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&1 BBEE(COIFTIETHLRALE) DS

| o 20034 (n=2547) 20084 (n=4123) 2013%(n=4153)
WM& | B(n=1184) | K(n=1363) | B(n=1880) | &(n=2243) | B(n=1869) | iz(n-2284)

20 ~ 24 %a%  800%  B35%  904%  8A3%  Ba%%
25 ~ 29 ~ 924%  80.0% 89.9%  724%  892%  73.9%
30 ~ 34 91.3%  79.2% 89.8%  742% 86.0%  73.7%
35 ~ 39 91.0% 82.1% 89.8%  758%  925%  758%
40 ~ 44 | . 927%  797%  865%  786%  87.4%  734%
45 ~ 49 89.3% 70.3% 89.3%  784% = 882%  78.1%
50 ~ 54 87.3% 66.7% 883% . 67.0%  855%  73.2%
55 ~ 59 93.1% 69.8% 82.0% 60.6% 87.1%  66.8%
60 ~ 64 84.9% 57.1% 88.8%  59.5%  79.4%  55.9%
65 ~ 69 84.1% 49.6% 85.5%  491%  81.3%  456%
70 ~ 74 62.9% 427%  740%  386%  TA9%  46.9%
75 ~ 79 65.7% 33.3% 56.1% 29.7% 67.3% 33.5%
80 ~ 84 . 8% 83%  453% 207%  60.0%  28.3%
85 UL 58.3% 18.8% 61.5% 20.8% 46.2% 14.0%

a% 84.2%  63.6% 826%  622%  80.8%  59.8%
FHEE (20032%) 86.0% 63.4% 84.1% 62.5% 83.6% 63.1% .
BERR vs2003 ; ~ p=012  p=059 = p=007 = p=086
KREER vs2008 : p=0.72 = p=068

THEIIZE B2V, BAEIZ20036E & < B, 20084F & 2013E S EVERIZH D



%0 10T E40g8 L. %20gll LEET BEQEE

2003%(n=2547) 20084 (n=4123) 2013%(n=4153)
EHEE Bn=1184) | Z(n=1363) | B(n=1880) | %n=2243) | B(n=1869) | %n=2284)
20 ~ 24 11.5% 6.7% 0.0% 5.3% 1.4% 6.5%
25 ~ 29 19.7% 10.8% 7.1% 7.8% 5.4% 50%
30 ~ 34 15.0% 9.9% 12.6% 9.9% 8.6% 6.8%
35 ~ 39 14.6% 10.4% 11.0% 7.0% 10.8% 10.8%
40 ~ 44 15.9% 9.0% 14.9% 6.0% 16.8% 10.9%
45 ~ 49 29.8% 5.5% 17.3% 9.T% 16.4% 6.7%
50 ~ 54 28.7% 4.9% 24.7% 6.0% 26.3% 5.7%
55 ~ 59 23.5% 7.9% 22.8% 5.0% 21% . 56%
60 ~ 64 22.2% 2.0% 21.5% 5.9% 21.1% 7.4%
65 ~ 69 24.6% 2.2% 19.5% 0.9% 17.8% 47%
70 ~ 74 8.6% 2.9% 9.2% 2.9% 16.8% 1.3%
75 ~ 79 11.4% 1.6% 10.6% 0.7% 10.5% 1.2%
80 ~ 84 14.3% 2.8% 1.9% 0.0% 8.2% 0.9%
85 A 0.0% 0.0% 0.0% 0.0% 51% 2.0%
% 19.6% 5.8% 16.3% 5.3% 15.6% 56%

