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Potentiation of glucagon-like peptide-2 dynamics by methotrexate administration in rat small
intestine.

Machida M., Shiga S., Machida T., Ohno M., lizuka K., Hirafuji M.

Biol. Pharm. Bull., 42, 1733-1740 (2019).

The role of nitric oxide in small intestine differs between a single and a consecutive administration
of methotrexate to rats.

Shiga S., Machida T., Yanada T., Machida M., Hirafuji M., lizuka K.

J. Pharmacol. Sci., 143, 30-38 (2020).
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Abstract

Methotrexate (MTX), a folate antagonist, is widely used for the treatment of various malignancies
as well as autoimmune diseases. Although gastrointestinal mucositis is generally accepted as one of
major adverse effects by administration of MTX, the detail mechanisms are still controversial. To
clarify the effect of MTX on gastrointestinal damage in detail, I investigated the following two
themes using some models in which MTX was administered to rats.

1) Effect of MTX on glucagon-like peptide-2 (GLP-2) dynamics in small intestine.

Rats were injected intraperitoneally with a single dose of either 50 mg/kg MTX or 100 mg/kg 5-
fluorouracil (5-FU). Administration of MTX caused moderate but not significant intestinal injury
within 72 h, while administration of 5-FU caused severe injury in a time-dependent manner. MTX
significantly increased proglucagon mRNA expression and the number of anti-GLP-2 antibody-
positive cells in the ileal tissue. MTX also significantly induced GLP-2 receptor, insulin-like growth
factor-1 (IGF-1), transforming growth factor-B2 (TGF-B2) and -catenin mRNA expression. In
contrast, 5-FU significantly inhibited proglucagon, GLP-2 receptor, IGF-1 and TGF-B2 mRNA
expression as well as the number of anti-GLP-2 antibody-positive cells. These results suggest that
potentiation of endogenous GLP-2 dynamics by MTX is associated with a mechanism that
preserves gastrointestinal mucosal integrity at a moderate level.

2) Comparison of the effect of a single administration of MTX and consecutive administration of
MTX on the gastrointestinal mucosal injury.

Rats were received MTX intraperitoneally either as a single administration (50 mg/kg) or as a
consecutive administration (12.5 mg/kg/day) for 4 days. N%-nitro-L-arginine methyl ester (L-
NAME) was subcutaneously to inhibit nitric oxide synthase (NOS). Although a slight mucosal
injury resulted from single administration of MTX, L-NAME had almost no effect. Consecutive
administration of methotrexate caused a significant mucosal injury, which is further worsened by L-
NAME. Consecutive, but not single, administration of MTX induced mRNA expression of
inflammatory cytokines in ileal tissue. Consecutive administration of MTX also significantly
induced constitutive NOS expression. These results suggest that consecutive administration, rather
than single administration of MTX aggravates mucosal injury. Potentiation of constitutive NOS
expression by consecutive administration might be the main reason to antagonize the intestinal
mucosal injury as well as lead to a reduction in rat quality of life.

The present study may contribute to the understanding of basic mechanisms underlying how MTX
causes gastrointestinal injury. The findings in the present study may be useful as a basic knowledge

in considering the clinical tolerance of MTX and countermeasures for side effects.
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Fig. 1. Chemical Structures of MTX (A) and MTX-polyglutamate (B)
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MTX OHFLRAAEH O ETZ D A B =X A%, DNA GBIGIER TH 2. MTX X, e K
n R TS (dihydrofolate reductase: DHFR) #BHEL, vk RuERST T b Raig
FE DA R Z T2 Z & T, fERAIC DNA GRUCKLER T I VLB ERE S HZ & T,
7Y X7 VAF R DNA OFil- e G ka2 i+ 5 (Fig. 2A) .

—Ji, MTX OFLY v ~FER A =X A1%, DNA GRBHER & 3R OBFRE 2 6
NTWD. BARAIZIE, 1 ARG M2 J8 W T MTX 2% 5-aminoimidazole-4-
carboxamide-1-B-p-ribofuranoside (AICAR) kT > AHKN I T—BEHET L LI2LY, M
BEIZ AMP 77 X —EBLOT T /v T T I—REHEL, 7T/ UEBEOH
hn - EEEE S & 29 (Fig. 2B) . RS- T7 7 7 v AT M B IER 72 E DT T
TV AR E R L, MR cCAMP EADEINZ T LT T e T A X% F—E ABLID
Epacl/2 72 EOEEE ZTEMALSED. ZNHOERIZE Y, MTX TR A S A >
PEAZIHIL, PIREDREFETD2LEE2 LTS, ¥

A Anti-cancer effect
MTX
]

4
dihydrofolate reductase (DHFR)

tetrahydrofolic acid

\

folic acid —— dihydrofolic acid methylenetetrahydrofolate == purine nucleotides —— DNA

\ / deoxythymidine deoxythymidine

thymidylate —— diphosphate —— triphosphate
thymidylate synthase (dTDP) (dTTP)

deoxyuridylic acid (dUMP)

B Anti-inflammatory effect
MTX
i
i
+
AICAR transformylase inosinic acid (IMP) inosine

[ > AMP deaminase]

=== = ADP deaminaseH

adenyric acid (AMP) adenosine

Fig. 2. Pharmacological Action of MTX
A: Inhibitory action of DNA synthesis. B: Hindrance action of adenosine metabolism. The dotted

line shows the inhibitory effect.



MTX O i A T B ] & B2y, FIRRNICER D A E L7z MTX X, MR OBEER R
U NG I VBERBERIZEIVARY Zvg I VglbEin, RY 7 A— RIEMTX (MTX-
polyglutamate: MTX-PGs, Fig. 1B) & 72 0 filaNIcERE SN 5. ¢ Mg MTX-PGs idy-7
VB IV RTUARTFH—RIZ K> TGRS, BATP #&& > hThDH ABCBL,
ABCC1-4, ABCG2 |2 & 0 Mifish~ & it < 5. W MTX-PGs (%, DHFR &858 J1CH5A L,
ZOIEEZLET 5130, FIVNVBAEKEEES AICAR AL INV T A7 27 —8IC
HEWEMEAZ RS, MTX OFRHE R ER ORESCRIER & B#ICEE L Tng. 1519

JIVT 3k TF R-2 (glucagon-like peptide-2: GLP-2) 1%, /BRSO HEEE, KEE/ XY
T DR EOER AR T AMEERLELDOOE D THS. GLP-2 13X, /MK bR
i C & 2 N IAE L HERN CRIBEME CTH D 7 a7 H T2 v h GLP-1 & 325 /LA AL
Eh, VRXTFUNLTFH—F-4 (dipeptidyl peptidase-4: DPP-4) (2 X » THRE &SN S.
Z @ DPP-4 (2L % GLP-2 OfRHHTH <, & NI GLP-2 5 F# 5 L7236 O i H -8
(X7 5y L. 1D FEA STz GLP-2 I FRARMESE I 2 12 D GLP-2 AR IRICHEAT D
LT, AR KEHSEIR -1 (insulin-like growth factor-1: IGF-1) °h T > A7 4 —3
> 7 HEGEIN 7--B  (transforming growth factor-B: TGF-B) 72 EDEREZFHET 5. ZhE TiZ
IGF-1 FHLFHE S GLP-2 1T X &/ MGRIEOMEIHIC WA THH Z LN IGF-1 ) v 7T U b~
U AERWZ T ETH LI ENTWS. B IGF-1 1E, L Al SICRBIL TV
IGF-1 Z &R Z T L CRREHIICH T Wat/p-1 7 = U fRIKISE IR DB- 7 = DR B
ZARdEd 5. 1819 Fi= GLP-2 12 L2 TGF-BOFREL, KEEE AT fE 5 kG F R oifFE Iz
B53 5. 2504, GLP-2 12 X 2/ NG OEE MEHERFSRE S BIBEOBLE 2 b bIEH Sh, fix
IRHALERIR B~ D GLP-2 BEHE DS A ST\ b, KEZR & T, DPP-4 f&Hitkod
GLP-2 77w/ ThbHTT 2V VF RBNEEGEREOIRREICFEAbLIN TS, E-8
FEBRIZBWTIE, GLP-2 7 a FBHIRAFIRIEART v A RUEFIRIESEIZ L 0 FF% LTo/h
Ik RS E A ESED Z R RESN TN D, 222

Takano 51X, 7 v MIBIT HIEMEEEITEN XIF3 MTX 10, 20 35 L 0850 mg/kg Him1iE
WENE 50 B DUV TR L, 50 mg/kg £ 512 £ 0 BRR CTOMRM-FE Bl S 2 — o LRI L
NRHFERTEIN S E R END Z EE2HE L TnD. 2 BERENZ L2, 20T v hh
FHIZHBWT MTX 52Xk 5 e h =2 (5-hydroxytryptamine: 5-HT) AR D ITTHENFRD
bNABLDOD, VAT TF LM R5-7 L4 T30 (5-fluorouracil: 5-FU) 29 ¥ 5.2 &
DERIND LD REWRNMERREETRO O, DR LZEY 7T/ 2 A

|
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ZRRORNEIZ X » THEMAL S D Epacl/2 1Nt L HIIRANICRBLL TR Y, 9L M
FlZds i 2 7 e 7 v 3 pEAR KOVUWAT Epac & 7 T VREREE NG L Cnb Z &
WRINTND 82D Z L, MTXI3/ME GLP-2 3 Blk L O D v 7 F VBRI 6
DORBEE 2, ZOZ LN MTX HEEGIZ X > THERZR/MEEEEENRD b
WEIHDO—2>TH L5 AlEEMENRZE X BILD.

—& bz (nitricoxide: NO) (X, AEENIZEBWTEZIKIZHOI- 248 IER 25525700
NTHY, FRNTL-TAX=UZ2FE & LTNO AEESE (NO synthase: NOS) (2> T
FEAE SN D. NOS ICIF#AER NOS (inducible NOS: iNOS) , #i#%% NOS (neuronal NOS:
nNOS) 5 L U E NOS (endothelial NOS: eNOS) @ 3D T A Y YA LAFLET S, NO
(XL~ DORE LRI, WEEICH L b oA EREZ R, M o
HEEFIZIX, FITHERRZL NOS (constitutive NOS: cNOS) T % nNOS 8 L (FeNOS (2 &k~ T
PEAE SIS NO NBHE- L, PEA SIL72 NO I3 EEME & L CIEEE Otiig 2 L T
L EB Z MR T 5. F7o, MERER, MENE~OFFEROBED L& N L7k
RAEMER, BEERIC X 2B IER 2R 7. —J7, iNOS HI3kRD NO IE— > K h ¥ v
va vV ERIER, MLEGEERR EZRT. fik L7z Takano 5 OWE T, 7 v b~
® MTX 50 mg/kg H[AIREIEN G235/ M INOS FEE AR S 5 1 DD cNOS FHIZITE
BERITS RN &, I HICIHERFRMNOS HERTHD NC-= hr--7T L F = AF L=
A7) (NC-nitro-L-arginine methyl ester: L-NAME) 73, & M-8 {LL1 T8h 38 B0 A B 8 Inm,
BEEEOIN 72 8D QOL IZ K& 28B4 5 2 312, 5-HT AREEER 26 B2l 2
ZENRENTWS. B —F, Ty b~dD MTX OERGIE, ZER A LE RIS & 5|
SEIL, ZOERKE U THRA BRRIEMYT A NI A R0FNUSHHED NO FEA, T7F% R
AR OTTHEN B LTV D Z &Rl ShTnd. 23 55T MTX 12X B IHLRE
ERBFOFREITEGRMEICL - TRARY, ZTORBAAN=ALIERETHDL EEZLND.
k@) MTX ZIX U ET 2B AHNC X HELEGER, BWEHOR THHEEN
<, EHBEENH], BEE, WREHER EMOBEH b RIFICHEERT 52 &0, JRROEBIESR
B2 &L 2 RERER E 72> TN D, 323 L, MTX &EIZ X /MGG ED
FERZR A D = XN SN TE LT, BEAXMR LA+ THLORBRTH D, P i
5T MTX B5ICLAEIWEASEA = X AOMHIE, L BOWEEEOMSIIC S D7
N0, FERMINCERIZBIT 2 MTX ORREEZED 5 Z LRI T 5.



