B/AhdbeaE #50% 15 2014F2H

[E5t#E]

0I2EDHBEFE L TEFE SN 1250 % &
EL L7 £EBSHE0E, 2009, 2010, 2011 4 F
147, 142, 152 61C, PIEEHB LB LE Lz B
FERREIL 56 FERR T, ChRAPELHBELRILEL:
(2009, 2010, 2011 4EA559, 59, 64 MiFk).

£ 1R 2 0 OFHEHFIHE, 125/56 T 2.23
LB L B LA L FE L7z (2009, 2010, 2011 4EA°
2.49, 241, 2.48 ). HWXFICEdbdEES 156 (3/2),
FALAS3.67 B (11/3), BAE - FEmkAT 2,52 B (53/21),
BHE - dbEDT 13361 (8/6), AEEM 182 H (20/11), W
- E 2.67 B (8/3), FMAT2.20 61 (22/10) TL 7=,

RERKREBHLENOSHE TR, IREXBOER
W (/8) $51913 L 15 B TEFLRDOEM NS
< (2009, 2010, 201144519, 0.9, 234), 1mIE
T6/17 & A5 TE LK KBOERABSERETCLL
(2009, 2010, 20114EA%33, 3.2, 6.41%). £&{kT 2011
13 95/30 T 32 T LA (2009, 2010, 2011 475, 2.8,
2.3, 5.11%).

BEHMAIC BT AER S ITIEFERY) TLR FERE
Z067H (53.6%) LE&kofEEE Y, TOWE
BIAEBIIETIEN ETL, HAaRB 13/ TR,
1160 (84.6%) HMLEEE - MMEHES - WEROWTR
hOF L TTCLI

BoT, BREE - IRER EAELERBHM
o WT T, BB TORRIEIMOAT, 9945
(79.2%) PEEBRETHEREINTWE L HAWS
B 1360 (10.4%) TL7z (2011 1% 10.7%). #IRIE
Rixkgsm (39 61), BEHEE (1968), WEEE (19

143

Bl) OETELBEDLRE L EEE (B/hB) T
IR (5/6) LITE (30/33) HEEBRONTITATL
7o, WHIOIEN4H Q011EX48) TLA. 8B
B (31, FER2) LMt iR (/L EF3) kel
EREERDPE L, LRS- WEREF - WEfiolz:
AEWTR (22 5196%) TL7-.

Mg EE, KBHFBE (58, KRG HE 17
B, EEEE (166), EAHBRIEMBEEE (10
#l) DIETEL HONE L7

HEEE, CA80%), N, 25118481, V, 281134,
My AS18H T L7z BEYA XiEz5md% 298, 5
cm<=10cm 2849 Fl, 10 cm<AS42PICL 72, WHERN
RER (LRRB/1RULE) LHRBOSHERD E,
I #4598 BT 27/71, TEIA8H T35, MWHA 104
T8, VEINSHTO5 TLE EFEHMLIIOVWTIE
PIER Y DETL.

BRI, HEESEL AFPEORETTY, SHIT1
mEBEBRALA-BHAZINRLL, BLZORFT—
FEBSEP oL TNERA L n=86 B THRETL
L7 BBEVE k=60) 3FHELT T (2009,
2010, 2011 4EA%11.9, 3.7, 24), KRHHFHIE ="7)
357 1,143.9 T (2000, 2010, 2011 4E4%3,010.2, 1,113.8,
1,413.9), WTFhLBIELRAL L) ERTL

BLE, 2012 0/ RIRHIIER S SER O BT 21T
WE L7z BBICRD FE LAY, SHROKEIZE, K
EBTLVH, BRAEZRCIHHES, RCHIYHFED
TEVE L SBEDFESBHICTHAITEEET L
I, BLLBEVBLETFET.

(e —HEHT)
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4. HEH3E (ICR) &9 - £
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BAMMAEE B50% 15 2014621 145
5. EZIRA (RS) &R - £
MR E # )
B % B - B
g %z 2 345 6 7 8 91011121314 15 16 17 18 19 THREL
LR 3 2 1 1 1 5
BEREIR 0 0 0
B & 2 0 1 1 2
LT 0 1 1 1
Mmoo 1 4 11 21 5
TRRENE 0 2 1 1 2
W w 1 0 1 1
R 0 1 1 1
WIRETERF 0 3 1 3
RBERE - BUSZRR 5 1 1 1 1 6
B & 00 0
' B 0 0 0
&% - LA 0 1 1 1
Zoft BF, B, &) 0 0 0
A B 0 0 0
FEEEL 2 2 4 4
wOE 14 17 6 002210104111007101 4 31
6. BRI (IRS) L&k (ICR) - Group 748 (IRS)
boeh il Group
< omm . . Ei
REE N e 75 I8 e sy men e B89 pee | 1 o1 om o w wer ans
GEEGRA 1 1 3 2 2 1 5
TEREE 0
B & 1 1 1 1 2
LT 1 1 1
B 1 4 11 1 1 1] 5
BIEE 1 1 2 2
Homw 1 1 1
T 1 1 1
WIRAETERR 3 2 1 3
RERE - BIAZRR 3 2 1 5 1 6
B & 0
B B 0
&k - IIMEHA 1 1 1
Zofl (BF B, %&) 0
A H 0
ARAEL 4 4 | 4
#® g 10 1 1 0 0 1 4|1 2 11 10 0 7 |31

- 281 -



146 /s #50% 1% 200442 A

7-1. Stage 573 (IRS) & 4R - M

el 4E i
Stage
Bo&#l0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 oL
1 2 411 2 1 1 1 6
2 0 1 1 1
3 6 3|2 1 1 2 1 1 1 9
4 4 6 3 1 2 1 1 1 1
kL | 2 3 1 4
& 14 1713 83 6 0 0 2 2 1 0 1 0 4 1 1 1 0 0 1 0 1 4

7-2. Group 748 (IRS) & 4l - 5l

TR 4F 4
Group
B o101 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 flikdeL
I 0 1 1
I 0 2 1
i 8 313 3 1 11 1 1
I\ 4 6 1 1 1 1 1 1 1
HESRE | 0 0
RIREL | 2 5 1 2 4
B 14 1713 3 6 0 0 2 2 1 0 1 0 4 1 1 1 0 0 1 0 1 4