X ( 2003E% ) 19.0% 6.0% 14.1% 5.4% 14.3% 5.9%

MERR vs2003 p<0.01 p=0.43 p<0.01 p=0.85

MEER vs2008 - p=0.90 p=0.49

FHEIIZE SRV A, BAEIX20034 5 5 2008EIC A BICHD LA, 2013 3R & EDL L2V

%3 B18 Ll teogll EAET HBEDEIS

o - 2003 20085 2013
ERRER 2 | x 2 | & g2 | x
20 ~ 24 7.7% 4.4% 6.3% 2.1% 14.3% 9.7%
25 ~ 29 ; : 13.6% 9.2% 11.1% 1.7% 17.6% 2.5%
30 ~ 34 - 5.0% 4.0% 11.0% 33%  161%  3.8%
35 ~ 39 79%  1.9% 8.7% 1.1% 8.3% 2.5%
40 ~ 44 13.4% 3.8% 7.8% 0.9% 16.8% 3.6%
45 ~ 49 : 19.0% 0.8% 10.0% 2.2% 16.4% 1.7%
50 ~ 54 ' 15.3% 2.1% 14.3% 1.0% 15.8% 3.6%
55 ~ 59 ~‘ 17.6% 2.9% 11.2% 1.8% 12.9% 2.0%
60 ~ 64 » 8.7% - 0.7% 9.3% 0.5% 10.6% 0.7%
65 ~ 69 10.9% 0.7% 9.0%" 0.9% 9.1% 1.4%
70 ~ 74 5.7% 0.0% 2.3% 1.8% 9.9% 0.4%
7% ~ 79 4.3% 0.0% 4.1% 0.7% 3.3% 0.0%
80 ~ 8  0.0% 0.0% 0.0% 0.0% 2.4% 0.0%
85 Lk 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
R , 10.7% 21%  86%  1.4% 11.3% 2.0%
A% (20038 % ) 10.8% 2.5% 9.0% 1.4% 12.8% 2.6%
BRERR vs2003 ~ p=0.10 p<0.05 p=0.10_ p=0.93
BERR vs2008 p<0.01 p<0.01

B4 L b 2008 A KV MBI, 20034F & 20134 [RE S, B TRORMM,




4 AUDIT 8mLLEDEDEIE

- 20034 (n=2547) 20084 (n=4123) 20134 (n=4153)

KR Em=1184) | %(n=1363) | B(n=1880) | &(n=2243) | B(n=1869) | f(n=2284)
20 ~ 24 | 17.3% 8.9% 89%  74%  18.6% 8.1%
2% ~ 29 34.8% 138%  182% 7.8% 149%  5.9%
30 ~ 34 275%  59% 26.8% 6.0% 19.4%  5.3%
35 ~ 39 30.3% 3.8% 24.4% 59%  242%  51%
40 ~ 4 35.4% 45% 241%  28% 25.2% 5.2%
45 ~ 49 O 345% 3.9% 32.0% 59%  283%  34%
50 ~ 54 37.3% 4.2% 312%  25%  395%  41%
55 ~ 59 34.3% 4.3% 31.1% 41% 31.0% 2.6%
60 ~ 64 27.8% 14%  21.1% 41% 289%  29%
65 ~ 69 - 254% 0.0% 26.2% 1.3% 2%55%  23%
70 ~ 74 12.4% 2.9% 14.5% 18%  220% - 0.4%
75 ~ 79 10.0% 0.0% 11.4% 0.0% 183%  0.6%
80 ~ 84 10.7%  0.0% 5.7% 00%  94%  0.0%
85 B £ . 83% 0.0% 00%  00% 54%  2.0%
By 27.4% 37% 235%  31%  246%  32%
WEE (20038% ) 28.0% 4.3% 23.1% 4.0% 24.5% 3.7%:
BERZR vs2003 p<0.01 p=0.60 p<0.05  p=036

BREZR vs2008 p=035  p=067

B B 2R, B HERL20035E D b 20084 I A B LR, 2013 RAIE L B b bRV

&5 AUDIT 16E U EDEDES

20034 (n=2547) 20084 (n=4123) 2013%(n=4153)
EBEE Bn=1184) | Z(n=1363) | 2(n=1880) | B(n=2243) | B(n=1869) | R(n=2284)