AEFFED BIHINE, 7 v b~D MTX F G2 LD/ NGRS EICRIETRELZO A =
RALD—MEALMNCT L2 ETHD. AFRTIE, EICHBAAIE LTHEHAIhDEED
MTX &5 KX D THILE ST 2B ARG 5720, 7y b MTX OFGJ5iEE LT
MEENRE G- 2R LTz, 56 1 = TIE, DGR ICKIET MTX & 508 L /M GLP-2
FBLE ORRIZONWT, /NGHREEZ 5 & - T REEORIB ALK TH S 5-FU 50
L AT Lo, 52 E T, MTX HEIRGB LI O0HIEREGICL ST v F QOL B &
OGRS I RIE T B L NO OEENZ SV THG L 7.
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Al

F1E PGB KET MTX 5508 L/ MG GLP-2 381 & OBAfR—5-FU #& 5- & @
Heg—

F1HE WS

— AR E VTS A BN EIEE O B LB R GBI ER L, MG E
ol EE T BMERICBWNTY, FIRARBGIC LD RIEZMN D DMpEREE 5 &
T2 ENEERESINTWODH, 2 Takano 5%, MTX 50 mg/kg H[alfEFERN #5237
1 5-HT G iR & it S8, BRMEOIEMALTTEIZ 5] & & 29— 5 C, /Mg i c 0
B E RSN EERE LD fo T MTX BRI 512 X 5 /MBI~ 21T,
OB AHIE G L DB B DR MAERT 52 LRZZ bz, GLP-2 IXiH{LEE
HPE DM H 5T 2 REHREERLE L DOEDTHDZ LMD, Ty MIEHE
PTEN A 5 X T HEO MTX & B G LT H/MEHRHE SN CH 2 BLHIC MTX
(2L 2/ GLP-2 FEBLA~DENE - L T\ D Al RetE 2 %5 2 7.

ZZTH 1ETIE, MBI KET MTX #5082 L /N GLP-2 33 & ORIRRIC
DT, NGRRMEE &5 S Z TRENRIIDAAITH D 5-FU 5 OREE L kgt
L7z.



28 Ak
1) EHEWY

FEREM & L C 9 REOIENE Y 4 AX—F%T v b (ARZ Rz /L —4E, §#id) Z6H
L7z, @hidtisE R R i £ o 2 —N T AT (800 L7 A) 12X D 12 FEfH]
fFEOARTEREE (B : 8:00-20:00, W5 : 20:00-8:00) , —EDIRE (22+2°C) , HH*HmE
(50+10%) , #asilal$k (12 BI/FERE) T CEIE 4, K OKiEK) B L OEEEE (MF,
AARA U = VR T, B B HREBIRS . ERICITEFE CIERZ2 BTN 45
NEEMOBZMER LT, 7038, RUFEOEERIL TI0EE ER K FEW EBER ) 12
HEONWT Thi.

2) FEREY I L OME R

ARMRLFH—K EHHAAY FLFE—1®50mg) #7714 ¥— OGR) KVHAL
2. 5-7ntrvuZ L (5-FUE250mg) ZmfnssiEx Y > (GRR) LVEEA L. A
BHIKZ KFEREE (REARE, ) X0 ALZ. TRI®Reagent, 1 Y 7 a /R — /L%
Sigma-Aldrich (MO, USA) X Y A L7=. PrimeScript™ One-Step RT-PCRKit % % 71 Z /A
4 (W) X vHEA L7z, VECTASTAIN® elite ABC KIT % Vector Laboratories (CA, USA)
& v, 3,3-diaminobenzine tetrahydrochloride (DAB) % [F{— L 2AHFEAT (REA) L W A L7=.
UHXH Iz LA XX —F (myeloperoxydase: MPO) #Hi{&% Thermo Fisher Scientific

(MA,USA) K VIEA L. 794t GLP-2 §i{k % Bioss Antibodies (MA, USA) X v fiEA
Lic. EARNT 7 A0 YU TNRATATATy F MAX-PO  (MULTI) Z=F LA
A AP AR (HR) LVEEALT. Assay Max GLP-2 ELISA kit % Assaypro LLC (MO,
USA) X ¥V, Quantikine ELISA Mouse/Rat IGF-1 Immunoassay % R&D Systems (MN, USA)
FVBA L., ZOMOREL, N TRREUE 7213 otr 2 E £ 7 4 v 20
FEE ORBR) K 0EEAL TR L7z,



3) EMptH 7 a fha—u
7 v MZ MTX (50 mg/kg) , 5-FU (100 mg/kg) 7 I13EH K2 HEEEN®ZS L,
B 5% 24 £713 72 RISt 21T > 72 (Fig. 3) .

A
| MTX (50 mglkg, ip.) or saline (ip.) |
v
I T T 1
0h 24 h 48 h 72h (Time)
B
| 5-FU (100 mg/kg, i.p.) or saline (i.p.)
v
| | | 1
Oh 24h 48h 72n (Time)

Fig. 3. Schedule of Administration of MTX (A) or 5-FU (B) to Rats

4) /IR OFE Y & IR O ERER
T hNeA Y TVT URBET, Bt Xz, FoBICmiREELESTH DL =T L
YUT I NEERE U U KNS DPP-4 BREI A G e & 8 EALFI G A O BRI
(BD800; Becton Dickinson and Company, NJ, USA) (ZILigZERE L7=. = D%k, [BIiG%EfE
L, WRHE Y o efEdET Ak (phosphate-buffered saline: PBS)  (pH7.4) PN g2 & D35
MEREFEHROE >y hTHRELE.

5) /N7 7 14 UIR OERK

4) | THH L7 IBE 2 {7 I BB U, B8 N ONEY 2w PBS N T L7z, #E
IR EFRIZ 72D K 9l F AHUTIE Y £11F 10%FEREE AL~ U VR (pH 7.4) (2R LEE
Lic. 20%, /T 7 ¢ VB LEGIEI R & ERk L T-.



6) /INREIEAL AR R DBl E2

5) \ZCHERR L7z @A 2~~~ h ¥ U >« =43 (hematoxyline and eosin: HE) 44
L, BfERICCRIZ L. b, ALRIIMASHEL 7477 2 v o— (FLIR) 1Tk
LiThh .

7) BT MPO Fiikz f W7o sk by (BEsRHuiRk)

5) I CHER L7720 %, BT 7 4> (2101047 3 [8], 100% =% J —/v 5 45 fH]
28], 95% =% /—)L 555 28], 70% =% /—/L 5453 18], Z&84K 5 53 2 [RIZ=h 2
) Uiz, iz, 95 CoHIE{LR (pH9)  (Agilent, CA,USA) T 20 sy HTF RIS
fbL, ZDt% 10 =R ME LHET LT, IRWTERK TSR L, NERELAF o2 —
PAREFET 5729, 03% WE/KEIZ 10 MR L, b YU AREEABEEAK (tris-buffered
saline: TBS) ZC 2 [\ L7z, WIZ, —PLA L LT Dako REAL HLif#A iRk (Agilent)
IZ°C 200 fEFIZATR L 729t MPO Hiflk % 4CT—Hp)s S 72, RESTURIT TBS 12 THeE
L7z RWT, “IRPUK (e A N T 7 A YV TNAT AT AT v b MAX-POMULTI)
% =1 C 30 AR &, REULPUAZ TBS THE L7-. DABIZ L V% taf%, TBS Tht
FELTZ, RNTAY RFR U RO L, ZBRHK TN~ MU U U 23S L7214,
ik (ZRBE/K 5 5y 28], 70% =% 7 —/)v 543 1[8], 95% =% / —/L 5 53fd] 2 [A], 100%
% ) —)5 M2 EENENGEE) , B (F L 10 0M3EEE) L, v v b
A w7 (KEKEE, #E) 2HAVTEHALL., HARIT -BUKERECRBESE, REL
7o, B, ATRIIHAStELr 73727 7 ay— (FLR) (TKE LiThiz.

8) ¥t GLP-2 Hiifk % W7ok by (BERPUAE)

7) L RBEOBIEICTHT 7 4V &1TV, 95°CD 7 — U ERFEERE (pH6) % FAV P
a7 7. —WBiR & LT 300 fFICARL7-HT GLP-2 AR U 7 m—F ik % vz,
VIBsDFIEIL 7) ICHEL TiTbhurz.

9) HU GLP-2 HLiREG Al a8 oo & A

8) ICTYRBAENTT LT — & NDPIZTHIEL, KV IO & o720 KD
WEZ 2 7 FNEIRL, FET 260 GLP-2 FUAML MR A 5H 8 L7z, #ERZME 1 RH7ZV
DR & L TR L.



10) /INGHERR 2> 5 o total RNA O H

4) (TR L7 O N 2 38 H PBS N T L7=. Z41% TRI® Reagent 1 mL H1(Z
RLU, A A IFY— (BARRERIER, $OR) IZTHRET S A X (6,000 rpm, K, 30
M) L7z, sEvx— amooE (15000Xg, 4°C, 10450) LT, EEEDEL, 5
RIS ER, 7 e adR/bA 200 pb N2 TRESeIZIRFI L7, & 512 16 =il
FriE %, mOoBE (15000Xg, 4°C, 15 /0f) L7z, =B LY BEESEL, Y7
J —/L 500 uk A A0 2 TR /MTIRAI L, 10 /M =IRICFER, 30508 (15,000X g, 4°C,
1000 L, EWEEBRELE. LB L7z total RNAIZ 75% 4% / —/L 1 mL &1z Cizils
53 (15,000Xg, 4°C, 107/ L, EEZBRE L. HE: L7 total RNA A JRFH 784 K T
Vafi# L 7=. Nano Drop® DN-1000 Spectrophotometer (Nano Drop Technologies, DE, USA) %
FAVNT 260 nm TOWEEE ZHIE L, total RNA O A KD 7.

