ARk L — N R E L k2

TT7 7R AL Y A VVEREE O INEICEE S5

AF0 5 AERE
B IR K R e At 2e R

A e Bk






%ﬁn 2'% AT, UL FOWSEEA ] L7-.

5-HIAA 5-hydroxyindolacetic acid (5-t K731 R—/LHHER)
5-HT 5-hydroxytryptamine (= k=)

5-HTP S-hydroxytriptophan (5-& K3 R U7 K77 V)
CBC cell crypt base columnar cell - (52 5 P AHHER)

COX-2 cyclooxygenase-2 (37 v 4% 7 —1-2)

DHFR dihydrofolate reductase ("t N = 3ERRE THEFR)

DSS dextran sulfonic sodium (7% 2 ~ 7 Uil kU o7 4)
EC cell enterochromaffincell (=7 17 vu~7 ¢ L HlfiE)
GAPDH glyceraldehyde-3-phosphate dehydrogenase

(Z VLT NTEe R3-UUEET e Rl —=-)

GPCR G-protein coupled receptor (G 4 > 7\ 7 ' HARMI 75 4K)

HE hematoxylinand eosin (™~~~ ¥/ U v« =F 1)

IBS irritable bowel syndrome  GEEUPERGIEFERE)

IL-1B8 interleukin-1B (- > % — 1 A % -1B)

ip. intraperitoneal (IEIZEPN#%5-)

MAO monoamine oxidase (€ / 7 I R{LEESR)

MPO myeloperoxydase (I =B ~LAF T H—E)

MTX methotrexate (A ~ kL H—|)

MTX-PG MTX-polyglutamate (MTX-7R VU 7 /L2 2 — )

Lers leucine-rich repeat-containing G-protein coupled receptor 5
(mA Y v F I E—MEA GF N7 EHRZRRS)

PAR protease-activated receptor (711 7 7 —EIHMALSZ 2FE)

PBS phosphate-buffered saline (U B E EHEAK)

PPT-A preprotachykinin-A ('L 7’1 & ¥ ¥ =_"-A)

S.C. subcutaneous (B T 4% 5-)

SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis

(RTIIUEE T N U U L-RU 727 VLT I K7 VERGKED)



TBS
TEER

TNBS

TPH
ucC
Z0-1

tris-buffered saline ( kU AFEEAFLRHEIK)

transepithelial electrical resistance (% b 52 &5 SR HUIHE)

2,4.6-trinitrobenzen sulfonic acid (2,4.6- bV = h B X ¥ X)Lk U HR)
tumor necrosis factor-o. - (IEIFFEESEIR o)

tryptophan hydroxylase ( ~V 7" k7 7 L /KE{LI#ESR)

ulcerative colitis (R ARMZR)

zonula occluden-1
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Low-dose nafamostat mesilate ameliorates tissue injury and inhibits 5-hydroxytryptamine synthesis in the rat
intestine after methotrexate administration.
Yamamoto T., Machida T., Tanno C., Hasebe S., Tamura M., Kobayashi N., Hiraide S., Hamaue N., lizuka K.

J. Pharmacol. Sci., 152, 90-102 (2023).
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Abstract

Nafamostat mesilate (nafamostat), a potent and specific serine protease inhibitor, has long been used to treat acute
pancreatitis and disseminated intravascular coagulation syndrome. Serine proteases include tryptase, Clr, Cls,
kallikrein, thrombin, and trypsin, of which tryptase has been reported to be involved in the pathogenesis of various
gastrointestinal tract disorders, including inflammation of the intestine. Based on these findings, I hypothesized
that nafamostat might have a useful effect on anti-cancer drug-induced mucositis as well as 5-HT dynamics. In
the present study, [ aimed to clarify whether nafamostat affects the intestinal mucositis and the potentiation of
intestinal 5-HT dynamics induced by methotrexate. Rats received intraperitoneal methotrexate at 12.5 mg/kg/day
for 4 days. In addition, 1, 3, or 10 mg/kg/day of natamostat was given subcutaneously for 4 days. Ninety-six hours
after the first administration of methotrexate, jejunal tissues were collected for analysis. The results showed that 1
mg/kg, but not 3 or 10 mg/kg, of nafamostat significantly ameliorated the methotrexate-induced body weight loss.
Moreover, 1 mg/kg of nafamostat significantly improved methotrexate-induced mucositis, including villus
atrophy. Nafamostat (1 mg/kg) significantly inhibited the methotrexate-induced mRNA expression of pro-
inflammatory cytokines and cyclooxygenase-2, as well as methotrexate-induced 5-HT content and tryptophan
hydroxylase (TPH) activity. In addition, it tended to inhibit the number of anti- TPH antibody-positive cells and
significantly inhibited the number of anti-substance P antibody-positive cells. Methotrexate significantly increased
protease-activated receptor-2 (PAR-2) mRNA expression. Nafamostat (1 mg/kg) significantly inhibited the PAR-
2 mRNA expression. Methotrexate significantly decreased mRNA expression of occludin, which is tight junction
protein. Methotrexate tended to increase to mRNA of zonula occluden-1 (ZO-1), which is another tight junction
protein. Nafamostat (1 mg/kg) significantly ameliorated the changes of occludin and ZO-1 mRNA expressions.
These findings suggest that low-dose nafamostat ameliorates tissue injury and 5-HT and substance P synthesis, as
well as tight junction related protein change in methotrexate-induced mucositis. The suppression of methotrexate-
induced PAR-2 mRNA expression by nafamostat, followed by amelioration of tight junction-related mRNA
expression changes, may be involved in the mechanism. Nafamostat may be a novel therapeutic strategy for the
prevention and treatment of mucositis as well as 5-HT- and/or substance P-related adverse effects in cancer

chemotherapy.
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Oy FHEGEE, oI T = v 7 R A v MIERR L OV VRBREREN O DTV D, U, 4y
FARRIFEIE T = v 7 ARA o MHEFEIEDOBFENES, 23 VWL BN T 2T b OFFEK
DL TS, LLans, H<hoH0non TV AHIuESEMEIN A, BIETHZ<
DPAFIFIED VDA TR S, SASERIEICR R0, 9 — Rl EMEbT
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REATRIEFHNEIC b RE REEAE KIET. 20 & o bifaREEr I ASORER 72 RIVER
LT, BRIHERe AN, D R, PR EPHET D ZHLORWERIZEEIZE -
TERCTHDZ %<, BEDQOLIK TEAHRE, FHIN AT Ok 2 NEHZ S 5.
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LT EMfahi. BifES MTX I ZEIMFRENEY o SEOIRR THW O LM, FA A, B2
Ao, BEREDS A2 EOIRIECHOFAAIK L JEH S 4, EICHIRNE S ST D, Fo MTX
(TEMERIET Y 7~ F IR O T IR s L TR TR O EA S, Bicko&Ebsh
TW5. MTX DO ERPINANEHD A 1 =X L%, DNAAGILEERTHDH. MTX 1T, gz
ARG B LB R IBERR 238 r 3 5 U R BERRIE Tl%3R  (dihydrofolate reductase: DHFR)
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TDNA O 72 A EET 2. 9 MTX OI8O 851238\ TR 6 R, FERR D
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Fig. 1. Chemical Structure of MTX
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R AR ORI I THRM a e ;A L ADEMAICNESR ) e T T — P Th D
transmembrane serine protease 2 Z il L, 7 A LV ADEN~DRAZHET 5. 519

FeF 77 EAZ Y MY, BWERIZBWTHEE TORIELKFRIMIC K 2 FH UG 240
fild o Z LA LNISNTWD. FEEE, F77EAZ Yy MIRBMKRIBR (ulcerative colitis:
UC) E7 /7y FORBGHZIBWT, RIEMEY A MU A OFERMEFPEROFEFELZAEL, &K
JEAUGESH, 1D @ EIERERE (imtable bowel syndrome: IBS) €7 /L7 v MIEBWTIE, 1#
FIZ2NIBOEENGE 2 095, 19

F 72 Kikuchi HI%, 77 7EFAF > b3 MIX #5-7 » Mgt/ MG~ 5 O 5-HT 78t 2 A =1
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Fig. 2. Chemical Structure of Nafamostat Mesilate
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% < OFBRAREFEEGTS ASEDS EC A 2 REE5H S W M S-HT Al Tt S8 5 Z L3l s
TW5., 202

AR L7277 7B A X > MZ LD UC 35 L OV IBS OJFREER OMBIER O F 7285 & LG,
LB R T D8R 7 a7 7 —BIEME L2 K2 (protease-activated receptor-2: PAR-2)
FLEERAARB SN TN D, 79 G X L7 EHAEARIZRIK (G-protein coupled receptor: GPCR)
ToHD PAR 1F, ETHNS DT 0T 7 —BDOMEH 2%, PAR OFEMALEEIIIER IC2
=—7Thbh, 777 —EN PAR OMES N KD T F R a2 REE A CA AR G
THZEITEY, B/ NRuE T H S 20 tetheredligand & L CHERE L, B & OHIIEILE
2N—TENLTHEA LIEMAL T2 (Fig.3). %72, tetheredligand & [7] UACHID~7"F KEHAY PAR
IZREET D LICL > THIEMH L&D (Fig 3). PAR X 1~4 OV 7 X A TS5,
PAR [3k%4 727 07 7 —BIZ L > TEMIL SN D2, PAR-L, 3, 4 1ZFICThr B TR YIE
PS4, PAR2 IZFEIC MY UV BRIO M) 72 —BIZ L0 ER LSS, 3D Table 1 12
PAR DFEBLEL, PAR 215727 17 7 —E, PAR OMIES N KRGO TF K7 a7 7
—PIZ L~ TUIWr &35 cleavage cite 35 K U tethered ligand %71~ L 7=.

PAR IZET-HEMED T 0T T —B DR BT, MEST A—2N, BRRENLHUWSILDIH
KPE7 a7 7 —RI L > CHIFME LS, ZHAREK TRIECMARE, A Engl & &
NHZebdH5. P HEEEIZBNTUIUCRIBSET VT v NOFEBIZIHBWT, M) 72—

Tethered ligand PARs-activating peptide
. Protease ~
activated l
‘o0 %

< N terminus ¢

C terminus

Fig. 3. Activation Mechanism of PARs



Table 1. Characteristics of PARs 31:33:39

PAR-1 PAR-2 PAR-3 PAR4
Tissue Brain, lung, Small intestine, Heart, kidney, Lung, pancreas,
and stomach, colon, colon, pancreas, pancreas, thymus, thyroid, placenta,
cells kidney, endothelial | liver, kidney, white | small intestine, skeletal muscle,
cell, white blood blood cells, stomach, lymph lymph nodes,
cells, intestinal epithelium of nodes, trachea, adrenal glands,
epithelial cell, gastrointestinal tract | respiratory system prostate, uterus,
fibroblast, neuron, and lung, neuron, and vascular smooth | colon, platelets,
mast cell mast cell, intestinal | muscle cell, megakaryocytes
eplthehal cell platelets,
astrocytoma cells,
megakaryocytes
Activating | Thrombin, APC, Trypsin, tryptase, Thrombin Thrombin, trypsin,
protease granzyme A, proteinase-3, factor cathepsin G, trypsin
plasmin, trypsin, Xa/Vlla, IV, MASP-1,
tryptase, factor acrosyan, plasmin, factor
Xa/Vlla, kallikrein, | matriptase/MT-SP1, Xa/Vlla, kallikrein,
MMP-1, cathepsin | granzyme A, gingipine
G, proatherocytin TMPRSS2,
kallikrein
Cleavage site Arg41/Serd2 Arg36/Ser37 Lys38/Thr39 Argd7/Gly48
Tetherd ligand SFLLR SLIGKV TFRGAP GYPGQV
(human) (human) (human) (human)
SFFLR SLIGRL SFNGGP GYPGKF
(mouse/rat) (mouse/rat) (mouse) (mouse)

17,18)

oA T DA MIRRASHENT 5 Z ENHE SN TND ZORN)TE—FBIET v MG
ERZHIERR IEC-6 (23T PAR2 & /X7 BB RIS, Ml AR KT SE5. »
W>T, T77EFAZ vy MIUCKR IBSHEICKWT, @EICGEH S N 72 —BICkD
PAR2 TEMEALZHIHIL, T DIRREBERZ T 5 LR ST

HNAPE EPEHI A FEDI L E ~DEFRIINGE N T EBFESED. FEE, 7 M
mgkg/day % 4 AREEET2 &, /NEOFBENEEIZ ERT 5. GE N ) T HERBIZ RN T
BB EE 5 BT OIRE LA TH S, BEANY 7, BEAICAHET 224 oy v
7 vay EREMNCH DT RNV VAT Y 7 v a Al XD EEAEMBEE IR LV Rk S
o, A4 "ox o7 vaACBET X R0 BT, WEMREEEY L\ EThoHr A7
NT Ay, 7a—T 4, FLMERNICHFELIA FYoY 7 v a VORITHRTTH D
zonula occluden (ZO) 72 ENRH 5. 7 20T 1O 3DV T XA THFEL, XA F v o v
a7 m7 A1 (tightjunctionprotein 1: tipl) Eisf4 /v 77 U FLicv vy AL {ERIEST
ZO-1 KIBMIAE 3 TlE, tp2 BLOjp3 &=/ v 7 77 b LIERL S 72 202, ZO-3 KIBHMIAE & Lt

MTX 15

36) j
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L, A4 MY 7 v a VOBKRPIEIET 5. 9O F- Z0-1 REBELEFFZA I NVT 1 B X
O/ va—7 4 COEEMET L TWD Z LG SN TS, 9O §E-5TZ0-11%, ZO-2, ZO-3
CHIE L, FRZHA FUv 7 g URERERIN S L TEEARZE AR L TWD. HEE L
BRI RBIT D2 A Sy 7 ¥ a v ORI R 2 B S8, MER EMBATD
L TRIEAERSED. FEBE, b MEBS AN Caco-2 MIMAZIIENEY A N A 2T
HE U 7= B CIE, IS @I 5. 4D £ 74505 A S T84 Ml PAR-2 7 =
SARNERNT 5 &, MREESOMEZ E&MICRKR TR ERBEXHPUE (transepithelial
electrical resistance: TEER) 2ME T L, A7 /L7 4 VB I U ZO-1 & /37 BRI SN D.
)