20 ~ 24 9.6% 0.0% 0.0% 1.1% 00%  0.0%
25 ~ 29 9.1% 1.5% 2.0% 0.9% 2.7% 2.5%
30 ~ 34 3.8% 0.0% 47% 0.5% 32%  15%
35 ~ 39 3.4% 0.9% 8.7% 22%  42% 2.6%
4 ~ 44 37% 1.5% 5.0% 09%  56% 0.0%
45 ~ 49 ' 83%  0.0% 3.3% 11% 59%  1.1%
50 ~ 54 8.0%  14% 8.4% 0.0% 99%  05%
55 ~ 59 5.9% 1.4% 6.3% 0.5% 8.2% 0.0%
60 ~ 64 1.6% 0.0% 75% 00%  60%  04%
65 ~ 69 2.9% 0.0% 5.4% 0.0% 29% 0.0%
70 ~ 74 3.8% 0.0% 2.3% 0.6% 31%  0.0%
75 ~ 79 2.9% 0.0% 1.6% 00%  33% 0.0%
80 ~ 84 ‘ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
85 Mk 0.0% 0.0% 0.0% 0.0% 2.6% 0.0%

E 3 48% 0.6% 4.8% 0.6% 47%  06%
|WER (200382 ) 5.3% 0.6% 4.7% 0.6% 4.6% 0.7%
RERER vs2003 ~ p=0.49 p=0.98 p=047 p=0.68
RERER vs2008 ‘ ~ p=097  p=0.61

B4 L 2003, 2008, 2013FFEIC L WA CH BRIV,




%6 AUDIT 208 L EDEDES

20035 (n=2547)

20084 (n=4123)

20138 (n=4153)

0 ER Bn=1184) | k(n=1363) | B(n=1880) | #m=2243) | B(n=1869) | zm=2284)

20 ~ 24 3.8% 0.0% 0.0% 1.1% 0.0% 0.0%
25 ~ 29 0.0% 0.0% 1.0% 0.0% 1.4% 0.0%
30 ~ 34 0.0% 0.0% 2.4% 0.5% 2.2% 0.8%
35 ~ 39 0.0% 0.0% 5.5% 1.6% 2.5% 1.3%
40 ~ 4 2.4% 0.8% 2.1% 0.0% 1.4% 0.0%
45 ~ 49 3.6% 0.0% 1.3% 0.0% 2.6% 0.6%
50 ~ 54 2.7% 0.7% 4.5% 0.0% 3.3% 0.0%
55 ~ 59 2.0% 0.7% 2.4% 0.0% 5.3% 0.0%
60 ~ 64 0.8% 0.0% 1.9% 0.0% 2.3% 0.0%
65 ~ 69 2.2% 0.0% 1.8% 0.0% 0.5% 0.0%
70 ~ 74 1.0% 0.0% 1.2% 0.6% 1.0% 0.0%
75 ~ 79 1.4% 0.0% 0.0% 0.0% 2.0% 0.0%
80 ~ 84 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
85 BMLE 0.0% 0.0% 0.0% 0.0% 2.6% 0.0%

0% 1.6% 0.2% 2.0% 0.3% 2.0% 0.2%
BRE (2003E% ) 1.6% 0.2% 2.1% 0.3% 2.1% 0.2%
BEER vs2003 p=0.31 p=0.75 p=0.34 p=1.00
BEER vs2008 p=0.93 p=0.58

B4k 2003, 2008, 201MERER L HEAICHEERRY,
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20035 (n=2547)

20084 (n=4123)

2013%(n=4153)

N B(n=1184) | #(n=1363) | B(n=1880) | f(n=2243) | B(n=1869) | #7(n=2284)

20 ~ 24 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
25 ~ 29 0.0% 0.0% 0.0% 0.0% 1.4% 0.0%
30 ~ 34 1.3% 1.0% 0.8% 0.0% 0.0% 1.5%
35 ~ 39 0.0% 0.0% 0.8% 0.0% 1.7% 0.0%
40 ~ 44 2.4% 0.0% 0.7% 0.0% 0.7% 0.0%
45 ~ 49 1.2% 0.0% 0.7% 1.1% 0.7% 0.0%
50 ~ 54 0.7% 0.7% 0.6% 0.0% 2.0% 0.0%
55 ~ 59 2.0% 0.0% 0.0% 0.0% 1.2% 0.0%
60 ~ 64 1.6% 0.0% 0.9% 0.0% 0.9% 0.4%
65 ~ 69 2.2% 0.0% 0.5% 0.0% 1.0% 0.0%
70 ~ 74 5.7% 0.0% 0.6% 0.6% 1.6% 0.0%
75 ~ 79 5.7% 0.0% 0.0% 0.0% 2.0% 0.0%
80 ~ 84 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
85 Bk 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