11) Real-time RT-PCR %

10) (T T 67 total RNA % 20 ng/ul (27 R L, Real-time RT-PCR (ZHV /2. 2XOne
Step SYBR RT-PCR Buffer 10 uL, TaKaRa Ex Tag HS Mix 1.2 uL, Prime Script PLUS RTase
Mix 0.4 uL, ROX0.4puL, 77 A ~— (Forward, Reverse) %% 0.8 puL, #UEF2pulL, WEA&
K 4.4 L ZIEFIL, 7500 Real-time PCR System (775 A RKANA F T AT LY v /8,
) W TS 2T -7z, WG RIS % 42°C 5 73], 95°C 10 ATV, £ 0
&, PCR % 95°C 5 #fH, 60°C 34 Ml & 45 [mli v 4 Z & Tiro7c. ML= 1
Jh Ay, GLP-2 %44k, IGF-1, TGF-Bl, TGF-B2, TGF-B3, B-77 =1/, exchange
protein directly activated by cAMP1 (Epacl) , Epac2 D77 A ~v—% Table L iZ-rL7=. W
MRS I VAT AT e R 3-U VBT Fa s —1E (glyceraldehyde-3-
phosphate dehydrogenase: GAPDH) % V>, GAPDH & &1 51 ® PCR FEM ORI HHE
OFFHMEZFH L, ZOMKEN D mRNA FEHEZ e CHEIZ L Ko T-.
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Table 1. Primers for Real-time RT-PCR

Product Sequences (5 — 3°) Reference

Forword AACAACATTGCCAAACGTCA
Proglucagon 36)
Reverse CAATGAATTCCTTTGCTGCC

Forword CGGATTCTGGAAATTCTTC
GLP-2 receptor 37)
Reverse CCCAGGAACCGGAAATTCTTC

Forword AAGCCTACAAAGTCAGCTCG )
IGF-1 38
Reverse GGTCTTGTTTCCTGCACTTC

Forword TGGCGTTACCTTGGTAACC
TGF-B1 39)
Reverse GGTGTTGAGCCCTTTCCAG

Forword ATCGATGGCACCTCCACATATG
TGF-B2 39)
Reverse GCGAAGGCAGCAATTATGCTG

Forword | AAGCGCACAGAGCAGAGAATC
TGF-B3 39)
Reverse | AGTGTCAGTGACATCGAAG

Forword GCCAAGTGGGTGGCATAGA
[-catenin 40)
Reverse TCCCTGTCACCAGCACGAA

Forword | TCCCAACTCCAGAGGACAAC
DPP-4 41)
Reverse | CAGGGCTTTGGAGATCTGAG

Forword GTGTTGGTGAAGGTCAATTCTG
Epacl 42)
Reverse CCACACCACGGGCATC

Forword TGTTAAAGTGTCTGAGACCAGCA
Epac? 42)
Reverse AAAGGCTGTCCCAATTCCCAG

Forword | ATGTTCCAGTATGACTCCACTCACG
GAPDH 43)
Reverse | GAAGACACCAGTAGACTCCACGACA

12) I 4% GLP-2 DHlE

4) \ZCERELL 72k 2 S8IR C 20 Sy fEERE L, =0k, m0008fE (1,600Xg, =&, 20 %
M) L, Bon-miEazie s Lz, Mm% GLP-2 2 % Assay Max GLP-2 ELISA kit % >
THIE L7z BBt Z 50 uL $ O GLP-2 kN a—F7 s V&~ A 7 a7 L— M Z,
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2 BRFH=RIE CTHE L7=. £ D %%, 200 ul @ Wash Buffer ¢ 5 [FI7:#% L 7=. 50 uL @ Biotinylated
GLP-2 Antibody # /%, =T 1 RffFFE L7z, £ D%, 50 uL @ SP Conjugate =z, =
R C 30 /y[MiEHE L7=. 200 uL @ Wash Buffer 5 [ale7% L7=. 100 puL @ Substrate Solution
ZNz, =R{EC 304 MEE L7=. 50 uL ® Chromogen Substrate % 1%, =RiE T 12 4>
& L7=. 50 uL o Stop Solution Z Nz, RFIL7=. Z Dtk 450 nm OWSEEEZ~ A /a7 L
— kU —4"— (BIO-RAD, CA, USA) THIlTE L 7=. fZEHE % W TR L 72 i Ef# 0> & GLP-
2 DIREZRDT-.

13) 14 IGF-1 OHflE

4) \ZCERELL 72K 2 SRIRC 20 /yfEERE L, =0k, =008 (1,600Xg, EiE, 20 5
M) L, £ 57z 1% Calibrator Diluent RD5-38 C 1,000 512 AR L7z b D &5k L7z,
Calibrator Diluent RD5-38 35 L Uk & £ 441 50 ub 32 IGF-1 ik a—7 1 7 3
Tm~A7n7L— Iz, 500£50rpm C¥ = —h—F, 2BFM=RIECTA o Fa—F L
2. %= D%, 200 uL ¢ Wash Buffer THE4 L, Z OF#{E% 4 [E#: 0 3K L 72. 100 uL © Mouse/Rat
IGF-1 Conjugate % Iz, ¥ =—— E=EIZT 20 A »F2X—F L. D%, 200 uL
® Wash Buffer Ty L, Z OffFE4 4 [B#: 0 x L7z, 100 uL @ Substrate Solution % il .,
30 Ay =RIRICEE L7=. 100 pL @ Stop Solution Z iM%, RFIL7=. Z D% 450 nm DOWLE
fEr~A a7 L — kY —4— (BIO-RAD) THIE L7, A% W TER L7 &R
2B IGF-1 DR A KD Tz

14) #FHFRIER R X OMRE F1E

HEMITT X COFEHME £ EHERZE (Mean + SEE.) TR L. 2 BEMOLEIT F BRER,
Student’s unpaired t-test & 7213 Welch’s t-test 217\, fEBRER 5% A0 (p < 0.05) #H > TH
FHFHICAE &R LT,
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CORNINE T S

1T NIBHERE IR KIE T MTX 38 L OV5-FU #5028

/NBFRIERBIZ K IE T MTX B KO 5-FU 5D E %4 HE Bl TRFT L2, MTX I
Fe b 24 B X OV 72 RERIA I B W C/MNEBHEBE BRI E I e 8 % RIT & 7o 7= (Fig. 4) .
—7Ji, 5-FU & 51T 24 B2 IR W TIRE O EZEN 2 (Fig. 4A) , I HIZ T2 IFHZICE
W EEARBL S DO ELIV R &2 5 EEOMMBEE LS =& 2 L (Fig. 4B) , FFfKLF
172/ NIBHEAR 15 5E D AL ASFRD BTz,

Control MTX 5-FU

Fig. 4. Hematoxylin-eosin Stained Sections from Rat Ileal Mucosa

At 24 h (A) or 72 h (B) after a single intraperitoneal administration of saline (control), 50 mg/kg
MTX or 100 mg/kg 5-FU, ileal tissues were isolated and fixed with 4% paraformaldehyde and
embedded in paraffin. Scale bars = 100 um.
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%2 /NG MPO RBLZ KIE T MTX 38 XL OV5-FU #5052 %

B LIHOMRFHZ LY, 5-FU & 513 MKAF8 2 MR G E 4 0 S 23 2 L3 6
Llpole. T TRITNMETCORIELBIEET 72012, /IMi MPO RBELZ &KIET MTX B &
W 5-FU &5 DB % Mt L7-. Fig. 5B 3 X UV Fig. 6B (Z1XZ 21 Fig. 5A 1 X OF Fig. 6A

27

DPFIBERS ZYER LIZ b DE R LTS, MTX #5013 MPO BB ER R EEE 5.2 720
72 (Fig.5,6) . —J5 5-FU $5:1% 24 FFRHILANIZ MPO FELZ ¥ N =& (Fig.5) , 72 IKffH

HBETIZSDICHBAZEME Y- (Fig. 6) .

Control MTX 5-FU

Fig. 5. Effect of MTX and 5-FU on MPO Expression in lleal Tissue
A: At 24 h after the administration of saline (control), 50 mg/kg MTX or 100 mg/kg 5-FU, ileal
tissues were isolated 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 um for A, 20 um for B.
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5-FU

MTX

Control

Fig. 6. Effect of MTX and 5-FU on MPO Expression in lleal Tissue

A: At 72 h after the administration of saline (control), 50 mg/kg MTX or 100 mg/kg 5-FU, ileal

tissues were isolated 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

20 um for B.

100 pum for A,
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3 s 2 mRNA BB KIET MTX B L OV5-FU £ 5 0%

51 HIS L O 2 HOBRFHI B W THL AP 512 X /NG RE~ D B 38 - 24
WM CREICE 2> T2 & D, GLP-2 BIlLE TR AL U &3 5 IO MGHE
FARCEM PR G- 24 Fif# TiT-o 7=,

9, GLP-2 OHIEMME THh 5 7 1 7L J 2> mRNA REEICKIFT MTX L 5-FU
BGORBIZOWTHR Lz, MTX 85137 1 7V 2> mRNA EH 24 E 28NS
(Fig. 7A) , 5-FUEH X E A REICHE LD ¥ (Fig. 7B) .

1.5 1

8 1 G
v
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ES

;
] wr N
. _ N

0.5

Proglucagon mRNA expression
T
N
R
S

Proglucagon mRNA expression

0
Control MTX Control 5-FU

Fig. 7. Effect of MTX and 5-FU on Proglucagon mRNA Expression in Rat lleal Tissue
Each column represents the mean + S.E. (n = 6 each for A; n = 6 for control and 5 for 5-FU for

B). *p < 0.05 versus control.
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%5 A4 TH P GLP-2 HURESMEMIEERIC KIF T MTX 38 LUV 5-FU #5028

WIZHL GLP-2 HURBEMEAIIELIZ XT3 MTX 38 L OV 5-FU & 5 OB SW TR L 7=,
Fig. 8A 35 X U Fig. 9A O RENTIEHT GLP-2 FiLik & W7o B R HUATEIZ K o TYLa S HU 7o
fuz /R LCHY, Fig. 8B B L UFig. 8B IZIXZ N4 Fig. 8A 15 X O Fig. 9A O BHAHE) %
WRLTEbDZR LTS, HGLP-2 HURRG ML IHE LRI L OREIZRMEL T
Wz (Fig.8,9) . Fig. 10 ICIEHTE 1 K72 0 OFL GLP-2 HURBE MM 2 35 L 7245 B 2 0R
LT3, MTX #5135t GLP-2 fuikiG a2 A 22N <+ (Fig. 10A) , 5-FU &5
FZnEAEICED =72 (Fig. 10B) .

17



Control MTX

Fig. 8. Effect of MTX on Anti-GLP-2 Antibody-Positive Cells (i.e., L-Cells) in Rat lleal
Tissue

A: At 24 h after the administration of saline (control) or 50 mg/kg MTX, ileal tissues were
isolated and fixed with 4% paraformaldehyde for immunohistochemical examination using an
anti-GLP-2 antibody. Arrows indicate GLP-2-expressing cells in the ileal mucosa. Scale bars =

100 um. B: Magnification of the square with a dotted line in A.
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Control 5-FU
¥ .;"" "

T 25
o = ;
s TX X B ¥

St
Yy iy Y

B

Control 5-FU

.|

AN

Fig. 9. Effect of 5-FU on Anti-GLP-2 Antibody-Positive Cells (i.e., L-Cells) in Rat lleal
Tissue

A: At 24 h after the administration of saline (control) or 100 mg/kg 5-FU, ileal tissues were
isolated and fixed with 4% paraformaldehyde for immunohistochemical examination using an
anti-GLP-2 antibody. Arrows indicate GLP-2-expressing cells in the ileal mucosa. Scale bars =

100 um. B: Magnification of the square with a dotted line in A.
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Fig. 10. Effect of MTX and 5-FU on Number of Anti-GLP-2 Antibody Positive Cells in Rat

lleal Tissue
Each column represents the mean + S.E. (n = 5 each for A; n = 6 each for B). *p < 0.05 versus

control.
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5 IH  IfE GLP-2 B IZ KITE T MTX B L ON5-FU # 5 s 28
MAE GLP-2 B IC IET MTX B L OV5-FU 5 DB 2 far L-. MTX 8 L UV5-FU #
- & 6 I GLP-2 IREICH BB % KT & 7eiro 72 (Fig. 11) .

