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AT™ 9
Adgdel glej A,

A7 R e, AW, WA, a8 e (chemotherapy), %A X E(proton therapy), BY =
(abdominal surgery), AX5A AA|(cytotoxic agent) & o]E2] 23t o3& of7|x &= A, XE ZAE.
A% 10

A3 11
A9gol] oA,

HEALA A9 (radiation enteritis)S X ®ah=d AFRHE A,

H
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o,
i

AT 12
A9&ol 3lej A,

A &=EFH € (cisplatin), 5-EF L2924 (5-fluorouracil)(5-FU), F4tstas, Oﬂéil\]i(etoposide) O]—E‘r
H]:=Alo] = (arabinoside), 6-W 2 EFH(6-mercaptopurine), 6-E]27o}d(6-thioguanine), =5
(fludarabine), WEEAo]E(methothexate), AEH|Zo|=, Y o]59] xFoZRE HAud 3oy T+ H]E
54 AA 9 obrlE A% &4S XRshed AMEEHE B, A5 24E

A=A AHSH(TBD), AISAE Wdd, Holx% #A%(duodenal ulcers) F I WS AHZ3FE=d AEHE= A
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SEE36 10-2069790
3xte] F & A JEE v, ARA o 9 Fol A, a%e] §R(villous) ¥ B Al BY(brush
border)e] A& A AF Fo] £ Yo #EdY. I ZE AE(crypt cell)E (FAD) IRQ 7MH$
(mild) WA F3te] %= (moderate doses) Fol& d9E wWE2A Al AAAZA(repopulate) T U=
b o] | o]5o] & FojEo A XA 3o 49 H|&(logarithmic rate)® £AF T},

2
o
oo
>,

2 rlo o2
N

oft

ZAH(Irradiation)s G%E 2 Asjd 471 dojuys=, §79 Ay (villous epithelium)ol £3] dja] 2 o|t},
RO ¥, Hl&e A E(immature enterocyte)o] A &A1 FFe], glWF(Lieberkuhn)] FAB|ZES] H
t} e = (the lower poles) W $1X]3F A ¥ (progenitor cell)ZHF-E H|ZEFH, §E2 o IAZZEQ 7]

A (base)ollAd] F28k= -8 (compartment)2] <Qkolld Bro g o]FdtE, &2 AFEL &4 (continuous
cellular loss) % A AL A=k, o8k &S = (short lifespan) F<tll, o83t FAH L7} G5 Al

¥ Y2 IYZTE-gE =2 ugt MA3] AE5Ec}(these enterocytes gradually mature along the crypt-
villous axis into villous cells). &5 2 9t g dist WAL X E7F EA8E §5 AMlXE(the
existing villous cells) ¥%t ofyzl, M2 §& A%/ dAHE FAEE S35 1, weii ol BE9
FolgFol A ZatE -] AA SR A9E AL 4 Uth(deplete).

=2 AA| ZAF FolZ(high total radiation doses) @ AMXEZEA AlA (cytotoxic agents)e] F7Hd AFE wl&
of, BRAMAAEZL o9 |FA GI =Aol os] Hadeizitk.  GI THGL tract)ell g &Ho], FF EF
(malabsorption) ¥4k o}yl gt 2 FA(fluids)e] &4 Ay ®yt olyeg} o] ¥ 7]5(intestinal
barrier function)< W3lgit}, F Fr(leaky gut)w, 9%, dHS(bacteremia) 2 U=xL2ES
(endotoxemia)S ¥o7]&, A9 #E(mucosal barrier)S wel HAF2 &ol3t 4L 7Fs3kA k. GI
242 Ht 58 FoPelx duitdor wyRAAfd:, G5 5o, 34 A FS(acute radiation
enteritis), A} ® HEL, 5-12 Gyot 22 & FoRelA e WA Fo] A vz 2" F Qv
[ARde] AWkl #F38l% 2 8 (fraction) 9 1.8-2 Gye AREEH. F49 A FHS BAMAA R

fl

>~

[e)
Fo] 18 Y WA 6 A Alolo] WHHE= wwe o= 15 9 & 0 Zaw waAl® F% vh(it may develop

o
>
=
2

2k, durA<l X8 A A (Conventional treatment regimes):, A

&2 (adsorbant)S dW3l7] 13k X AbA|(antidiarrheals)2] o,
5 o|=(opioids), F HTE &3slr] Sk 2HREo=E E'@@E}
A, AAL dhEE 98 ~HElo] E(smectite) e YT | E(sucralfate), L. acidophilus ¢ &
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A Fde] JdY(total parenteral
. , 3 dol dags WSATIAY s WAL
A Aol XgHel anE HAAR ZeEXE 5AHE S golti(whether parenteral nutrition
satisfies the nutritional needs of patients, or actually has therapeutic effects on radiation
enteritis remains to be determined). TPN & EAH3 SAdA ¢ E4FHS v2FS F JdSAHE, A4

g A Fele] of s WA S Qrk . TPNS Folol 48 AZE el AwHom g ¢%o] Ed WAl
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lo
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oL TNE EE /AR W Ager gute ma ofsbl au,

hool whEE g o4 @ gwe] 9%, 48 hUelA e ME 24 @ Aze] A, Fu ARo|A o] W (<8
h) AAE §EIE AL wolZth, old weiA, AT 43 (oral feeding)7t A *ﬁgl 9 gy 52049
AU AFEe ANE AT SAbAl, Ao A7 A, Fe] AL, AES FARE A7 HA