8-1. Hl#ko4E (ICR) & Stage 448 (IRS) 8-2. MBS (ICR) &/ NV—74¥ (IRS)
Stage Group

RS 1 2 3 4 EEEL| B FEAk I I 0 W W HEREIREL
B R B3 3 3 1 |10 fa B OB 4 4 2
AR Vi 0 AN Vi)
hEEAIAEE | 1 1 HhSERT AT 1
M B OB 2 1 5 7 15 B OB OE| 1 2 5 6 1
% B B 0 £ ® B 0
® & E 0 B A& B 0
& 44 B 0 k4 {t B 0
FERABUR Y 1 1 FHRREIR 1 1
W E L 4 4 R E L 4 4

El 6 1 9 10 5 31 gt 1 2 11 1 o0 7
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H/NA&EE #5051 %5 2014%2 F 147
8-3. Stage 3 (IRS) & Group 48 (IRS) 9. JAZ454E (IRS)
Group Low A 0
Stage I 0 [0 N Hazesl| 3 Low B 3
Inter A 9
1 5 1 6 Inter B 3
2 1 1 High 9
3 2 6 1 9 * B 1
4 i o AL L 6
A B 5 5 —
Eia 31
=t 1 2 11 10 o0 7 | 31
10. Group 7738 (IRS) LJEH®KEE
E B & kK # B
Group — B
=5cm 5< <10 10< AH FRE L
I 1 1
I 1 1 2
o m 4 4 3 11
v 4 1 4 1 10
iRz L 1 6 7
B 10 6 8 0 7 31
11, FESSERAL & IR AR
N B B & X & B
B % # fr - B
=5cm 5< =10 10< ] SR L
BEEEER 3 1 1 5
BEREE 0
R & 2 2
g 1 1
MR 2 1 2 5
RIS 1 1 2
H B 1 1
b {7153 1 1
RS 1 2 3
BEDE - BTSZER 4 2 6
B & 0
g B 0
&k - ILFAH 1 1
it (F, B, 2 0
N 0
SRR L 4 4
H 10 6 8 0 7 31
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12, ALRREY & R IR A

H/MVERE 50% 1% 2014962 A

MEOH R ok )
Ak o8 - &t
=5cm 5< =10 10< A ROk L
BB W 2 2 4 2 10
7R ARE 0
Hhg i 2 1 1
[ ] 7 3 4 1 15
% W M 0
B & = 0
& 41k B 0
AR B 1 1
o OR A L 4 4
il 10 6 8 0 7 31
[#ET45E] #, Group #7¥H & Filh - M OBRTIL, Stage 3,4 H

2012 4E B4R 0RO P IHRE B & 455 L & L7z, 2011
12 AD b OBEBHROYETICE b vy, BBATRIE
DB IRS @ Stage ¥ & Group HFIH—3h, £
DWOEHE B IRSICIHD L) CH—EhTnEd. £
OFER, MEAEOEE P L RFHACEELTWETOT
AL BEYWAZLET.

2012 SEDEERITRE R CT A5, BEIEDIL 31 ) CRE
FEXY 4apBnUE Lz, &PVhESEL NER S
DBET, WE»LOBERIEH D FEATLE. EHiRE
TORHMOIH A HEANER D 5 W Id/NBAFHC & 5
L REBEOEBITONTCEHDEEZTT.

HEFSNA- LI B LHARIEEIR 147, B 17
e ZBIcE <, ik 5 MU T 2514 F, 10 BBl EAS
9PITL7zAs, AR 17 E 19 OEFOBENDH Y
T L7 EE, Thoryvar]~ofErlEEcRo
TVETH, ThooAVA ROMEEMIH T 5
WRTOHOT + U —BE5BOBERELZBETH AL LED
NFEST, T, FHOBBELIZ4WDY, hoidiz
EALYOEE CREBFESH I EATLR,

H@ESFECRIBE 106, FRREL 15/, AR
B1glc, 7FY7RE, £BE RAEEHEDSONT
PEE X 1) & HICBEES BN L CWwE L JRSG o
IR % 2T 7R3 31 Bl 16 41 & 18 T 50%
FEERYF LD, E6RBITHIEBHEVWLAWER
WET. FEAEERALCCII AL & M - BISZBRORERIASEE A
LCwE Lz MEEEERn BlloBERTIIRE
BOESEERAISEZ TOLEHETLED, 204

FEET TERERBVNIRONFRATL. Stage &5

AW i Group L IV OEFI 258N L CTwF L7z, Stage
548 & Group AD MR T, Stage 4, Group IV DER)
DOBIMAE L, BEIEF O 1/3 5 Stage 4, H B\
t& Group IV ¢ L 72, #Ak4 38 & Stage 548, Group 7
HCl, FIELRELRERERVEDICEDRET.
IRS DY A7 34 Cid, Low ABEOH, Low B#E3 M,
Intermediate A # 9 #], Intermediate B # 3 #, High #
9B, AHALP, FAA L 6%, HighV A ZEMI
IR LARIZFREC LA, BRI LTI, WEEE
TERERELERL, —EOBINERDONERAT
L7,

B OBFMEE TR TB Y 30, B
OFEWBILA L2V E JICBHCL L LET. BEEEfe
RCEM 30 PRI TT O T, BIROARHES X JFT#
REMCRELEEL25 23T, HEOZIUREROE
LREGRMEFNZHPL L TEHEFEBI o T
P27 Tn A Z L FEARMLTEY £925 iR
MO X ) R/ PERBOFHROEED-OIE, £EDE
PDBEES L UBMOBERIFEFCASVEEbRE
T —REFOEFIOBPEL & b I TREFHOFTEN
BETTOTIHIDIEELA LBV ZLET. &
RROBEFIEHOREITBIrNE LTE, HPRDARE
HEGREEORFHEEICIV-BOTHEEBY, JH
TEBENTLHRETH) FT