A B
1 - 1 -
— — T |
. 1 N
E I E N
o e [®)]
2 i 2
G, 05 1 | g o0sy
0 . 0
® i ®
o i v
o i o
. _ , N
Control MTX Control 5-FU

Fig. 11. Effect of MTX and 5-FU on GLP-2 Concentration in Rat Plasma
Each column represents the mean + S.E. (n = 6 each for A; n = 6 for control and 5 for 5-FU). *p

< 0.05 versus control.
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#61H  GLP-2 Z 254K mRNA FHLZ KIFT MTX 35 L OV5-FU 5. g%

ZIVE TORMETT MTX 513/ GLP-2 FBL 2 7T L, 5-FU & G132 e+ 2 2
EDRRABNE TR ST, & T TRIT GLP-2 2RI B L O S L BEyd5>7
TIARIERRFE D MTX B L WV5-FU I 5O B2 et Lz, AR TIE, GLP-2 AR
MRNA I KIEFT MTX BLO5-FU &5 OB 2Rt L. MTX 8503 GLP-2 Z &R
MRNA R 2 A 2 28I &4 (Fig. 12A) , 5-FU #51X 2 h 2 A 512 & 872 (Fig. 12B) .

A B

50 - 1.5 -
5 * S
w40 1 k7]
w w
o I o 1
o o N
z o Z
E o £ 05 -
2 10 _ = .

S
0 i — e JI‘J.-f [Ha' [H.f O h
Control MTX Control 5-FU

Fig. 12. Effect of MTX and 5-FU on GLP-2 Receptor mRNA Expression in Rat Ileal Tissue
Each column represents the mean + S.E. (n =5 each for A; n = 5 for control and 6 for 5-FU for

B). *p < 0.05 versus control.
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98
=

\\\

B 7TH  IGF-1 mRNA FEHLIC KIET MTX B LV 5-FU 5D

WIZ GLP-2 2 BRHIIZ L D ERENFHE XD IGF-11819 ¢ mRNA FELUZ KIET MTX
B ELOE-FU HLHDEBIZOWTHE L7-. MTX #5013 IGF-1 mRNA 32 A BN &
# (Fig. 13A) , 5-FU & 51Xz A EICED & ¥72 (Fig. 13B) .

f’ﬂ;

e :’ﬁ i

IGF-1 mRNA expression
N
W
=

IGF-1 mRNA expression

- NN

Control MTX Control 5-FU

Fig. 13. Effect of MTX and 5-FU on IGF-1 mRNA Expression in Rat lleal Tissue

Each column represents the mean £ S.E. (n = 6). *p < 0.05 versus control.
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%8 IH AT IGF-1 EEEIZKIET MTX 35 KL OV 5-FU 5D 2

M4 IGF-1 JREIZKIET MTX 36 KT 5-FU #e 5D RIZ OV TR L7z, MTX (3
IGF-1 JEE IR B % MIE S22 0v o 72728 (Fig. 14A) , 5-FU X2 A EICE D S8 (Fig.
14B) .

A B
2 2 -
- =
£ 15 - £ 15 -
2 r 2 z
L‘TL 1 E 1
V) (2 *k
E o -
ﬁ 0.5 - (_% 0.5 1 \
- o
0 W
Control Control 5-FU

Fig. 14. Effect of MTX and 5-FU on IGF-1 Concentration in Rat Plasma
Each column represents the mean + S.E. (n = 6 each for A; n =5 each for B). **p < 0.01 versus

control.
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% 9T  TGF-B mRNA REHUZKIFT MTX B L U5-FU B 52

IGF-1 & [AIERIC GLP-2 ZBRRHINIC K VIR ENFHE SN D TGF-B 29 @ mRNA FHLIZ K
T3 MTX B LV 5-FU 5 DOFEIZOWTHREF L. PV T TGF-BL 225 TGF-
B3 ETI3ODT A Y7 4+ —LNFHET D, MTX ¥51% TGF-B2 mRNA FE 812 A F 28
#7228 (Fig. 15C) , TGF-B1 X X TGF-B3 mRNA I IZA B R ELE H 2 o7z

(Fig. 15A, 15E) . 5-FU # 5.1 TGF-B1 mRNA %84 A ZIZ =+ (Fig. 15B) , TGF-B2
MRNA #2228 S8/ (Fig. 15D) . F£72, 5-FU 51X TGF-B3 mRNA I
Bw NIF S 72 ho 7= (Fig. 15F) .
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Fig. 15. Effect of MTX and 5-FU on TGF-B1 (A and B), TGF-f2 (C and D), and TGF-B3
(E and F) mRNA Expression in Rat lleal Tissue
Each column represents the mean = S.E. (n = 6 each for A, C, and E; n = 6 for control and 5 for

5-FU for B, D, and F). *p < 0.05 versus control.
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5 101H B-H 7 = mMRNA FEIZ KIFT MTX 55 L OV5-FU 5 g4

WA PEEMAIZ B W TEIZ IGF-L IC X > TRENFEINHB-IT7 =2 819 ¢ mRNA
FEUZKIET MTX BEO 5-FU HOEEBIZOWTHRE L7z, MTX &5IIR-IT =
MRNA FHL & 4 2 280 & (Fig. 16A) , 5-FU #5013 2 &2 A E 128 & 7= (Fig. 16B) .

A B
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Fig. 16. Effect of MTX and 5-FU on B-catenin mRNA Expression in Rat lleal Tissue
Each column represents the mean + S.E. (n = 6 each for A; n = 6 for control and 5 for 5-FU for

B). *p < 0.05 versus control.
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% 11 TH DPP-4 mRNA FELUZ ZIE T MTX 38 X OV5-FU 5D 2

WIZ GLP-2 D43 fff#ESR T & 5 DPP-4 mRNA R HLZ KIET MTX 88 L OV 5-FU #5004
IZOWTHHI L7, MTX #5-1% DPP-4 mRNA RBH A2 S8 5@ %5~ L (Fig. 17A)
5-FU &5 o hAFEICsinEw7~ (Fig 17B) .

A B
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Fig. 17. Effect of MTX and 5-FU on DPP-4 mRNA Expression in Rat lleal Tissue

Each column represents the mean + S.E. (n = 6 for control and 5 for MTX for A; n = 6 for control

and 5 for 5-FU for B). *p < 0.05 versus control.
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% 12 0 Epacl/2 mRNA FEBLUZ MIET MTX 38 K OV5-FU % 5D 2

INETOMFT, MTXFEG1ELGLP-2 BHREB LDV 7 F/VREREE 2 i+ 5 Z
ENFALMNE o7, MTX IZEHRDEY DHFR EEHROMIZT T/ o i E EFEH
bAETD. MTX &EIZX D/ GLP-2 BEJTEEMNIZ, 2077 /7 v U RE EFAERD
B LTWDREEM A B 2, RIZT T /22 A TARWHRIKIZ L 0 IEMHL &5 Epacl/2
MRNA FEHIZKIET MTX BLO5-FU &G DOE2 %2 HE L7z, MTX 513 Epacl B LW
Epac2 mRNA B 2 A Z IS (Fig. 18A, C) , 5-FU LT N b ORBICHE L 5
Z 727> 7= (Fig. 18B, D) .
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Fig. 18. Effect of MTX and 5-FU on Epacl and Epac2 mRNA Expression in Rat Ileal Tissue
Each column represents the mean = S.E. (n = 6 each for A, C; n = 6 for control and 5 for 5-FU

for B, D). *p < 0.05 versus control.
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55 13TH  Epacl/2 mRNA FEH I L7 'm 7171 2 mRNA FEELOFHE

ARIETIE, MTX BELU5E-FU HEIZ XD GLP-2 BHOLH) & Epacl/2 FH & OEIfRIZH
WCHKEY PG X D7 a 7L 3 mRNA FELE KOV Epacl/2 mRNA 8 HL & OB % &
52 XV BFE L2 Fig. 19 OF mixENENERID T v NOT—F EZRLTWAH.MTX
BHIlC kD70 7 = mRNA %8 & Epacl 38 X O Epac2 mRNA 8H21%, TN E i
WHHBEEIMR (R?=0.9209 35 L TVR?=10.8384) 23#8® Hiv7z (Fig. 19A,C) . —J7, 5-FU #
HIZE Dz noomMmBEREf% (R?=0.0197 3 X OVR?=0.0068) (i ® Hi7eir~ 7= (Fig. 19B,
D) .
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Fig. 19. Correlation between GLP-2 mRNA Expression and Epac1/2 mRNA Expression in
MTX or 5-FU Treated Rat lleal Tissue
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AR B

1T, 7y MIEEEEITEZ5] & & T HED MTX 25 L TH/ MRS
EDRECTH BRI, /M5 GLP-2 FEL L ZAUTIED v 7 T B~ DOREREE LT
LAREMEZE 2, NIRRT MTX #5022 L/ M GLP-2 F88i & DBIRIZ DU
T, 5-FU &REGORE L MG LTz, ZORE MTX X, RIS 3 0722 NG
GEZFIESE T OOFER MG HE A5 & Z &7, Takano b OHE & —E L7-fER
Z Az, 2528 F - ARHFFEIZ I\ T 5-FU 100 mg/kg RIS e N $ 5-13 38 B 72/ MG LA 5 2 %
FlERZ Lz, —RE9ICT v MIZBWTIX 400 mglkg D 5-FU % 5-T, L& EENT &
ZEND EOHENR I TND M, 2 RFSE Tl 100 mg/kg @ 5-FU Tt MPO 388 %
£ /NGRAR G FE RO BT,

Kissow 51%, 7 > MZ 5-FU 400 mg/kg Z HRIEENE 535 &, 5 48 Kiffth & ' —
TANZRIEZ A O /NGRS 2 5 & 29775, 48 REE LAREIZ G GLP-2 RE 2 = v %
ZECT/NBREEARIES YL 2L AR LTS, 2D X512 GLP-2 T2 =X (NNC
103-0066) 7% 5-FU FHRM/NMGHMMEFE L UHES L2 L 2WE L TWD. 2 £z, LMk
225D GLP-1 35 XY GLP-2 O3 a ARt d 5 A R/ I > & DPP-4 BHFEHKD T » h~D
OFA# 51T, WIRPE GLP-2 2N &, 5-FU IC K D/ NMBEEDORD 25 < 2 LR ENT
Wn,