UEDEFENS UCRIBSIZT 77 EAZ Y ERADNTHL LT 7 7EAZ » MIHH
AERHIMEEEREIC LA TH L AR S D B 2 biviz, ABED BIIE MTX 12 &
2/ MRHRE B TR DT  S R RIEIE E LT 7 7 ERZ Y R R T T VRV a =
7E L TSHTELAREMZHALNCTHZETHS. F 1 ETIIMIX EHICEDT v M)
FAARIE 3 L ORIESUGIC KIET 7 7 B A > ROFEIZOWT, 5 2 BT MTX 5
IZE DTy MMG SHT BEOY T AZ R P ERGRILEIZKIET T 7 7 EAH v hOFE
DN, FIETITF 77 EAL v ML D MIX i MG SRR oW Ot
L7z,
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FRRE EMEGT AL, RO W EE FRRIBI R U, T b AR S 4 5 |
X 29, Shiga HiE, T v MIMTX12.5mgkg % 24 FEEEZ 4 BIREIENS- L & 512 24 FFHE
BO/NHZIBNT, MERENE ZOEPAREENERIND Z 2R, Fl o
FZ I I =~ 4 XX —F  (myeloperoxydase: MPO) FEELDBENICRIEMEY A b B A >
mRNA FEBLONN 72 E DIRIEPOEH LD Z L |E LTS, P

FT7 AL Yy ML 246-F ) = b XV U ALK UEE (2,4,6-trinitrobenzen sulfonic acid:
TNBS) °7 F A b7 UHifg7 ~ U 7 A (dextran sulfonic sodium: DSS) (2L 0 #% & 47z UC 3
KOV IBS BWET /T DREIREIRR 2 J0f1 95 2 &b, 79 il BT A FIC K D
THALESFERRPE S I T & 27 RetED H 5.
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1) fEHEW
FEEREM) & LC 9 IO Y  AX—%T > b (ARZ AL —RASt, §i) &6
L7z, 2 ToEWARE R ) I o 2 —NT—EDEIR (22+2°C), FHxHDE
(50 £ 10%), #5=H (12 [BIFERE), AR (800 /L2 A) (Z& 25 12 K] Z & DOUARFEREE
(B : 8:00-20:00, M5 : 20:00-8:00) FCTHEIH 4L, /K OKEK) B LOREEEE (MF,
AAA ) = 2R, 300 % HEERSE. 8icr —EMM TiEeEE L, #/EECIE
PRFEENRONIZ b DDOHZE TR L=, Ao Iig [ EmEER 8=
BRBLE ) ISV T,

2) AR L O R
AR —hF (EHHAY FLFE—F®50mg), F VY INVTo %774 % — (R
FOBAL., 77782 Zy MAIVEEE (BEHHAZ7H®10mg) 2 HEL () XV
BEA U7z, BRI (RKEARED) BIOESFAAK KIEREAY) 2 KERE () X
DA L7=. TRI® Reagent, Y 71/ —)b, <7 ZHP-7 7 F L 4ilk% Sigma-Aldrich (MO,
USA) LK DEA L7, PrimeScript™ One-Step RT-PCR Kit 33 & O PrimeScript™ RT Reagent Kit, TB
Green® Premix Ex Taq™ Il & % 771 7 /34 4 (W) KV HEA L7, VECTASTAIN® elite ABC KIT %
Vector Laboratories (CA, USA) X ¥, 3,3-diaminobenzine tetrahydrochloride (DAB) % [FI{=F} 224
ZeAT (FEAR) XA L7z, U¥FHIMPO FLIE, BCA™ Protein Assay Kit, horseradish peroxydase
(HRP) 1ZEi#kv H1 7 Y= IgG HUIA, Immobilon Western chemiluminescent HRP substrate % Thermo
Fisher Scientific (MA, USA) L VWEEA L7-. HRP {2 vV ¥ £H COX-2 Hifk% Cell Signaling
Technology (MA, USA) X VA L7-. Mammalian Protein Extraction Buffer 2 GE ~V A7 (IL,
USA) KLV, Protein inhibitor mix % Cytiva (BUX) XY, 4XLaemmli Sample Buffer 2 BIO-RAD
(CA, USA) L VA LT, Prestained XL-Ladder #7 > 7 7 7/ (BIK) LVEEA L. 72,
Z O FEERICAER U 72 s T TReHIR &L E 72 134 b A2 B £ 7 0 v 2R EREE CRIR)
DHDEEH LT



3) s T e ha—u

7'm h3—/L% Fig. 427”7, Shiga HDHEDIZHENT v M MTX 12.5 mgkg F 72135 R
& UTAMEIRE 7 24 R 4 BRI G- L7z, & 612, Kikuchi HDJ71E D 1IZHE
MTX &7 2 #5795 105802, 7 7EAHX v b (Imgkg, 3mgkg £721% 10
mgke) F7ITES AL 24 R Z LI 4B MG LT (Fig.4).

MTX (12.5 mg/kg, i.p.) or saline (i.p.)

v \ 4 v v
-10Imin I -10Imin I -10Imin I -10Imin I | .
h 24 48 72h 96 h (Time)
A A A A l
NM (1, 3, 10 mg/kg, s.c.)
or Dissection
water (s.c.)

Fig. 4. Schedule of Administration of MTX and Nafamostat Mesilate to Rats

NM: nafamostat mesilate

4) 7 MAHE, #ii&E, foKkEOHE

7 v N/ NSRS AR &N EEE (FDM700S, A/L7 =X b, &) ICTHE L. 8
W ORENE T 4 A2 —F > F& 1) IZHELTEMFCToAMEAE L, BbEE. 2D, 3)
D7\ kI UIHE, Y G2 BhA L 24 FEREICIRE, SR, JUKELZHE L.

5) /NGFRRROFE
T N Y TT R FICCRIMEBSEE L, AR L, WE Y ERiEE A
(phosphate-buffered saline: PBS) (pH7.4) W THENI72 E D EM A RE LT,

6) /3T 7 4 U OIERL
5) TR L7222l 2B 24815 L7 K O ITHE AN IBA L, W& N O 2 ki
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PBS N CHeif L7z, BN EEIZ 725 £ 912 T LPRIZIR D 11T 10% HHfEE AL~ U K
(pH74) ([ZIRLEELTZ. D%, /XT 7 4 A L 3~5um OJFE & Tl Lol 2 1
L7z,

7) NERAIEREOBIZE, NBRER OFIIB LORIEAR 27 OJIE

6) TR L= &2 ~~ b2 U « =4 (hematoxylin and eosin: HE) (% L,
BAMEBIC TR LIz, 2, ATRRIIMASHT L7477/ ny— (L) ITkE LiThh
7z. NDP. View2 Bi{&H Y 7 b v =7 (Ifadk b= &, #i) A0 TEEZHE L.
Otagiti H ¥ OHFIEIZLY, MMMEFEOREZ AT V7 Uiz, 728, 227 U o713k
D' T T ) a UK LT T,

\

8) HL MPO ik Z FV - fuyeiliikiby: (BERbuARlR)

6) TRk L= %, Bioso 702 (2L 10 40/ 3 [\l 100%=% 7 —/L 5 43f# 2
A, 95% T4 /—/V553R 28], 70%T % /—/v 555 1Rl ZKBE7K 553 2 [ i)
L7z, WIZ 95 CoHUFEIRIE(LIE (pH9) (Agilent, CA,USA) T 20 UL L, D 10
SrERBGE LA LTz, RICFERE AR TG L, NRESLVAEF X —B 20 ET 57090,
0.3% B LAKFEIZ 10 2R L, bV ARREAFEREIK (tris-buffered saline: TBS) (27T 2 [RIEE
L7z, WIZ, —k$ifk & LT Dako REAL HUAARHE (Agilent) (27T 200 fFIZA7R L 725t MPO
Pilk% 4CTBsUS SE 72, RESHUAIZ TBS ICTHESF L=, DWW T Ak (277
ATV AT ATy b MAX-PO MULTI) % SRiR T 30 S S8, RESHIAE
TBS CTUitf L7-. DAB IZ LV 3tatk, TBS THH L7z, IRWT, ~~ bF U A2 K0 kZY
L, ZAEKTAY MU o Lok, ik GREK 553 21, 70%=% ) —/v 55
M 1E, 95%=% /—/L 553/ 218, 100% =% / —/v 545 2 FENENGE), & (F
Lo 10 3 EES) L, v v ho Ay s CREFEE, #iE) ZHWTEALRL. fA%
(T —MACER TR S, R L. ek, ALRIIMASHEL 7 +7 7 /) v o —ITKHH
LT,

9) /NGB O total RNA D
5) \ZTHEHI L7z 2215 % A A X —  (AASIEL/ERT, B0 % MV T TRI®Reagent I mL
PTHREDTA X (6000mpm, 307, K F) Liz. REVR— hzmioiE (20,000Xg,
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1043, 4C) L7z, KFZEULL, =iRT S oFfEk, 7okl 200ul 20z, #sER
L7z, S BIZERT IS ofiRER, =0o8E (21,500Xg, 1540, 4C) L7z, BRIRL7Z k
B 2-7 s —)L 500 uL =00z, $=ENEFIL, 10 0=iECTEHE L=, 0%, Liaks
L, m00BE (21,500Xg, 30~45 0[], 4C) LT, EHICEEEZBREL. BB L7 total
RNA (T 75% ™% 7 —/V% 1 mL Z#01 %, #0508 (21,500Xg, 1043/, 4C) L, HEZERE
LC, =D (20,000Xg, 30~45 70, 4C) L7z, Tk, EEZBREL, BEK 200 pL
ZINZ, TEE: LU7- total RNA Z IR SH-7-.

10) Real-time RT-PCR %

9) (ZTH B A7z total RNA % Nano Drop® ND-1000 Spectrophotometer (Nano Drop, Technologies,
DE, USA) % VT 260 nm CTOWSLEZMEL, total RNA JREE 4K, £ D, total RNA
TREEDS 20 ng/mL (2722 K D IZHE/K CTHIR LT, £ D%, PrimeScript™ One-Step RT-PCR Kit %
VT, FE 721 PrimeScript™ RT Reagent Kit (Z T ¢cDNA Z{Ef% L, TB Green® Premix Ex Taq™ 11 %
AT, 7500 Real time PCR System (777 A RS AL AT LT v /3, B (2T PCR UG
FE L., HEHLEA X —aA%-1B (interleukin-1p: IL-1B) , FEEEESEIN +  (tumor
necrosis factor-o: TNF-o), 1L-6, > 7 1A% 57 —E-2 (cyclooxygenase-2: COX-2) D77 A~
—% Table 2 IR L7z, WEMEERIZFIZZ7 VAT AT R 3 Vg7 Frb)—+E

(glyceraldehyde-3-phosphate dehydrogenase: GAPDH) % V>, GAPDH & %8 1n - PCR FEM) D7
THEOFEMEZFEH L, EOREFR) 5 mRNA FEELE A Ll CHEIZ LV kDT,

Table 2. Primers for Real-time RT-PCR

product Sequences (5'— 3') Reference
L1 Forward CACCTCYCAAGCAGAGCACAGA 46)
P Reserve ACGGGTTCCATGGTGAAGTC
Forward GTGATGGGTCCCAACAAGGA
TNF-a. 47)
Reserve AGGGTCTGGGCCATGGAA
L6 Forward TCCTACCCCAACTTCCAATGCTC 47)
Reserve TTGGATGGTCTTGGTCCTTAGCC
COXD Forward TTTGTTGAGTCATTCACCAGACAGAT 48)
) Reserve ACGATGTGTAAGGTTTCAGGGAGAAG
Forward ATGTTCCAGTATGACTCCACTCACG
GAPDH 49)
Reserve GAAGACACCAGTAGACTCCACGACA
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11) Mg ATk

5) THEH L72Z25%, Mammalian Protein Extraction Buffer 990 uL, Protease Inhibitor Mix 10 pL %
G IR L, A A I FYP—THEEVFA A (6000rpm, 3070, K& TF) L7z
I LEE (17200<g, 10 23, 4C) L, =0 BiEzaEIR L i (20,000Xg, 30
M, 4C) L, BEZEBEILLT.

12) %I EDEE

11) TIEY L7z _EiF % BCA™ Protein Assay Kit & VN C & X7 &2 HE LT, AR
T BEATR U 7= APk 10 uL 12, BCA™ Protein Assay Reagent A & BCA™ Protein Assay Reagent
B % 50 : 1 OEIETRA LI2IAR%E 200 pL Nz, 37COA > F 2_—4 —NT 30 A %
2=k L, 550 nm O3 EERE (Multikan JK, H—Fx L7 ko Ufiatt, iz
JID) AZCTHE LTz, BEEMREO D VIiET V7 R 2 & W TS BT & & RIEs ki o
H NI IR AR

13) 27 EOEBIVKE) : FT VT N DA RY T 7 VAT I R VESIKE)
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis: SDS-PAGE)

BN BT LT bR 2- A v 77 = & ) — )V % T 4 X Laemmli Sample Buffer
AEED 450 1 BNz, oA —Fa2=y | (DTU-1B, #A 7 > 7, &E) T100C, 5
SEA LU 7=. Z D% Laemmli O 57550 (ZHEVY, 0.1% SDS &2 25 mM Tris, 192mM 7'V &
VREMETR (pH 8.3) 1, 20 mA/gel TildE LikE) L7z, HERIKENH 7 /11213 SuperSep™ ACE,
7.5%, 17well ZfEH L7z, KENEEEE LTI =717 17> 3%/ (BIO-RAD) ZHWi=. 4
FE~—7H7—& LT, Prestained XL-Ladder Z [RIRFICIKEI L, ZOBENENG B /37 HD
D EERD.