HE 1.9% 0.1% 0.5% 0.1% 1.1% 0.1%
HEX (2003E% ) 1.5% 02% . 0.5% 0.1% 1.0% 0.2%
BEER vs2003 p<0.01 p=1.00 p=0.11 p=1.00
BERR vs2008 p=0.06 p=1.00

EHRRED LAV, BHE2008EICHEREP L, 203FRRENTHo T,
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20084 (n=4123) 20134 (n=4153)
£ KR £(n=1880)| % (n=2243) B(n=1869)| 22(n=2284)
20 ~ 24 o 15.2% 9.6% 18.6%  14.5%
25 ~ 29 : 4.0% 8.6% 14.9% 15.1%
30 ~ 34 7.9% 6.0% 10.8% 9.0%
35 ~ 39 39%  27%  58% 3.2%
40 - 44 1.4% 0.5% 2.8% 5.7%
45 ~ 49 2.7% 1.6% 0.7% 1.1%
50 ~ 54 0.0%  0.5% 3.3% 2.6%
55 ~ 59 1.9% 0.5% 1.2% 1.0%
60 ~ 64 0.9% 0.0% 1.4% 0.0%
65 ~ 69 0.0% 0.0% 0.5% 0.0%
70 ~ 74 0.0% 0.0% 0.5% 0.0%
75 ~ 79 0.8% 0.0% 0.7% 0.0%
80 ~ 84 0.0% 0.0% 0.0%  0.0%
85 AL L 0.0% 0.0% 0.0%  0.0%
B¥ ; 2.3% 1.8% 3.2% 2.8%
FRE (2008E%) 3.1% 2.2% 4.9% 3.8%

BMEER vs2008 ‘ p<0.01 : p<0.01

BLbAERICEAWEMLI,

#®9 ¥ UJILKREDEE

20085 (n=4123) 2013E(n=4153)
£ B KR | B(n=1880)| &(n=2243)| B(n=1869)| & (n=2284)
20 ~ 24 10.1% 1.1% 4.3% 1.6%
25 ~ 29 14.1% 6.0% 10.8% 4.2%
30 ~ 34 12.6% 1.6% 172% 5.3%
35 ~ 39 8.7% 4.3% 10.8% 1.9%
40 ~ 44 17.7% 0.5% 14.0% 3.6%
45 ~ 49 12.7% 2.2% 9.2% 0.6%
50 ~ 54 . 6.5% 1.5% 6.6% 1.0%
55 ~ 59 9.2% 0.9% 7.6% 1.0%
60 ~ 64 9.8% 2.3% 6.9% 1.1%
65 ~ 69 6.3% 0.4% 8.7% 1.9%
70 ~ 74 3.5% 0.6% 4.2% 0.4%
75 ~ 79 3.3% 0.0% 5.9% 0.0%
80 ~ 84 . 57% 0.0% 3.5% 0.0%
85 ML 0.0% 0.0% 0.0% 2.0%
b <E: 3 9.0% 1.6% 8.0% 1.6%
FEER (2008H A ) 9.6% 1.6% 8.8% 1.8%

BESER vs2008 ' p=0.43 p=0.63

Bl bHERRBEIBDOONRP T,
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3. PIa—IREEBESE LB —H—REORRE

AREF K F R F IR R SRR

BE 85 BE K

KRB £ HER #E—

EifR— KE B8 w8 f

1. BUSHE

HKHOEHICONVWTIX, &K, mP, RPox
¥ ) - VBERHETAZETIbATETVS,
LA LN, EAcy 7 — ViR BRI

 FThots, UNOMELEBTER. £

2T 0MEKRLY, -0y L RLICEED
BT AT~ —DREDRERTEL,
BEOLZA, 5—efudxdy by s b 7400
(5-hydroxytryptophol)?, xFNFNru=|
(ethyl glucuronide)®®, = F V4NV 7z—t
(ethyl sulfate)?, JREFEEi=F VT AF I (fatty
acid ethyl ester)® EMEF L LWB|ESIT
BY, B, 2 FATNIa=FO, 2FUFNV
7 x— b, BHBLF VAT A2V TR
EZERAOLBHCHEASATWS. ChbD
W, 5-eFaFdy5-FaFy YL 74—
VETVI-VREBRILB M T 770D
EWT, LFEMTLIaF, TFVEVT -
b, BT VA F ViGIERRLRMUHEY T
b5b.