ARFFETIX, MTX BEEN/NHIZEWT GLP-2 3HL & ZITPED v 7 F ViR % Tt S
H, THEXMBAICS-FUITINOGEZER TSI &AM L. —F, MTX # 51X DPP-
4 MRNA RHLZ BN S5 m AR L, 5-FU X Z2F B E 7=, DPP-4 |XFEIZH
JAEL AT st 2 X7 LTINS AR T 275, T flflare & o ekl b
CD26 & LTHRHLTWD. - T 5-FU #4572 DPP-4 mRNA FELZH N S 7l I,
5-FU %512 L 0 EESN/NBHERIC DPP-4 281 L /- s S nEmE LI- 2 &0
EZ oI, ZHUMBICEBWTHREMEGLP2 882 S OLIIR T ESEA2ERERD Z L E
z bl —J5, MTX (385 24 K% O/NMBIZEB W T GLP-2 BELZ A EICHMS 7.
MTX |2 X % §T GLP-2 LR IREL O INE, BlS MTX 23 L fiflafkz st s 2 & %
R LTWD. [AEESRMED MTX 3%, = Tnsa~7 0 CHROEE L IEET 5.
25.46) JE ERCTFET D LRSS T u s a~ 7 ¢ U2 & O WHIREIE, FRmT,
= MR, RN BRI & & B ICHCERERISAAE S 2 IBE A Lors Mila s & 51t -
HIESD. ARBFRIC LD MTX 138 LR O WM OHEIE 2 2 2 & 238 5 5
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ERRoTEN, ZOFIZOWTIEIRTEARHTH S . MTX 25 Lgrs Alfafz2 S 5 0,
ZIE BRI S NI~ D /b 2 BRIRIZARE T 2 DOV TE, A B OF%E
MLETHSH. £z, MTX BLO5-FU IZMIE GLP-2 IREICHE R EE RIF SR oT
ZEnn, /NMERFTTO GLP-2 BELOEB N/ Mtk Er 52 5 B2 b,
GLP-2 ZZ&KIE, & MR bWNTT v MINGO RSt X ORI ET 5.
47.48) GLP-2 Z 51K mRNA #BLE MTX F 52X > THREICHEM L7=—F, 5-FUICk > T
W L2 &mn, 2D OFBARIOEEH GLP-2 A X 5 Nty 7T s E
THEEZRIEFLTWD Z EAURBR SN, GLP-2 1, ~ 7 A/NHIZE VT IGF-1 mRNA ¥
Bafnmsss. 49 EEE, ARBFICEN TS IGF-1 mRNA #ELX, MTX #5102 X0 #FE
i, 5-FU BHICL Il S N7z, 7> T, 2o 0PN AHNT X 2 NEM GLP-2 380
ZAIX, /DO IGF-1 BB NI EEZ 5.2 5 Z LR Eandz. 61T, 5-FU#E T
> MZBWTIEE IGF-1 IREDIKTABE SN, IGF-1 OZ I TEASND Z &
5, 5-FU #5I3/ NG LM HTFIIZ W T 6 IGF-1 BB Z KIFT Z ERE LT,
IGF-1 & [RARIZ TGF-B b/ MFIZHIT S GLP-2 DIEH 2 RIS 270D MHERNFTHDH. 20
KRS, GLP-2 fIIZ X 5 TGF-BIs L OV N A AR SRR - OBE L, & bS5 M Aark
T 5 Caco-2 il L OVT v MElRG IEC-18 HIARIZ F5\ TR AT L 5 R B R o
WA T 52 ERME SN TWD. O 72 TGF-BL (X EICHRERISICE S L TR,
SO A PE T MRS B MG, NK MG, BRI & oY iz 3B L Ting. 5159
5-FU #5012 X 0 TGF-p1 mRNA FILNEIN L= HZ, 5-FU 5L v EEFE SN/
FHARIZ TGF-BL FEEL L TV A i N EFE L 7= vIREMEDN B 2 BTz, IEF, /N
FERE E R IR OHERFIZ B W CIE TGF-BL K0 & TGF-p2 NEEKZEH ZR-L WL Z &
MBS TNG, 5% FEE o h~d TGF-P2 O 5-1%, i AKIERMEIGGE
ESESHZ L, £7- Caco-2 M ~D TGF-B2 ALFIZHIH AAIFE I G E 2% LT,
TR b= ZMEWER &2 U CHIRAEFRZ NS E 5 2 EAREN TN D, 5D RIFFRIC
BWTH TGF-2 mRNA EHIZKITT MTX BL O 5-FU &RGEDEBII T /b3
MRNA S0 GLP-2 FUARS MRS E~DF B L —E L TEB Y, GLP-2 Z&KHIY %
I L7e TGF-B2 FBLOFHE NS MTX 12 L 2/ kEIE BRI O TE MR IC 5 L T b
AREMENE 2 bTZ. 51T, MTXIEB-F7 = mRNA BHZ M S W72, Wnt/p-1 7 =
VU T ARERE L, WRETAOHEER L OMEE A AW TEEREE A
RicFTZERMmbTWSD. 859 Ben-Lulu Hi%, 7 v MIIBWT TGF-2 £ 53/ NMEB -7
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TV AN ERB R FRHXEL L ER LT D &5, GLP-2 I X > TR b &
% AGF-1 (3p-H T => v T F I RZEETENALT 5. O 46>, MTX #57 v FO/GIC
BIFHNEME GLP-2 12X 5 IGF-1 B X O TGF-P2 DEREATHEDS, B-I 7 = B & BN <
SR A5V 4 W e
ANEDEY MTX ICL 25 U~TFEHO—2IZ, RIERFITCOT T /7 v U RE BRI
LT T 7 vy Pon TRMHIIARTT LTEMREERRZET 6N TWD., 75 /22 A
ZREOREL, AN cAMP EEADHEMZ N LT a7 A 3+ —F A 5 X O Epacl/2
REDEREEMLSE D, ZNETIZ LMRICKIT L7 v 7 I3 0B nF OEREIX
mmpméﬁﬂ%ﬁbkfm%4y%%~ﬁ/u&%:iofﬁLéné:&Gnik,
Epac2 78 LAIBRICRIL L CWD 2 &, 2 o ra /vy I EAfiidicsnw a7 g
= PEAR KOV UAT Epac v 7 VBRI NG LTS Z EAURER TS, 220
ZZ T MTXIZE 2/ GLP-2 BB OTLHEIC Z DT T /7 VU BE FRERANES LD
REMEZ B 2, AWFFETIE Epacl/2 mRNA FBLUC KIET MTX 36 KOV 5-FU & 5D 5284 1
ﬁbkk:%,MDH%@iﬂmﬁZMWA%ﬁ%ﬁ%K%Méﬁk.é%KmMX%EK
L5772 mRNA BB IER & 21 Epacl/2 mRNA FEBLEANE 58\ A
BAIBAMRER O b LTz, > T MTX H G512 L 5/ TD cAMP-Epac + 7 VAR EERR I DR
MEAEDY GLP-2 FELOTLHEIZEEHE L T\ 5 2 E R Sz (Fig.20) . Atk, MTX #5142
L2755 BEORESS AICAR hT v AR T —PIEEMZEMICHRT5 2
& T, MTXIZ L 5 GLP-2 B LEMEHOMF OFEMZH oM TE LD ELEX BT,
Lk, ARE T/ MG KIET MTX & 50528 L /Ny GLP-2 F8L & OBfRIZD W
T5-FU BREOREL HMRFI L, ZOE, 7 v b~O MTX BEERENE G, %5 24
RERIAL IRV T/ GLP-2 BB A TLHES 2 Z L 2L Lz, £, ZOBFIThtY
U~ TFEHOBT L L THLNTWDET T/ ¥ A RAEEER AR L TV D 2 & AR
S, ZOZERTRAKIOHFTE MTX HE#E G, FRR/NGEREE 2755 L
EWVN) == A AT OB TH D EE X BV, —7, 5-FU #5113/ T D GLP-
2 FHLZIHI L=, /I GLP-2 RBLIE MTX B8 LWV 5-FU #5512 K 0 e o=@ Z R L,
ZOZENRENENOTNAHBRGIZ L D/NMEHMEEFELBE L TWDH Z e LN E R

ST,
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ﬁillus epithelium: L cell
adenosine j&— MTX
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. J
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Fig. 20. A Possible Mechanism for the Induction of GLP-2 Expression in Small Intestine by
a Single Administration of MTX
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#5528 MTX BRI G536 OB G X 5/ NEEREE 21T 2 — bR OKE

F1HT FES

MTX ZEMEEIZII R L TOHR R BT, fx RIKEDIHRIICH SN TWD. £D-DE
S X0 e B GEN R0 TSV REIERRBBL G B 5. FEEE, BiERICE
WT MTX OiFEEENRFEI L Th->Th, HEEREGE LIV EARGEDOT), HEOBESEL
HECDZERPFESNTWD. 2D Fin T2 X 512, Takano HiX7 v h~D MTX 50
mg/kg HLIEIEEN B G- REEA A O (KRB A2 M <&, S 5ICEiE, fkEr &5 72
BEfi# 2 B — 2 I —1mBMEIIR TS 85 b 00, /PGHREENREM CHD Z L 2R ELT-.
B Fi, FEGSRED MTX #51F, /MMBICBWT 5-HT Rz LiETLHZ &, -
INOS FELAZH M I 5 H DD nNOS 5 LN eNOS FHUZITFEZ KTV 2B 5
ML TS, 2 X 51T Takano H i, FERERR NOS FHEZED L-NAME 28, MTXIZ X5
HOKBER T2 LESEDLHOO, BEE, HUKERS XOEREBMOK FICRKE R8s b
2N, /MG 5-HT ARUTEERZMHIT2 2 L ZHLC L. D ZoZ b MTX
P 5AZ L % 5-HT A OTLHEIZ INOS IR D NO MBI 5 L TWab Z EnEx bz, —,
7 v O MTX O 5-&lE Takano HOHE LD 0000, EHEEIFRG#HET 52
ETNBBEEABI SR T ENZHEREIN TS, 23 s TT v hTO MTX
BEIT L D/ NG EL, BEELD bFRGEEIKFEL TR 22 BB LN,
F72, MTX G K D/ NGHHAS E OFFFETIZ INOS Hi2kD NO 23 5- LT\ D L)
WhbdHbHZEnb, D AKETIE, T b~D MTX ORBELEREEZE 2T, HEHEREGS
D2 & TC/NMBRRRE N ED X D ICET DR HREIEE L i L. £ MTX EIES
I X 2/ NOS Bl L Z DEEIZH HMNCTHZ L2 HIE L TRET LT,
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W28 HiE
1) fEHEM
FLIEF 28D 1) ICHEL .

2) fEAEEY I L OV R

L-NAME, $ip-7 7 F > $Hifk% Sigma-Aldrich X v i A L 7=. Mammalian Protein Extraction
Buffer, Proteininhibitor mix % Cytiva (3R30) XV, 4XLaemmli Sample Buffer % BIO- RAD
L VA L. BCA™ Protein Assay Kit, ~ 7 AH1 7 ¥ ¥ 1gG Hifk, Immobilon Western
chemiluminescent HRP substrate % Thermo Fisher Scientific X ¥ i A L 7. Prestained XL-Ladder
77770 () K0EEA L. ~ o AHLINOS Hifk% BD Biosciences (MO, USA)
XV, <=7 ZHL nNOS HL{K % Transduction Laboratory (KY, USA) XV, 74 FH1eNOS Hit
&% Affinity Bioreagents (CO, USA) X YA L7z. Horseradish peroxidase £ ™ - FHi~
7 A 1gG ik, horseradish peroxidase £Z£5#Y S H1 7 ¥ 1gG HriA i Santa Cruz Biotechnlogy

(TX, USA) X VW iEAL7. Immobilon Western chemiluminescent HRP substrate % Merck
Millipore (MA, USA) X VEEA L=, ERELAMIE 1 EZFH 25D 2) ITHEL -,

3) EWfkh 7o b a— L ONC QOL (KE, EENE, fUkE) Ofi%

7 v N &/NEYER RN EEE (FDM700S, A/L7 = A b, B [ THBL, &
% 24 B ICRRFROICECER L7z, 8 HimOMENE Y A X —F v & 1) IZHEU =54
TiZT 6 HEE, BifbsE7. 2o%Em&E5-2Mm L, 24 RFMEICEERE, fokas
FOMREZJIE L.

