CoMmfE 2HG 3

& OV hexanoylcarnitine L)V DN %2 R T HRAIIDOHRE TH D, Lo LN L, SREIOHF

FAIFW LS OPOFER K SN TV D, ORERTIE, 7y FEHAWAZERr I X
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EMTIC K D BRI E ~ — I — DORRITE R & B To /o), 4113 total CK LIS O #%
ki~ — 75— (AST. CK-MM, sTnl, Myl3 33 X OV FABP3 72 &) & H#k+ 5 Z & THr
TeIRIMEDBTE BN Th A 9, QARNIIE T O PNIKMERE D ZE B 3o BREEIZ k9~ 2 FH %t
FRHIE T & 0 | A% ITE BN SLE TH 5, Olfas £ 72 134 B2 RG220
fDOFIEET LD WITEMFEL WS bR 2N EEND,

AREOBRFHIBW T, 1MiEH 2HG 3 L O hexanoylcarnitine (., ZEAIFEFEMEE # 7 b

HFT7 v MZBWT CK L0 BIREOENTH 2N, A~ —I—EMTH D 2 LIVR

2 X7,
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/N

AREOBRFNIBN T, FHAREMEEBHES 7 v MIBIT S CK L0 bEREOER

TeR Tz 723 F~— A — 1wl & LC, ffEH 2HG 35 X OF hexanoylcarnitine % fL L,

PERFZEIZ I T DA I~ — I —ERR DT D A Z R v X 7 A FIEOME & F3E L7z,
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HHUE RS A A~ —F— & L CofiEd 2HG ¥R E oA kR

Rl
[\
o

1 EOMRNS, ALEMTHIE LT v b OBERKFES OB ICH VT, M

#Ed 2HG 3 & O hexanoylcarnitine | CK & bhifg U CEAE AR E 25T 2 B MBI T

WD ZENWBDE I o T, AR TR B B 2 BT BRI I R D ATRENE DS &

L2 NG BRBHEEO RIBRHITEAL LOREOBAN L bEETH D, LvL

NG, ERHEE~— 7 — & L TmEF 2HG I L O hexanoylcarnitine & Aff9% L T U

LEEIIMITITR L, S HRDUFEDPLETH D,

MAE2HG XX b= R Y 736 L ONHIRRE CTREAE S 41 (Prensner and Chinnaiyan, 2011),

S ha RUTEEICL S THINT 2 EE X5 TWS (Oldham et al, 2015) , I k=

YR TR =2 EAT SHIBEANNGEE THY I b RUTICEENEL D

&L REDT RNV —Z LB L3 5 FHAE L OTIHRERICEE N ENLD, 2Dl L

MNH, RETIXMFE 2HG IZEH L, NA A ~—F—& LToiffE 2HG oA HMEZEZFH~

5L & BT, M 2HG ORBFEEIZ %9 5 &2 AST., CK., 3 X OVE#& B kD CK

TA YA B (CKMM) & Hele U B, 35 & ORI O FBI SV TR L7,
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KB B L OT5A

EOILY)

3 H5E 8 Wl ORENE F344/DuCrICrlj 7 v b (HARF ¥ — /L X+ U S—EXath)

K20 il & . FERHEEE 30~70%. =18 21~26°C. FABH 12 Wi (R0 7 BE~211% 7 1)

ICRELERREBICTAT U VRAUA YT Iy b — IR L. 1 EEBIE R

BRLEOL 4 H5E 9 Ml CTEBICM L, ZNZENOBEIZONT, 1O E

51T 4 BEICREST T L, 10 fil& CER #5112, %Y @ 10 % TMPD #& 52 it L7=, fid

B OMIOK ORIEZK) 13 E IR S 7o, B 2R, 55— =3k + (Tokyo, Japan)