(NEF BERE)
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H/ANMEEE @50& 1% 201462 A 149
VI ZOOEE
B VoNE Hodgikin 7% 0
JE Hodgikin 1) > /& 9
B VRO 4
PR 10
FEE FHIE 16
Ewing W& 8
PNET - B4M% Ewing WHE - Askin B 3
MBI IE WS 4
FoMOEE
Tz E 8
[ solid pseudopapillary tumor 4
WBERE 4
desmpplastic small round cell tumor 4
KIG#E 3
T VN AR ERE 3
BB R ER 2
KoLAIE 2
o)t e 2
BiMERERE 2
AR 2
FLRIIE 1
AL AIE 1
HRHEATE 1
BHEAE 1
clear cell sarcoma 1
B iE 1
BEANF /A F 1
HRAERRIE 1
TETEEE R B 1
ZOMOEEEE 2
Z oMo RIEEE 11
BEMAH 7
R#EZL 14
HE 133
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[#EEH£RT]

2012 SEB5FRO F OO WEEM 2 BET L E L, &
] o> % ERFE ) 1 133 BT d D WEAE D 150 20 & R R0 9%
L LCwET. B Ewing WIIZEM L £ L7228
MR oSHE, RN, HEIAAENE OB SRS L E L,
NSRRI OB AR L) B S0 &
WCHLDILEF DV ETTH, S8 S BHRERD
I E BB LW ERLET.

Z OO T T BRI D B4 RIEE B S T

H/ML il 9504 1% 201492 A

T4 AAE, BEROE o RN, NERFEENE 8 ), B
SPT 4 4, HHBEAING 4 07 ¢, BESEMioBEEdH ) %
WACLE, 7, KBBOBEI3HHY, HIRME
EWGE 13, 14, 15TUL. FoMic bex e F D5
BlOBEGF 2725 F L DNEAE O AL S, MR
B BHREL R, RS, BERALE D SRR
DIMINCIEI N L ET. S L b ARERBHFEIC
I ZEET L) LA LEBEH LT
b BERF
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SLBRE (RS A48 B 1S 201441
B E

By FPETFTIVIZBITALY VY VERIREOEREL L O
citrulline—nitric oxide cycle @MW Et

R B RN R ORE MERY Rk BEY
BOERY RT MK Ak R ORE ER?

[BR)] ¥ M) 27 A= oilEmEc, —BLEE (NO) OE4IZEST 5.
FZTHOERSSE (TPN) KT LIED VY YIE 2§ 2 EHEREE~D Y MV
) 50O F FEICDO T citrulline-NO cycle % B0 2 MET L7z,

[Fik] 80%/NBYIBRT v Mz, T9=> (Ala#), ¥ bMWY (Cit#), 7TrF=>
(Arg %) ¥ FN2g 1g 1g /kg/day WHNITPN % 7 HEIMEST L, mM¥E7 3 /8, FF
BTOY V) EEEREZE O mRNA OFEB 2 HE L.

[W55] Cit BECIHMIEY bV Vo 2 BICHRBEYRL, TAWF=r et l=F
VI A I REEER L. CitEOFICBU ATV ) ansBr v y—¥, 7
WEFZ 2 anNy B 7T —XBIIMEEL N, F72eNOS if Arg & It X mRNA O %A

EBICELCHD, BTHEERLR L,
S —VYORBELEET L7

L%

CEREE AR

FOTMFF—ERFN=F 2 F T ¥ AT N083

TP Y OHFEIE citrulline-NO cycle DEEBZOEBRE L7265 L, NO E4A

bV, eNOS, FEBIERE, citrulline-NO cycle, fUbEERRRE

I ELsic

FEIBEGER AR I LB REREIZL DA
Wi g S0 (LUT, 4E8) OfERAE L 5 RIUK
BRELTREERTHS Y. EREERRORE
EIBE DRI X BHRINETR DD, SIRRERAL
(& BEREHILRIR £, HLEEE AR
DR, BELEICED BEERE, KERS LR
ARSI & B IREERN, RTRABEE 2SO

2013 4 10 F 22 M4 1 2013 4 10 FI 28 HiRERE
RS LR R N R LR R Y

A EEEETENETM Y, B Ehsgs®

T 589-8511 KERAFRIRIEILTT AR K 377-2
IR ES R ERE AR

KPR LT RSERFE R A MR SR A MR B

D85 43 |l B AN BABHCBIT SR

BEWRBRICEIVELS DY, ZoldiEERD
RE RN 2.0 IR E (total paren-
teral nutrition : TPN) 2 & A %BEH % g% <
ENs. Lo LES TPN KFREIZBVY TG
ERLESHHEIFEE (intestinal failure-associated
liver disease : IFALD) <% 7 — 7 U M & I 3 &%
JufiE (catheter-related blood stream infection :
CRBSD) R ENEELREMELXZEETL Zhb
DEFEDFEEIIIEGIREIZ L 2 RHIZDZD
HILBRIUEE IZE S L A D RZEDHEIE 2
Ehs Y

HEREERFIC L A2 EH TPN KFEBEETIE, M
BV VENERICET TS Y. FLEBE
B CTRY TPN KRB OEF TomES F L
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1) 1L TPN 7% & O BEBASRE <2 /N 85 4l oo - )
RT-&d s Fromes by kNG Rl
BT OB OIEM UG 7 S ER D~ — I —
ELTHUHEMTHLEMESAT0D™. Y by
YT I O—HTIES LN ¥ TIRES
NTELT, FABIIBWCEESNS, T4
BN SNV y 3 27 IVF = 2EEH
faRo 3 oy P THTHRBES N, EET 3
e Lt s s &Y v hvy gy
WX OHE T, EASN/Z PVY) YD
5% DEHTT IV E=ZIZEREN D Y. $/
7 V¥ = i nitric oxide synthase (NOS) (2 X
DIMAENLR, MR EE, SREMEER R ERAT
HEBEREMEENECHDH NO ZEET L .
O, BIEWE LCEESNIZY V) i,
citrulline-NO cycle (LLF, Cit-NO cycle) 1235
WCTIWF= ) ans iy v ¥ —+ (argininosuc-
cinate synthase : ASS), 7NV ¥ =/ a7l
7 —+¥ (argininosuccinate lyase : ASL) (2L h
UT7NFo IEREN, NO EENHERFSINS
EHESNTWE Y P SREOY b L) v
b NO BEAMIIZHY A, Cit-NO cycle % /i
LNOEALTERL, mMmoOUEMREL S
FTEMPUIETESL. BREELLTY, &OY