—%, 7Tha—-VREERCESEISLL
PaMShTEY, HBITBRKRALBERALEEOH
BENKELBRIILMALNTWS, kR
¥ ADHIB ic2WTid, BAEAX ADHIB2 %
oKL, BCkR, 77V 4% ADHIBL A
%\, £7:, ADLH2IZ2oWTiREAAD 40% ¢

BEEEOZLWRRTHAZ LML TNS,
ProoiERTAL, BRRTHEBENTY
2INbOFTNI— N —H—HKHERNHERT
BT AL ENDH S, T, FHEIZIERL
HRBEWO—2OTHHLF NIV IO FIIK
BL, kX vBohiREON, M, REr
SEESBE v — b —BEITOWTHRET L.

2. BRETE

1 # #

MBI OVTIR S ¥ ¥ A CHIl L /-
ZlbshzofeRREL L, LOELM, BEA
REFBE L

(20 % &

1) ZAaA-NAEE

LI )= OoWTRERY KL - T,
KL CGCETIT o2 # F A& DB-ALC2
(7> b)) C, £+ T7H AL He, W40
mL/min, # J AEES0C, fALEHA— T
75 —lL HS~40 (f—F rxb2—4#) ¢55C
205k L7k, GCIlzALZ. GCHGC
-14A (BESMERT) T, FID THRIILZ. EA
BRI 150C, RMRER 200C T 5.

2} ITFNTALIOZFRE ,

IFNZN A= FIConTIRERH? L
MoT, LC-MSETHMELA #ALLLCR
Prominence UFLC (B#BYERT) Th5. AL

Relafionship between urine efhyl glucurenide and alcohol metabolic enzyme polymorphisms
Hiroshi Matsumoto, Atsushi Ishizaka, Keisuke Mizuo, Ryuichi Katada, Shunichiro Ckazaki, Hideki Hyodo, Satoshi
Watanabe, Department of Legal Medicine and Molecular Alchology Sapporo Medical University School of Medicine.



3. Tha—-AMARERSH L KR — i —REDBHR 251

i ATy —-VRE BRPTFATILro= FRE 7L3-VEBESHO—%

b mBIF/—~  Rpr/—  RBIFL RiEESD
:;ﬁi) :;?ﬁl) mn_b ADH18 ADHIC ALDH2

1 0383 0.898 0.354 2/2 11 1/1
2 1854 1.245 0.982 22 in /1
3 0567 1334 0.856 1/2 111 1/1
4 0034 0.654 0.432 22 1/1 12
5 2894 0.234 0.245 11 1/1 111
6 0008 0.016 0.226 22 1n 1/2
7  0.008 0.012 0.070 2/2 11 1/1
8 0567 0.456 0.095 2/2 1/1 11
9 0134 0.234 0.889 12 11 1/2

7= 9 & & Synergi 4u Polar-RPS0A (250x20
mm) T, BHBIROI% VB TE M= YN
T## 04 ml/min TfFo72. MS & LC-MS2010
EV (BEBERT) <Tds. SEHcowTiR, Bk
WH & LT ethyl glucuronide-d5 (RIRILR) %
05 mg/L 222 L H IR L CTHW:.