OB FEERZE B DORR T CTEM L 7=,

4 # (immature) 7 v k

CER B£i21Z, CER % 0 ppm CKyRE#EE CRF-1) & 2\ % 20 ppm O T 10 HHE

fH G- L, ¥ 5PI4GH % Day 1 & LT Day 11 (25 L7z,

TMPD F£I21E, TMPD 0mg/kg GAEE : 0.5% A F /L —RIEK) & 5\ I1E 9mg/kg

ZHOITRERE O b L, BeG 24 FERAR ICHIR Uie, fEHI B AR CRF-1 28 S &

776
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9 % (young adult) 7 > b

CER B£IZ1X. CER % 0 ppm CHyoRfREF CRF-1) 3 5V % 40 ppm DO¥EE T 10 H IR
fHA G- L, ¥ 5Bi4AH % Day 1 & L Day 11 (25 L7z,

TMPD #£(Z1X, TMPD O mg/kg (AL : 0.5% A T/ —RERK) & 5T 9 mg/kg
Z HEFREIRR OG- U, %5 24 FERIRICHIRR U7z, SEHTE AR CRE-1 248 s+

776

BRI L OBRbf

4% 2HG JE D=2, CER BfiL Day 4, 8, 11, TMPD Bfi3# 5 6, 24 FEREI4IZ,
SEERIRZ> & MK 100 L ZEREL U 7=, BRI IUSE 2HG ICRITTHEBIIARITh 5 7
. R E AR S R ER T CREER M Ln, M I~ %) TR L, 3E Ly B
(15,000 rpm, 10 #) ZICMAEA-80CITfrfr L7z, IMm4E AST, CK. F XU CK-MM
EOT DT, 1 2HG HIEH O & B ks 7% (CER BEiX Day 11, TMPD #Ei3#5- 24
REEIER) (20 A Y 70T RREE T CREEREIIRA HER ML L 7254, Bl 222858 S <07
(2R L CORBRIEL ) 28R EX U7z, I IE~ ) SAALBR L 00 B (3000 rpm, 15 43 )
RICMIEZ -80°CITPRAF L7z, REREM L, SWERRRARIBRA NI 10% PR E A L~

U CHEE LT,
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4% 2HG HE
MAE 40 pL I A % /) —/L 120 uL ZINZ 721, &05BE (3,000 rpm, 5 43fH) L TER
Z Ry Lle, RIS, WKy a~ 757 4 —/2 07 NEESHT (LC-MS/MS) HIZZ
N2 o EiEESr 100 uL &K 100 L AR A L7z, £ D%, % Oasis MAX pElution
plate (Waters Corporation, Milford, MA, USA) THIZLEE L 72, %7 1 & — F 80 uL {Z 100 uL
® ds-3HG (2 uM) ZWERIEAE L L CIRINL, S 512K 20 pL 21z 72, 1REW % i
TL—hMIBL, A% /=200 uL BLUVUK 200 pL THLarsF o vra=rr L,
WNT, HiH T L — R % 50%A %/ —/L 200 pL THeE L. XW 2% 42 &G A X ) —)b
100 uL THONTRIRME 2 Uiz, WEER 27K 100 uL LiRE L. IREW%E ACQUITY
UPLC %%[& (Waters Corporation) 35 X Tf Xevo TQ MS #£ & (Waters Corporation) 7> 5 72
% LC-MSMS ¥ AT HMIIEA LTz, kS E s L OWHEE#E 4 Hypercarb column
(2.1mm X 150mm, 5 pm; Thermo Fisher Scientific, Inc., Waltham, MA, USA) % H\THMA
PEMVEL D> B 45 B U7z, BEIFE A lX A & 7 — LK/EEE (100/900/5, viviv) . BBEIFE B 13 A
& ) —VKIFEEE (900/100/5, viviv) 226720 | fitidi 300 uL/min & L7z, 24Tt
EBIONTERELZ A 4 T— FTOT LY hr A7 L—A FAbETA b L,
HEEML 147~129 B LU 152~89 DL ERISE=H VT b TPy arTEnLE
Wt Lz, ¥ €7 U —FBET2.0kV, Y —RREIX 150°C, BUESEFAIEE T 600°C