MV 2R EAT &) SE R M OB AT R O il L
ARG Lz DS H B W,

SIIGREBERE L TS P VY v ORHEDMET 5
ZETERINEGIEKY MV CIUfETIE, Cit-
NO cycle # /- L THO NO EAEMETF L, #/h7E
BEE 2 & O 2 OFRENELE L T AR
i oA LR, bRbRETy s
80% =W L7 N (LLTF, EBE7N) (1
TPN #5-% 1 BMEfT 462 & T, mEh b
W)Y, TVFZY, FNZFUREDODERET I
J BRDART % RO 72 SRR £ 7V OYERIZ AL
LAY, FITIOEE TPN 7% B,
B bvy) VIFEICKT B2 bV Y HEFTRRED
BRMEICOWT, Cit-NO cycle # #0423 M vy
YRBEEREORE A RE L

A S FRS BT 5 Cit-NO cycle & & bV 1) il

I WHReHE
1. BRE

TPV Y, TUFZYBIOT T = CEHH
FERENA A () Lt/ L-v vy
Y, LT NVF U BIPL- T @ L
7z, TPNZHER L4t - BIRE - 73 /i &
HGEY I UH - RITHEOREG® S 1) — i
BTNy FEFE LT, ARIERIER T (K
) L E AL L Y 15 (12% )
ERAINL Y25 (WT5%WE) #EMLE. £
O, BHIBRTHR SN THB 0% R L.
2. ST TN DOVER
KRESRIBM OEH#D X UE I3 5 B,
SN I N SN (W AWAR R =gV L2t )
WrFEER AR ZHE U, F 2R RS R AR R T
WHER S OEREE T ChEfT L 72

M1 Sprague-Dawley 7 v b 7~8 {5 (200~
260 g, HAZ L7 1 WE) 35L%, @EIr—v
NCRHEIZEE (CE-2, BAZ L 7T), /Kiik%H
HER S &, 10 HEONELETE 217 - 721412 12
WA UERICER LA, Ry PV E Y —
Voo F b w s (KHARIE: KR 35mg/kg
DIFHENTBE X 2 REET S, HYMEBIR & 0
Polyethylene Tubing PE 50 (7% 0.58 mm, 7}
0.97 mm : Becton-Dickinson, Franklin Lakes, NJ)
DI ERFIR~BE L2 H7— 7 VI
PHOET M AVEERLEEIYVERL, 47
—F NV RERHD A VAEZBLTHI D2 —F—
=N (AFYS Y R EERELE D
WCIEEBIER IR (2 cm) %A, Treitz #9% &
H LIRS 10 cm D225 22 & BIE FIEK 10 cm
DOEGETEDRL UG 80% I, BiF/ G
60K T XN USSR (6-0PDS T,
ETHICON : New Burnswick, NJ) # v T —/8
THBZERR«YWaE L, BEE3-0KR) 795~
¥e& % (3-0 Vieryl, ETHICON) TIE#AIZT
BAEL, DB 80%tIkE (LUF, EEx7
V) EERLE Y.
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SRR EUH - REBEL1T W04FELA

3. EZB7obra—n
INSEBETVI Y PELTOIEIZST
720 QAL EBE TN+ T I VlMm
TPN)., @Cit# (@EHBE7V+ 2 MV ViR
TPN), @ Arg Bt (EBETIV+ 7 V= ViR
TPN). v MITXTEINZ r— I AN, #H
BLETTPN % ifr L7=. TPN IZH W28 - BIf
-7 I/BRAREIFERLIAEETEAASL
> 15 % 300 ml/kg/day (169 kcal/kg/day) T
&5 L7z fifez 2HE#%$%AV/2FML
¥ L, 300 ml/kg/day (246 kcal/kg/day) T
BIREIT L 72" 2B Cit B A4 mpyz%ﬁ@
1,000 ml 2 v Y & 1 g/kg/day 127 B &
ZIRIEL, ArgBEILCitEHELOEVTIERET 5
tbk?»$m/%1ywmw&&élom

TPNIZIRELZY Y, - AlaBETIE, BEE
ExEGbE b7 urea cycle IZBRLRWT 3

JEETHLT 7= 2g/kg/day & TPN (ZiRiEL
fo. TI=Y, YPIMWYYBIXUTAFZVERR
MLZAA L 250X 5TPNEZ 6 HHMH
o7, HiE7THEETEFEL/AT v bid, TPN
ok L7 2 BRI, R MRV EY—L - F

YA (KB ﬁ”;*él) 35 mg/kg % EHENE S
L, TPN il BT 2 HRENEE (LIF, A
BW) #ifllsEL, £o0fk EHEIFHE THEIE
L, IEHABIAR & b Biinsese & &7
4. MIEsTH

FRECL 72 Mk % 3000 rpm., 5 23 FE L0l L
THFEHHFER L By (T-Bi) %1t
WAL, TANRNTXF VBT I EERER
(AST), 79=>7 3/ EEBESR (ALD, 7
NWH)FRAT7 75—+ (ALP) % JSCC BEUE{Lxf
B, 7 VT F oy (Cr) RFERE REESE
(BUN) #7 L 7—%¥ -LED - UVIZTHIE L
7o, M¥ET I BRI 6% A VR F
Wi (FATAT AT HE) TRy V7L
®ic, EEZ-20 CT—HRTFL, SHEES
v b5 74 —5HT, YAV Y, TLUF
Zv, AN F BER PO L

_11__

5. Yh VY YRBBEEMEOPCRIZE B

mRNA EHEDOWE

WL, BEIIE S ICHRASRE ol
L, —80C THRELA. I s/H % RNeasy
plus mini Kit (Qiagen : Hilden, Germany) % fi\»
T, RNAZH#E L7 RNABRERER &3>
7'V 500 ng & High capacity RNA~to-cDNA Kit
(Applied Biosystems : Foster City, CA) 12 T##x
BEL, cDNA¥ > 7V x % L7z, PCRRIEGIE
Quick Taq HS Dye Mix (RiE#h, KB & (' 1)
IR LIz EBIETFOREBNL T I7A4~— %2 HnT
PRS2/, PCRE#MII 1% T Fa—2A7 i
THML, =F V770 v4 FE@m#E Chemi
Doc XRS+ 5 & UF Image Lab Software (Bio Rad :
Hercules, CA) xJH\y, FFHEIZHB1T5 ASS, ASL,
FWFF—+1 (arginasel : ARGL), FIV=F>
b AANINT T — (ornitine transcarbamy-
lase : OTC), eNOS, INOS, E#IZBIT 5 ASS,
ASL %, PERMEHE L | T 28s rRNA #* {# F L AT
L7
6. /NEOMIEFEIRE