14) COX-2 & >/ 7 EDFg (Western blot 1)

SDS-PAGE |2 CH#E L7e D7 NVND & /37 B % 25mMTiis, 192mM 7' U & UAEEHE (pH
83) ™, 30 mA DEMENMICTEIRT 3 Kef@E L, £ 045 pm @ Immobilon polyvinylidene
difluoride transfer membrane (PVDF &) (Millipore Co., MA, USA) (ZHEE L7z, HUKDIERFRK
72 RS <T-%, Z 0 PVDF B4 =il C 2 RFf#], 2.5% A% A I/L7/10 mM Tris-HCl (pH 7.4),
150 mM NaCl, 0.1% Tween20 (2.5% AF AL I/LZ/TBS-T) T vFX 7 L7=. WIC—IKRHUER
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& LT 25%AF LIV /TBS-TIZT 100 f5ICAR L 725 COX2 HUiA, 1,000 FHZA7R L 7= HiB-
T F UPURE IR T 2 Rl DU NE 4C T, PVDF L OGS S W72, REOSHUABRED
7212 TBS-T Z T, IR T 1540 M 18], 10455 3EHEE 5 Lz, &IZ, COX-2 3 X UB-
T F D IRGUAE LT, £ EH horseradish peroxidase #5k¥ XHL Y V% 1gG HUik% 1,000
%12, horseradish peroxidase 5k 7 ¥ Hi~ v A IgG Hiik% 3,000 524K L, 45 53 PVDF &
ERUR STz, REOGPUAZ TBS-TIZ X V&R T 1543 18], 1043 3EOHEE 512K 0k
% L 7=%, Immobilon Western chemiluminescent HRP substrate C{t %% &+, Ez-capture MG

(ATTO, HR) ZHWTE, ¥ L. COX2BLUB-T 7 FTENEI 74kDa, 42kDa
[ZH—DN RE L TENZ, £/ R% Image] (National Institute of Health, MD, USA) %
FAWTT vy b A R —IZ XD EEMITHAT L2, COX-2 OFBLEIIP-T 7 F o ORBLEIZH}
T ORI S LR L7z,

15) FERHAAILELE L OWRE 7Tk
AT ORIENEZ W) + R (Mean £ SE) TR L7z, ZERBO T —IohlE oot
(ANOVA) DT Tukey IREZTT 7. fEIRZE 5% AN (p<0.05) %> THEHFIICHEE L
HIT L7
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o3HT AR

FBI1H MIXEHIZELDT v MEREBICKIET 7 7 EAS v hOFE

FTMIX I L DERERNCKITT T 7 7 AL v NOFELE G Lz, MTX B 5134
[B1f5 570> 5 96 BRFREIZ T CHREMIKAFHNAA TR 2 S 872 (Fig5). 77 7 EA X v N
HIXAREICEEY 5 2 720> 7- (Fig.5). 77 7FAZ > b 1 mgkg OUFHIZ MTX & 512X %
(RERED 2 GRG0 96 RFEIRIC W THEICHMI L7z (Fig 5A). —75, 77 7EAF v

k3 mghkg OOFHIE MTX #5102 X D RERD OB S 5 2 72/ho7= (Fig. SB). 7 7 EAX
> B 10 mghkg OPFHIL MTX #5102 L 2 (RHE ) 2 WlElHE G- 96 il 1230 T MTX B G-
EHEE LT, IOICAEICED SHT2 (Fig 50).
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80 s
Time (hr) 0 24
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1101
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] Basal
3 NM (10 mg/kg)
o g
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T 904
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80 4
Time (hr) 0 24 48 72 96

Fig. 5. Effects of Nafamostat Mesilate on the MTX-induced in Body Weight Change in Rats.

A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. After the first administration of physiological saline (basal) or MTX, body
weight was measured every 24 h up to 96 h and expressed as a percentage, with 100% representing time 0 h.
Each column represents the mean + S.E. (n =8-10 for A; 10 for B; 6 for C). *p <0.05, **p <0.01, ***p <
0.001 versus time O h; TTp <0.01, TTTp <0.001 versus basal, ##p <0.01, ###p <0.001 versus MTX. NM:
nafamostat mesilate.
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F2IH MIXEGIZEDT v MMBEREEIC LT T 7 7 A X v O

# 1 HOBEHI BT, MTX &G KD ERERNC KT THREDOT 7 7824 v O
B, WIEHES 96 WREH: CHIMEIZEe > TV o2 &, DI/ NI Z - fehdse
THYPIEIFE G- 96 REfEIE TITo 7.

MTXEGIZ LD T v MNGHREZICRIET T 7 7 EA S v hOREL HE A2 Tt L
lo. 77 7EAZ v | mgkg BB G 3/ MLk 205 A 5 2 TeinoTo—07, MTX H
M 513 MG EERIR ORISR OELL R Ex g 2 L, FURHARREE 2500 HivTc

(Fig. 6A). T 7 7EAH v b 1 mgkg & MTX (P& G35 & ZI 7o R E 13580 7
D7z (Fig.6A). 7 7FAX v b 3mgkg 3 KO 10 mgkg M 513/ MEHRRE & H 7e 5o 2
527207 (Fig.6BandC). F£7z, 77 7EFAZ > bk 3mgkg 3 X 10 mgkg 2 MTX (Zf
AL TH MTX 512 L A/ MEGHARRBEEI R & 73 A b ivZedr -7 (Fig 6Band C).
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Basal NM (1 mg/kg) MTX MTX

+ NM (1 mg/kg)

MTX + NM (10 mg/kg)

Fig. 6. Hematoxylin & Eosin-stained Sections from Rat Jejunal Mucosa
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Jejunal tissue were dissected and fixed with 4% paraformaldehyde and

embedded in paraffin. Scale bar = 100 mm. NM: nafamostat mesilate.
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Iz, HEYettfsZ W C MTX KRGS L AMEBEREMEICRIET T 7 722X v D

BT

FfL72. MTX IZ X DMEGEMEIL, 777 A > b 1 mgkg FHRIC L Y A EIZHH Sz
(Fig. 7A). —J5, 77 7FAHX v b 3B L 10 mgkg DHFIE MTX IZ X A E A2

Z b2 7272 (Fig. 7Band C).
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Fig. 7. Effects of MTX and Nafamostat on Lengths of Villi
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A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg

nafamostat administration group. Each column represents the mean + S.E. (n=8-9 for A; 8 for B; 6 for C). *p <

0.05, ***p <0.001 versus basal; TTTp <0.001 versus MTX. NM: nafamostat mesilate.
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WIZ HE Yefal X5 MTX 8L 7 7B R X v MEGAZ X 2/ NGO RIESOG OFEEE %
Z a7t L7z, Table 3\ZIFHFEM B GREDOIIEA 27 OHFRAE (Median) 35 L VA 227 D

(Range) Z#/RL7c. RIEAZTIL MTX &5 XV AEICER L (Table3). 77 7EAXAH v
;1 mgkg 35 KX 3 mgkg BB GIIRIEAR a T IZHEE G- 2 /e -7z (Table 3). 77 7 E A
% v b 1 mgkg Z MIX IZHFS 5 & MIX B G- CRlObND & 5 R AERRIEA 2T O L
FAaDIoT- (Table 3). —F5, 77 7FAZ v b 3 mgkg ld MIX #E5IZ L HRIEZA T
O LFICE R 5% Te o7z (Table3).

Table 3. Effects of MTX and Nafamostat on Histopathological Score of Damage to Rat Jejunal Tissue

Group Median Range
NM 1 mg/kg administration
Basal 0 0-0
NM 0 0-0
MTX 12 9—16***
MTX +NM 2 0-9
NM 3 mg/kg administration
Basal 0 0-0
NM 0 0-0
MTX 12 9-20"
MTX +NM 16 920"

A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. Mean + S.E. (n="7—

9 for A; 4-7 for B). *p <0.05, **p <0.01, ***p <0.001 versus basal. NM: nafamostat mesilate.
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5 3H MTX 52 & /M5 MPO FEBWENNC K IT3T 7 7 £ A Z v O

S 6IT, AFPERICEE IR LRIERSOIERE & LTHW B D MPO FEHIZ MIFT MTX B
LT 77 EAH v b 1 mgkg D% Fist L7z, Fig. 8B (213 Fig. 8A O AR CHE N =E 5 D
PERKZRLTWD. F72, Fig 9IZIE—EDHIPINO MPO FEEHEEZ R L TW5H. T 7 7E
A& b 1 mgkg ld MTX 8512 X 5 MPO BN 2B &2l L7= (Fig. 8and9) .
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Basal NM (1 mg/kg) MTX MTX + NM (1 mg/kg)

< 0

MTX

Fig. 8. Effects of MTX and Nafamostat on MPO Expression in Jejunal Tissue

A: Jejunal tissues were dissected and fixed with 4% paraformaldehyde for immunohistochemical examination
with an anti-MPO antibody. B: Magnification of the square with a dotted line in A. Scale bars = 100 pum for A,
20 pm for B.
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-'E ~
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Fig. 9. Effects of MTX and Nafamostat on Number of Anti-MPO Antibody Positive Area in Rat Jejunal
Tissue
Each column represents the mean + S.E. (n =6-9). ***p <0.001 versus basal; Tﬁp <0.001 versus MTX. NM:

nafamostat mesilate.
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54 MTX 52 XD RIEMEY A N A > mRNA BB RKIEFTF 7 7ERAZ > bD

"

2
ZZETORET, 777 FAF v ME 1mgkg DFEGEIZBWTMIXEGIZE DT~ b
IEREARRRE 35 L OYMPO BB A 152 Z E I G 7e o7z, 22T, WICMTXEEIC
FDRIEMEY A A~ mRNA BBV KIET T 7 7 EAZ v FOREELHF L.
F9, I IBmRNARBUZKIET MIXBL O 7 7 EAX v "OREBERFI L. 77 7€
A A b 1 mgkg lE MTX #5012 X % IL-1p mRNA R4 A EIHH L7 (Fig. 10A). T 7
7EAH v b 3mgkg 3 LN 10 mgkg 13 MTX #55:12 X 5 IL-1B mRNA FEUEIN A B2 2%

5.2 727> 7= (Fig. 10Band C) .
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MTX - — + + MTX - - + + MTX - - + +

NM@mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) O 10 O 10

Fig. 10. Effects of MTX and Nafamostat on IL-1 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg

nafamostat administration group. Each column represents the mean + S.E. (n=6-8 for A; 9 for B; 5 for C). *p <

0.05, **p < 0.01, ***p < 0.001 versus basal; TTTp <0.001 versus MTX. NM: nafamostat mesilate.
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KRIZ, TNF-omRNA HEIZKIEFT MTX 5B L0F 7 7 A v hOEEL G L. F
7 7B AL v b 1mgkg 1T MTX %502 & 5 TNF-oomRNA FEEHEIN2 A EHH L2 (Fig. 11A).
F7 AL v b 3mgkg 1T MTX #5125 % TNF-oo mRNA FEEIEINCA B R @8 A2 5 29

(Fig. 11B), 7 7 EA¥ v b 10 mgkg i MTX % 512 X 5 TNF-o mRNA FEHIEMN%Z X 5 (12F
Bl d7- (Fig 110).

A B Cc
10 5 6 20
skskeok
® 8- 73 *xk @
@ T B o o 15 - l
= o I ] =
Q— o 4 = l:l %
g 6 ; ) o o R
Z <ZE = <z( 10 - —
X 4- o = x x [
€ E 24 - £ i
N ? d F 54 R
z 27 > - Z K
— I=I % — |=| -:: = IT-F'I s
0 0 0 |-1 M ]
MTX - - + + MTX - - + + MTX - - + +

NM(@mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0O 10 O 10

Fig. 11. Effects of MTX and Nafamostat on TNF-oo mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n=6-8 for A; 6 for B and C). *p <

0.05, ***p <0.001 versus basal; Tp <0.05 TTTp <0.001 versus MTX. NM: nafamostat mesilate.
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WIZ, TL-6 mRNA BILUZKITT MIX BX O 7 7 A X v NOEEEKRH L. T77%E
Z A b 1 mgkg I3 MTX #5-12 X % IL-6 mRNA ZEHI N2 A 28 L7z (Fig. 12A). —77,

F77EAZ > b 3 mgkg 8L 10 mgkg 1L MTX $5-12 L 5 IL-6 mRNA FEEHEINIAE /25
Br b x 707 (Fig. 12Band C) .

A B Cc
5 5 I 5 v T
& g 20 - @ 30 - o
5 0 5 4 INE
() () = )
> 2 < 20 -
o X 10 - o
E 20 E E
i f - © 10 |
MTX - - + + MTX - - + + MTX - - + +

NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0O 3 NM(mgkg) O 10 0 10

Fig. 12. Effects of MTX and Nafamostat on IL-6 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 6-8 for A; 6 for B and C). **p <

0.01, ***p <0.001 versus basal; ﬁp <0.01 versus MTX. NM: nafamostat mesilate.
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HS5TH MIX 51285 COX2 BN RITTF 7 722 Z v hDEEL

WICIAIERISIZ E VFFE SN D COX2 HBBUKITFT MTX 5B LT 7 7 EA X v FDE
BIZOWTHF LT, 77 7EAFX v b 1 mgkg i3 MTX $5:02 5 5 COX-2 mRNA FEELHE 1%

BEloflL7e (Fig 13A). —7J5, 77 7EAX % > b 3mgkg 3 X 10mgkg 1T MTX #5012 &
% COX-2 mRNA FEBUEINZ A B /2524 -2 727> 72 (Fig. 13Band C).
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NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0 10 0 10

Fig. 13. Effects of MTX and Nafamostat on COX-2 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n=6-8 for A; 7 for B; 6 for C). *p <

0.05, **p < 0.01, ***p < 0.001 versus basal; TTp <0.01 versus MTX. NM: nafamostat mesilate.
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WIZ, COX2 Z /7 ERBUIET MIX GBIV 7 7 EA X v NOREZBRF L.
F77EAZ > b | mgkg X MTX #5125 5D COX-2 # o787 R BN Z I3 DA % 7
L7 (Fig. 14A). —J, 77 7EFAZ v b 3 mgkg 3L 10 mgkg 13 MTX 512 L % COX-2
Z N BB B8 % 5 2 72~ 7- (Fig 14Band C).

A B C

COX-2 s BB e COX-2 See s COX2 —
B-actin ™ e e Bacting e e B-actin  ——_—

p<0.1
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g ! g ° l
< S 44 S I
o 34 o o 6 - R
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o o o X
5 27 5 58 47 R
o N 27 ~ o
x x ' o
10AUE ¢ Inalll ¢ lealll
0 0 — O I:I I"-::‘] :“':’
MTX - - + + MTX - - + + MTX - — + +

NM(mgkg) 0 1 0 1 NM(mgkg) O 3 O 3 NM(mgkg) O 10 0 10

Fig. 14. Effects of MTX and Nafamostat on COX-2 Protein Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n=7-10 for A; 7 for B; 6 for C). *p

<0.05, **p <0.01 versus basal. NM: nafamostat mesilate.
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H6TH  MTX #5252 X BRI L OYOKEADIC TS T 7 7 A X v h O

ZZETORGCLY, 7 7EAZ > b Imgkg i MTX 8512 X D IRERAD 3 L OVIMGHE
RPEE, JOERULEIIHEI L, 77 7 AX v b 3 mgkg 3L 10 mgkg 15230 HIZEI /8
EHXIRNTERHLNE 5T, £ 2 TRIZ MTX #5102 X 2188 &b 36 L OOk &)
ZKIET T 7 7EAX > b I mgkg 38X O3 mgkg DFEIZOWTHRFTLT-.

F7, MIX I K DBEAERADICKIET T 7 7 EA L v NOFRELZFEF L. MTX Hih
B G FFRYR AR R B A ) &7 (Fig. 15Aand B). 77 7 A% > b 1 mgkg 1 MTX
BeGAZ K DB ED 2 YIE e 96 BERIRICK W CARICHEI L (Fig 15A). —F, +7
7EAH v b 3mgkg L MTX 512 X 2B &R E L 5.2 7o 7- (Fig 15B).