L L7,

46



4% AST, CK. CK-MM HI|7E

A% AST 3 XY CK #REZIE, FEER RO T v A F > ~L-Type Wako; FJEAl

FE TR 4L, Osaka, Japan) Z IV, HEVSHTEEE (7180, HYNnNA T 27/ m—X

A 234, Tokyo, Japan) THIE L7z, CK-MM (L H EhE X IkE%EE  (REPSIF71000;

FRA &t~V B S8, Saitama, Japan) % W CHIE L7z,

T B R R B AT

BRSO ELMRT D720, 1 BETBELE 3 DOEKA (87 Af, K

BRIELAS . BUEE ) O T, CER B THER S NVZEFED B L F L O L A B LT

AR R b EE R b2 Lz LI L7 RBRE R 2 8 L7e, b~ U o TREE

U T2 RBBIEAS 2 HARIZHE - THK « 3T 7 ¢ el U CHEORBRMAE AR Z /ERL L | ~

VR TY v AT YA AT o0, (R B AT LSRR TR L

7oo TRELHARTAIZ(LIE, Mann b D433 (Mann ef al., 2012) B ZEHEEIZS LT

ER (), BE (1), PHEE (H) EFEE (H++) O TN L7,

ERIT — Z LM R THRR L, sIREES X O GRER CL F REIC &
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HFGEFDS PAE < 0.05 DGETE Welch D t iEZ . FRREIC X AFEHE0 PE > 0.05 O

A1 Student D t FREZITV., FBRER IO P <0.05 A EREE Bl LT-, WEHENT

I1Z9°_T, SAS"System Release 8.2 (SAS Institute Inc., Cary, NC, USA) ZH\CTiT- 7=,
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4 2HG

CER 3 J O TMPD #ED Mg 2HG IR JE 2 IE L, £ O R HEE & bl L7z,
9 WD CERFED T v R 5HID 5 H 1 filik, KRS OWE (Obayashi er al., 2011) & [A]
FRICEFIREEDEAL 2 £\ Day 11 IZ3ETE L2728, 4 B TRl L7z, Mg 2HG 2%
I%. CER #£D Day 8 LAKE, TMPD RO 5 6 R AR I IME I 2" Lic, —J7, X
R MIT M AE S 2HG IREICHE L 2o 7z,

4 8 TlE. CER BED Day 4 (T 2HG IR DA B R EALIZ A B> 1273,
Day 8 (CER A% : 2.20+0.37, %fHEEE : 1.60+0.20 yM, P<0.05) L X Day 11 (CER ¥ :
2.53+0.53, XFFREE : 1.29£0.16 yM, P <0.01) IZHEIZHEEE R L7 (Fig. 1A), TMPD
BEE, 5 6 BERIt: (TMPD B @ 1.87+0.38, XFHARE : 1.36+£0.21 uM, P<0.05) 35 X024
IR % (TMPD % :2.28+0.35, %R : 1.85+£0.21, P<0.05) (A & i 2 7=~ L 7= (Fig. 1B),

9 M TIiX., CER £ Day8 (CER & : 1.74£0.26, *FFREE : 1.3120.12 uM, P<0.05)
ICHEICEEZ 7R L (Fig. 10), S 5HIZ, 9 #knd TMPD BEDO# 5 24 IKfi]#: (TMPD

B 0 1.87£0.37, KFHREE : 1.30£0.27 uM, P<0.05) (ZHEICEMEEZ R L= (Fig. 1D),
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Figure. 1. Box-and-whisker plots of plasma 2-hydroxyglutarate (2HG) levels: (A) in 4-week-

old rats treated with 0 or 20 ppm CER; (B) in 4-week-old rats treated with 0 or 9 mg/kg TMPD;

(C) in 9-week-old rats treated with 0 or 40 ppm CER; and (D) in 9-week-old rats treated with 0

or 9 mg/kg TMPD for the indicated times after dosing. The box represents the middle 50% of

the distribution, and the upper and lower whiskers represent the entire spread of the data (n=5

per group; a, n = 4 per group because of death). The horizontal line indicates the median.