FRARIE 2272 %, BEBERHEL 10% kL1~
V) UBHIZTEELA. X974 EM L4 pm
JEIZA T 4 A L7:f%, hematoxylin and eosin ¥
(HE 4en) L7z Se¥BEAMSET (53100 15)
T1REIC D ZAEAIZ 3 HAEIR L EE LI
iAA, pixera software (Y 7 £ F5 a2—RL — 3
v, KR) THVWCRBOWESZMEL, £0
PEEER L2, REAREI e A M7 7 A
YV IYTWVATFA Y Fy b (SF L AN, FHA

v A HEH) % A\, phospho-eNOS (Ab-
cum : Cambridge, United Kingdom) % —KR¥TH
& L C, diaminobenzidine tetrahydrochloride
(DAB) 2 T3 S+ 71 hematoxylin {2 TR S
£ L, phospho-eNOS M3eH ###Et L7z Y.
7. BERHLEE

73 EESWAER, mRNA LAV, 3FYE
+EEFETR LA 3HHOLEBMRET ML
#y 7 b7 JMP10 (SAS : Cary, NC) = ffw
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- 12 - B G 4S50 A Cit-NO eyele & & b b Y » i

g1 74w —HH

Primer Sequence (5'-3") Product size (bp) Cycles

28s rRNA Forward CCATCACCATCTTCCAGGAGC 483 17
Reserve GGAAGGCCATGCCAGTGAGC

ASS Forward TGGAGGATGCCCGAGTTTTAC 612 26
Reserve CTTTCCTTCCACCCGTTCCTG

ASL Forward GCGGAGTGTGAAGTCCTCTTC 600 27
Reserve TCCAGTGGCTACTTGGAGGAC

eNOS Forward CGAGTAAAGAACTGGGAAGTGG 424 32
Reserve TGTAGGTGAACATTTCCTGTGC

iNOS Forward CTCTTCAGAGTCAAATCCTACCAAG 436 36
Reserve CTTTGAAGGAGCCATAATACTGGT

ARG1 Forward CTGAAAGGAAAGTTCCCAGATGTA 494 30
Reserve GTCTCTGGCTTATGATTACCTTCC

oTC Forward ATGABAGTCTCACAGACACAGCTC 468 31
Reserve GCTTTTTICITCTCATCCTCTTIGTC

ASS : argininosuccinate synthase, ASL : argininosuccinate lyase
eNOS : endothelial nitric oxide synthase, iINOS : inducible nitric oxide synthase
ARG1 : arginasel, OTC : ornitine transcarbamylase

F2 HHOWUHRERBLIVABW #£3 MR I
Ala #if Cit #f Arg T Ala i Cit # Arg ¥
FHidh 11 13 12 AST (IU/L)  1438%37.0 117.8%165 120.4=38.2
i AmE: 1 1 3 ALT (QU/L)  25.0%7.07 222+3.18 242=880
A FEEL 10 12 9 ALP (IU/L)  486.8=80.2 479.7+464 540.0+184.6
ABW  ~0.04%270 -0.15+1.30 1.73+3.58 TBil (mg/dL) 0.15%0.05 0.16%0.04 0.21%0.07

R  BUN (mg/dL) 194+175 194+185 184+163
A BW= (TPN Geffil ~TPN BIfRI) /TPN WIEIE 0y 0182002 0155002 0.16+002
data=mean £SD

AST : asparate aminotransferase,
P ALT ! alanine aminotransferase
THHWOIHTEATo/2D%, Steel-Dwass #RIE - ALP : alkaline phosphatase, T.Bil : total bilirubin

LHILEL /2o HERTFIAE B R 5% ?ﬁ% BUN : blood urea nitrogen, Cr * creatinine
bl o THEES D L 7 data=mean = SD

m R BUN, CrfE&d 3 BEICEZFED o7 (B 3).
1 ATEs L UREZL 3. M7 I
EBRTHBETETTELOIE, Alaffidill M#E7 3 /ERED S B urea cycle T 5 3
PE e 10 VE, Cit#EIZ 138 H 12 P8, Arg B 13 12 Py Yy, TAF=ZY, AN FUEERDL L,
PER 9 IETHh D 3 M D EFZE L Kaplan-Meier ¥ bV L Cit # Tl 54.9+12.2 nmol/ml T
RATICBWTHEZIRO 2o/ (B2, ¥ Ala#Ed 32.5%6.00 nmol/ml # & U Arg FED 35.7
oEREHAETER2ZITCE7y POKE  £7.57 nmol/ml & _EEIIHMEEARLA. F
BRI OV TEBEO IR 7757245, 3EB  ~7AF= ETH, Cit Bk 313.9+48.9 nmol/

- E L_.\/:: m&bf’ﬁ‘o 7L (i% 2) ml T Ala g{:‘@ 2447+23.5 anl/ml &: ﬁt’\ﬁ?ﬁi iz
2. Mg LsEm EEAERLS. AN =F D R Cit B

L7 A b 22 M3 T i AST, ALT, TBIL 99.9+15.1 nmol/ml T Ala #¥ @ 74.7=16.4 nmol/
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by

FThF¥Fz=

*
B

.

nmol/rl.

Alaff Citgt Argl¥ AlaE CitB¥ Argllf

1 i
VDI IV =N A L) I N ) I

BIZREE IR

ASS in liver ASL in liver
* L8 LS. S,
— i 1] !

-
o

e

< 1.2
3 &

z:} 208
:f: Bos
0.4
0.2

e 0 == i

Alal$ Cit#¥ Argl¥ Al Cit® Al
data=mean= 8D , * P<0.05
2 JFlELIZB % ASS & ASL @ mRNA 0) ZEH

Cit #idfho 2T L I 5 E HEIZHFRICE
175 ASS, ASL @ mRNA 0’)7"‘1,&’%””&57”:.

ml & EREBEIE P72, BT 7= {HIZS
oI o Lro7z (B1).