(food-deprived piglets) ol Ae] XA 50 % 74 <] %HM 852 (portal blood flow, PRF)S fjRa =
Zdoz(l WA 3 Az o) ZAAAT. Wk, cheke Aol tebd ek 2ol el A4 Fas
2] (parenteral feeding)7'8 2t} ¢ ¥ojyr},

A, WA AES adFoz S3AZ e JYFY A =9 F=F(lack of nutritional therapy)©]
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itk 1RHQl m 5@ A9 Hute] Aeg ¢ e ol2g $x gl 2719 At ARG A
gE, oleld Mte] mabe uFel BEA 2w ok, ddel Hol awe, Ao WA FAS 2 o
Pz gl JPFe] Ao FHe wA AT wolr}

B8 A7E, FRENe] a8 ey mx oAbl ARRD” A 98] oplHe EdoRRE 49 2 39 6l
# e § e nEse A4S JFal. ey, 47el ¥k A4 (oral glutanine feeding)7h Fbe]

=
AR R3S e Bt Ao A HALE dEeiAY e S8 F des HEhllE e At
= 9%k AAXE AY E'_T} ZAE(improved feeding compositions)ol th3+
© Aol whet, oj# g A 9 1 vhe] o]ojo] H ot

B ©
T =

Fath, B ZAES 2% AT AE, B R 99 2 B A EY (brush border)ol A &2 (loss)d &
A 99 &2 (gastrointestinal injury)®] X& T M (amelioration), %/HEE 2FdqAe T4 59

gl Az wE AR FEat.

—~

absorptive capacity)®] ¥sle} #dE 23 =&

ol\

FalstAl, & Wyl X5 2AEL, oA &4 WM d J]5(transport protein function)®] W3} 2 A

A Ay AxEel £2d o Y el A]~®l(gastrointestinal system)o] EH#H3I S AE(the

misbalanced absorptive state)E& A% 4 Qul. vl AAFEA, & Ty 2ES ZHT Fo
=

(oral administration)& ¢l A& 3}=

shute]l AAIF el A, 7] A FE FAE(therapeutic composition), A, Z€4l, Edod, ¥, g2,
o}~ 2 ELF, o] &FAI( isoleucine), EHET, ofAavEizl # "ﬂ%_‘lil‘%ﬂ Aee sty = 2 ol
= =

gl opnxAh W oMeudor AmdgHo=r £8rbest @A, Aad, vEw, $FA 2 ZEF=(flavoring
agents)E X F3sla, SEAOZ FAHE, = FAAEY. AV AEAFY 2AEL, 9 dZ(enteral route)
& B3l Fodot. el AAFEeA, A7) 2AAEY A AR 9F 230 mosm WA 280 mosm, HEi= vl
A&t ok 250 WA 260 mosmolu}. sube] AAFE A, 7] 2RSS, o 7.1 WA 7.9, vpEAEA o 7.4
1 pH & Ze

SAT AAFE A, & 2 AV 2Hes, 7L, 2FE, vEed R/Es HEAS e &

2% A9 AE, 53] §5 99 2 BHARGA e &A7 AEE AW e S5, 9 2% Aoy F
& duld 2o Wkl APE AW e F3TY Xm EE sl (amelioration)S 918k MES H AlFgh
ok A7 e, B O] 2AAES fFas ¢S odd A5E Hda= e A Al o] =E(enteral
route) 2 Bl Folshs A% etk wasl, 47 B 2ARe ATdon Eowi, wWaxte] gl
Eagdr

2 e, A5 2AAES Axs7] g Wy, 2 A AAxe] Ty Fof et FF s8s FA5H
W EE g5t dY¥a Eu deES AdEdewH, B AR/Aolan 2A4E E E3(inclusion)S 9%
oA B AdEE g YHS AT, ol e WHe, /MEAQl sxlolA ALEEHr] fgh 2EE gl
i, o]& st /MEAHR #FAe] o E FFHy] 8 AAE HESA 2AAE 2 W LS JhssA ¢
}.

e o] #H](on net anion secretion)(A) ® HX=X(conductance)(B)olA 2] ZAHIR)S &¥=
Bl Aolth, (A). 12 Gy IR 23S 1Y, 3¢ 2 4 do] A7t LolA e HAdige] St 2] 32
HAok, e, x2Fd(forskolin)o]l H7be A5-¢] AlHE veEdTE. (B). & ol &HlelA 9 IR

¥ B gy, RE AL 649 9 p=128 AFHAY. A= dEE(conductance)ol A IR T
-¢]& Z7}(IR dose-dependent increase)E YERHSITH.