*P < 0.05 compared with the control group using the Student’s #-test. #P < 0.05 and ##P < 0.01
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compared with the control group using the Aspin—Welch #-test. CER, cerivastatin Na; TMPD,

tetramethyl-p-phenylenediamine.

MAEH AST, CK 3 LU CK-MM {51
CER 2%\ & TMPD Z#& 5 &7z 4 Hiis (Fig. 2A, 2B) B LT 9 Hiis (Fig. 2C,

2D) T v MZBWT, M AST, CK 5 LU CK-MM JEPEZIE L, N Zh 0k REE
LLiE L7z, CERBETIZ 4 Ml KO 9l 7 » hOWTIZIHB W TH, AST, CK B
L OV CK-MM [ E %7~ L7z, 4 HlnClL CER #£D Day 11 T AST, CK. CK-MM ¥ F
& (P<0.01) lZ@EfE% < L7 (Fig. 2A), TMPD R0 24 W12 AST OANEE

(P<0.001) ICHEfEZ L7z (Fig.2B) 7%, CK ¥ XU CK-MM DOZEALITH 62> Tldis
N,
9 HHHTIX, CER FED AST BxHFRERIZLERTHE (P<0.05) 2@z~ L7=2, CK
B L O CK-MM IZHERHFIIA B EITRD bz o 72 (Fig. 2C), TMPD # 0 AST,

CK. CK-MM |I*fHHE & DI EITE O bz h» 7 (Fig. 2D),
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Figure. 2. Box-and-whisker plots of plasma aspartate aminotransferase (AST), creatine kinase

(CK), and muscle-type CK (CK-MM) levels: (A) in 4-week-old rats treated with 0 or 20 ppm

CER, measured on day 11 (n =5 per group); (B) in 4-week-old rats treated with 0 or 9 mg/kg

TMPD, measured at 24 hr after dosing (n = 5 per group); (C) in 9-week-old rats treated with 0

or 40 ppm CER, measured on day 11, (n =4 per group); and (D) in 9-week-old rats treated with

0 or 9 mg/kg TMPD at 24 hr after dosing (n = 5 per group). The box represents the middle 50%

of the distribution, and the upper and lower whiskers represent the entire spread of the data. The

horizontal line indicates the median. #P < 0.05, ##P < 0.01, and ###P < 0.001 compared with
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the control group using the Aspin—Welch t-test. ***P < 0.001 compared with the control group

using the Student’s t-test. CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine.

T3 B RO A

SHHREEOWT IO REREF IS BT RITERO b ivie -7 (Table 1 B8 LY 2,
Fig. 3A-D), CER B£CiX, 4 v (Table 1, Fig. 3E) 3L 9 flln (Table 2, Fig. 3G)
7 v b ORFIORBRE D CTHEEOZE R (Fig. 3E B8 LU 3G DKM, B, BXIO
MR A7 72, TMPD BETiX, 4 Hils (Table 1. Fig. 3F) 35 X009 Ml (Table 2,
Fig.3H) 7 v N T, M#kED T EE D%k (Fig. 3F 3 X OV3H OKRED) B XD HD

BFERERD b7z,
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Table 1. Histopathology of the rectus femoris muscle in 4-week-old rats treated with

cerivastatin or tetramethyl-p-phenylenediamine.

CER TMPD
Observation 0 ppm 20ppm  Omgkg 9 mgkg
n=>5 n=>5 n=>5 n=>5
++ ++
Vacuolar degeneration, muscle fibers - -
s 5) (5)
++ +
Necrosis, muscle fibers — —
(5) 4)
Cellular infiltration - +(/;L)+ - -

Grade: —, within normal limits; +, slight injury; +/++, slight to moderate injury; ++, moderate
injury. Numbers in parentheses represent the number of animals with pathological changes. CER,

cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine.