4. W - BIIC BT AT vy vRER R
DIEH

FFIEIZ BT % Cit-NO cycle M EFE TH 5
ASS, ASL, eNOSO mRNAD W & Az b =
%, Cit# o ASS (1.27+0.14) (I Arg B (0.86=
033) LHET2LEAFIIHEV mRNADF R
W, &5 Cit# o ASL (1.53+0.14) it Arg
B (0.81£031) < Ala#f (1.00+0.13) (2T
LAZIZE Y mRNA D7 (F2).

#. ureacycle (2B 5 3 2 BEE D 5 b ARGL,
OTC @ mRNA O 38T 3 HEMICEEFED Lo

1% 20144 1H - 13 -

Ah=F

nmol/mb.

AlaBE CitB# Arght Alaflf  Citff  ArglE

data=wean=8$D , * P<0.05

E ML) Y, TIVEXEZDY, FNZFY, TS UERE
Y, TVWEZY, ANVZFrOLREEER
lLEh7UF=y, ANZFraLA2ED.

%, ThF= ‘/3"15—
TI7ovRFMLTLFOMO T I ) BRE

ARG in liver QTC in liver

ritio to 285 rRNA

ArglE

Citfit
data=meanz=SD

AlafiE

Argif

3 MEEIZBIT S ARGL & OTC @ mRNA O
Urea cycle 2 T 5 EHO mRNA D L XL
HEBEMICETRO R o7z,

v

72 (F3). L L eNOS ® mRNA 3 X Cit

tf (1.13£0.08) T X Arg # (0.55+0.16) & b
B 5 EHEBEIZE mRNA DR Z DO,

Ala#¥ (1.00£0.20) £ DOMIZEX L o7 (F
4). f‘ﬁﬂﬁlﬁi@’ﬁﬁ% iNOS @ mRNA D 3EF 1Z
IIEHEBICERRD L o7 FLEHIIBITS
ASS, ASL ® mRNA @ F$HIE 3 FEMIZZE LR D
ol (E5).

5. /NEHLB A

SRR ES I, Ala i3 491.6:479 um
TCit D 7176444 um B L U Arg B D 649.7
473 um EHET 5 LKL, BEREOMED
Eifik o, Cit#EL Arg BIZIIHEISmAaA
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~ 14 - B S : $E5IZ 454 A Cit-NO cycle & & F ) > HliS
eNOS in liver ASS in kidney ASL in kidney
1.4 - * 12 | 1o !
i ] ;' 1.2 1
: 1
< é 0.8 | E;'
% I T o
% 0.6 | Y
2 H gos
g E o4 i E
i 0.4
0z 02
|
i\‘ﬁ Cil Arglit ) ! ;"‘"‘;““ Cilﬁfjmm Argltd W;\luﬁ‘é‘ Citﬂ’ﬁmwwt\rg
data=meanztSD , ¥ PD.06 data=meanz=5D
4 JFIEC 31T 5 eNOS @ mRNA O 5EH B 5 Wiz BIT S ASS & ASL @ mRNA 05538
Cit #d Arg fF & 3 5 L FEITHE € eNOS BRI B ASS, ASL 0 mRNA @ L~
> mRNA D5 % 7R 72, IRERNCZ RO dr o /e,
[tk £
900 *
800 Alaﬁﬁé
700
600
500
100 Cit
300
200
100
0 £l ol Ar
At CithE  Argllf ggi

data=mean £ 8D, # P0.05

M6 [ HE g0t (x 100) B & Ul
i
Cit B, Arg ¥ T
LZEHR & D 7.

ol il At <, Ala T

FEEITRO L o708 Cit BT Arg BE & HLECT
b EMEOE SIEEHWEN (p=0.19) THo/z

(BE6). /NBIoBITHeNOSHIFMI TH 5L
phospho-eNOS O 5 jEgxth T, Cit HED I
NS A 8 o M 1 Bl 2 52 72 (7).

vV E&

SRV LT R TIREE SR TR T 3
/MT%@&WW Sy Ny B RS, EEE
TIJBELCHMEFREICELA/HLTY
B0 ML) VRN TR S I b

X100
[ 7 [ phospho-eNOS #efii

X400

Cit 1 & 12 phospho-eNOS #e & 514 Hifa % /)
AR E A B oM 2R /.

yIvhhbaERENh, WSV yI o
11.5~27.68% 75 ML) VIZER SN, F7-F0D
U IEBEBICBVBTTAFZ v s 0 2
V1) PIERFIBLIC BT urea cycle DRERLT 3/
BRELTCT7T VY EZTOBRFIIESTHE LI
(R 8), sy AMREREM" % hydroxyl
radical 1% 3 AIELIER 2 H3 2. $TH
TRV TR E E LTI BT AT VF
SUERICEEREEHERHOYY. K, T
Fo I NO BAMALIZTNOSIZE Y NO & ¥
Py r e BN, EEINAZY PV VIECit
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SRR 2 BE1T

& ki

=

B8 i hiY - AEICHER

BTSN TN T I VLY P VSR ENS.
s, B ureacycle THRE S B,

v, Om:FWV=Fr, Glu: ZNV¥y3IUE,
TEIT,

JEERETT VFZ VI
Arg: TVF¥F=>r, Cit: ¥ by
Gln: Z)V% 3, NH;:

2014 1R - 15 -

i1

aRENST PV

NO: —@{LEE, ARGl: 7L FF—

Y1, ASL: V¥ /anNyEY)7—X, ASS: PLEX /) ans@gy vvy—
¥, NOS:F+A4 M) o2FFHAFv5—R, OTC. AN=F U M AAN

NIF—F

NOS
Arg —> Cit + NO

ASA\\ ’//ASS

Arginosuccinate
9 Citrulline-nitric oxide cycle
TMFZUANOSIZE DY bV ¥, NO#%
HETAH, P I ASS, ASL DERIC
TTUXZ ) AN BEERTCTLAFZLIZE
EALb,
-NO cycle ® ASS, ASLIZL N 7R F=VIZEHK
S, NOEAPHESNLE (K9 ® P ¥,
NO I ELAR, ME(nE, RERHEERASLSE
5 W AEGNICBI 2 BEELEREENE T
GIIE R & A R TPN KfFEE Cidm
WS PV CAEBILETEAT Y FT v b
OEHET VBV TH RIS P LY v o
ﬁT%mb&utﬁﬁ*éﬂTW%WWWI
COL)BHEREEORI L EIZLIVBEE,LD
TR MR AYETF TZ) &, Cit-NO cycle %
AL TONOEEFKRTT LI L2 X D BUNME
REENER SN, IFALD & EOJFESEEIZHE
SLTAWERENEZERILND
bItbIUIINEFTEBET VT v MIHEET
IZTPN G % 1 AT L/ A, MiER S