3) FLO-IAAHERSD

TH - VRHBESEICOWTE, MEXY
DNA #i#i¥ v b QiAamp DNA Blood Mini Kit
(¥7%v#) CDNA®#MBLAZ PCR7 94
Tl OW TSN -T, ADHIBIZHLT,

FPorward 5'~-ATTCTTTTCTGAATCTGAACA-3'
Reverse 5'-GAAGGGGGGTCACCAGGTTG-~3"’

ADHIC I L T,

Foxward 5'-GCTTTAAGAGTAAATAATCTGTC
cce-3’
Reverse 5/-AATCTACCTCTTTCCAGAGC-3’

£HwT, PCR#{E#% ADHIB OEWHICOVT
&, 55C T Maellli=T, ADHIC I 5 EWIC
ML T3ITCCSspl ICTHMEE, 7Hu—2¥7
VCERKBZTo CHMEEIT-o/. ALDH2
owTi, FEHICEHRY LMo T,

Forward 5’-CAAATTACAGGGTCAAGGGCT-3'
Reverse 5'-CCACACTCACAGTTITCTCTT-3’

BT, PCRYIE%21To T, TOEWE 3TC
T Mboll CHELHk, THI—-AX¥VTER
W ZTFoTHEL .

PEiowTik, LRERRZGERZEEGOR
BEHTWA.

3. BREZ®

1 ICSERH L-HERERICOWTOERYE
RE. APEEA 0] mg/mL BEdolr—2R
KBTI 1IAERERPIFL TV 7O FAt
02 mg/mL L ERRH S, 2016 oW T
ID &% 8C, MHA0567 mg/mL, R4t 0456
mg/mLRBENRTVE2, fo7ra—iro
23BN, EREELEZLLS. L1
HoT, FOHRERTVI—VEREOTMAR L,
IFNINZO= EBERSNEhotELL
na IDEFLIBLFIICOWTIZM AR
0l mg/mL&ETIEDH B, —FitRFTy ./ —
NIBEEA 0898 mg/mL B, 7T a—vEkE
L THEHICH 2 LERENZDIZHL,
IDEFITRRYILY /- NViEEITZ02H
mg/mL & S LH L PR T V- VikE
FRMLTWALEEA LY. Ll R




%52 | W RERSH

RrFu vy a= FiZID HF% 1420354 mg/L.

IDHEE9IH088I mg/L Lo TBhILPBIT
ROBELFETH. RPTFNVIVIOZFIZ
BREAERKEZCREV EFASATREY,
FhaEZRTHLIDET O RBEMORRKIEE
THAHATRELRELTVEA, EBICERICK
NIZEREABCKELTVWARR DY, Th
rEFIFohboLELLNSE IDEF6BL
U 7ivTFhd s S UCRPIBESAREORE
ErTRESEBETH 1, IDEF6IIB
TIRBLF VT V7= FA$0226 mg/L LIk
B, FBED 1 HgoMICRE LAl
FRBEER. Tk P/ —ViRELRS
IZFNZVy s FEBFRTR, ErE UCHBEM
Bz voics L, Rpzy J—IVRE L2z
FOHBEGRICH 2. THVI—-WRBERST
L ORETIRSEIRAMS DR W HFETENE
AT A e d o, ADHIBIZOWT1/1 &
VW OAMEEMR, 2/2 L) OXREFEERTH
AIi@mshTwWAD, MHEHE L CERER

EWTIRKESERGENCbAs THREBER

Ahdinizv. ¥4, ALDH2ZORE Y 471
BWTH7EMTZAUFL FEAERT DY
J—NREMNETRWIEHLENATNS, IO
TL&#EETHE, ADHIB I/1 TALDH2 172
¥4 7OANGKRBRHBRES RPZF VIV
o= MR S h AT EE S ha.
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SUMMARY