Table 2. Histopathology of the rectus femoris muscle in 9-week-old rats treated with

cerivastatin or tetramethyl-p-phenylenediamine.

CER TMPD
Observation 0 ppm 40 ppm O0mg/kg 9 mgkg
n=>5 n=4 n=>35 n=>5
++ e
Vacuolar degeneration, muscle fibers - -
¢ @ (5)
++ +
Necrosis, muscle fibers - -
“) (1
J’_
Cellular infiltration — — —
4)

Grade: —, within normal limits; +, slight injury; +/++, slight to moderate injury; ++, moderate
injury. Numbers in parentheses represent the number of animals with pathological changes.

CER, cerivastatin Na; TMPD, tetramethyl-p-phenylenediamine.
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Figure. 3. Histopathological analysis of muscle fibers. Rectus femoris muscle tissues from 4-

week-old rats treated with 0 ppm CER (A) or 20 ppm CER (E) were collected on day 11, and

those from 4-week-old rats treated with 0 mg/kg TMPD (B) or 9 mg/kg TMPD (F) were

collected at 24 hr after dosing. Tissues from 9-week-old rats treated with 0 ppm CER (C) or

40 ppm CER (G) were collected on day 11, and those from 9-week-old rats treated with 0 mg/kg

TMPD (D) or 9 mg/kg TMPD (H) were collected at 24 hr after dosing. The following findings

were noted: (A—D) no abnormalities; (E, G) marked variation in fiber sizes, with moderately

vacuolated (arrow) and moderately necrotic fibers; (F, H) moderately vacuolated (arrow) and
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necrotic fibers. Hematoxylin and eosin staining. Scale bar = 100 um. CER, cerivastatin Na;

TMPD, tetramethyl-p-phenylenediamine.
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I
B

BRI EEDO N, F~—T— & L TOMNE 2HG OF HTEEZ T3 5 72012, B

fEET v MIEBIT D 2HG O IMmAEF R 2 HIE L. 1RO EEAH /N1 4~ —74— (AST,

CK, BIWCK-MM) &g L7-, REOFH =M BITILLTO@EY Th b, OTMPD

HAZ L ABEOFHEEICBW T, M4 2HG 1X CK-MM LV b EEETHY . @Ifi

BEh 2HG JREIIAETRILIC &> THEREE LT, OFRHES AT 25 4 Hiln

(immature) 7 v k& 93flin (youngadult) 7 v k& DO THHEF 2HG IREICHERZE

TR o T, M 2HG O F A& R ISR 2 B A3 B TE O YT Bl TIIpesk

DEREFG A A~ ==LV EBETHL LW O H I EORROBFHINTZ, 2 bD

AEELX, M 2HG DN EEAEEOE LR TN A~—— L L THERHTOD %

TRIB LT A,

FRHIT, FOEELBEELMEE. BLOI Far R 7O LX—RFD 7=

(2. P K BREE &9\ (Valiyil and Christopher-Stine, 2010) , B & % 2t D H.

WL OBERBICEE THY . 2N E TEIZ CK BLO AST OBEIEICHEEFEL T

2o TNOEDAA A= =T =T, & FOBEHEE 2T 57200 HRFETLD

D5, FEERR T, WEMEDOITSSEDRESBLIORIZT v MBI 2 HRREORS

W2 X0 OFHENRE W EIXWV 2720 (Bohlmeyer ef al., 1994; Sorichter et al., 1999), Z @
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O T B 1 REICBWTT v MIBIT 5B HEHEEF IS 25RO 5 I

FRERNA A~ —H— 2B L, M 2HG % A L7z (Obayashi et al., 2017) ,

RKETIT, BER5BFICI D EEMEEEZFERT 5D CER 8L TMPD % AW\ 7=

(Munday, 1988; Munday et al., 1990; De Pinieux et al., 1996; Nishimoto et al., 2003) ., J7&ELAH