WIZ, MTX 512 X DHOKERDIZKIET T 7 7 EAZ v OREL R Lz, MTX Hl
P G I AR O B2 i) S8 72 (Fig. 16Aand B). 7 7 A4 » b | mgkg 1% MTX
B 52 X DO ERVD 2 WS- 96 B ICB W CTHEICIEI L= (Fig 16A). —J7, 7
7EAH v b 3mgkg L MTX 512 X UK BN B L 5.2 77> 7 (Fig 16B).
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Fig. 15. Effects of Nafamostat on the MTX-induced Change in Food Intake in Rats.

A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. After the first
administration of physiological saline (basal) or MTX, food intake was measured every 24 h up to 96 h and are
shown as cumulative daily amounts (g) during the 24 h periods up to 96 h. Each column represents the mean +

S.E. (n=4). *p<0.05, **p < 0.01, versus time 0 h; Tp < 0.05, TTp < 0.01 versus basal; #p < 0.05 versus MTX.

NM: nafamostat mesilate.
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Fig. 16. Effects of Nafamostat on the MTX-induced Change in Water Intake in Rats.

A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. After the first
administration of physiological saline (basal) or MTX, food intake was measured every 24 h up to 96 h and are
shown as cumulative daily amounts (g) during the 24 h periods up to 96 h. Each column represents the mean +

S.E. (n=4). **p<0.01, versus time 0 h; Tp < 0.05, TTp < 0.01 versus basal; #p < 0.01 versus MTX. NM:

nafamostat mesilate.
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ARETIE, £7 MIX BEICLD Ty MEEBANCKITT T 77 ERAY v NOREEZ KL
7o FERIZHRLIZE D1Z, Shiga HO#HE ¥ & —FH LT MTX I ZRFFHKFANRE 2D &
H, T77EAZ Y M Imgkg I ZZNEFEICHHILIZ. —J5, 777FAZ v b 3 mgkg 1%
MTX #5-02 L B IR ICE S 5 27, 10mgkg i TAERD 2 S DICTTEL-. &bl F
77 ALy b Imgkg I MTX #5012 L 8B L OWOKERD 2 GBIl L, 77 %E
AHy F3mgkg XN OIFEL G- X 72 ol FTz, MIX#&GIZ L - TRl S/ Mg
BEEB L ORIERISD T 7 7EASX v b 1 mgkg 20T 2 RO NN ERP BN E
otz Ty MIBITIL T 7 7EAX v b 1 mgkg IFAEEREIZESWTRESNIZE FO&
PEESRAIRIRIC W O o &I Y T 5. BURRNIZIZAMEHER ICHW SN D R/NHED 10
mg/day (F/AHE 60 kg Dt FZFEBWT 016 mgkg TH Y, ZiUET > b TiX 099 mgkg [ZFHYS T
5. N FT7rERAL y MAMEARICEN T MTX 512 & 0 Bl S A R BRI b E R
ZRHEILIEEBE LT, 77 7Ry MILVIERHETHWS Z T/ e 77 —EBDHThH
FOBEBRMIZ N 7H2—EZHET L L 2D BERLTWDLAEEMDNE 2 v, AifsE s
[FIEEIC Ceuleers b7 7 EAX v MEAKHRECTHWS Z & T, PIIBGEEUE 3 2 il E
DENDZ E2REL TS, B 50, INBSHEEG IBSET /LT v MEGIZ SL—2 2 v
THRIE 223, NIRBBUEICKT T2 F 7 7 B2 v hOFEEZRFI L. ZORE, 001 5
5 Imgkg DHEDT 7 7E 24 v ME, IBSIZXDNIBEHEUEZ BT 25—, 10mgkg lZH
WA RIF SN L2 lE L TG, ®

MTX & EGC L5 T v MEERED O FZZRFIR & LT MTXIZ K L/ MiiikbEs & BEE LT
D EMNRRENTNS. 4D MifaEEERS ASKITH LS ORI & R8s E+. B
PRI IR AV BT, MEER OFIME, MEEORLE, THILE ORSIE LA OE
BLOT R b= 2A0TU#EEZSIEE I L, WLEOH THRI NG DOREEZZITRT.
¥ FIMIXBLOMIX-PG I, HECTHE BRI L CORZMENEH LY b&<,
THALE LRI ER T 2720 MIX ICX 2B G FieT 5. 10 Kolli 5137 v MMI MTX 7
mgkg % 3 HEE CREMENI 5972 & Bt 505 12 IEftilds KON 24 R AT B 7R E R D 3
Bs L &bl MHEEEEENRO LN Z 2l LD, 2 £, 7 v MIMTX 25
mgkg % 3 HEE 592 &, MTX FlElE G0 B RFREAFRI IR TS K OMBAE R D L,
D GRERRE E ORREE LB D H Z & b A STV D, D
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AWFEIZBNTT v h~DF T 7EAZ v b 1 mgkg #5513, MTXIZX 5558 SN T-MER
FAE, NG E R 27 B, RAEMET A b A 2 mRNA FEEHEINE X O COX-2 FE8LEM
ZERCHIHI L, ZNETICF 7 7 EAFZ v MY, 7 v b~ TNBS fRILPRIE G L 0
%3 LT SRIEMENG A (inflammatory bowel disease: IBD) &5 /L0 K5 HE Yetafg DIEAL0KNG &
A=V AT O LS, RERFY, K MPO IEMO E5F-35 0N TNF-o mRNA FEBUEINZ A EIZ
5 ZEPMmESNTND. D BT T77EAFZ  ME, DSSICEVEEHLIZUCET
IV~ T ZAORERDOKRE MPO TEMED F5., KGO TNF-oZ$BL&H, COX-2 # /3
7 G REFEBUEIN, & DIZKIBHRIC BT 2~ 2 MElaORME A GBI T 5. 9 o TR
RIZE D F7 7 EALZ v M, IBS ET/VE LD UC ET /UK LTORZ B THIN A KL
HIZ L HHEEREEICH L THANTH D Z EPHA LN -7, i Cik~72 & 912 IBS £
TILEBIO UC T M LTOFT 7 7 AL v MZEHEMEIC N 72 —BHFICL D
PAR-2 FHEAEFAEE L TV D 2 EDVRIBSIVTWVD A, 74 AKIFFEIC W T bt o 7
PUS AUFGHEME L EREF )T L C o AR b FFROBF 2B 5- LT D Z & 3Bz bk,

THIEEICHIT D COX-2 mRNA 5 KONV /X7 ERBLOMENNT, KGR X OERI K
RETNT v R, %0 27 F3F 028G L7y MM THERINTEY, 22 K5O
FERIZONT S MTX B L D/NGICT D RIESUSIZE D 2o ER LI EEZ bND.
F7o, BRENZ L2 Takano H1E, 7 v M MTX 50 mgkg % HEIIEIENES- L TH COX-2
mRNA BT COX-2 # v/ ERBUTZEDFED HIT, EI/ MRS TRE THH Z
ExERL, ® X5|Z Shiga HiE MTX 50 mgkg & 7 ~ MIHEEREIENES- L7254, /IMEHLEE
(CRWNWT, RIEA =T O_LFOMEBER O, RBESOELIUIZRVEREL TS, ¥ 2o
EMD COX2 HBUIIMMBEREEDORENE b o T D LHEETE S, b MRILEEM
MEEFMIEIZ W T, U 72 —RBIZ L - TEH LS 72 PAR2 13 COX2 BEAFHETHZ &
PG SN TS, ) 6o T, AR TRD bz MTX #5102 X 5 COX-2 FEBLFHE 1T PAR-2
TEMEALIC KD FTREMED S B 0, 7 7 BA X v ML D/ MG EUGE R OF0—o L L
T COX=2 FBHHIENAREEL L T\ d Z B2 bile. BIRRNZ LI12T v h~D PAR-2
T A=A NOEERNEEIE, AV RAZ U ERAREG LT v MEBIZB W TR S
TR R 3 L OYMPOFBUIE N Z I35, 5O A o R A X T UATIEFANTREBL L T\ % COX-
1 BRORIER2 ETHFEIND COX2 & & bIZHET L. 6o T, ARICBITLT 7 7
FARL v M & D MTX M NBRERRRE E A 213 COX-2 FEERMHINEM 2 L 72Br o
HI2 5T, COX FHKAFI LR b T 287 B L T\ D Z & B bz,
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AR L2 KD IZF 7 7ERZ Yy MZLoTHEENLG®Y 7 m T 7 —BIZIEMiEA Clr B &
O Cls WEEND. MG IEEEIZIBOT Clr BE O Cls O FIRIZIX Coa3d 5. Ca /K
MY T —BEEGHT LA MR LICAAEL, BRI 5. o T, 7 7EX
%y ML, ClrBXOCls il 2 Z LIC K D FERMIZ CoaZ2 b S, ZDZ &b MTX#H
ECPE MRS 2 T 2 F Th D LB X bivd. FEEE, TNBS G RIBRET L~ T A
2 WTEAEIC BN T, Ft Coa HURDEGAIIKRIGORIEA 27 D_EFRRFEVES A ST A D
PEAEZ I 5. ¥

— T, F77EAZ > b 10 mghkg I MTX 2 X DR F L OV TNF-o mRNA &L
Mz X oIgtESE-. 7 7FAH »~ b 10mgkg 13K T DICTEFICHW HLD HEICHY
T5. 0 R L7z BF T 7 EAL y MIEHETHWD Z & TRApoO@RRe Y 7
2 —BIEHHEEM 23T 5. 2 —5 T, mHETEHEEENL ) 7T 7y —ER K
OIREEICR D, Y A —EHEFEEETD LAHREDS. ZOoZEnbbEHED T 7 7 EAL
v WAL ETHEMRNT e T 7T —B 0 7 7 A NAPENT DI ENRBINTND., B
TT77EARE Yy NIFE, @AY T I AR —EHEEI VAT D, O U7 I A F
UH =BT AZ I aRE L, FEEE BD A TIIRT N-AF/Le 22 I HREES X 5
ZENFEINTNS, D X5, XY e FBRRBRET L~ U A% W TME T,
EAY I VRFEE ) v 7T U NTHIET, AR A THLNDIRERD, KRR
FE2a7 O ER, KEBHED MPO FE8LI KORIEMEY A N A BRI S D 2 &3
HEINTWD., D HE-T, T77FAZ v b 10mgkg (£ b T —F~DOERENMEL 725
ZEITMAT, PTIVAFVHA—EHENBEY, AL DEAZ I OIS MTX (IZ
K DHEEIER Z S DI L S A2 ERO— D> THHAREE L & 5.

Pk, RETIE MTX 512857 v MNBHIEE RS X ORIERINIKIET T 7 7 EA X
v hORBERFIL, TORE, BAEOFT 7 7EAF v MNE MTX i MRk S 4 )
fil2Z L, BT MTX &E5IZ L DIRERY, #ilER X OWOKERD b5 2 & 2]
LML, Fo, 77 7FAZy FBMEHERICBWTOLRNREZ R LIZZ E0vn, AfifE
R N Y 72 —EHEIZ L 5 PAR2TEM LD ED G2 Z L R STz,
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HB2E MIXEGICEDT Y MNEBSHT B IO 7 24 2 PARRITHEIC RIET

FT 7 EAHS DR

HIREFE MG ASEORFHIZ2EIWER Th DIRK - NRHOBEF 1L EC Mlfas: bl S h
% SHT N EZDERO—>E LTHE LTS, ® £z S-HT TS « TRH-LIA O b ass
BUICHEG L, FEBE, Y% IBS X° IBD 72 EI2H\W\ T EC OB -Gk D 5-HT & &
HMARH LTS, %8 SHT X, ECHMIENIZ T 5-HT S RGERIE ORERER CThHH M) 7
k7 7 KRV E%SE  (tryptophan hydroxylase: TPH) (2 & W AESRK SN D, BARMIZIE, S-HTIX
TPH 2LV 5-v kr¥% hU 7 h7 7> (S-hydroxytriptophan: 5-HTP) ZZ# X4, T35
FIRL-7 X FEBUREERESRIC L VW S-HT ICE# S D (Fig. 17). @

F MM L 72 S-HT 13/ 77 < U {ER%5%  (monoamine oxidase: MAO) 124V 5-t
B RFA U R=A3-TE T ATE RSN, ZhR7 VT e FRKERREICE - T
&R TH S 5-8 ReXxi 1> R—/LEH#% (5-hydroxyindolactic acid: 5-HIAA) G 4
% (Fig. 17).

FIEHIBN AR D EECIZY T A2 AP BB LTS, BT RAXURAPICED
HEL - RO EAEF AU, BIURMEAITICAEE T DL F 2 R e85 | O O X
ThHDHEINTWVDER, BT AKX ZAPILTPH & & HIZECHIICHREL TS, 2710 Zh
FTIZEMIFERICE VT, MTX 25102 < OMfafEEMRY A S BC Hlld 2 1@ H5E S B/ M5
SHT AR EZTTHES TS L L BICH T AX A PRALHEMESED Z EARESN TS, 2
2 F 72 Machida 51, ABFFE L FERD MTX £ 5-5:AFH2B0T, 7 v MNEO SHT B8 LW
AL APEWRNTTET S Z LA RELTWD. D

—77, Kikuchi 1%, MIX#5-7 v Fobfit L7/MgG6 o S-HT Y, 77 7 A5 >
;1 mgkg 3 X3 mgkg fFHEGICE D iflENns Z &, S HIZZ 0 5-HT EHEHEIERI,
MTX B G- L7277 v MNBRHERICT 7 7822 > & 10°M 2@ L Thiflang 2 &
EHALNZLTNAD. 9 L, T77FRAZ Yy RBPIRSAIKICE /05 5-HT B LU 7 A
2 A PERIUEIZ KT B OV TIARATH 5.

ZZTH2ETIE, MIXESICEDT v MG SHT B RO 7 2% 2 PARGRITEIZ K
EFTF T 7ERL y OB OW TR L.
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L-Tryptophan 5-Hydroxy-L-tryptophan 5-HT

Aromatic
COOH L-Tryptophan COOH | -amino acid
5-hydroxylase decarboxylase
NH, (TPH) (AADC)
A\
N
H
5-Hydroxyindole-3- 5-Hydroxyindoleacid
acetaldehyde (5-HIAA)
. . Aldehyde
Monoamine oxidase CHO dehydrogenass COOH
(MAO) HO (ALDH)  HO
N N

Fig. 17. 5-HT Synthesis and Metabolic Pathway
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F2H Ak

1) EHEW)
551 EH 280 1) ([ZHELT.