£ 2 =, 2] S Rl 3 L oM WEE YEig. EE FAE 0 = 24 2HoRTH =9

BT
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o}, AEe 296 mosme] WA AFFESES zt= Aol W (both sides)ol A AAE A £ (regular Ringer
solution)ol Aol 4 & F-%A}(day 4 post-irradiation)ollA AdstFct. AWy AHL 0 Gye H sk
o], 3 GyollA HAse] §5 9 AYZE &4 eI, 7 GyellA 3893 5 2 FYZE &3S YE
Bibe=

E 34 &, 3 GyellAe] &AL} $of] AJZE BF wp2 AT Ao e [ oA WstE UElH Foltk, FA=
Hi(mean) £S.E.M. n = 69 2L Yepdol, o149 HAUsle] Z7t= 24} Fo] 6 Ao TEFH )
HAAE Aoli= 5, 6 L 7 LA & Apolol #EHEY. AL T AZE > 7 Aol q(With time > 7 days post-
irradiation), 5 4, 6 9 %+ 7€ Lo Bl vie} o] [ oA 9] oFke] rA(a slight decrease)”}
ATk, E 3B =, 2% Y Mxe o F£4S UEiY. & 3C &, RAEA @2 24 2 3-Gy AN %
A (non-irradiated and 3-Gy irradiated tissues)olA], 7]Z(basal) % cAMP-A=H [, Ao FHEeEll=
(bumetanide)9] &3S YeElA FHoltk, = 3D & & o] Eno]A2 HC0:2] 7]H-(contribution)E& YERH
Zolth, o], o]AE] . v|o|E(isethionate)®] 59| %(equimolar amounts) O #A fAoA ] (1 < tf
Alsto g2y SAHEY. E~FH(Forskolin)o] 0 Gy(x. p< 0.02)0A I oA =715 YEeERRA T, 3 Gy Z3 9
A 2744 ekokth. = 3E = HC0, ] (secretion)olAe] ®lZs Na'(bath Na)e &3 Uedl Aok, =

oA Yetd Ad3e] BT n= 6 o2 REe Agolty, ol# vl (Error bars)T SEM & UERATH
E 4A =, IR 39 Zgt=n) d=EA #¥(plasma endotoxin level)ol A W3S yedl Aoltp, Zg=n}
ql Al e IR 39 (post-IR) 6¥o =AU, E 4B =, 9 A (membrane voltage)[3]A FeHA
(Dilution potential)lelAle] Wate] tis] vFeEbA C1 & Na o AH%A w&o]re] wWa= Yepdh. 7 Gyol A

o] A= AP (selectivity)e] @3 &48& 23}

£ 5 =, A7 A} IL-18, ™NFa 2 MIP-a -
o

S7HNA S dERT

35}

=1

rr

A=A w7/ EA (inflammatory mediator)e] @

il
]

I

E 6 &, AR Q3 HCO, E®] 2 HCO, EH|A ZA(HCO, secretory machinery)ol] thak w ool Al

(immunostaining)ell A9l WatE vpebdl Zlolth.  (A)E HCO; EH]eAo] wjx Na+°ﬂ/‘194 A &3

Ll
T
o
£

Holth. A) 140 M Na ¥ 370 Cl-E£@ah= 8o & B) Na 9l Cl Edahes §o)x 2de Aastar),
3

%242, ¥xZW(forskolin) o2 AFEJTE. H0; EHIE 0 Gy WA 3Gy FAME vh$-29) H)wakg]

g
r |

AdA W =o WA Na-o]&AQl HC0,  ¥](Significantly higher bath Na -dependent HCOs
secretion)”}, 3 Gy ZAFH vh$-2=(p < 0.001)¢} ¥t vle} 2o, 0 GyollAd #&EEAY. ZI=n =69 %
Ao RRY fFrEHET. o vhE, NBCel a/b FAE ARSI, 0 Gy R 3 Gy FAME W2 vhg-2~9] RiFa =
A (jejunum tissues)2] WY FAE e Aol

78 FFIAA F£F5 D ukeEE(kinetics)olA Y IR FolF-2]=2 9] W3I}(IR dose-dependent changes)=
Uk Aoltt, (A=, ZAPF, 54 W (Ussing chamber)ol A Z4® ZFE:a-229 Na' [, |4 Fojek
-o]&2 ¢l 7+2(a dose-dependent decrease)E Ay oz UEPHS HoFETh (B)E XA} Fojko] ZrlE o
2H FFFa2 g A% SGLT1 F3# (decreased SGLT1 affinity)S veERdTH.