Alcohol-induced osteonecrosis of the femoral head (ONFH) is observed in alcohol
abusers and patients with alcoholic fatty liver disease. It has been reported that
Toll-like receptor 4 (TLR4) signalling plays a crucial role in the pathogenesis of
alcoholic fatty liver disease. We previously reported a corticosteroid-induced ONFH
rat model, and suggested that TLR4 signalling contributes to the pathogenesis of
ONFH. Thus, it is thought that the pathogenesis of alcohol-induced ONFH is proba-
bly similar to that of corticosteroid-induced ONFH. The aim of this study was to
develop a new animal model for alcohol-induced ONFH and to evaluate the rela-
tionship between the pro-inflammatory response via TLRs and the development
of ONFH in rats. Male Wistar rats were fed a Lieber-DeCarli liquid diet contain-
ing 5% ethanol (experimental group) or dextran {control group) for 1-24 weeks.
Histopathological and biochemical analyses were performed. Feeding the ethanol-
containing liquid diet resulted in the development of ONFH with hepatic steatosis,
hepatic dysfunction and hyperlipidaemia, whereas feeding the dextran-containing
diet did not cause ONFH. However, we could not recognize any relationship
between the pro-inflammatory response via TLR4 and the development of alcohol-
induced ONFH. Thus in this study we have developed a new rat model for alcohol-
induced ONFH based on the feeding of an ethanol liquid diet. ONFH was observed
within seven days from the start of feeding with 5% ethanol-containing liquid diet.
Although this was linked to hepatic steatosis, a TLR4 association was not a feature
of this model.

Keywords
alcohol, animal model, femoral head osteonecrosis, toll-like receptor

Non-traumatic osteonecrosis of the femoral head (ONFH)
has been regarded as a complication of corticosteroid ther-
apy with inflammatory ,disease or alcohol abuse (Abeles
et al. 1978; Mont et al. 2006). However, the pathogenesis
of alcohol-induced ONFH has not been clarified apart from
epidemiological investigations referring to ONFH. The risk
of alcohol-induced. ONFH was increased by an alcohol
intake dose and drinking period (Hirota et al. 1993). Fur-
thermore, most drinkers who develop ONFH also contract
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alcoholic fatty liver disease (McClain ef al. 2004; Lucey
et al. 2009). The pathogenesis of alcoholic fatty liver disease
has been studied using experimental rat and mouse mod-
els fed on an alcohol-containing liquid diet, especially the
Lieber-DeCarli liquid diet (Lieber et al. 1989). Further, it
has been reported that the Toll-like receptor 4 (TLR4) sig-
nalling pathway plays a crucial role in the pathogenesis of
alcoholic fatty liver disease (McClain et al. 2004; Hritz
et al. 2008). On the other hand, Ichiseki et al. 2011
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reported oxidative stress-induced ONFH in a rat model and
demonstrated that glutathione level acts as an index of oxi-
dative stress-induced changes in the liver. Further, we previ-
ously reported that the disturbance of liver function was
observed in patients with corticosteroid-induced ONFH
(Okazaki et al. 2013) and that corticosteroid treatment after
an injection of lipopolysaccharides (LPS), a ligand for
TLR4, induced ONFH with fatty liver in rats, suggesting
that TLR4 signalling contributes to the pathogenesis of cor-
ticosteroid-induced ONFH in rat (Okazaki et al. 2009).
These reports indicate that any liver damage (fatty liver,
liver function, oxidative stress) may contribute to the patho-
genesis of non-traumatic ONFH, as Solomon reported that
the pathogenesis of alcohol-induced osteonecrosis is proba-
bly similar to that of corticosteroid-induced osteonecrosis
{Solomon 1985). Therefore, we focused on alcoholic fatty
liver disease to develop an alcohol-induced ONFH animal
model. We hypothesized that the feeding of this alcohol-
containing liquid diet would cause ONFH in rats and that
TLR4 signalling may play any role in the development of
alcohol-induced ONFH in rats. In this study, to clarify the
above hypothesis, we evaluated the relationship between
the pro-inflammatory response via TLR4 signalling and
the development of ONFH in rats fed with an ethanol-
containing liquid diet.