2) AR KO R

b PHUTPH U3 Millipore Co. (MA, USA) KVIEALZZHOEEN LIz, 7ok, Zoffh
FERIAE U 7o 3R TR IS S £ 1213 b 2 & 7 ¢ L DFDEHIEZE CRBR) o b o
ZEH LT

3) s~ o ha—L
FIEOF2HID3) ([THELT-.

4) /MEHRERR O

HEFE2/IDS5) ICHEL T,

5) /NT 7 4 O OIERK
H1E2IHD6) [THELT-.

6) 5-HT 3 XU 5-HIAA & &HIE

4) (TR L2 2Bk o EE2 &Y, 1mL O 02 MiBEERB LR 100 M =F L2 U7
S U PUEREE U T A (ethylenediamine tetraacetic acid-2Na: EDTA-2Na) HHIZiR L. PIAEHEY)
BHELT20ngDA Y TaT L /) —NVEINZ, A4V — (AARBEEER, H) 2H
WCTHRETTA X (6000rpm, 30F0, K T) Lz, REIR— X /" 7EREDHBYT30
LA KIS E L. ZORETR— M EmborBE (15000%g, 15 23fH, 4C) L, EE%E
600 uL X L, 1 M OFEEF R VU w7 A 120 uL Z 0% pH 3.0 1ZFH%E L7z, Bfnt%, Z Okl 200
uL % 045 um O EES KT ¢ AR—F T LIRS AiEHE (Centricut W-MO, BHGHRE, )
ZHWT, mOoEE (5000Xg, 2430, 4C) L, AkaHr 7 e L. AHF o 5-HT I3,
ERALFR g E kiR 7 v~ h 7°Z 7 ¢ — (high performance liquid chromatograph-electron
capture detector: HPLC-ECD) (24— hA >3 = 7 #—MODEL234 (GILSON 1) ZHW\CTHEAL
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W E %47 »7=. A HPLC-ECD 37 ¥ #iH & (ECD-300, =1 =4, RH), U7 A
(EICOMPAK SC-50DS 3.0 mm¢ X 150 mm), L7 7 A (PREPAK 4.0 mm¢ X 5.0 mm) 25N
7 (EP-300), 717 AEIRME (ATC-300), MiXZEE (DG-300), 7 — & 4LER4EE (EP-500) |2
LR SN TS, JEFECHE (0.5 mL/min), BEFHIE 5 mgL EDTA-2Na, 190 mg/L 1-
FI B ANVK BT R UL, BEO17% A X ) — /LTRSS LT 2. ECD OFR{LFERL
X750 mV IZEEE 47, 5-HT B &I KON S-HIAA & EIFNEBEELEZ T — 27 0oE S
SEFREL, BEOBRBETHIELE,

7 RN TER

HEE2ED 12) ITHEL -,

8) TPHIGMERIE
TPH i&MEIE Kuhn 5 7 OJFEICHES THIE L7z, 4) IS TRgH L 72 225kt vl i o &

EEY, REVIA XAHRBREIZ250mM A7 2 — X ImLEB LUK 7 v a2 AR, 778
VIRE DT A P—ITTOKETHREDF A X LT (6,000pm, 30 FM) . FBVE IHRRSRE O F
— b 20 pL, 50 mM Tris-HCl (pH 74) 750 uL, 4 mM dithiothreitol 50 pL, 2 mM 6-
methyltetrahydropterin 50 uL, catalase 8,000 unit/30 uL % A#1, 8 mM L-tryptophane Z 100 uL illx, %
FRL 37°COIRIB T 30 s Sz, 20, K ETO02 MR 500 pL & Iz SO6 212 1k
S, WEEEME N-methylserotonin 2SI LR > THEFE S, =O00BEL 72 (4300Xg, 10 47
M, 4°C). B3 200 uL % 045 mm A > 7T 7 4 W Z—1CB U zE 0L T2 (7,1600X g,

3], 4°C). A OpEA &7z 5-HTP % ECD O LN & =700 mV [ Z5%7E L 72 HPLC-ECD
(ZCHIE L7=. BEMAIEL, 4 mg/LEDTA-2Na, 065mM 1-4 27 % ALk hU v h, BX
W 15% A X ) — VTR END b OE AW, GkEi: S-HTP G &% 7) CHIE L7-E »
VXY ERETTHIEL, TPHIEMZRDT-.

9) #i TPH FLif % F\ N - Sk b
5) ICTHERR LT8R &2, BT 7 ¢ LAKBELTZ. RIC 9SCOHUFRTE(LE (pH9)
(Agilent, CA, USA) T 40 /3y IFURIRI(LALEL L, Z88K CUasts, WIRME~L A% o & —
PELET 27280, 03%IER LK 105 iR L, TBSIZT 2[MEE Liz. WIZ, Hikodk
R R RFES HET 2720 7% AF L INT T2 57w v o ZUB LT, IZ—RET
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& & LT Dako REAL #TIRABRIL (Agilent) 12T 250 5 Z45HR L7-HT TPH Hilk % 60 73S &
Wiz, REUSHUAIE TBS I TR L=, DWW T iR & LT Dako REAL HifA# IRk 2 T
300 fFICATIR L7z B4 T AERRIT b Y CHUAZ SR C 30 oG &8, REISHUAE TBS T
Vg Liz. D%, ANV T EVAZ ISR SE, REOSHUAE TBS THFKIZ T
P L7, IRWTC, DABIZ L W Ffark, TBS THEH L. ~~ hF U LW E L,
RHEK T~ R o2 Lz, K GREAK S22, 70%T% 7 —)/L 553/ 1
[, 95%=% /—/L 543 20, 100%=% /—/L 5453 2 BlEnEnded), @& (Fr ey
103 3ESD L, ~vr b4 v (KEEE, #iE) ZHVWTEALRLZ. 22, AL
ISt L7 477 ) v U—(KHE LT,

10) /INEARFRD> & O total RNA OHiH

F1EE 2810 9) ITHELT.

11) Real-time RT-PCR %

FIEF 26100 10) IZHELT. FHLZTPHIRS IO L7 & %% =""-A (preprotachykinin-
A:PPT-A) D7 T A ~—% Table 4|27~ L7=. GAPDH D7 7 A ~—[35 1 F55 2 i 10) O Table
QIR LTH 5.

Table 4. Primers for Real-time RT-PCR

product Sequences (5'—3') Reference

Forward CAAGGAGAACAAAGACCATTC

TPHI1 2)
Reserve ATTCAGCTGTTCTCGGTTGATG
Forward ATTATTGGTCCGACTGGTCCG

PPT-A 72)
Reserve CCCGCTTGCCCATTA

12) MAO &M

Krajl & P OFEIZES>T MAO IEEE, ¥ XTI 2EE L TEASN 48 Fr¥y
X/ Uz #OEER (SH9000 Lab, HSZBUERTRY) 2 HWTRIET 2 2 L TRD. 4) 12
THitE L7225k O EREEZ B, 2 e 250mM A7 n— A 1mL Z KT VA X
HEEICAN, 77V REDTA P —ICTTOKETHRET T A XL (6,000 rpm, 30 FHRH).
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ZOMBEAREYR— F0ImLIBEN0.IM U UEEEER (pH74) 0.6mL, 1mM¥X7 32 0.1
mL, ZR847K 02 mL ZJR4A L 37°COIEIRM T 20 5y MEHE L=, 0%, 6%iltEsEiE 1.0 mL %
Mz %2 ECRISERIEL, EOpBELT. (2860Xg, 377, 4C). EiF 1 mLiZ 1 M/KEML
T U DAL 20mL Z AR L2 O AR 315 nm, HOGHE 380 nm THIE L7z, &M
EIZEA SN 48 FaxiX ) U U E L UCER LICRERP DR L. £
MAO TEMEIE 7) CHRIE LToE 2 o3 7 B i L ORI TIEM L S E72 20 43 CHiE L 7.

13) Hi7 R H X PHURZE W T sk by

5) WCCERR L8 &, BiNT 7 ¢ > LAKRBELTZ. WIZ 95COHURIRIE LR (pH 9)
(Agilent) T 40 yEPURBRIELALEL L, ZREK TRk, WNRMEALVAF X —E 2 HET
57, 03%iBERLKEIC 10 43I L, TBSIZT 2 [\IMES L7z, WIZ, PUROIEFRRA R,
BEET DD T% AT LI N TR T e v ZAER Lz, RIC—RPTAR E LT Dako
REAL Ui IRHE (Agilent) (27T 1,000 f5IZAR L7cHith 7 A& 2 P Hulk% 30 /3fEI0G S
7o, REUGHUAZ TBS 12 THef%, —IRPUATH 5 React with Histofine® Simple Stain Rat MAX PO
M) & =R T 30 oGS, REISHUAE TBS THE L7z, £ D1%, DABIZ XKV FEHIZ,
TBS T L7z, ~v hX T U AR OB E L, AR T~ MU &2 LTct%, i
K GEEEK S5 3R 28], 70%>% 7 —/v 545 1l 95%=% /—)L 553 2[E], 100% T4 /
—/L 555 2 [BlFENENES), B (LU 100 3EWES) L, ~7 koA v (K
HHERE) ZHWTEA L., 7ok, KRIRIIMRASHELT +7 7 /v =K LIThi7z.

14) FRAEHAAELE S OWE 71k

T OREMZ ) £ R E (Mean+S.E) TR L7c. LM OEIT— ol E 0 BT
(ANOVA) DF#%IZ Tukey IREZIT 7. fERER 5% AT (p<0.05) &b o ThiaFHICA &
&b L7z
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5538 AR
1 MIX&5ICED Ty MMGSHT &N RIET T 7 7 RS v FORE

£, MIX&ELIZE DT v MG S-HT G @8N IFTTF 7 75X 2 v FOFEZ G L
o, T 7ERY y NEMEGIXT v NG SHT &8I %2 5. 2 72~ 7 (Fig. 18). MTX
B 51X7 »~ NN S-HT &2 A BICEmsE72 (Fig 18). 77 7 EAZ v b 1 mgkg 1%
MTX #5285 7 v MG 5-HT & &t ina A EIC8s Lz (Fig 18A). 77 7EAZ v 3
mg/kg 35 LT 10 mgkg 1 MTX % 512K 5 7~ MG 5-HT & BN BB % 52 707

7= (Fig. 18Band C).
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0.0 0.0 0.0

MTX - - + + MTX - - + + MTX - — + +
NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0 10 0 10

Fig. 18. Effects of MTX and Nafamostat on S-HT Content in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n=7-10 for A and B; 6 for C). *p <

0.03, **p < 0.01, ***p <0.001 versus basal; ’p <0.05 versus MTX. NM: nafamostat mesilate.
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H2H MTX¥EICE D TPHIEM FRICKRIFT T 7 7 EAH v hDRE

7 v hAORFIREN L Fl—D MTX 51BN T 5-HT SRoadiligR Téh 5 TPH
DR FHSES. P 2 2 TRICMTX B EIZ LD TPHIEM ERCxd 527 7 EA%Z > b
DLt Lic. 77 7 EAZ v MEMEEE TPH EHRICHEE 52 Ieh -7 (Fig. 19).
MTX Bl 503 TPH G %2 EF- &7 (Fig. 19). 77 7 EA X v b 1 mgkg I3 MTX #5012 &
% TPH IEME LR ZHEICHHE Lz (Fig 19A). 77 7E A% > b 3mgkg X MTX 512X %
TPH &Mt B\ CA BB % 5.2 72)vo> 7= (Fig 19B). —J5, 77 7EAX v b 10 mgkg 1%
MTX #5102 & 5 TPHIEM: FR-2FICAEIC EA-S 872 (Fig. 190).

A B C
1.0 - 1.0 - 15—= p<0.

. . o ft

c - [ -

E) N @ - sk ._.Q:) skskesk
Z20 * Z0 T B 2% 10 s
£S5 06 £ S 06 = = i
® = = " T = -
TE 044 TE 04 T A o ZE

= . = . P s 0=
o E o E -% = = E 0.5 -

£ 024 So2-| | b = S

|| S
0.0 0.0 - 0.0
MTX - — + + MTX — — + + MTX — — + +

NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0 10 O 10

Fig. 19. Effects of MTX and Nafamostat on TPH Activity in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 10-18 for A ; n =8 for B; 6 for

C). *p<0.05, **p <0.01, ***p <0.001 versus basal; {p < 0.05 versus MTX. NM: nafamostat mesilate.
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H3IH  MTX #5502 X 81 TPH HURGHEMIOESEIN XIT T 7 722 2 v b D5

WIZ MTX 502 X 55T TPH HUABGHAIIESEINC KIFET T 7 7 B A X » N OFELZE L
7=. Fig. 20B, 22B |Z/% Fig. 20A, 22A O CHENTZEH D OILKK ZZ N TR LTS,
F 72, Fig. 20A, 22A OEKRENIHT TPH SriRGHEMILZ R LT\ 5. £72, Fig 21 8L 231
(TN — AR 7- 0 OB TPH JUAGHEMIIEEZ R LT D, 7 7 EA X v FEIEGIX
L TPH HUREI IS B e 5. 2 Toino Tz, T 7 7 AL v b 1 mgkg X MTX #5125 %
BT TPH UGS N 244~ A4 27~ L7 (Fig.20and21). —J7, 77 7EAZ v b
3 mgkg 13 MTX 8502 K D50 TPH HUREG MRS N A BB LY 5 2 7eh- 7= (Fig 22
and 23).
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.