£ 8 2, AL 1 GyollAl9] ZAA St FojiF-o) &4 W2 (dose-dependent manner)ol| A =
¥ &3E(glucose-stimulated current)S #HAAIFS vEM Zojtk. 7 GydlAel ZAlE FF3~
sHAl EZA A7)

ZO0A =, 2332 TRAAY ZUte s xsd e EEES UeRd, @8 AR (short-circuit current)E
Ueldl Aot 53], 2FFZA 5, 4l FEdA E3tET. X 9B = K, FRA e A Foj-oE
Zel Z7}(irradiation dose-dependent increase)E ‘tebdl K, A1 Huske] Z717F 7 Gyol A #EH),

o], ZAM} FF a2 hEk SGLT-19] #Ad JFEE do

oY
tlo
T
ful
=
Py
o
o
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E 11 2, 2AF 5o ARE Sk KelA el ®skE uE Zlelt. K2 A Foll A S7bE AL, A F oo
2F 149l A [HxET 2 (control values)] 2= Fol&t}.

% B =, 9-Gy % 15.6-Gy 2AF F9] 33} T2 AL A9 23E yEhd Zlejn. SFas-Aus
o Abg2 5 B 7ol LAY Wkl it vk 2AF o g w7px ]

-2 2 | 10900] @ w7 A ekt
2090, tx vhesel 30 47 Aol whwe], FEIA-AnE nheac) ofwad AL 2090 AESA T
st

T 13 &, AA-ME &3f&(whole-cell lysates)olAe] SGLT-1 v+ & e o2~® £33 4 (Western blot
analysis)S YeRd Zolth.  A7] Axp=, 2AF SGLT-1 2d S S7HA A S e,

T 14 =, AR 279 BYA-BY 9 A X (brush-border membrane vesicles)ollA ] SGLT-1 w2 e
A=d BX B4S ekl Aot Ak FoR-o]E4]] W4 (dose-dependent manner)ell A SGLT-1 w22
Y-S Z7kA7Ith, ojwsk SGLT-1 ©hild s A% zA oA WAREZ ¢Fakth(No SGLT-1 protein was detected

in colonic tissues).
T 15 =, ZAP} SFER-A5E L(glutamine-stimulated I.)olA 8] Fo&F-o]&2Q Z7}E of7|&S e
W Aot

16 &, AL 2Al-A59 I oA o] Fo@-oE2 HaE of7|§HE vERd 3ol

AR Fo s AE WES Ui ol 2l o

=
= 17A 2 B &, IR ¥ g == SF32B) AR
= s R gaE AEL oplagr.

= 7 AES oI W], %1

H‘l

182, theFet % TS 99 92w 53 2A4S yepd slolth. 2" ER AL w29 WA
o A1l NKCC1 (A), CFTR (C) 2 NBCel-A/B (B) @iz #dlg Uepd Ao, dFKox 28Hoz 47|
fl(lanes) 0, 1, 3, 5 81 7 Gy& Webdlth.  Z2AR= 15 GyREH-E ] NKCCL @A 2 G771, o] &
3 T/ 7 Gyold Zawuh(A). NBCel-A/B @l e A} Fo] AAeHA adrt. WA 2209
CFIR =hl 4 #-e . 0 Gyob Hlulgh upel o] 3 GyellAle] Ab Foll dAstA F7FATHC). RIAZAE A

2, 3 (ileun) Ev= AgeA ] @iy} vlaste] 7hg S NBCel-A/B @l #ds zhe=dh(D). =4 =
AL 36 doll A" BEE s AR A

= 19A € B =, cAP-A=%H (A) 2 ZA-F=E (B) 2ol E4H]o] 3k =24 %=(schematic model)©]T}.

20 2, 5-EFOR e (5F)(E 200) 2 AAESE(E 20 B2 AR vhgode 2 gl de] &
g e Rtk (% 5F-FAE vkl A e IseolA el MBS e Rel. B AsZee-T
2

e,
of,
ﬁ.llo
i
2,
ﬁoh
X
L
31',
\“
&
N
)
S
oo

2 S A Tes MAEY] Y% AR 2AAE L WEHE At AV 2AAELS U FAE K38 A
Foheck, 2 e 2A4E 9 WS 2 AT AE, 53 5 99 R ARG A &7 ddd
HFe] &4 Am e A, g/EE &G AddAe FF duld 28] wslel A AR e S
A=l 53] f&3sitt

FEsHA, B X5 AHAELS, &4 did v Wl ¥k oy, 2% Ay AE, 53 2% 8 99 2
BHARE A & 93] ofr|E 97 A8 E4¥ FF AHl(mishbalanced absorptive state)E& 34
gop, 53], B @ 2% Hutel X {+(small intestine mucosal healing)E 7WA3ta, 2% 715& F&H3}
I, FA9 FAE AT, A% 91=(small intestine atrophy)S dHslAY mE 43AA 4 Aa/AUA
v, 2% Aol oigk EAE 2zt #ke]l &% AW 7l (small intestine barrier function)< 3|3&3skAnt
T

it
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o, olauEpzl, 9 Ao NE MEd sh E 1 o)A fe] ol W QlejHom oRAEtHom 4
E7bse gA, A&, vEwl, g4F3A, 9 AFEE x¥sAY, 7EHeR A", B E A" A
|8 242, 9] 425 59 ?@%ﬂr. shte] AAFE A, 7] 2E] AA AFALS

WA 280 mosmo] A, HE= 53] oF 250 WA 260 mosme]th.  3hpe] AAIFEjCA, 7] 2AAES oF 4.0 WA
8.5, wgAskA 5.0 WA 8.2, Hr} BP%"“OM] 6.0 A 8.0, Bk wpgrAsAl 7.1 WA 7.9, 2 7H vpEA
sHAl oF 7.49] pH & Zt=Th.