Materials énd methods

Animals and ethanol feeding

Male Wistar rats (6 weeks of age) were obtained from the
Sankyo Labo Service Co., Ltd. (Sapporo, Japan) and housed
individually in a temperature- and humidity-controlled room
with a 12-h light/dark cycle. Ninety-four rats were divided
into two groups. The alcohol group received the Lieber-DeC-
arli liquid diet (Lieber et al. 1989) (ORIENTAL YEAST Co.,
Ltd., Tokyo, Japan) containing 5.0% (weight/volume) ethanol
(35% ethanol-derived calories) for 1, 2, 3, 4, 6 and 24 weeks.
Control rats were pair-fed the same liquid diet without etha-
nol (the ethanol was replaced with dextran-maltose isocalori-
cally) for the same periods as the alcohol group. All rats were
fed the control liquid diet ad libitum for 1 week prior to the
start of experiments. To accustom the alcohol group rats to
the alcohol-containing liquid diet, they were fed with the alco-
hol-containing liquid diet (1.0-4.0% ethanol) ad libitum for
1 week prior to the start of experiments. The rats were
weighed each day. The rats in the alcohol group were allowed
unrestricted access to the alcohol-containing liquid diet. The
intake of the pair-fed control rats was strictly limited to the
amount ingested on the previous day by the pair-matched eth-
anol-fed rats to ensure that the calorie intakes of the two
groups were the same. After pair feeding, the rats were sacri-
ficed. Blood was collected from the inferior vena cava at the

time of sacrifice and immediately centrifuged. The superna- -

tant was stored as platelet-rich plasma (PRP) at —84 °C until
analysis. The femur and liver were harvested and fixed with a
10% formalin-0.1 M phosphate buffer (pH 7.4).
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Ethical approval

All experiments were performed in accordance with the
guidelines of the Ministry of Sports, Culture, Science and
Technology, Japan. They also followed protocols that were
approved by the Animal Care and Use Committee, Sapporo
Medical University School of Medicine (Approval Number:
09-008).

Histopathology

Bone specimens of the femur were decalcified with Kalki-
tox™ (Wako Pure Chemical Industries, Ltd. Osaka, Japan)
and then neutralized with sodium sulphate buffer. A small
section of the liver or femur was dissected and fixed with a
10% formalin-0.1 M phosphate buffer (pH 7.4). The tissues
were then processed for routine haematoxylin and eosin
staining. Osteonecrosis was defined as the presence of diffuse
empty lacunae or pyknotic osteocytic nuclei in the bone tra-
beculae accompanied by and surrounding bone marrow cell
necrosis, as described previously (Yamamoto et al. 1997;
Ichiseki 2006; Okazaki et al. 2009; Tateda et al. 2012).

Biochemical assay

The PRP concentrations of aspartate aminotransferase
(AST), alanine transaminase (ALT), triglyceride (TG), total
cholesterol (TC) and high-density lipoprotein (HDL) were
measured using a SPOTCHEM® D system (ARKRAY, Inc.,
Kyoto, Japan) in accordance with the manufacturer’s
instructions.

Electrophoretic mobility shift assay

NF-«B, Interferon (IFN) regulatory factor 3 (IRF3) and
IRF7 are signal transcription factors related to the pro-
inflammatory response via TLR4 signalling. The activation
of transcription factors in the liver was assessed by Electro-
phoretic mobility shift assay (EMSA) as described previously
(Matsumoto et al. 2002). Briefly, equal amounts of liver
nuclear extracts (2 mg of protein) were incubated for 1 h at
room temperature with *?P-labelled NF-xB, IRF3 and IRF7
double-strand consensus oligonucleotide probes (NF-xB: 5"
AGTTGAGGGGACTTTCCCAGGC-3; IRF3: 5-GAAAG
CGAAACTGAAACTGACT-3; IRF7: 5“ACTGATCGGAA
CCGAACGATCTATG-3"). The probe labelled with
32p_3[ATP] [adenosine triphosphate (ATP)] and nuclear pro-
tein were mixed in the binding buffer (10 mM HEPES
[pH 7.9] [4-(2-hydroxyethyl)- 1- piperazineethanesulfonic
acid (HEPES)], 50 mM KCl, 0.2 mM ethylenediaminetetra-
acetic acid, 2.5 mM dithiothreitol and 10% glycerol, 0.05%
NP-40). The DNA-protein complexes were separated on
7% non-denaturing polyacrylamide gels at a constant volt-
age of 100 V at room temperature. The gels were then
exposed to an Image Plate (Fuji Film, Co., Tokyo, Japan) at
room temperature. The radioactivity of individual bands on
the gel was analysed using an FLA3000 Image Analyzer
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