RFRIFEATIZ LV . CER 7213 TMPD %85 S 727 » F O KBRE A, CHES R E D

BEN., HREMEMREA I TMPD B LV S CEREECL VW EE CTh o712, B HEE

DFEHIL. CER FETIIRESR TH o728, TMPD BETIZAMTHY . F 1 EOHE

(Obayashi e al., 2017) &—FH L7z, & 512, M AST 1L 4 B LT 9 M CER b &

4 > TMPD BECAHEIZHEIN L7223, 9 B> TMPD BECIZEM L7227 > 7=, CK

F 721X CK-MM [Z22WTiE, CER B (9 #lfii) F 721X TMPD £ (4 B X OV 9 #l) 13xf

FERE & Ll U CHEEFII A B IR D b v - 7-728, CER B CK B LU CK-MM %

BA OS2I U, WA R b A R L T2, 2 b DT —#Z 1%, CER #5-%12

CK BXWCKMM O EHZHESEEDEENTEINTEZ & 2RI WA

(Seachrist et al., 2005) & —F L7z,

MmAE 2HG 1X. 4 BB X N9 B~ ~ F @ CER BB LN TMPD BECTHEIZHIIL

7~ XTRRASIC. AST 129 Blix =7 ~ F @ TMPD BETIEA B2 BEINIRD S o T,

S 52, CKEBLOCK-MM (%, 9#lET7 ~ F® CER B, 4 #Hiin £ 7213 9 #Hl > TMPD

FETITAERBEINIED b oi-, F7-, miEH AST, CK., B IL CK-MM I,
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TMPD B L 0 & BHERERGEEZ R L7 CER FETIZ2HG Lk L CRELEH L

M. TMPD BETIZZE 5 TldZe ol LT -> T, IfifE 2HG 1XT v MIBWT CK B

L ONCK-MM LV & EEDFWVETIREE N, A~—I—Th 5 L b s, i 2HG

DVEAE R IEE ORI E NS WA I = X LIAATH D, EA6 D2 L. CKIEH

FHRRN S BB CAEAE L FEER S DR 2 23, 2HG I3 B R ih FE =R 5

AR CHRPEAVICEIINT 2 &9 2 & TH D (Obayashi et al., 2017) , IZHEZ BN D

BHAIZ, chbo~v—h—0¥EHOETH S, MikT o AST OEHIX. 7 v R T

#9 2.3 WEfl, A X C33~44 R, b hT4~46 K1 T Y (Bvans, 1996a) . CK D>

WAL, T o TR 0.6 BER]. A X T 0.6~16.2 B[] (Evans, 1996b) . 7 # % THA 9

M. B FTI2K#THLD (Walker,2006) . Fx 3HDERY | 2HG D i A -8 XA

THY, MENHHRTLZENRETHLNE I NFIAATHD, LNLRRE, &

1 BOTF—ZRHBEINTZZENLH  2HG I A A ~v— I —L LTHEHTHD D

o,

ARFETIE, M5 2HG (263 2 AETRIML O BIZ DWW T hE L7, 4 ik LU 9

HisZ > S OXRREEZI T 2 Mg 2HG IREIL, £ E1 1.12~2.18 uyM B LT 0.89

~1.94uM TH o7z, ZOMHIEF 2HG IR EOFFHIL, WEOHYE (Dang et al., 2016) &

—H L7z, 612, AEIOFERTIHMEE 2HG LV DIELOERN/NI NI BRI

7o BRBEZEDEROAAL F~v—H—TdH5H AST BLO CK %, AFEE S 7= i
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MOIH L, SR O ZERNC L 5 MRS L ORM & &SI f L~ L84 5,

FERIZ, CKIEVEIZ MY > 7 /L OBk (Yerroum et al., 1999; Goicoechea et al., 2008)