).11

SAT AAFHNA, B 2] 2L, SFas, TR, vEed g/Es HEL A(lactose) & EFHE}

A &F(enteral feeding)ol
& 71sE I, fA FA4E Wlﬂi & (n l
% (dehydration)< XE&SIA|RF, o]2 A=A &= AR EP"FJ A3 S5 %‘r@r"]ﬂq.

WEEHA, HAMAE, FFFA Y3 YEF-9E=XQ FFFAXA % A ~El(sodium-dependent glucose
transport system)(SGLT-1)¢] ZA% I3tz uw EFo A FAF FoE-olEAC 7FA
(irradiation dose-dependent decrease)E °©}7|3tt}. FFFAL-AFA 7542 AGs, AP =532
T TN Y FAF-EHR] FAE dov|a, FFI 2o gk SGLT-19] Mst=EE FAAITS ek

o},

Aol Ful(intestinal lumen)o A EFEHA &E i = L2 (solute)d EA7F AHESA AAH osmotic

diarrhea) & 5 F Ao 4HA vy, £ AW m, 2F32x L/EE 2F E‘r‘?l 2 2AME 93 Ae

AT 5 (oral feeding)S AFUA HAIE oprlsla, Zaw AES e didof , 2, EYed,
T

WY, ERA, olaREEM olaRAl, EYUEW, olsdEyl, R/EE AYow iy *J_E—‘.‘% ofvleate] 212,
EE oolgel 2¥el 4T FRE AEL AFANY.

2% 7sS NAdsk] fd AR. 2A=S AT, shde] AAGECA, %

o N
[e} y T = y - =

8 2SS, A, 24, EdLd, Ed, gHREA, A2 ESL o|aR{Al, EYES, oIyl E MH
o2RE dYd sy Ee 2 oo 78 ol E dofHom ofAstHo R 871 @A, AA,
HIE, 454, 2 ZAFSE ¥3stAY, 7EHoR A, e FAEY. AR 2AAES U HARE F
3 FoHTh

H} HAl, A7 2AES o dZE o), A% 3y ME[2FY] §5 Al¥E(villous cells) =& AgX
E A*E(crypt cells)e} 2] AFda vust 49, Ai5FS(hypotonic)eltt. whEAeA & WHe &
st wpAsH A7 2AELS, §58 AT AE &4 BE &goz Q) ofsd, &% 7]es JNAsE)

.‘\1 rl

71 93 A4 A3 S5 (oral rehydration drink)ZA4 A& 3%

shbel AAFEA, A7) 2B A4 AFAEL, F 230 mosm A 280 mosm, EE olE 4ﬂ4°1ﬁ}4
X (any value therebetween)o|th. wvFEASHA, AA HFAL ok 250 WA 260 mosmo]th. 5 T2 A A S )
oA, A7) 2AES 280 mosm Bt} W ojust =X A AFEAHS Zet).
shute]l AAIFH A, 7] 2AAES ¢k 7.1 WA 7.9, BE ol& AlolY AW X9 pH & ZtErh. obgA
sHAl, A7 2A4ES 7.5, B} v sAl oF 7.49] pH & ZET.
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[0041]

[0042]

[0043]

[0044]
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A AANGEANA, 7729 oluiAbe, 4 mM WA 40 mM, EE o]E Alo]o] w3l 4x]9] &
A7) Z2AES AA AEAAL oF 230 mosm WA 280 mosmo]tl. AE]FH o =g whek ofn|i-
2 Aok Zhzbe] f2] obmAke 300 mg/1 WA 8000 mg/L, ©]E Alele] ojwfdh

=
st
N3, 7] 2AAES AT oF 240 mosm WA 280 mosmo| T},

| &
F%=7) mg/l

A
A
FA e =

K

> e ¥ A
N

= A ZAELE, 7|9 B2 ol A7 FEE EASIE Sy EE 1 o4
g ol Ak EoETh: oF 730 WA 6575 mg/l T o]E Alole] owdk Fx]9] oMol glal; <F 532