FWY Y, TVFZY, ANZF U REDEET
S/@@ﬁ?%%ﬁbf%tm”%:nm@%
Mzt L CHAETICTPN 251735 2 12
LY, BHEANLTOINVSY I AR5
EE BT, NBBEKD volume AN T AT &iC
OV MV COERENRD LD EEZS
b, THbEIZOEBTPNEFTMIEY ML)
VREZETFNEDEZONL, FITEHE, IO
HGTPN 7 WVICHT 22 M V) Y RITEEED
FHMEICOWT, FESCEBREIZBIT S Cit-NO
cycle | 2B B3 O mRNA O EH % o #ed)
L7z, HEELTY V) RN EET 27 3
JBELTTIFZ%iRMmL 7 TPN 58,
Ty /Fc%ﬁfk BEEESL2WwWT I ERELT
T ERIMLA TPN RS HEEER L. &
ﬂi@@ﬁ*mj“&ﬂﬁ-.iﬁ%f%¢%
80%ENMEIZ & 1 S bV VEDET % 520
E AR wU/%MHN%ﬁ?¢% tL&U
MmiEs bvy) YED EF, & 512 urea cycle ##%
W AT7AVEFZ RNV ZF VEOLFLED
o BRI 2 E L THMmEERO
TUEZERER LD Vv vEEICE
TAT7TIVFZEOLR LD S FOMEITEL-
oo IREIMFR o7V = VIEFEICB W TERE
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DBBOCEH T NVEF = VG RTH LTIV
s Gl R ) I (el B Sl W e Ao Bl ) S
B ol L, BRI L OER Sy
M) wRelizdz G- s ey Py ) EEEHIK
TR BRI S SRA A 4 & Ok T 7 v =
ARSI, F ok, BFI T urea cycle (2L
DAFhCHIL=F R Shbrl-obELL
A e R /N S )TN |
NEZ O LRI TVF S R EINT A LD
LY by AR LI ESTHLEEEZ D
*LZD 15), 173, 213, 23)’

ASS BLUTASLIELY PV b T
FENTAMETHH. ASSIET ) T
IINGF P LT VFZ ) any By 5N A
P, TN idureacycle IZ BT A EMER TH
B S ASLIE TV E S S ans BE TV
ForBLU 7 VEIZSHET 5. ASS % ASL
WEIFME IS B Aureacycle I (& F N
B AT ASS %0 ASL T IZ% < 0P
BT MV ST AR A RIS
B %512 ASS, ASL & NO j# 4 #l fa o Cit-
NO cycle iI2BWTC, ¥ MUY LT IF=
NP LR L LTEH OB TRILL Tw
A9 EEEFVICBIT A Cit-NO cycle % H1 .0
& L72ASS % ASLIZ DWW T ORENEIZ L E Tk
EXANTELT, bILbNWOBEFPOOTTH
%, S OMHRELL CROLIFES LU
ETOFWEITo72h% Cit BETIHFHICBIT S
ASSH L UASLIFfEE L LB LAEILE
mRNA DSR2 BH L. LrLIFBICBIT 3
ARG1 & OTC IZ 3 HEHI & b 12 mRNA D 3EIR 17
RO, FAEETOY V) b TLF
YEBIZE A B ASS % ASL O mRNA D5 L 3
BEHIC RO Loz, ZIUEERIZE AT b
W) CEEAKTEER T S S v Vi,
BFlCid urea cycle Tid7: <, MANREFLE L
7oA Z 81 5 Cit-NO cycle i BWTHH S L
bDEEZLNA.

NOS 2 i3 % P2 8 NOS (eNOS), FFHiE

T ST 4517 % Cit-NO eycle & & b LY P 4liF

NOS (iNOS), #ifEH NOS (nNOS) D320 7
AT g = AHAEAET B 2 A R MR
eNOS 2%, M5 i i otk iINOS 23563 L NO
EEToTWE, ZORTeNOSIZ LY EES
AT NO BN O MR I BEE TR D
D, — 77, iNOS 2 & % K+ @ NO 2k 13 NA-
DPH oxidase = & % superoxide anion & Bt L C
peroxynitrite (ONOO") 7 &' % A L RLEEE 5=
TEEREEE £ 5] &2 3% REETIEeNOS B
L OVINOS DIFIHAZ 3545 B 563 & Head L 724 3R

TRV PEESATHES B W TH E I eNOS
@ mRNA @ 5630 % 58 72753, iINOS @ mRNA @
FEBIT AT RIERRO R b o o, F 75 2R
MTHE TOPCROBENETE b o/zh, ¥
MV GO BN E T eNOS DU L E
T & % phospho-eNOS 784 fi, & 72, Wijnands
5 ® {3 lipopolysaccharide (LPS) #4545 L7z~
AR T HY PV ARG L) EBICBW T
BT eNOSHEHL, & 512 INOS O IEBL A
ENBHELEHIT, WMERLURGE LS EHE LT
W5, REETCIILPSICLAWMMMED A ML A
ML TA ML A3 5720 INOS DFEHIC
BESEDo/b0?, Winands b ® OfH &

EARLZ, ¥ M) 4% 500 X0 BT o eNOS
DEME DT

NEHLEEC BT A HE ETIE T 7 = v 235
T 5 EHIRDOEF L RO, ZIUTEEICHE AR
FETIZTPN #1795 2 & T, B LR osdEs
R EBENREZOKINPL, HEVIIEEE
B ATREE 2 HALRIL L v/ © o disuse at-
rophy DEAEAEZ HNEH Y. —FTY b >
RTNVFZ UV ORMTEEHFZRO LN Do
oo ThMFZ A EFRVE Y (growth hor-
mone : GH) %4 L., EE %O/ % 15Ed
LEREINTWEY /259 b 5%/ NG
BrE7 VI GH 25954 Z & T, BE/NNEGOR,
EHESEHBEDNAEXAREICENS LA LD
MELHLY., VIV UETNFCELR
L, FETAXFZ O TREPOEEMREHE»S
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SRS RBABBLS 0H4ELR