B L OERIMEAL (Matsuzawa et al., 1993) DEW|Z . RAE Ty R TH 100~

1,300 IU/L EiEH o< Z ERWEINTWD, 2D K 912, I 2HG 1T EFIMIZ L -

Tz =T % RerEiHR,

o

B, BGEELZFHRINT 4 BB IO BT ~ F CTSE 2HG 2380 L 7=,

2HG 1%, B O EIEERE TELT 5 ARV o & ITBERILRIZ TCA B IR D REPEY

ELTHEASND Z ENHBLILTUVD (Prensner and Chinnaiyan, 2011) , L7223 C,

2HG DIMBETIREIL T v b OFn & ITEER TH D LB s,

ME 2HG OEIMNIZ. BHRFGICBITAI hary R TEEODHFELZ B LTS, *

RF U THER LU ERGEZEICBITAI hary RYTOREIL, hoRZ2F (301

ARF v BAANRARF v TINRAAF U E) 1BV ThHE NEEDTEZOEY

FEC—E L THIZIINTWVWD (Bergman ef al., 2003; Gambelli et al., 2004; Seachrist et al.,

2005; Sirvent et al., 2005b; Westwood et al., 2005; Westwood et al., 2008) . FHAITFFIZ I b

S R TSI T, E LT TR A — R A D RN K X < KAE

THZLEMME, TMPD I2XK 5 by R 7oKL TMPD Offhm R B &

E &2 R7- L CW\5 (Munday et al., 1990) , 2HG OEFEIX TCA [FIFE O O Z4b

BRI BN -T2 2 L 2R L TEY . CER BLUTMPD (Z X %k
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FEO—KEEBEZHND,

AIFFEIT N OO MER RSN TW D, BRMHFEENSAS A~——& LT
$E 2HG Dfifias £ 72 TR R A TG L 720 o7, LIe > T, BT EEofoTT
V. Ty NRZOMOBWFEIZ T D IFEME, BREEE L OEROET L EE Mo
— R mE T T L COMER 2HG IREORIENSLE L Bbn b, £72. 2HG N E#
fhfEEANA, v —h—L LTS SN D010, i 2HG & sTnl. Myl3, BI W
FABP3 72 E OO EMHEENA A~ —H— L DLBPLETH D, BT, AT~
—7—& LCoOMmiE 2HG OF AL HERT 2 7-012i%, B, B 7%Ht. M.
FEp7e EONL OO T A —F BT ERMELLETHS ),

AR, M 2HG 23 M CK-MM X 0 & B iR S BHICEE L Tns 2 e %
AU, I 2HG OF =% —MIEREIR B X ORISR 2 B EEoBRIC =T 5
TLERBLTND, EHIC, REDENNCEIMELZEIESE L Z L2, R
SRR LML THETE 2 20 b, BRHIEE AL A ~—0—L& L ThiE 2HG
ZHAWD Z LIZED ., AIEEMZE, FRCEERBRICB T 28 LB L T2 &N TE 5,

fitiam & LT, AR TIEMEE 2HG DN BEE OB F a2 T 2 72D O E R A F
~— N —FEMTHDH Z & &R L, M 2HG 1Z CK B8 L OVCK-MM L 0 b EAE <

7 v Folls (4 & 9@lE) X ORERMIC LD ZTRBD ol
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/N

ARFEOMIEIZEBNT, MIESF 2HG X OB R EIC BT CK B8 LY CK-MM

FVRERETHD Z &, S HICHERER XORERILOZENBD bIRWI LIVRS

o, B RIS A T H D TREME IR S LTz,
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FHI3E R KO

CER &» 5\ TMPD TEKGHEELZFE LIZT v MIBWT, AZRa I 7 AEITIC

Ko TBBMIEE O AL A~—h—fmiz B L, migh 2HG 2/t L7z, gt 2HG

DAL I —Tr— & LTOF IR Ba LR, 2HG 1290 B #ipEEIC 50T CK

BLO CKMM LY @RETHD Z &, Hilimal L ORERMOEEN LR &

5. BHFMEICAERR~— I —Th D Z LR ENTZ, AiFZEIX. 2HG O A F~—h
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