|, = o5 Alol9] W3t X9 Exolae] oflxamtZEA; oF 300 WX 2703 mg/l, EE o=
Abole] ot 4=21¢] FEolM e ZEAl; oF 525 WA 4722 mg/l, EE olE Aol ot FXx]9] Fio] A9
o|AaFAl; oF 476 UlA] 4288 mg/l, i olE Abol9] olwg X9 wLoAel EFeu; oF 725 A 6523
mg/l, E= o]E Atolo] ojmdt =29 FoAo] E|RAl; oF 469 UlA] 4217 mg/l, TE °oE Alelo] ojwt
2] FEoAY wel; o 817 WA 7352 mg/l, X o] Alolo] oW X9 FLoxel EYHEN; o
528 W] 4756 mg/1, TE o]5 Alol9] ot =2]9] FroA ] ofxmtebzl; W/EE oF 420 WX] 3784 mg/l,
L= o]l Aloleo] oW x|¢] FEoAe AY; AV ZAEY HA AFAL oF 240 mosm WA 280 mosmo]

o}

3te] AA e A, B awoe 3o AR gAl(11-21 mosm), ©FAFEEAN(3-13 mosm), =]41(19-29
mosm), ©|Z&FA1(19-29 mosm), E#2I(19-29 mosm), E]ZA1(0.5-5 mosm), LH(19-29 mosm), EHEH(5-20
mosm), oF~=3e}7l (3-13 mosm), E A (3-8 mosm), FE o] 3t AR RE HIH(subset)S EIEE &m

£ Al&git.

shvbel SAG AAGHelA, 47 2ATe, 2 obulwite] Wl 24, 24, Edeyd, wd, Huag
T, FAA SAG NG, 7] 2R, £ obEwatel P 4, 2L, Edey
W, R, ofATMEEA, olAF4, EAER, ojaviel) @ ARg ek

E% ofaylElyl e AHomRE A

oA E = (dipeptide) S EZ3H3it),

shube] AAFE oA, AV 2AELS, SFEN 2/EE dEod; ¥ SFE 2/EE vEQdoR JlES
T

fu ’ N
g 4 Qe olWe U(di)-, 28(oligo)-, B EAEE B vuAS weeA e,

AEAd AAFe A, 7] 2AAEL, 78 opvxAl 2FEN, 9 dodor S EE I ol ZFE
- Y EI=(dipeptides)E 233 Fx 3, 7] 78 ohv|xAit SFE 9 AV SFER-ES O E
o AA FEE, 300 mg/1 ©wF, T+ 100 mg/l, 50 mg/1, 10 mg/l, 5 mg/l, 1 mg/1, 0.5 mg/l, =+ 0.01

A = 100
mg/1e} &, oJwy3 300 mg/l BT} & Fxolt},

= ohE AERe AN, Y] AR 2HBE, Fd obrlnAt v, 3 gogow shy w1 of
S

Ao WELH-3F fRAE=EE 23S Fx 3, A7 Fd9 oAl WEed E HWEU-3 fHE =9
AA F=7F 300 mg/1 w9k, 100 mg/1, 50 mg/1, 10 mg/1, 5 mg/l, 1 mg/l, 0.5 mg/l, =+ 0.01 mg/19} &2
300 mg/1 Bt} vk w3 Fioolrh

Shibe] AAFE oA, A7 A7 2AES, o3 R- T-, &83-, UYdF(polysaccharides) % EF3}&
S XFete U dEdRE XA Eevh. st EASE AAFE A, Y] AR 2L, =FIL,
4/EE 2FI322 JteEsdE ¢ U et O-, &9, 9FH, 2 g@5sEs x3ekA g, EA-S
AAYGEH A, 7] 2AAES FELAE ¥oeHK] Zerh. I UE B AAYHAA, A A5 2A4ES
TEEQ A(fructose) B/HEx ZHES A, B/EE Wi o-, &da, g, B ZRESA gl/EE g
EQ2T JIEdE = de 853 ES EoeA] e

Ae el AAIPEA A, 7] X5 2AAEL, ddF 2522, 2 dogdoz FgEQ A 99 i e I 9
de] 2FFa-xFEe oY RE X3 = 93, U] dEdF 2FIE Y SFIA-EFEE o|dH A
A FEE 3 g/l m¥(less than), 1 g/1, 500 mg/1, 300 mg/l, 100 mg/l, 50 mg/l, 10 mg/l, 5 mg/l, 1
mg/1, 0.5 mg/l, or 0.01 mg/19} 22 3 g/l Hr} @2 ofujgt FEo|t},

=48 ANFE A, A7) 7 ZAZE o= So] Na: K: HCOs: €0y : Ca : Mg : Fe': Cl: HPO, , HPO,”

_13_
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s==s5

o] (phosphate ion); °}¢(zinc); L2 =(iodine); F¥; #A; A#g(selenium); =

A

23]

Be

SR

t(buffer) Ab

L

L

]_

S

TC

-

%O—]y H]E}-E‘l Dly DZy Dg,

Z 9 (choline)

B RS

=
ul
=

=

_]

3

wul
=
x=

5)
_g]

FHpantothenic acid)],

K

B
3

-

=

3

[HE

)
=
=]

of, glrEel), HIEW] By [
=

)

=

=2 =
=
Bs

(long-chain fatty acids);
o] L&

SR

IR

’ H]E}-Eﬂ Kl, KZ; K.’Sy K4y
H

o
.