A , MTX +NM (1 mg/kg)

~

B R MTX + NM (1 mg/kg)

Fig. 20. Effects of MTX and Nafamostat 1 mg/kg on Anti-TPH Positive Cells Expression in Villus

A: Jejunal tissues were dissected and fixed with 4% paraformaldehyde for immunohistochemical examination
with an anti-TPH antibody. B: Magnification of the square with a dotted line in A. Scale bars = 100 pum for A,
20 pm for B.

p=0.085

2.51
2.0
1.5
1.09
0.5 -

0.0

MTX -
NM (mg/kg) 0

cells / villlus

Anti-TPH antibody positive

_‘|§\\\§{

Fig. 21. Effects of MTX and Nafamostat on Number of Anti-TPH Positive Cells in Villus

Each column represents the mean + S.E. (n =9-12). ***p <0.001 versus basal. NM: nafamostat mesilate.
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A Basal NM (3 mg/kg) MTX MTX + NM (3 mg/kg)

¥ ¥
v oy v
Gl Y /
£ } BT Y ¥ ,_kfﬂ. A ¥
T ¢‘“ T,
:‘@: ¥ ¥ 'ﬁ“
v, v SOREe R
K s ¥
B Basal NM (3 mg/kg) MTX MTX + NM (3 mg/kg)
a MY

Fig. 22. Effects of MTX and Nafamostat 3 mg/kg on Anti-TPH Positive Cells Expression in Villus
A: Jejunal tissues were dissected and fixed with 4% paraformaldehyde for immunohistochemical examination

with an anti-TPH antibody. B: Magnification of the square with a dotted line in A. Scale bars = 100 um for A,

20 um for B
g
:-% 2.5~ sk
Q. n 2.0 T —|_ *k
g2 e
83 57
co -
_(I__B 3 1.0 _
o 0.5 1 :
i i
E 0.0 :
MIX - - ¥

NM (mg/kg) 0 3

Fig. 23. Effects of MTX and Nafamostat on Number of Anti-TPH Positive Cells in Villus

Each column represents the mean + S.E. (n=8). **p <0.01, ***p <0.001 versus basal. NM: nafamostat mesilate.
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FATH MTX #5125 %5 TPHI mRNA BEMINZI KT T 7 7 A X > D4

RIZ MTX #5512 X % TPH1 mRNA B RIFTF 7 7 EAF v F OB 5 kgt Lz,
T 7 7 ALy MBS X TPHI mRNA BB EZ 5.2 I2o7 (Fig24). 777 EARH
> b 1 mgkg 1E MTX $5-12 & % TPH1 mRNA BN A A EIZHf L7z (Fig. 24A). 7 7€
A A b 3mgkg B LN 10mgkg 13 MTX #%5-(2 & 5 TPHI mRNA JEHIINC A B84 5 2
723> 7= (Fig.24Band C) .

A B C
-— — — skeksk
5, 5 , 5 1
S 3 3 ;- 54 L [
S 2 2 2
prd 1 = = o
x 24 X 2- 14 o
£ £ €2 - o
-
& 14 T 14 ™ T L -
o o o == | E
— @ = E (= oy v
0 0 0 e
MTX - - + + MTX - - + + MTX - — + +

NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) O 10 0 10

Fig. 24. Effects of MTX and Nafamostat on TPH1 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 6-8 for A; 8 for B; 4 for C). **p

<0.01, ¥**p <0.001 versus basal; Tp < 0.05 versus MTX. NM: nafamostat mesilate.
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H5TH MAOTEEICKITT MIX BLXOT 7 7 BAH v O

IHETOREND, 77 7FAZ v ME Imgkg DEGEIZBOTMIXES(ZLDT v k
/NG S-HT ERGREIHIL, 7 7FAH v b 3mgkg B L O 10mgkg 1T 2% 5. 2 722 &
oMM E o7, I, /M S-HT RERICKITT MIX BX O 7 7EAF v hOFEL
MAO IEMZRIET H Z & THET L7, MIX BLUT 7 7EAF v~ ME MAO &I E L 5.
Z 72772 (Fig.25).

A B C
0.8 - 0.8 - 0.8 -
— L
-E —~ —~~ I
S 06 £ 0.6 - = S o641 m
28 20 e = =209
£ S8 mis = =S
SE 04- 8L 04 - oo = ST 044
E ‘— I..I .:l =
<3 QE = = %%
E 02+ =8 o024 | B = £ 02 -
= £ o = E
0.0 0.0 = 0.0
MTX - — + + MTX - — + + MTX - — + +

NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) O 10 0 10

Fig. 25. Effects of MTX and Nafamostat on MAO Activity in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 8-11 for A; n =8 for B; 6 for C).

NM: nafamostat mesilate.
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FOH MIXEHIZEDT v M S-HIAA GEHEINCLIET T 7 7 AL v hOFE
MTX 5512 85 F v MG S-HIAA G &N KIET T 7 7 EA S v NOREZ R L.
FT7 7 ERL y NEMEEITT v MG S-HIAA BRI ELY 5.2 o7 (Fig 26). 777
FAZ v b 1 mgkg 13 MTX 52827 > MM 5-HIAA & &N 2l 4R L7
(Fig. 26A). 77 7 A% > bk 3mgkg (£7 v MG 5-HIAA & &N ELZ 5 237, 10

mgkg 1T 2% A S A%~ L7z (Fig.26Band C).

>
w
(@)

= 0.20 o = 0.20 < 0.4 - sk
Q = Q Q
o o o
o 0157 o 0157 1 o 031 =
2 T 2 o 2
E 0.10 £ 0.10 - o E 0.2
L 2 o] L
: 5 B 5
< 0.05 - < 0.05 o < 0.1 -
T T i T
© 0.00 ©0.00 = © 0.0
MTX - — + + MTX - — + + MTX - — + +

NM(mgkg) 0 1 0O 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0 10 0 10

Fig. 26. Effects of MTX and Nafamostat on S-HIAA Content in Rat Jejunal Tissue

A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 6-8 for A; n=7 for B; 6 for C).

*p<0.05, ***p <0.001 versus basal. NM: nafamostat mesilate.
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FTH MTIXEGICE DP9 7 A F o 2 PHUKGHEAISEIEINC RIEST 7 7R F > b O

BZ98R

o=

RRROEY , T AH A PIFHIS ASGHEMEL - IRHEFEBUCBIS L THY, ZIULTPH
& & HIZECHIRIZAAET . 07 F/, ZZFTTHZ 7 EAY v MR MIXELIZE D EC
HIEUEINZ MR 2 2 L 2 HLMNC L. 22T, KRIC MTX #5257 A% 2 P
PURBG MRS I RIETF 7 7 A X > NOFBEEKREF L=, Fig 27B, 29B (21X Fig. 27A,
29A DR CHEN T OILKX ZENEIUR LT 5. £72, Fig.27A, 29A ORRENIHT
T T AL A PHUREMIE A2 R LT\ D, F£7z, Fig 28, 30 IIVMERE—ARHTZY OV
AH A PRGERIRS AR D o N LIERERE TR LTS, T 7 7 EAX y NG
AH A P PRI A 5.2 7o 7= (Fig 28 and 30). 7 7 €A% » b 1 mgkg
IEMTXFEGAZ K D087 2 & o 2 PR Il in 2 A il L7z (Fig.27and28). —7,
FT7 7 AL v b 3Imgkg I MTX #HIZ L2507 A % 2 P GRS I A B e %
5% 722> 7= (Fig. 29 and 30) .
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NM (1 mg/kg) MTX +NM (1 mg/kg)

Fig. 27. Effects of MTX and Nafamostat 1 mg/kg on Anti-Substance P Positive Cells Expression in Villus
A: Jejunal tissues were dissected and fixed with 4% paraformaldehyde for immunohistochemical examination
with an anti-substance p antibody. B: Magnification of the square with a dotted line in A. Scale bars = 100 um

for A, 20 um for B.
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Fig. 28. Effects of MTX and Nafamostat 1 mg/kg on Number of Anti-substance P Positive Cells in Villus
Each column represents the mean + S.E. (n= 7). ***p < 0.001 versus basal; /p < 0.05 versus MTX. NM:

nafamostat mesilate.
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A Basal NM (3 mg/kg) MTX MTX + NM (3 mg/kg)

Fig. 29. Effects of MTX and Nafamostat 3 mg/kg on Anti-TPH Positive Cells Expression in Villus
A: Jejunal tissues were dissected and fixed with 4% paraformaldehyde for immunohistochemical examination
with an anti-TPH antibody. B: Magnification of the square with a dotted line in A. Scale bars = 100 pum for A,

20 pm for B.

2.5 sk otk
2.0 1

1.5 1 -

1.0 —
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MTX - -
NM (mg/kg) 0 3

Fig. 30. Effects of MTX and Nafamostat 3 mg/kg on Number of Anti-substance P Positive Cells in Villus

Each column represents the mean + S.E. (n = 8). ***p < (0.001 versus basal. NM: nafamostat mesilate.
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B 8IH MTX %512 X5 PPTFTAmMRNA HEEHEIC KT TF 7 7 AH v hOEE

YT AR APIL, TODTX Y L &ED PPT-A s 17> 5 altemative splicing % 9 i1 Ta, B,
yE D 3FREEORTEMA mRNA 2> HEA S D, £ 2 TMTX 512 L 5 PPT-AmRNA FEEHEN
(ZRIEFTFT T 7ERZ y FOFELKRF L. 77 7EA% v MR 513 PPT-AmRNA J6 8
(R 5 2 oo 7 (Fig.31). MTX B 51X PPT-AmRNA REL A A B2 S w72 (Fig.
31). T77FAHX v b 1 mgkgld MTX $£5:-12 X % PPT-A mRNA FEBIHEIN 2 A = 24l L7z,

(Fig. 31A) 77 7 EAZ v b 3 mgkg 3 L 10 mgkg I3 MTX #%5:1C & 5 PPT-A mRNA JEHiH#
I B es% 5.2 72> 7= (Fig. 31Band C).
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MIX — — + + MTX — — + + MTX — — + +
NM(mgkg) 0 1 0 1 NM(mgkg) 0 3 0 3 NM(mgkg) 0 10 0 10

Fig. 31. Effect of MTX and Nafamostat on PPT-A mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 3 mg/kg nafamostat administration group. C: 10 mg/kg
nafamostat administration group. Each column represents the mean + S.E. (n = 6-9 for A; 8 for B; 7 for C). *p <

0.05, **p < 0.01, ***p < 0.001 versus basal; TTTp <0.001 versus MTX. NM: nafamostat mesilate.
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AW TIE MTX 512525 7 » MG 5-HT Ak - (REREB L 7 A% R PIZRIET
FTT77EAZy NOREEHE L. TORE, /IMHESEEICAET T T 7 E'A S y baD
WRLFERRICT 7 7 EA S v MI 1 mgkg DHETOA MTX FHIZL D S-HT GRkE L O~
A B APEOTUEE G EICHH Lz, — I TMIXEB LT 7 7EAHZ v b 1 mgkglEMAO
RSB B2 7ol F7eT 7 7822y ME, MIX#&GIZXK D 5-HT &N LU
S5-HIAA G EHINZ & BB LI=Z &E0n, 7 7FAX v b 1 mgkg 13X MTX 502 X %/
1% S-HT 2B R ITEZ A BICHNT 2 D0, 5-HT RESRICITEL 52 702 L3 575
Lotz —J, FT77EAHX v b 10mgkg X MTX 512X % TPHIEED FH-Z2 S HICHE
IZ EA- S, 5-HIAA GEENZ S LIS 28mER L. 2O OHRGIFTE TOH
LRLFERRIZ, 77 7EFAZ Yy FOEHEOHERICEVERKANT e T 7 —E7 07 7 A VDAL
THZENBEE L TODATREEDR S 5. MTX &3ROS 267 2 Ml EEf N AR TH
BHYATTTF L Smgkg & T v MCHEIREENE G LTEFEIZIBWT, VAT T F B 721
[F18% D/ INIBRERRIZ 38U T 5-HT S &N, TPHIEME EFS380 b D & & HIZ, MAOTEMEA D
flahsd. D HoT, VAT TF L OEGIING SHT SRR EZTUET 2 & & big, S-HT R
R+ 5 2 LT MIX EHEL TS, /METO 5-HT MRS HIZmE D Z VRIS
5. FE, BRICBITDL VAT T F AL DI  IREORHFEIL MTX 1L b0 X0 &<,
™ UNETO SHT AL + AREER A~ DB =N SRR FEIETTA A SKIZ X 2 RINERFSBLORRE
ERHE L CWAFREMELNDH D, £V AT TF o Z2HWERICEWNTIE, T v S
COX-2 R EIKCTH D AT H A 3mgkg 2V AT T F U EGICHAT D L, v ATF
FoEHIZ X D TPHIEM: EA/EREB KO MAO TEMIIHIER A A EICIHFE SN D Z & B 6 H
IZSNTWD. D ZDZ &b, MIEFEEMTASKIC K 5 TPHIEM:R KX T MAO TGS B
FeD—IZI3/ MG TO COX2 RE3B5 LT\ D Z EAVRIBSNS. 3 1 B CTRLZED
2, AHFRICBWTTH 7 7EAH v b Imgkgld, MTX#EEIZXL DT v /NG COX-2 FBHEN
EIHI L7, 6o T, T 77 EAS v MZ LD TPH IHMH EROMHIERIZ T 7 724 > b
(&% COX-2 FEHMBIWERNIERE L TW D AR H 5 EE A b, 61T, AWFETIE
F77EAZ > b 1 mgkglE, MTX &5 X % TPHI mRNA BEEEEINZ2 A Z(ZHH L, $1TPH
FURB IR b I S B 22 R 2 2H LM Lz, A g, kRl
LV AT TF AL D TPH &M LAMEH ZIAE T 505, Y A7 T7F 2k % TPHI
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mRNA FEEHIMERICIZAE R EL 52720, D 6o, 7 7EAX v MLk D TPHIE
PEINHIREFIC COX-2 FBIHIER A —HBE L T\ D LW H BT & 138 Ry, 77 ERH
> MZ K2 TPH ZBUMHIERBET I COX2 FHLZ 1 5 /MEBIIERIGIXBRE L TV AlEE
PN 8D . AWFFEIZIT 2 MTX IZ & 5t TPH HFUARSEMIEOHEINTANS EC AR RN
R LCWD. ECHIEIE, /M5 B E I A T 2Ninfia Th 5. ECMilaz &
TolE bR ARG E BRI (intestinal stem cell: ISC) 7250 b3 5. 20 ISC OAIKITAG
faEELE I AEREAE  (crypt base columnar cell: CBC #fifid) & STV, CBCH@IZIZ2A Y
v F VU E— NEH GH L7 EHEZ RS (leucine-rich repeat-containing G-protein coupled receptor
5:Lgr5) &9 WntiEHUEIR FSFREANIZHEBLL TV D, P ISC b 4 O E FEGHf,
AIH NS IHRE, FRMAE, ~ok— MR, WU R~ b O HIHENIERE T d 0 SERITI
IR SAUTUWRUN. Machida H1F, AREBRSEM LRI CEMETO MTX #5287 > MMED Lers
mRNA FEELE NG NN < D7D ISC BB PRI ST 5 2 &, Elo/MafzEiB o
PU LgrS PUAISMEI A M S5 Z L 2@t LTV D. ™ Fiz, MTX &R0 F A
HAMNEREEMIIA A TH D7 aR A7 7 X R& T v~ MIZ 120 mgkg O H & CHRIREEN
B LM T, 7 rAA7 7 I RVMBIZEWT EC Miflafiatflmsw s & & 6T Las
mRNA FEHAZBNSES. 9 (6T, 77 7EAX v MIED 5-HT AAGROIHIIZIT MTX
BT X % 1SC Ml & BC M~ bTTlE 2 i35 Z & 23R8 L CW A ATREMEN & 5.
SBISC~DT 7 7 ALy MO L S OITHETT 2 0ERH 5.