7 v M MTX O 555 50 mglkg (2725 X 9 ICHEIR G (WA 58 £7203 4 1A
(23T T (B GEE) L. BRI 53 O EIER 5, & 6 ICxHREE, L-NAME
HM P 58E, MTX B 58, MTX 38X O L-NAME Ot GEED 4 > OV 7 7 v—7F
(Z433E3%E Lz, BRI GREO 7 1 b a—/L% Fig. 21A 1ZRT. 7 > M2 MTX (50 mg/kg)
F7o0E, JRE U CTERRSEKEZEENES L7-. LLNAME 2 L7=EBR Tk, MTX %
T AR A K 2 545 10 43T L-NAME (20 mg/kg) % 2 RIS L, ot 24 R
Tl 3 HEMEAESG L (Fig. 21A) . OHIBGREOIEM A 7 2 — /L % Fig. 21B TR
9. 7 v M MTX (125mglkg) E72i%, AEBLEHEK A 4 0 FE R BN G L7z, L-NAME
DOFEGHEZMTX BEE GO 1 ha—/ W ZHE L.
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MTX (50 mg/kg, i.p.) or saline (i.p.) |

|
v
I

] 1 ) 1
-10 min ~10min | ~10min | -10min | .
oh 24 h 48h 72h o6h (TMe)
A PAN A A
| L-NAME (20 mglkg, s.c.)or saline (s.c.) |
B
| MTX (12.5 mglkg, i.p.) or saline (i.p.) |
v v v v
] 1 1 1
“10min | “1omin I -10min | “10min | I
Oh 24 h 48h 72h ogh (Tme)
AN AN AN AN
| L-NAME (20 mg/kg, s.c.)or saline (s.c.) |

dissection

Fig. 21. Schedule for the Single (A) and Consecutive (B) Administration of MTX to Rats

4) /NEHERE O HH
H LR 20 4) ([T

5) /XF 7 4 LY OFERk
51 EH 28O 5) [THEL .

6) /INEREIEFLRR I RE DBLEL S K OV NG & DO FHI
1S 28O 6) ICHEU . Kkl 20 KDO#ER % NanoZoomer Digital Pothology

(NDP)  (fr7s b =2 X, #f]) [ TFHAIL, MEBEEOFHZREL L.

7) HL MPO ftif Z W T2 sl b (BER i)
HLITEFE2HOT) ICHET T,
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8) /MA@ total RNA Dl

o =Wivan

01EF

9) Real-time RT-PCR £

2 #iD 10) (ITHETT-.

501 FE 2 #io 11) ([CHEU -, A L7oIEEBESER F-a (tumor necrosis factor-o: TNF-
a) , &% —nuAx2-13 (interleukin-1B: IL-1B) , IL-6, ¥/ A X FF—F-2
(cyclooxygenase-2: COX-2) , iNOS, nNOS, eNOS ®» 77 A ~—(X Table 2 (Z/~ L 7.

Table 2. Primers for Real-time RT-PCR

Product Sequences (5 — 37) Reference
Forword | GTGATCGGTCCCAACAAGGA
TNF-a 63)
Reverse AGGGTCTGGGCCATGGAA
Forword | CACCTCTCAAGCAGAGCACAGA )
IL-1B 64
Reverse ACGGGTTCCATGGTGAAGTC
Forword | TCCTACCCCAACTTCCAATGCTC )
IL-6 63
Reverse TTGGATGGTCTTGGTCCTTAGCC
Forword | TTTGTTGAGTCATTCACCAGACAGAT
COX-2 65)
Reverse ACGATGTGTAAGGTTTCAGGGAGAAG
Forword | TCGAGCCCTGGAAGACCCACATCTG )
iNOS 66
Reverse GTTGTTCCTCTTCCAAGGTGTTTGCCTTAT
Forword | TTTCTGTCCGTCTCTTCAAACGCAAAGTGG )
nNOS 67
Reverse GACATCATTCTCGCAGTCAA
Forword | CATCACCTACGATACCCTCAG
eNOS 68)
Reverse CGGCTCTGTAACTTCCTTG

10) #HA%D FTEAL
1T 260 4) (CHE U T H L 72N 2 ME DT 1A1 . UIBH L, W5/ PN oD PN 7 iR
PBS N T¥ei¥ L7=. Zi1% Mammalian Protein Extraction Buffer 990 uL, Protease Inhibitor Mix
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10 uL Z2 & A bighicid L, REIF 1 X (6,000 rpm, sk, 30 R L7z REY
x— MmO oBE (12,0009, 4°C, 3043[) LB L7z BiEa aiisbiik & L.

11) X VR EDE &

AR D 2 R 7 B EEIZIX BCA™ Protein Assay Kit & V7=, AZB R KIC Tl
HAR L7z a7k 10 uL (2, BCA™ Protein Assay Reagent A & BCA Protein Assay Reagent
B % 50 :1DEAETRAS LIEIRE 200 uL iz, 37°CHOA v F 2—H —HNT 30 4k
& L, 550 nm DOWIEEE &3 e EER (Multiskan JK, $—F =L 7 b U Ratt, mR
JID ACTHIE Lz, BEABEO Y U iE T VT 2 v 2 DTS S - ER) b Rk
DY T PR PE A R Tz,

12) RV EOEXGKE) : BT UV N U LR T 27 VAT I RS IVESIKE)
(sodium dodecy! sulfate-polyacrylamide gel electrophoresis: SDS-PAGE)

SN BERmEi— LIc b 2- AV 7 h =% ) — v &G T 4 X Laemmli
Sample Buffer # 2@ 4 /3D 1 &Mz, RI7AH—F=2=>  (DTU-1B, #1727, &
£) T100°C, 5 /rRIMEA L7, ZDth Laemmli O 5% 8 12960, 0.1% SDS % & ie 25 mM
Tris, 192mM 7' U & %R (pH 8.3) 1, 20mA/gel Tid®E, ¥KEhL7=. EXIKENH 7L
(2% SuperSep™ ACE, 7.5%, 13 well Zffl L7=. Jk#EEE LI =747 3L

(BIO-RAD) % M\ /=. 4y f-&~—74—& LT Prestained XL-Ladder % [FlIRFICykEN L, £ D
BENEND BINY X BOnfEERDT-.

13) NOS # > /X7 B Ofitl (Western blot ¥£)

SDS-PAGE |Z T4y L= DA IVIND & 237 B % 25 mM Tris, 192 mM 27U o U451
% (pH 8.3) 1, 30 mA OEEMIC CTEIE T 3 Kffl@E L, L& 0.45 um @ Immobilon
polyvinylidene difluoride transfer membrane (PVDF i£)  (Millipore Co., MA, USA) |ZH#R5E L
2. UKD I EAY 25 2B < 7=, Z D PVDF 4 SR T 2 Bl & 5\ M T 4°C T,
2.5% A% LI /L27/[10 mM Tris-HCI (pH 7.4) , 150 mM NaCl, 0.1% Tween 20 (2.5% A3
LIVZITBS-T) T7uvx 7Lz, RICENFNO—RPUEE LT 25% A% L3I )L
2 ITBS-T T 250 f#IZA R L 72 H1 iNOS Hifk, 100 f#I24A7 R L 74t nNOS 35 & UL eNOS i
R, 1,000 fFIZAR L72Hip-7 7 F o Hifk & 5 C 2 il & 5\ T 4°C T8k, PVDF L
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FOS S/ Tz, REOGHURIZ TBS-T ZHWC, =R T 1540 118, 10 43 3 [EDHRE 5
T PEEERE L7z, &IZ, iNOS, nNOS BXUB-7 7 F > ® —kHifk & L T horseradish
peroxidase £ 7 Y FHi~ 7 A 1gG Hifk, eNOS » —¥kpifk L LT horseradish peroxidase 12
Y P Y 196G Pk % 2.5% A F 4 /L7 [TBS-T T 5,000 AR L, 45 4y PVDF
I & RO SE 7z, REOGHUARZ TBS-T IC X 0 = T 15 /3 18], 10 43 3 EIDHRE 51
X0 FeydbrE U721, Immobilon Western Chemiluminescent HRP Substrate C{b55 5 S,
Ez-capture MG (ATTO, HJX) ZHWTEL, #gig L7z. iNOS, nNOS, eNOS, B-7 7 F v
I%, 130, 155, 140, 42 kDa \ZZZEiLH—D /> K& LTHNZ., £D/32 K% Image J
(National Institute of Health, MD, USA) ZHW\TT v v b A kU —IZ X 0 EEMITHNT L
7=. iNOS, nNOS, eNOS DHHLEITZNZN-T 7 F o OB EIC KT HH% L & LT
Briv-.

14) BU GLP-2 Bk & W= ekt (BERHLIRTE)
1T 2 fi oD 8) ITHEL T

l

15) MEEH PRV L O E 7Tk
HEMEIT T RO + YRS (Mean £ SE.) T L7z, 2 BEREI O BT F BER,
Student’s unpaired t-test F721% Welch’s t-test 1T 7=. ZREME Ol IT— oL iE 50 #O0HT
(one-way ANOVA) & 721 ol E /5 #0HT (two-way ANOVA) % Hvy, Z D% Tukey f&
ExEIToT2. fERFE 5% A (p<0.05) %> THRAFIICHER & 1k L7-.
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3 KPR

B1E T v b QOL IZMIFT MTX ZEl& 5 s 2
MTX 3B G I3 LE O REEINZ2H L, L-NAME OOFH#& 51X, MTX Bl S5
B L CE BICHEICIHI L (Fig. 22) .

120 -
% 110 - ., ::*:k
£ -z : g []Basal
e T e A TIHAT IR _
= 'TnEr (HEa LHEa gz . B
3 g e
- 90 1 || ? 5 f, ? ? B2 MTX + L-NAME
517 117 8|7 8|7 g
1 117 1|7 il7
. 7 : 4 17 :5 : /
go AL 5 117 117 Y 3 4
Time (h) 0 24 48 72 96

Fig. 22. Effects of L-NAME on Consecutive Administration of MTX-Induced Change in
Body Weight in Rats

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 = 6). *p < 0.05 and ***p < 0.01 versus Time 0 h; ffp <

0.01 versus basal;+##p < 0.01 versus MTX.
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MTX 23 B G 13RI B & 2K F &, L-NAME OfFH& 51X, MTX Bl
H L L CE LICHEICHS Lz (Fig. 23) .

20 -
ale g; 3 - T =
15 4 |FH al ] B
5 e 10ee 1= i (e
% g ’: ; 7 []Basal
o1 (HAH | IHA 19 |13 [Z]LNAvE
g A HAE LA # g
- 541 é : é f; ; ? * EZ] MTX + L-NAME
817 817 W alz
1A . | .
0 31% > / j: - %
Time (h) 0 24 48 72 96

Fig. 23. Effects of L-NAME on Consecutive Administration of MTX-Induced Change in
Food Intake in Rats

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 = 6). **p < 0.01 versus Time 0 h; TFp < 0.01
versus basal; #p < 0.05 and ##p < 0.01 versus MTX.
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MTX 23 B G 13RI UK & 2K T &1, L-NAME OFH& 51X, MTX B
H L L CE LICHEICHS Lz (Fig. 24) .

30 -
g Bl & J:I T |:|Basal
o 20 1 [[|F i il 1 M . &s [Z]L-NAME
£ 2 ? g ? ; ? f; I ] A MTX
L : ? f} f ? . g 1n* EZ] MTX + L-NAME
s HHAH LIHER THAH [ 1
o HAR HHAE [HAE | {HE
: § : ﬁ 1|7 3|7
(K 1V 117 gl
417 217 17 1A
1@ AR [IHEE 1A
o LLLIAK] ) 117 217
Time (h) 0 24 48 72 96

Fig. 24. Effects of L-NAME on Consecutive Administration of MTX-Induced Change in
Water Intake in Rats

After the first administration of physiological saline (basal) or MTX, water intake was measured
every 24 h up to 96 h, and are shown as cumulative daily amounts (mL) during the 24 h periods
up to 96 h. Each column represents the mean £ S.E. (n = 6). **p < 0.01 versus Time 0 h; p <

0.05 and 1p < 0.01 versus basal; ##p < 0.01 versus MTX.
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92 1H  /NBHRRTEREIC KT MTX HiE# 536 & Oy I 5 o 2

ARITIE, /NERFTZRBIZ XIE T MTX BEl$ 536 L OV B 5 O R84 HE YL@ il T
FHL7z. MTX BRI S5HEE L-NAME O I8 0 O 3/ MM E 72 8% X S 72
-7 (Fig. 25) .