e, e A, WlE ¢, HIER D (<
2 T4 % (consisting essentially of)"&, &

), HIERL E, BIER By(EjobRl), el B, (o
/5
.
5o

Fubel AAlE el A, HPO, , HPO, , 2 PO,

A&
HERY K (e.
h=i]

m
=

£of "7

Lfo]olalolm| = (niacinamide) ],

(pyridoxine), HJE}{l B; (biotin), BJE}Y By [d]
ZH(medium)-,

L

EE
— =
, &

5

D:
fel AR EA, 47 A

=
3|

s B

T

5 mg/l Bt} gb2 szl 4] o] HCO,

=
=i}
=

By, [F49ro}l(cobalamin)],

Dy,
o}Al(niacin)
2k (small)
3

|9},

TC

[0045]
[0046]
[0047]

K

sl

0
N
%

B A B (brush border)el t

ol vl
l =

‘wﬂo

AgEoEA, A7)

[e)

=

2 P4

Z o
=

of, "Il

=

=

=

=

AgEomA
@, o

[e)

=

of, lERen Py’

=

=

1

=2

=

ARl T

)

A
ok

K
mj
]
;ﬂ

A (compositing)L, A% Ayld oj

;OL
;OD
23]
el
Hlo

To°
X

A, ¥# A (excipients), o}FWFE (adjuvant),

A

3 WA 20 Ao dEF=E FA4E i (saccharide)

[0049]

SEmES

=
=

o
=

#a1d(oligosaccharide)"

ol

=i}
=

(enterocytes)

-
B

A, A

Fel A @ eel A,

ol A7

o

[0050]

el

)

ol

(intestinal projenitor cells)®} Z-&]o] tj

-
£

(enterocytes)

2L A 3

)

E AX

A

. Ag

-
S

bl AEZ[EE Al

(intestinal projenitor cells)e} Z2]9 oj

T
Jo

A
_Eu

ol

el

@

o

-
X

ol ATA

=i
=

‘m.o

oK

il

folm

)

folm

1 g

) ol o

3]

(energy expenditure)& Z4A1717] 9

Ar(mucosal injury)

i

kel
i

(loss)
oF7] %

]

e

s
T

ki3

A F3),

[e]

=

(intestinal rest)
H#A|H ] (brush border)el| o

S X
=1

o)
T

) _

(injury)

)

[0053]

o
s

pul

Fell A,

NS
o
)
~K

el
N
o

al
o

~

4

—_—

o
-

X
fron!
|
K
el

@
)
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[0060]
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& 2% A9 X f(small intestine mucosal healing)E 7HA8ta; 2% 7]%5S MAsta; 2ol ook
o] 4 2 fA9 FAE SAstL; &2 AFS AdWsAY B geta; HES ¢3ista; AAE os)
a/AEAY X 8ear; &% AW 75 (small intestine barrier function)S 3B AY T FHA7|L;
/s o Jete] A5, A8 A (bacteremia) 2/ W54 S (endotoxemia) S HAAAIZITH

o] 5 AL

of weha, B @y M¥x=A 3}stawW A A (cytotoxic chemotherapeutic agents), =WF Ei=
=

B

(proton therapy) B 4 s W A 23] §4 Ee W A5 ddd 74
7 =
=

= gL (pilot) ¥ 2 SR

(nuclear accident)dl =F¥ I|@A2] Y& 14 /MA

shube] AAIFE A, 7] WS, B dye 2AHEY FaAFS, oYt A8E da= = X Ee 4

Zpol| Al ] 7 Z(enteral route 7] RAEL, &% 4y Al &4 A
al

A}
[e]
2 AL B/EE B Foll 8 e A A SA FAE o, md 3 W EE oy ¥ Fold

i
oft
:01:1'
St
s
i
fr
pady
tlo
B
i
o
O

)
*

o
=2
>
=
op
i)
Jud
—_
S
e
o rlo

oz
N

| & "9 A (subject)" T "FA(patient)"E, ¥ WUHo ©}E FAEZ X
S 288= f71A(organism)E A el A&
< 2s F dE XEFEE FT(Mammalian species), <l (apes), A
himpanzees), B8, A, dsol; 7, nYgolet 22 7I&(domesticated animal); &, &, A, <,
S &2 FAH(live stocks); 3 Ph¢-Z(mice), ¥, 7IU3]1(guinea pigs) 2 F2E9} 22 F=5

AR o2 A e

B

-

o2 & oo 4 2
o,
rlr
Al
filo
2
ofl
of
ol
N
r%

2 o2
o3
i
S
-
=
=4
e
fo
s
rlo
e
o
oft
e

1

ook
O

shube] 54 AAFEHAA, A5E 82 e IAXE, AolAE (duodenum), WFAF(jejunum), E F
(ileum) ] H= Z=(mucosa layer)S E3l=, 2% AHE Ay AlEo] £48 48 dxjoltr, 53], 52
82 3= IPAE, 279 §5 99 4 BYyARG &3S 42 Aoty d& o], A5E o=
 I3AE, 2 AS5[dE B FE 99 9@ HeAHEEe FEAQ e der Hok(partial or
complete wasting away of the villous region and brush b < Ao A 2] Ao
T 5 %(Ho)% 10 %, 20 %, 30 %, X 50 %9} o) HAES zta; AN