ZAVETIZ BEC ABRICIE 5-HT & & BICHTAZ A P HJREL TS Z ERE ST
5. 00 Y7 2L AP HHINAEGHERMED - ERIZERE L TERY, FE, T AZ AP
DZFETHDHZF X = NKIXBREREE TH 57 7L s o NI AR - 1§
Mg DHERRE LT hEfishTngd., 72X A PIC L DB EICEUMNEICH D
(L 2 om0 | RO IEREZ & DRI D 4 %% =0 NKIZEARHE CH 5 LBES ATV D
2, T KESIZIIT D ECHIIN S D7 2 Z o Z PERES S5 L CW A ATREMENR 5. 2
® AHFFICINT, T 77 ERAY v MEIMIXEGIZ L 25007 2% R PHURBGAHIEEE N
1 L O'PPT-AmRNA FHWEMA K Lz, ZOERLT 77 A v R MIXE G2 X5 EC
AN O E I L= Th D LB bz, £72, PAR2 IIFEBOHE =2 — 1 <0k,
T =2—m NCHFEELTVDN, P v U ANDH FF = NK ZEREREEO L3RR
JLPIRICIEA ST PAR2 7 A=A MZ X DRGORIEZIHIT 5. 30 ZooZ L1, KT
D PAR2{EHAITRPTANC Y 7 A2 AP A STV D a2 R L TR Y, 5% AFER
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FIHZBNTH YT RAZ U A PHHC KIET T 7 7 EAX v b ORBERHT H0ENSH D &
Bz b,

Fram Cib_7= X 912, Kikuchi Hi%, MTX #5-7 v haDF 7 7ERX % > SOOI EH
/N6 O SHT W26l 2 Z L AL TWS. 9 ZOF 77 ERZ v ML D
S-HT WEBEEIERIL, 7 v MZ MTX 285 L7eB ORI/ MBI 7 7 A% > & 5
ZllZkoThiflENnS. V EBICTy MIBITHZIOT T 7 AL v ML D 5-HT b
PHER Z R &I, 1mgkg D725 3mgkg THibdbid. VD ZbDZ &b, F
77 E'ARL v M ED/NEDNS O 5S-HT Wl ER & A8 TR v/ 5-HT SRR THED
HWEROMFII R D B2 b, 77 7EAX v MK D S-HT #EEH/ER R L O 5-HT
A ROTHERHIERIC RIE T REBEDFEIZ DWW CORER A D = X NIBELRHATH Y, 4%
ORFREETH 5. ECHIEA S O S-HT L, MINO Ca B2 %7% 1 5 GPCR 2 &1
BOZHEEIP L > THE S CTnd. 8D F72, PAR2 b ECHilE I HAFET 5. 2 fE-o
T, 7 7ERZ Y FaVING S-HT EEREZ 35 A 1 = X LDV & DI ECHifid 0D PAR-2 %
HETLZEnBROND. £, 7 v MMgkE~ X Milas 5-HT B8 X O TPH # &AL,
0.8 Z O FIZIZ PAR2 ZRILL TS, ¥ 2o Lnn, 7 7EAX v NI ECHI
225D S-HT EHETIN 2 T~ A MIRE2> 5 O 5-HT WS Il L TWO D ATREE S 5.

VUEH2ETIE, 77 7FAZ Yy FAMIXEHIZLD T v MG S-HT GRGRI LU 7 X
Z A PEMRRITCEL NI 5 Z LGN oo, ETZOWFIS, 77 EAZ y MT
£ % PAR2 TEMALMNHIABEG L TV B ATREMES B 2 Hiiz. EBIZ, AR TR LT- MTX #
HIZKIET T 7 722 v FORIE, IEEREFIHEWEROR2 63, HlfER & LTHH
FFCEX DT DRI,
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B3 F 77 EAL Y ML D MTX St A S s ot

B S

INETORFIZLY, BHEOT 7 7 A% v M) MTX BT v M MGHERREE 3 X
W7 > MG S-HT, 7 2% 2 P aottEZIGILI-—F, 77 7FAZy NMeEHET
g & ZOIWERR A LN EZH 6N L. 77 ERAZ y MUEHETHWS
E N T —EHEEEREE DS Z L, P £ IBSK US 72 EORIEMERE R TOELE RS
() T2 =RIC LD IEEL SN D PAR22SEAG- L TWD 2 &b, AMETRO BT~
7EAH NSO/ MG TO PAR2 3B 5- LT AIREME 2 DAL/, PAR-2 IZIH(LAE
(IR FEBLL, ZOHTH/PMEMERS L OREBICEEICRELTEY, ® M T
A Ml AET S M) 2 —BIC X viE b g, 90

—J, PIRASEIE N 7 EFESE L. EAY T OREITEE EEIC BT 5 ¥
A Nox 7 varThIN, FIBARICELZA Ny 7 v a v ORREITGR G4
BmSt, RMEEZERT D, EE, T F~O MTX 15 mgkg/day % 4 BR#5325 &, /NS
BOEEMENA B BT 2 L3 ST D, 39 E 7R A B KGR T84 ABiELZ PAR-2
TAZA NIRRT DL, X4 N x 7 v a UIROEIE L 72D TEER ME R L, 0 724
A RN ar BN ERBMETT 5. 2

ZITHEITETE, 7 7EAS v MCE D MTX ikt MR S B o i 2 14
ONCT DT, PARFELBIUNZ A oy o7 va VEEBRFICKIET T 7 7 EAZ b
RS L. £ ETORET, 77 7FAZ v b Imgkeg 2 MTX #5112 X Db
EHEIB LD SHT BLOH 7 A7 X P AGRIEEZIHIL, — 5T, 777EAZ v k3
mgkg 33 LT 10 mgkg TiX, & BICERREENRDOONLNZ EDRPLNIR>TNDLZ &
ND, RETET 7 7EAHX v b 1mgkg 3L 10mgkg DHAEZ AW TR EIT- 7.
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W2 ik
1) f# B
FIEFE2HO ) ICHELT-.

2) fiE RS X OME FHRREE
QIAGEN®One Step RI-PCR Kit 2% 77 (H{) X ¥, TaKaRa PCR Thermal Cycler Dice % %
I NAF WE) ZOEALRL. 7ok, ZOMEBRICMHH U7 383 THRRBUs L £ 721X

AT Z E LT A v SRR O ObOZE- L.

3) s~ o ha—u
F1IEOF2HID3) ([THELT-.

4) /INEFERR O H
EIEFE2HIDS) ITHELT-.

5) /INIBHERE D 5 O total RNA O

H1EQ2IHD9) |[ZUHEL T,

6) RT-PCR %

5) TR L7= total RNA % QIAGEN® One Step RT-PCR Kit (7 7>, HA) %MV T cDNA
DEEF L PCR #1To72. cDNA OAETRE L ONE{E 1-OHEIEIZ 1T TaKaRa PCR Thermal Cycler
Dice (#7344, &) #HW-. MBROMAEFIE S THr 7V AT L, WG RS
ELTH T N%E S0°C T30 MEN L 7=, %) T PCRWIENEMAL D=8, 95°CT 15 E L X
BIZ, 94°C 147, 55C 143, 12C 1 B DOREE 40 YA 7 AT T2, 72°C 10 53 DRIEEAT -

s ffse o) E/ﬁ

7-. fFH L7-PAR-1~4 D7 A4 ~—% Table51Z;~x L7-. GAPDHD 7' T A ~—|I5F | =i

10) @ Table2 IZ/RLTH A.
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Table 5. Primers for RT-PCR

product Sequences (5'—3') Reference
PAR.l | Forward CCTATGAGACAGCCAGAATC
(355bp) | Reserve GCTTCTTGACCTTCATCC
PAR2 | Forward GAACGAAGAAGAAGCACC
(453bp) | Reserve GGAACAGAAAGACTCCAATG 87)
PAR3 | Forward CCCAAGTGATACCTGCCATC
(262bp) | Reserve ATAGCGCAGTACATGTTGCC
PAR4 | Forward GCCAACGACAGTGACACGCT
(994bp) | Reserve GTCACAGAAGTGTAGAGGAGC

7 T Hu— AT VERIKE)

VRENFREER & LT MU AHEE EDTA #%fi&  (tris-acetate EDTA: TEA) (40 mM Tris-acetate pH
8.0, 20 mM i) R U 7 A, 2mM EDTA, 18 mM b kYU v L) Wiz, pREFEEKIZ
HEOTT LT, RBEIWN1%IZ25 X 912 Agarose S (=R P—r, B ZIR
INUCokE 7 V2 FR L7z, DNA IR, REIRUCEEEH#EE 7L (200 mM Tris-acetate pH 8.0,
100mM 7 U 7 A, 10mMEDTA, 90mMifbF U 74, 50% 27 UtEU 2, 0005%7 =
BTz )T =) B 110 FEMZKEHRE AR L. £ D%, Mupid-exU pREIEEE

(BT T34 F, #E) %50 V EELETHKE) L7-. BioDoc-It™ Imaging system (UVP, CA,
USA) ZHWVERAMNR (302 nm) ZME L DNA LiEA LT VU AT u~A ROELERT
LR LT,

8) Real-time RT-PCR 4
FAIE2IAD10) (THEL 7=, [ L7ZPAR-2, A7 /LT 4 »BIWZO-1D7 7 A ~—7% Table
61Z7RL7-. GAPDHD ' 7 A4 ~—IX5E 1 FEH2H110) O Table2 IR L THh 5.

9) HRFFHVERE L OWE 7Tk
T OREMZ ) £ RS (Mean+S.E) TR L7c. LM OEIT— ol E 0 BT
(ANOVA) DF#%IZ Tukey IREZ 1T 7. fERER 5% AT (p<0.05) &b > ThiaFHICA &
EHr LTz,
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Table 6. Primers for Real-time RT-PCR

product Sequences (5'—3') Reference
Forward GGCTGCTGGGAGGTATCACC
PAR-2 88)
Reserve GCGTGTCCAATCTGCCAATC
. Forward GCCTATGGAACGGGCATCTT
Occludin 59)
Reserve GCCAGCAGGAAACCCTTTG
70.1 Forward GAGGCTTCAGAACGAGGCTATTT %)
Reserve CATGTCGGAGAGTAGAGGTTCGA
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H3HE AR
¥ PAR2mRNA BBUCKITT MIX BLOT 7 7ERAL v F DR

Z v MNBIZEIT D PARs mRNA 81% RT-PCR {EIC CEMMICKRE LT-. TOREE, 7
N/ INGRERRIZ PAR1I~3 OFRBLUIFED BTz b DD, PAR4 T EZeh -7z (Fig. 32).

% ZTRIZ PAR-2 mRNA RHUZKIET MIX BIL O 7 7 EAX v NOFEE ) T XA X
RT-PCRIEICTHET L2 (Fig.32). 7 v b ~D MTX #%5-13/) PAR-2 mRNA FHL 4 A =2 HN
¥/ (Fig. 33). 77 7EAXZ > b 1 mgkgld MTX #5:12 X % PAR-2 mRNA FEIE A A&
ZHI L7205, 7 7B AKX v b 10 mgkg 1 MTX #5102 X 5 PAR-2 mRNA R BN AHE
7pe Bk 5 2 el 7- (Fig. 33AandB).

3,000 bp mmp

1,000 bp mmp

500 bp mmp
400 bp mmp

300 bp mmp
200 bp mmp

M PAR-1 PAR-2 PAR-3 PAR-4 GAPDH

Fig. 32. Detection of Protease-Activated Receptors PAR-1, PAR-2, PAR-3 and PAR-4 in Rat Jejunal Tissue

M: molecular marker
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T T
g
1M1 i
5 ¢ / 5
MTX - - + + MTX - - + +
NM (mg/kg) 0 1 0 1 NM (mg/kg) 0 10 0 10

Fig. 33. Effects of MTX and Nafamostat on PAR-2 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 10 mg/kg nafamostat administration group. Each column
represents the mean=+ S.E. (n=6-9 for A; 6 for B). *p <0.05, ***p <0.001 versus basal, ﬁp <0.01 versus MTX.

NM: nafamostat mesilate.
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H2WE A7 VT 4 mRNARBHICKIFT MIXBLOST 7 7 ERAX > hOFE

Z v hDF 77 ALy NEMBEGII/MEA 7 VT ¢ mRNA FBUZEEL 5.2 7o
7= (Fig. 34). 7 v b~O MTX & 513/MEA 27 VT 4 > mRNA 382 GBI S 87 (Fig.
34). 77 7EAL v b 1 mgkg I MTIX 52X DA 27 VT 1 > mRNA FEERD %A B 24|
Lic—F, 777FAH Y b 10mgkg (I MTXHEHHIZE 547 VT ¢ mRNA FEL ICHE
Ipe Bk 5 2 7eino7- (Fig. 34AandB).

A B
c C
S 15- S 15-
N (7))
B B
o o
5 | — L T+ X 1
<zt 1.0 // y — <zt 1.0 o
: - =
E 05- / — / £ 054
© ©
= / / 3
S 00 Z 4§ o9 s
MTX - - , " MTX - _ ' "
NM(mgky) 0 1 0 1 NMmgkg) 0 10 0 10

Fig. 34. Effects of MTX and Nafamostat on Occludin mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 10 mg/kg nafamostat administration group. Each column

represents the mean = S.E. (n = 6-9 for A; 6 for B). **p < 0.01 versus basal; Tpr < 0.01 versus MTX. NM:

nafamostat mesilate.

60



H531H  ZO-1mRNA BBUZ KT T MIX BEIWNT 7 7 EXF v O EE

7w h~OF 7 AL NEMPB IS ZO-1 mRNA FEBLUZ 8% 5.2 7o/ - 7= (Fig
35). T v boO MTX $5:13/0M5 ZO-1 mRNA BH A2 IS 72 (Fig 35). 77 7EFAHZ > K
1 mg/kg | MTX % 5:-12 K %5 ZO-1 mRNA FEBUE N A b S ¥ 22~ L7z (Fig.35A). F7z,
F77EAH v b 10mgkg lE MTX #5012 X 5 ZO-1 mRNA FHL & ik L C 2z A BN s
7= (Fig.35B).

A B
p<01 p<0.1
3 ] c 3- |

o - o

Q _ o .