Fig. 25. Hematoxylin-Eosin Stained Sections from lleal Mucosa Islated from Single
Administration Group
Ileal tissues were dissected and fixed with 4% paraformaldehyde and embedded in paraffin. Scale

bars = 100 um.
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MTX Z3El# 513, B o077/ MGG EA S Z L, L-NAME OUF I3/ MGGk G E
X HICEfL X2 (Fig. 26) .

Basal

MTX + L-NAME

Fig. 26. Hematoxylin-Eosin Stained Sections from lleal Mucosa Islated from Consecutive
Administration Group
lleal tissues were dissected and fixed with 4% paraformaldehyde and embedded in paraffin. Scale

bars = 100 um.
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F72, MTX HEEGIEL L-NAME OFEIZE DL 6T/ NMEMERICERAREEL KT I
otz (Fig. 27TA) . MTX 23 E1# 503 L-NAME OfFFIC & 0 BB ERE OEMENRD 5
7= (Fig. 27B) .

A
1000 1~
B
2 x
= —T— T
s ,ﬁ
% 500 - |
£ |
o
C
[0}]
£ 1 1 |  fo] o
........... s
0 SRR i
MTX - - + +
L-NAME - + - +
B
1000 -
€
2
= . I
< 500 - T 1 i
f 7 .
2 / S
........... a1
0 /i
MTX - + +
L-NAME - + - +

Fig. 27. Effect of MTX and L-NAME on Lengths of Villi
A: The single administration group. B: The consecutive administration group. Each column
represents the mean + S.E. (n = 5 each for A and 6 each for B). **p < 0.01 versus basal; 1< 0.05

versus MTX.
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%5 3TH  MPO JEHUZ KT T MTX HEF 535 L OBl G 0 8

WIZ, RIEFISIZRIFET MTX BE5OFEBIZHOWT MPO 2%+ 25 Z LIk VEL
7=. Fig. 28B 35 L U\ Fig. 29B (21X Z 241 Fig. 28A 35 L UN Fig. 29A D PHAERSY & 4Lk LT~
HDERLTWD., MTX BE#HERET L-NAME OF 23 53 MPO R ELIC &I 7o 8
R & o7 (Fig. 28) .

MTX + L-NAME

Fig. 28. Effect of MTX and L-NAME on MPO Expression in lleal Tissue Islated from Single
Administration Group
A: lleal 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 um for A, 20 um for B.
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MTX 2> $ 5.1% MPO F&EL 2N 4, L-NAME Z <5 & & 672 2B 72 #7338
» oz (Fig. 29) .

MTX + L-NAME

Fig. 29. Effect of MTX and L-NAME on MPO Expression in Rat Ileal Tissue Islated from
Consecutive Administration Group

A: lleal 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 um for A, 20 um for B.
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HATH  RIEPEY A N B A > mRNA FHIZRITE T MTX B[R 535 J OV Bl 5 o @2

%2 HB XU 3 HOK RS, MTX 8513/ NEHIT W TRIE & £ - 7o flik G
ERIEEITZENHLNE ST, £ T, WITKRENRRIEEY A b HA L THD
TNF-a, IL-1B, IL-6 mRNA FHUZKLIFT MTX 5 OEEZ OV TRET L7Z. MTX HiA]
2513 L-NAME DA #E1ZF85 59 TNF-oo mRNA FEHUZ 8% 5.2 727~ 1= (Fig. 30A) .
MTX 73E#51%, TNF-o mRNA EHZ2 A EICHEMNSE, L-NAME OO 5% TNF-a
MRNA 8% X 5 NS 5\ %27~ L7z (Fig. 30B) .
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Fig. 30. Effects of MTX and L-NAME on the TNF-aa mRNA Expression in Rat lleal Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean £ S.E. (n = 4-5). *p < 0.05, ***p < 0.001 versus basal.
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MTX HL[E[# 513 IL-18 mRNA R BLZE# % 5.2 /e o 72 (Fig. 29A) . L-NAME Off
BeH1LX, 2> br— & LT IL-18 mRNA R B2 A 212 <872 (Fig. 31A) . MTX
S EGE, IL-18 mRNA FHL A2 A BEICHIN S &, L-NAME OO, IL-18 mRNA FELIZ
WA 5 2 0o 7 (Fig. 31B) .
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Fig. 31. Effects of MTX and L-NAME on the IL-1p mRNA Expression in Rat lleal Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean £ S.E. (n = 4-5). *p < 0.05, **p < 0.01 versus basal.
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MTX HE# 513 L-NAME OF #2054 IL-6 mRNA F BT 2 5. 2 727> 72 (Fig.
32A) . MTX 23EI#5-0%, IL-6 MRNA BEICIZIHBREEE 5 227273, L-NAME O
OFH# 518, IL-6 mMRNA R A HIIN <& A%~ L 7= (Fig. 32B) .
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Fig. 32. Effects of MTX and L-NAME on the IL-6 mMRNA Expression in Rat lleal Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean + S.E. (n = 4-5).
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% 5TH COX-2 mRNA REHIZKITT MTX HEH# 535 L O EI# 5 0%
WAZRIEMEY A A L ORIPLIZ LV BBENFHEEI N D COX-2 mRNA FHUZ KIFE T
MTX $5- DB SN THREF L7, MTX HiEFR G35 L OV #5013 L-NAME D4 %2R

5, COX-2mMRNA FBLUA B 2% KIS 72 -7 (Fig. 33A,B) .
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Fig. 33. Effects of MTX and L-NAME on the COX-2 mRNA Expression in Rat lleal Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean + S.E. (n =5-6 for A; n =6 for B).
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%6 NOS I KT T MTX H[aIF 535 X OV 5 058
AT, NOS FEHUZKIET MTX HEH G- OB OV TG L7z, MTX EI# 51X
BREZEITRNH DO INOS mRNA FEEHLE L O VX7 ERBLZ BN S 56 m %2R LT
(Fig. 34A, B) . L-NAME OffH# 513 INOS mRNA RHIZE B L KIE S 2o 7= (Fig.
34A) .

iINOS mRNA expression
N
—

MTX - -
L-NAME - +

iINOS

B-aCtin  — ——
3 -

iNOS protein expression

Control

Fig. 34. Effects of Consecutive Administration of MTX on INOS mRNA and Protein
Expression in Rat lleal Tissue
A: INOS mRNA expression. B: iINOS protein expression. Each column represents the mean +

S.E. (n=5-6 for A; n =6 for B).
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MTX 23 EI#e 513 nNOS mRNA R HLE L OV¥ RV ER B2 A EICN S E7- (Fig. 35A,
B) . L-NAME O ffH#: 513 nNOS mRNA F B2 % KT X 720>~ 7= (Fig. 35A) .

nNOS mRNA expression

nNOS protein expression
N
N

Control MTX

Fig. 35. Effects of Consecutive Administration of MTX on nNOS mRNA and Protein
Expression in Rat lleal Tissue
A: nNOS mRNA expression. B: nNOS protein expression. Each column represents the mean +

S.E. (n=5-6 for A; n = 4-5 for B). *p < 0.05 versus basal.
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MTX %3513 eNOS MRNA J 8L L OV X7 B R F/Z I &7 (Fig. 36A,
B) . L-NAME OffH#: 513 eNOS mRNA B A Z MIE X 72 - 7= (Fig. 36A) .
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Fig. 36. Effects of Consecutive Administration of MTX on eNOS mRNA and Protein
Expression in Rat lleal Tissue
A: eNOS mRNA expression. B: eNOS protein expression. Each column represents the mean +

S.E. (n =5-6 for A; n =4 for B). *p < 0.05 versus basal.
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H7IE 7 u sl A mRNA FHLIC KIET MTX BEIH G356 X OB 500 528

KIETHE, 7a 27k mRNA REICRIE4 MTX BEHE 535 L Oy SR 5 0858
OWTHF L=, MTX EEl# 51X, L-NAME OFEIZBH 537 o 7L 22 mRNA 3§
BUZE B % KI\E S 7o Tz (Fig. 37TA) . —J7, MTX 3EIRGIT 228N s & 5w =
~L, LLNAME OffAEGICE D ar he— 1 i LT, ZheFA R (Fig.
37B) .
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Fig. 37. Effects of MTX and L-NAME on the Proglucagon mRNA Expression in Rat Ileal
Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean + S.E. (n =5-6 for A; n =7 for B). **p < 0.01 versus basal.
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% 81H  PU GLP-2 FUARB ISR I3 MTX BiE# 535 X OV &% 50> 8
AIATIE, Bt GLP-2 HUiRG ML & IE T MTX HiE 535 L OV #5088

WTHRET L7z, MTX HE#ER G-I OV ER G, SE—ARN 720 Oft GLP-2 HUARG M

Rz A EITHM S E228, L-NAME OOF#EG1E, ZHUCHEBEREEL RIS o7z
(Fig. 38) .
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Fig. 38. Effects of MTX and L-NAME on the Number of Anti-GLP-2 Antibody Positive

Cells in Rat Ileal Tissue
A: The single administration group. B: The consecutive administration group. Each column

represents the mean £ S.E. (n = 5-6 for A; n =6 for B). *p < 0.05, **p < 0.01 versus basal.
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AR B

ARETIE, £97 v b QOL IZKIFT MTX EIEGOREL R LZ. TORE MTX
Oy EIP XA G L AR RSB B CEIHIT A b 00, ZORB Y — TR
HZENHBNE o B, MTX BEIERGIZE W TR, &51% 72 2 E— 2712
A&, BOKESIH S, 96 FEfZICIT = b — L L-ULE CEIE LT 783, B MTX
Sy BB G- CIIBA &, HUKEIIYIEIER G5 96 REft] £ CREREHKfFAIICHIS STz, S 51T,
L-NAME O0FH# 51X MTX HE# 512 X 5 QOL K FICIXHEELE KT S ehoion, P
MTX EI#E G2 LD QOL DK T4 S LI b S W72, F72, Takano H O ) L —
LT MTX HEH# 513, L-NAME OO OAEIZE D & F/MNEMMRERICKRE B a2 52
RInoT=b DD, MTX ERREL, MTX ORIEHRG 21T > TV A BFZEHE &[RRI,
INGRRRG EZ SR Z Uiz, 22238 565 T MTX %512 X B/ gHskiIC 5 2 5 6FE13,
BHEEID BEGEEEOEMII > T ERIINDZ NN LR, £72, L-
NAME & MTX 73815 OG0 L, MTX B 5 & it L T MPO BEL &2 4515 & L 72 RIE
B & OREIRZENG 2 £ o /NG IEE L2 S DI S, 2o Z &5, T eNOS 3k
DOWEME NO (2 K 2RI RGENEH 3 L OGN IEER 23, MTX 5FRGIC L > Thl i 2
IS5 QOL DI T L OWMGHARGFEICH I L CWhWad Z enEX b, FEEE, MTX 4
T G135 TNF-0d6 L OV IL-18 mRNA FEHL 2 A EIZH IS, IL-6 mMRNA BE A IS E 5
I 2R Lz, BUBRIRWL Z L2 MTX 0 E# GRS BT 5 L-NAME OOF R 51%, AEZE
720 OO MTX B 5 & el LT TNF-ads & OV IL-6 mMRNA F B & 530 X 1 5 fif[m) &
A L7z L-NAME 1%, 7 v MNEREIZBWTHRIEFEH 2 S IL-10 OFEAEZIMGIT 5 2
& T TNF-afEAEZMEES Z L RME SN TRY, O %> T L-NAME OfFf&E 52 X
% TNF-a35 £ OV IL-6 mRNA FEELOEEHE R OBEFIZ L-NAME (2 X 5/ To IL-10 BEE
DOIFIDEA G LTV D ATEEMEN S 2 bivT.