GH 25/ IE OB E 2B S L Twv 5 T ReE
MEZONAE —F, TPN CHET L /BHE
DEHMIT GHIEG TYFEL s A ¥ R VR
£ A F -1 (insulin-like growth factor-1 : IGF-1)
DG CHEMERIELNDL L ORES L
HbHI LMD, GHOEWES TH LK T
IGF-1 2 EE S NEBHIEIZIGF&& s v /87
DOEWRPFESTH T L2 L 0 IGHE R E
FEL - REE S E A NS, S HITRERTIEY
ML) v RBESTAZEICLDFRICBITA
eNOS @ mRNA O FEH *, /WNGHIERE S B o I
BB IT A eNOS D iE I T &H 5 phospho-
eNOS DFEHE L B, Thbby V) v
B TETVFZ 2 AL TOGHRIGF-11C
YT AER & & B2, Cit-NO cycle T4 U 5 NO
FEAE OB & 2 MEBEIRIEH ORF R, HEOHE
EREL N RELE L LN

ELIZY MY VEBRSIZEY T AT = 2R
42 &0 4K EIDASS, ASL, eNOS ? mRNA
DRMERO. EADA ML AREZIEY >3y
B o7 )V F = ¥R IE 7 protein-arginine methyl-
transferases (PRMTs) = & b A Fufbash, W
4 NOS fH & ¥ & T & A asymmetric dimethy-
larginine (ADMA) 7%fE4 &% ¥ ADMA IE
NO FEA MR D cationic amino acid transporters
(CATs) IZBVWTTNVWFo Vv EFEAETHILET
NO EA&ZHHT 2, —F, ¥ PV ridsys
tem N transporter 1 (SN1) % 4 L NO EA il
P AENRSE (F10) ¥ $42bbInk
YRAPVABIZL Y PV YRTVEZ VLR
70 ADMA L EAETHACEDAENE D
& 2 b, Cit-NO cycle # 4+ L T NO E 4 O
BICHET AW e ATE . RERTH TV =
YEDLY M) YRS OFERESRIZE N

SEOEERT 7 HE & EWEBHE OO fF5E
BREECHREENEEYETLEITIIEELR
mole. &%, SBEGERESIIZSIT A FALD
OWFEEHLMIT L9 2 CHERKEVREZICT
YR RR TR EOMA S OB R IR FRE 2

._17_

NOZE&#il

ADMA \

System y* BAMHE [ Sx\i
NOS

Arg Arg NO +Cit Cit
/\SIK . . JSS
\\ Arginosuccinate j

F10 NOEHICBITAZL VY Y, TIHFZD
B5
TAFZ Vit systemy " E AL T NO EEM
BRIICE Y AT, NOSIZL YW NO :2EHE
TAHEELIZY VY yEEET S ADMA
E7ANFZEBEELNOELETHEET S,
—7F, YRV LIESNLZ L CNOMELE
MR Y AT AL, NO ELEICEST5.

ADMA /

EDEIEEE T & LI-ET NV ER LR T 5
DR B EEZ BN

W

e BIIHIY, TiRE IR
& F Lo REESE SR2HE LERRE
EHEAZICRA L 9. FLRPROBITICEL,
BYEBRTH IS T LARKRFET A 7Y
Ty AR OWPERRK, KOBTR, El
BAK BLURE - BRZREC L2200
BN A ARKBHLORREILKREK, SARERRKS
S OREHERA I OHPILR, & HICRIEM
BERBITIZ OV T TRV 228 3 L70EHKR
FREER WEFRE AREREER L TSR
FEEREIDLIVEB-L T

Ek
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Citrulline-supplemented total parenteral nutrition induces
expression of genes encoding citrulline-NO cycle related
enzymes in a rat model of short bowel syndrome.

Shohei Maekawa® , Koki Kimura® , Takeo Yonekura” , Masanori Hoki” |

Ah-Mee Park? | Yuji Morishita® , Makoto Yagi” , Kiyotaka Okuno®

Purpose : Patients with short bowel syndrome who require total parenteral nutrition (TPN) often
develop hepatic disorders, and plasma citrulline levels are known to decrease in these patients. As a
precursor of arginine citrulline has an important role in NO production. We have previously demon-
strated that citrulline supplementation in TPN increases the levels of plasma citrulline, arginine, and
ornithine and reduces atrophy of the intestinal mucosa in short bowel model rats. To evaluate the
effect of citrulline on NO production, we investigated the expression of citrulline-NO cycle related
enzyme mRNAs in a rat model of short bowel syndrome after citrulline-supplemented TPN,
Methods : Male SD rats underwent 80% resection of the small intestine and were divided into
three groups. The Ala group received TPN supplemented with 2 g/kg/day of alanine. The Cit and
Arg groups received TPN supplemented with 1 g/kg/day of citrulline and arginine, respectively. All
rats were sacrificed by exsanguination on the 7th day after resection. Levels of plasma amino acids
were evaluated by high performance liquid chromatography (HPLC), and reverse transcriptase-
polymerase chain reaction was used to determine argininosuccinate synthetase (ASS), argininosuc-
cinate lyase (ASL), eNOS, iNOS, arginase 1 (ARG1), and ornithine transcarbamoylase (OTC)
mRNA levels in the liver and kidney.

Results : The Cit group had higher plasma levels of citrulline, arginine, and ornithine than the other
groups (p<0.05). ASS and ASL mRNA levels in the liver of the Cit group were higher than those of
the other groups (p<0.05). However, there were no differences in iNOS, ARG1 or OTC mRNA lev-
els in the liver among the three groups. The Cit group had higher expression of eNOS mRNA in the
liver than the Arg group. There were no statistical differences in ASS or ASL mRNA levels in the
kidney.

Conclusion : Citrulline supplementation induces expression of genes encoding citrulline-NO cycle
related enzymes in short bowel syndrome model rats. These results suggest that citrulline should

be considered as a potential supplement to TPN for patients with short bowel syndrome.

citrulline, citrulline-NO cycle, eNOS, total parenteral nutrition, short bowel syndrome
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