5 2 1 f(x’ ? T

< % pa

t = / Tl =

3 / / S

No Z Z N o

MTX - - + + MTX - - + +
NM (mg/kg) 0 1 0 1 NM (mg/kg) 0 10 0 10

Fig. 35. Effects of MTX and Nafamostat on ZO-1 mRNA Expression in Rat Jejunal Tissue
A: 1 mg/kg nafamostat administration group. B: 10 mg/kg nafamostat administration group. Each column

represents the mean + S.E. (n = 6-8 for A; 6 for B). ***p <0.001 versus basal; TTp <0.01 versus MTX. NM:

nafamostat mesilate.
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ABFEZIRBNT, T D MIX #5403, /M PAR-2 mRNA BELZ N SE5 2 L35
mETRoTe. Ty MR ERHIIERE IEC-6 123\ T R U 72 —EHIRIE PAR-2 FELA N
SELZLBWESNTND. P JE-T, AWFETRRO bILZ MTX (I & 5/ PAR-2 mRNA
FEBIIERIC S, MTX &5k B~ 2 Miifas &0 b Y 72 —BRER M MEtE <4, 2o
PAR-2 mRNA ZEHIIWEICREL- L TW D FTREMEDS B 2 b7z, MTX 510X 5~ A Ml
NHO R 72 —BHERE, MTX 8512 & 2 RIS 2 X 0 ~ A MElas g S
NIZTDIZBlE RSN TV EBZ bND. Ml EE S5 &Ml O ATP 23 Hifast~ &
T %. ATP ZRIETH D P2 ZRIRIE, A 4T v FVWNEEIZFETH D P2X AR E
GPCR @ P2Y RIS DD, 09 ~ 2 MR LI2iX ATP /IR 7 2 A4 7 Th 5
P2X4 SRR P2XT S RRHRBLL TRV, ATP ORI L0 BUEk A5 o Shd. 29
> T, MIX G LY EE S/ MG LRGN & ATP 2SHIlaAMT it S, P2X4 B8 LY
P2X7 Z AR 2 2 & T~ A MHROBRERIAE Z > TW D TREME S & 2 HiLT.

T 77 EAX v b 1 mgkg 1 MTX #5012 X % PAR-2 mRNA FHEIEMAFEICIHI L=, =
DZENBIRAET 7 7EAY v MTED/MGESFS L O S-HT B XY 722 2 P&
RCRMEIERICIE, NY 72 —BZHET D Z LI LD PAR2 M A Pl 3 M52 C,
/1N PAR-2 FEB & LN 287 b B G- L T S ARty B 2 bz,

*72, Ty bAD MIX 51T A 7 VT 4> mRNA BEAK TS ST 77 EAH
> b Imgkg I MTX #5128 D427 VT ¢ mRNA BEUK T2 A 213 L7, 4 Rl @Es
ZUNTETCHLITINT 4 L, FA MY 7 a VHAICHFELTERY, 3D 24 FY
YU a L ORERE L HERFICE BB R R T E A VT o ATIEAN TR T 2 Y
VIR ETDHILETHA NPy /v a v EFKT 5. Hamada H137 v MZ MTX 15
mgkg/day % 4 B[S T 5L, 70T > mRNA BENED L, /NEOEEEEEINd 5
TEEWELTND. 9 Fin, U AAD PAR2 T A=A NOESL, I COEREE A
BIOENSED. %9 KFEICENT, 777 FAZ y MIMIX#&5IZ X % PAR-2 mRNA %
BN E®E LT, 2707 ¢ mRNA BHEMEIL7Z. 2O enb, AFEICBN TS
PAR2 L7 A VX 7 v a ATEBEIZBR L TWD T LB N E ooz,

AR TILE HIEMIX G2 LD ZO-1 mRNAFBLNHEML, &7 7EAZ > b | mgkg %
DEAT 2 & 2 a Mt S Z2RTZEEHLNC L. KAZF 7 7EAZ v b 10
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mg/kg BRI MTX Bl 5 & bl U C % ZO-1 mRNA 3884 & BICAE B I &7, Z0-11%
BA RN 7o a OEFTBRFE LT, A Moy o7 va il mE o ZH a2 17 L
TW5. Z0-1 33T UCEBEORIBIZB N THAEIMR T LTS, %9 —J5, AWML L 135872

D Z vy FAMIX#51E, /M ZO-1mRNA B KOV 7 BRBU B2 52 720 L O
HHHDH. 0 RGN LI Kuo BT, ZO-1 / v 7 T U b~ ARERCIIA RIS E L T
ELTWDLZ LA R LN, ZORBIZEWT ZO-1 SANDEA "Nox o a BNy
BRBUCHENBED LNV EHE LTS, P —J5T, TNBSELUDSS g HKIEAET L
<AL, Z0-1 &/ v 7T U b5 EIGREEEMEOTTHESS LerS mRNA L3
THZEEHREL TS, D IBHITZO-1 /v 7T U MRIBRFEIHE~ U ZAORMTlE, k&
BRI BT DREAOEM AR L D T R b —3 A OBNIRCHIEIEEDK F b A5 5.
D ZNHD I END ZO-1 ITHREE % ORBEERIC W TEERERIZH S L Z 2 6N,
AR TRRD DALz MTX 512 X % ZO-1 mRNA 281D EF1E, MTX #5128 5/
FEARIR = A (1T DIRRRIC A DN TZ b D TH L ARENR D 5. 6o T, REBRFMHIZHIT 5%
MG K% ZO-1 mRNA FEBLEOZENL, BHEAIZ/ NGRS ORRE & 2 OEHEE %
KL CWA EEX BID. F3E, 8§ 1 =R 55 HE R TH LN E e o7 MTX #
BAZ LRSI RETEHEDT 7 7 EA S v FORELERKETHLINE o7z Z0-1
mRNA FEHA~DE LY DRI L T\ 5.

TNBS #¢5- UC E7 V7 v MEGTIE M) 72— 2567 5~ A Milugass#me, Zo
BEINDSRBOTEREE & BN H 5 Z LA HE ST D, B9 FEio, IBS BE ORI TIX
R E MER SR L, ~ A MHIEDSEMNT 5. ® 165, IBS BEORHAZRE CIX, M
bLEd b 72 —EBB IO 2Z I U3 8L, PAR2 IXEHIMICIEM b, ZoZ &n
IBD (25T DI AONGHEREAR 2 L FIRE T 5~ & e o TN D, W

UIEFEIZETIE, 77 7FAZ > b Imgkg S MTX 5255 T ~ b/ PAR-2 3 BN %
AL, 24 v 7 g VRS 87 mRNA FEEZIEF IO Z E AP LT L.
L%, REBRFMICBIT 5~ A ME» b 0EE Y 7 aT 77— OBk L OVING E R
JRlZ31F 5 PAR2FIIN G DX A N 7 v a UREREZMIC D 5 v 7V UREE S HICRE
ARG 2 2 & C, IBAET 7 7 EAX v M XD AFEFHRIEEEERRE I L OVIMG 5-
HT 72 6 NCH T A X 2 P ERCRITEIENIOBTF 2 HNNC T2 2 8N TE D EFE R bIE.
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BRI A T RO E U CHIAT 5 K7 v 7 U RV Y a =0 71, 53 O3
FHIZRIROBEMEDPHER STV D Z &, E &N T2 O TEERRER O R 4 fE T X,
BARE N7 Z L DIREE L oD 2 LI EREBRREA D D, ITE, BB RT v
URTY Y a = THIFEMTONTED, ZAUENRT v 7 U RY Y g =0 7B Lo
FHEIML TN 5.

PUS AUBEDORERIZRBERNCIE, WLEREESCEREME 2 E03H 0, Zh o DRBITRED
QOL (K T DO Tl 2 e SNDLANH L. 201w, FLBAFKORWERICRT 5
KFRHRIEIROGRHR 2R 5 2 & 13EE O QOL HERFCERBDIRFNFIZ H 2723 5.

AHRFFETIE, MTX Z K D/ AR B 3 2 A SRIEE L LT 7 7 ERX X w b
MNRZy 7 VRV a=r 7 LUSHTELAREMEEZH G T 5709, £ MIX &5
£ 7 v MR SR L ORIERIRICRIET T 7 7 EAZ v FORBIZ OV TR LT-.
HRICMTX G L DT > MMG SHT B XU 724 o A PAERGRITEICKIET T 7 7 EA 4
> NOEEZOWTHRE L, REIZT 7 7 EAX v M XD MTX a7k NG HREE i

FAZ DWW THRET L7,

1 ETIE, MIX 512X 57 v MNBHRIES I L ORIESRIZRIESTF 7 7 EA S v
ORI OWTIR LTz, 77 7 ERF y MBS IR CHEM Lo o H&ICEk
WT, 7y MOWFRIREE, /NMEHRKE, MPO FEEL, RIEPEYA F A 38 XY COX-2 FEH
B E B2 ool 77 AL Y b Imgkgl IMTX B LD T~ MEBRIRREDE L%
HREICHHILTED, 7 7FAF Y b 3mgkg 3B 523, 77 7FAF v b 10 mgkg 1%
INE—f S HICEL ST, 77 EAS v b Imgkgld, MTX 51T X 5/ GRS 1S
ZOMPOREUEMA AEIZHIHI Lz, —J, 77 7FA4Z > F3mgkg3 LM 10mgkg EMTX
B GAZ X D/ NGRS E  CE R 7 B e B 2 Tino T, T 7 7B AL v b I mgkg X MTX & 5-
(Z K DRIEMES A R 1A > mRNA BB Z AEIZIHE L7722, 77 7FAFZ v b 3 mgkg
WEBEH5 2T, 77 7EFAZ v b 10 mgkg X MTX %502 £ 5 TNF-o. mRNA FEEHHNEZ X 5|2
BLXE. ST 7 7EAHX v b 1 mgkg ld MTX $65:02 L % COX-2 ZEBLHE N2 3] L,
FTT77ERZ > b3 mgkg B0 mgkg 1T EL G2 ol UL EORERNG, [KAED
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F7 7 EAZ y MIMTX FHEM NGRS 280 L, MTXE5IZE 5T > M OREFRIKEEE
bzl 22 Z2H6NI L. £, BHEOT 7 7ERZ Y FOHD MTIX KHIZL D
Z v MNGHEREEE S K OERIREE OB A IS L7 2 L, 2o omkERIBFIC Y
72 —BIHFIZ LD PAR2IEMHAL DI EF N LS L TV D A[REMENE 2 b7z,

H2ETIE, MIXEZREIZE DT v MMESHT BLOW T A X A P ARGRTTHEIC KIE T
TrEAS y NOEBEBRGI L., T 7 EAZ Y M Imgkgl IMTX#EHIZE DT v b S-
HT & EH03 L O'TPHI mRNA 2 F B IZHH L7223, 7 7FAH v b 3mgkgs L0 10mgkg
LU L G2 72>l 77 7EAZ > b 1 mgkg i3 MTX 512 X% TPH i&ME BA-%
BEIZIHI LD, 7 7EFAZ > b 3mgkg 1T EL 52T, 77 7FXZ > b 10 mgkg 1%
INEILICER S 772X > b 1 mgkg 13X MTX %512 X 251 TPH BB HA
Bzl 22 Rd 0, 77 7EAZ v b 3mgkg T EBE 52 ot £
7 7EAL v b1 mgkg X, MTX 52X 5 5-HIAA & &2l 2Ema R Lz, T77
EAL v b 3mgkg BELONN0 mgkg 1THEL G2 7207, AR THW-F 77 EXAHZ v b
DWTHDOHEIZBW TS MAOTEMEICR A G- X 2ol SHIZT 7 7EAHZ v b Imgkg
13, MTX BB K D507 22 2 P GEIREoE N E A EICIHI Lz, 7 78R %y
k3 mgkg IXEE G X 7eholz. F2, 7 7EAHX v b 1 mgkg 13X MTX 88512 K % PPT-A
mRNA FEEWENNZ A EIHH L2y, 777 EAHZ > | 3 mgkg 3 K00 10 mgkg 13 2 AUIZ 8
BH 2otz LLEORERND, 77 7FAX v MIMIXESICL DT v MG S-HT &k
RBIIY T2 A PEGRTTELIHIT 2 Z ERALNERoT. ZNHORERND, T
77 E®AL Y ML, MEEREMHEROA2 5T, GIER AT Z 0 Wifi Sz, £
72, MTX #5112 X 5/ 5-HT AR NS 7 2 2 o 2 P SRR TCHEERIS 3 2 $mifI/ER
b, BHEDT 77 ERASY Y FORTROLNIZZ LD, THLOMGEIERHOEFICE R Y
78 —BRHEIC L D PAR2IEMEALBLEABI G L T 5 ATREMEDSE 2 DTz,

F3ETIE, 777 EARY Y ML D MTX M MR SR OV TRRET L7z,
7 v MM TIL PAR-1~3mRNA ZELFRD H L7z, F72 MTX % 5:13 PAR-2 mRNA 5L 2 11
H, FUFEAZ Yy bl mgkglZINEFEICHHILIZA, 77 EAHX v b 10 mgkg 135
BAEG 20T, T77FAHZy N 1 mgkg 1Z MTIX G2 L5427 07 ¢ mRNA FELHK
DEFABIZIEILIZA, 777 A v b 10mgkg X2 U EE G2 0oz, £, 77
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7EAX v b 1 mgkg X MTX 512 5 % ZO-1 mRNA FEEHIN 2 | X1 2080 27 L7223,
F77ERAZ > b 10 mgkg I MTX X2 1E S HICHEICEMESE-. DLEOERNG, ;7
7EAL b 1mgkg S MTX 52X 5T v MG PAR2 FEBIIEMMAIHIL, A4 hov 7
va Y R mRNA BB A IEFICHROZ LI2 LD, MTX ihke MR E 2 40
LicEBEZ BT

AHFZEIC L0, BAEDOT 7 7 A v MEIMTX #5512 X 2/ MR E R J OVS-HT AL
TJUEIF N7 A& A PERTTHELZ T 5 Z L 26N L. EZ0olFl, 777
FAL y P MTX #5102 K% PAR2 mRNA FEEFMZIHI L, ZA MYy 7 a L EEX
2 X7 mRNA %812 EFICHROZ ENBE L WD AREEZ R L. A%, PisASEs
[ZX B/ MO~ A Milas 5o b Y 72— Bl XL OVPAR2TEME(L, S 51T PAR2IEMAL
[Z X DM 7GR EICKIET T 7 7 BAZ y FOREELRFTL2Z2LT, F77%E
2B NOFERMERBET A BN TE D EE X bILe. AR TH LM o T E R,
PR ASEF I EEREICS L TH 7 7B Ay MO SRHRIEIE L TR CTH S TRt %
R~L, RIZv T URTa=sTOBENGbAATHDL EEZX LI,
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FRHFREAE BT MY B HERdR,  ALRE R R R P e R AR Ly e b
With %, ALE PR FS TR (AR SEH BBl OB A R L E
7.
AR SERRICBE L, 672 ZHS 2\ 272 & £ U ARHRE R R RS ERE ol
TR AR, AR HEEEE, P REEER D X0 BT L E T
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