L-NAME [ZEBREM) ~DHE 52 A 2 2 7128 5T cNOS KT iINOS (Zx9 5 BLER R
I D Z EDRRBE I TS, Tanaka H1X, 7 v b~ L-NAME ORI G23 A > KA &
G K BN AL S TS T, A v KA XY UEE 6 Fi% O L-NAME % 51X
INnEMETLZEEREL TS, D E, MU= haRr B U RLR U (2,4,6-
trinitrobenezenesulfonic acid: TNBS) (2 X V&3 L= KIBRET /LT » MM L-NAME % Hij#
H3 2L, RIEXZEIHICEMIELZERREINTND. P 1L L-NAME ORi#51%
T2 nNOS 8 L1V eNOS #BHE L, L-NAME O#% & 5132 INOS 2#fHET L EE X bR
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TW5. $E>T, RUFFEIZEBWNT MTX 3EIEGHE~D L-NAME O 513312 cNOS 2 k&
% NO FEAZIEL, 20 &2 L-NAME §FHIZ L 2/ MG EOE(LIZB G- L T %
EFEz2 b, F£72, AR L7 Tanaka 5%, SERAJINOSHEK THLH T I/ /7=y
DRIHEGNA Vv KA Y RV MRS T2 2 bHLMMC LTS, D 454,
AREBRSEMITIB TS INOS BfRIBHE S 72 K2 H\ 5D 2 & T NOS @ X 0 FEfll 7o 5 3 i
HTExoEE/EZXONTL.

7w D MTX Z3EI#5-1%, INOS FHLD 772 53 nNOS &6 LU eNOS FEEL A4 HI N = &
7z. L-NAME (X9~ T® NOS mRNA FHUZ B L KT S o725, 2 L-NAME 73
NOS 7EM & BRI ET 720 TH DH. MTX EEEIZL D cNOS FEHDOTLHED A 7
SALIRIEAHATHSD. ZNETICTINBS FHRARBRET LT Y FBEIOTFA T
Wil U U LERERGRET VT v FOREHIZIEVTINOS & [FIFFIZ eNOS mRNA %
BT 5 2 &, ™ R ERERAREBR T T VELE Y hOEFIZIBVT nNOS mRNA
FENHEINT D2 ENMEINTND. D ZoZ L AMIE/RRE L LICE 2D &, cNOS
FELOTUHEIE, FI/MEHEMREEIERIC L VKT Lo AEE 24 5 NO EAZREIE S
HHHEE L COBREIZFFOZ EDVRB S L. MTX 7318 512 L 5 cNOS ZBLFEH A
=X LD ONTIE, SBORFTRETH 5.

ARETILE T, MTX HLEE 536 X OV EI# 5% 96 IRl % 0 /N GLP-2 F8 B & favst L 7.
MTX HA[E]#¢ 5 96 W4 /MBI F U THL GLP-2 FUARBS MRS I L T2y, 7'e
7 V71 2 mRNA BEUITEEN B O b ol. T b DR EH 1 EORR A2 LT
Bz BHE, MTX HEFE G513 24 FELINIC LA o@ ks 5] L 2 L, 96 FEf#% £ TFF
g5 —4, Ir sl mRNA BELOTLEIT —HETH Y, &5 96 FEfH#E TIZBEIC
PERLTWD Z R EnTz. MTX G2V THEK 5 96 RFf#1£ (2 THL GLP-2 #i1
IRBEMERIR S 2 N &, 7'a 7L =2 mRNA R E & M@ 2~ L=, £7-2, L-NAME
2T ars hr— L LB L CTHER Y R 7V 2 mRNA FBELOHEINNTED 5
Nic. ZOZ b, Z0O GLP-2 EBLOTUHEIX, MTX EI# 512 X 0 7% S vz /MR
GEICT DIMENS & U CEBRMEICEI SR &N Z R S, KBS, Fram il
Rz X HITKissow HH T v b~ 5-FU £ 51%, 5 48 KF LANIC MPO FEELZ 1 5 /M5
MMEEL ISR 32, 5 48 FEFLAREICMAE GLP-2 JRESHMT 5 Z L 2R LTV
5. 2 F, MTX 58I G2 X 5 GLP-2 HELOTTHEE, JElciBd H a7z cNOS FHLHE N
TEFRNCB S L QWD AREME D & 2 Db, De Heuvel Bk, GLP-2 0 24 B REJHI A A5 P A
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FRABIIZ 31T 5 nNOS ZBLA NS5 Z L& HE L TnD. ™ 7, GLP-2 7 u /&
MV AT ZF o557y FOBESICBW T NINOS BEAHMSES 2 &0, ) 7 &~
® GLP-2 7 a7 OF 513/ eNOS Bl 2N & w2 = L T/ zciE s ¢ 5 2 &
HLEEINTND.® X5 T A~D GLP-2 77 1 7 DO#E13 NO B X O & 1EE i
BARTFRREENL, VAR Y v BT 4 FFEREBRICHTT 5. ™ AIcs 0T
%, MTX #5125 % GLP-2 BILTTHEEM & NO & ORIRIZOWTOMIIZIZE L 2o
7. 5% GLP-2 RIEET LEMR GLP-2 FREHEN MTX 512 X /M5 NOS FBLDO L&)
IZED XD 7 BE RTTNERLNCT LR E, SORLIMEFDPMLETHD.

PLES 2 BT, MTX BEEEB I ONERGICL 5T v b QOL I X OVMNEGMHE IC
FAFT B L NO OFENZOWTHEFT L, TOREE, MTX BEFE 513/ MG &I 728
Br 529, MTX BHIZE D/ ~DR 23 QOL KT & BEE L T\ 2 et & 35
2oz, —J, MTX EEG I/ NGHEMEFEZHRE L, Zo6F) QOLIKT & B L
TWDZEDNRENT. £72 MTX IR G XK 5 cNOS FELOMNNE, /IMEHEHkEE
DHIRHT, T vk QOL K TIN5 algetEn s 2 b .
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>

7/

7/

i

MTX OREMZ2EIEH & LT, ks EE DTG 2 En% T 60, ZnboRARIT
BEOQOL Z KT LT TiEAaLl, WROPMICELRRE R 556 bH 5. TDI
D MTX I K DRWERFEBLA 1 = X AOMBIE, K0 BOWSFHRIEOMENLIZ DN Y,
FRNCERRIZE T D5 MTX RO ZRED DL EBH/HTES. LoLans, R
IZBWCORL LT ERIMEZ VI E TOMEND G, MTXIZ X DT b EERE
DR, BRI Lo TERRY, ZORBIA N = ALTEHETHLHEEZHNLTND,

Vi

~

ARWFIETIL, HELEHEEICRITT MTX OFEZOFEMZ I 52T 5720, 3/
BT RIT T MTX 5O L GO E IR %5345 GLP-2 EHOBIRIZ W TG
L, IZMTX 0857515 & /NG E ORI L OYNO OFENZ O W TR L=,

1. /NGB KIET MTX 5088 L /NG T VT T k7T R-2 58L& OBIFRIC
DT 5-FU &5 & Lt Lo, MTX 513/ MGG &R 8% KT S o T
—J5, 5-FU G ITRE RIS RIE A 11 5 /MARRE E 25 & 2 L7z, MTX #5130
B2 31T % GLP-2 B s mRNA 8, H1 GLP-2 HFUR M Ila s 2 A Bl S 7.
—7, 5-FU & 51X 2415 D GLP-2 BIEE 51 mRNA FE8i, H1 GLP-2 HURGIEMAaE 2 A
B W72, F£72, MTX #5013 GLP-2 O/ fifl#5E T 5 DPP-4 mRNA 8L % BN &
WA AR L, 5-FU BB ZNICHEICMSEZ. S5 MTX 51X cAMP (2L Y
IEPE(L &40 5 Epacl/2 mRNA RELZ GBI S & 7223, 5-FU B 51326 ICEE8%2 5 2
7otz FEEMIXEEL 7 v Mz Tr e 7 rs 2 mRNA 8L & Epacl/2 mRNA %
BUZIRWHBIBIR DT8O B, 5-FU 5T v MZBWTIZ I O IZHEBEBRRITEED b/
ot LI EORENS MTX 8513/ W T GLP-2 A ARESE S Z & T,
IR I L T D Z &R S iz, —JF, 5-FU #5103/ M5 TD GLP-2 A5k
AT A ENRH LN E o7, MTX #5125 % Epac & 7 T /WREERRIEE OIE AL 23,
MTX #5102 L% GLP-2 FEBUENMEH O T O—E & U TR L T\ D AIREMENR S 2 b
7-.
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2. MTX HE# 536 Z OB G2 L 5/ NBHEE IR 1T 2 NO ORENZ OV TR L
2. MTX 385137 » b QOL Z{& F &4, L-NAME O 2 E S ST T S8,
MTX Hi[E[# 51, L-NAME OF 2D b3/ MGG I L O MPO BLICE I e B %
Bz lehnotz, —J7, MTX 8538 E oM EE L5 & 2 L, L-NAME OOtz
NaZETELS T2, MTX HEEGIIRIEET A S A mRNA BEUCEE L 5 X 72
Do 7223, L-NAME Z0F 3% & IL-18 mRNA HBUIH B IZHEA Lz, MTX 3% 513 L-
NAME OFHEIZEDL T, ZAODORIEMEY A A > mRNA FEL AN S ¥ 5 4
AR LTZ. MTX BRI G5 L OV ElHE 51X COX-2 mRNA BIICH B EE KIE S o
Te. —J7, MTX 3EI# 513 cNOS I 2 A BTN S, INOS FEL 2N & H A &
R L7E. MTX H[E[# 513 L-NAME OFHEIZB b 637 1 7077 2 mRNA 58U 22 %
FAEE 2o 1208, MTX Z5E#51% L-NAME #0422 Car ba—L i L C
a7 73 mRNA BEL A2 A EICENS 72 —JF, MTX HEE 58 L O0E# 51T
P GLP-2 HLREG MM S 2 A B S HIN S 8, L-NAME OfFRIZ ZIc 8B %2 5 2 2o 7.
LI EDOFERID, MTX HEF G135 5% 96 FERIICR W T b/ NMEHMARG I EH B s b5
2720 —TJ7, MTX & 513 QOL X FB XL OVMNBHMEELZF I ST LN E
7otz F12 MTX 53EIH 512 K 5 cNOS FEHLOHENAY QOL K T I8 L OVIMGIMAE 2+
PLLTWD ZEREENT. 62 MTX 3R 51T K 5 GLP-2 ZHLO T, cNOS %
BIHEIERIZEE G- L CW A AR B 2 bz,

AWFFRIZED, Ty MW TIERHFELITE 25 & Z 3 H& (50mg/kg) @ MTX HE|
B, ERRPNGEREGE LIS EZ ST, FoMF & LT/ GLP-2 3B JUEEH]
WEE L TWAAREMEZ R L2, £72 MTX ORBEGENFE L TH > THER G ZZE
B9 252 & T QOL B ELUONNGMMRIZK T DHENRESBRLZEBHLNERoT.
MTX (2L % GLP-2 FEHLTHEIEM & NO ORROFEM A ST 27205 HI b D
BREPMLETHLHOD, oD, FidAHREEMEECESEIK LT GLP-2 /F
TING R To D AlRetE A R Lz & RIREIC, TRIAWVEICE AT 5 MTX OEEM L EIEH
MKREZEZ D ETORBRMALE LTHHTOL EEZLND.
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