%, 20 %, 30 %, X 50 %) &% Aeol(villous height)E “FAstiL; 4]

A

S

b i B

9] s} = 1 o) 49 4 A(transporter)? 7% &A% zta, A 4%
]

]E]E

O g o

_\3
¢ I
R B
_?&,
ol
o

ofy rr lo

NHE1 45|, 2 NBCel-A/B &AE XFalAut, o] A|ghw]A] i, 7

B(Ho)= 10 %, 20 %, 30 %, X 50 %)olar; /L Ao

(absorptive capacity)ellAe] WS 2ta1, 7] dgas, olaFal, 741, , ,

ed, EfEd, ¥@d, s|zHd, HEA, ggd, of2r|d, ZFFREWH, ofATEEL, olAnEEAL

(aspartate), A|Z=HQl, =41, &5, A, ofxgfy, SF3IL, TEEQ ~(fructose), R/FEE= FE
% =

2R AEE Slela, A7) F

X
lo
ol
o
T

oo 2

27
H,
A
to
o
i,
e
> o
AU
T
[t

R
>
lo
E
Lo
rlr
)
2
ki
(@)
=
)
2
ki
—
(e
§
[N}
(e
=
w
(e
§
t
ey
a
(e
=
s
ul

= o 71A1e wke} o], 74 W (Ussing
, T HA ] W, dE o K, Vi B LS XEF

W) ool W ge, A8

i

2§ AES} ZF2 % Aube] Ay Alxed E44S oblske ZE 3 AR WRlo] Sdd /e (skilled

=
clinician)ell o&f A 542 + 2l o5 Aol Lzl wiep o], A5 & A(IBD), A HF
A, Aol AMF(duodenal ulcers) R A& AW} e ST AWe 2te A= 2% A w4l 9

=
I (chronic destruction)ZHE &3 ot HWARA, 382 ¥ (chemo)-, X %A A X E(proton therapy)

b EF 24 Axe] £48 don,

2o A8H wle} 72 8ol "XE(treatment)" X o]9 oust THZAQJ WIAE =, AR}
(treat), X &3}=(treating) ¥ X & (treatment) S, @AW E+= = 9/E=

Z}e "d/m= ME 74, A (suppressing), A&l(inhibiting), Zo°]
v

b, ol& AR A e

gud

,
w= Akl X8 (progression), 4
o
=

A A LA

ool ARgE wkek 22, &0 "JHd(amelioration)" Hi= o]o] ojwd ZHAHSQl WSt dE 5o, HAsG
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]
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(ameliorate), 7HAl&l=(ameliorating) @ X & (amelioration) S1&, AW TE FAH[dE Bo], A, A
g (bacteremia) B/HEE W=52FZF(endotoxemia) ]9 Al (onset) s AAAIZIAY, e A4S 2 A7E
AE EtAIRE o]2 AgH A Zerh, B AMEE el 22, NHE S 8 gle AS 2a= g
=] &=t

Hoo] AFgd vlel e o] "faH(effective amount)"S, AW EE FAS B Y EE NAEAL,
EE oy Ax a94E ANE v & YUERdT.

shube] 543 AAIFEeA, & a4 Abn Al ek &4 zhe vk o] RS EXAIE
RS AlEsta, A7) He, 2 AT Ao did &S 2AY, B olgd &4oE ARES v It
I (who is about to be inflicted with such an injury), X& E& NAS FQ2 & IAHPAE gQlsta,
g, 22, Eded, &4, HEA, ofAR2ELL o]AR{Al, EYESR, ok, 9 AdogRY A
oSkt e ool frEl obvxal; R Qoo r XmEHoR £8Tbse @A, AsE, HEH, $EA
9 Age S xFete, VEAHLRE o]FojF EE o|Rozl 2AEY Fa%S, V] IAPAANA G HAERE
S, FoHe AL e, A7) 2SS 240 HA 280 mosme] AA] AFEA 2 o 7.1 WA 7.99] pH Z
Zk=t}.

shubel AAFEelA, Bh71e) dehae] sht mi T oolae, 23 A MEe £3& JRI[EE 9 A
A

(about to have)] MAAeIA, o] ARE Fal Folsln eka, 7] JYxe, ST, Weod 2% F7¢
Wog/EE WE oo AeRE & e olmd -, $¥u-, e FoRs e wvdery Ay
= g, BRF ¥ WSsHE W/EE 23 A

D FRs Y FRAE RER 8 5 Qe oluR v-
= 3 R
T

=
F71A9 ANGEIA, 2 43 AEe £4& AA[EE B A Ebout to have)] FAAAE flal, 371
FUn F oud A% P A2E 34

via an enteral route), A7) GU%Ai
[e)

Fol5 X Fal(none of the following nutrients are administered
FF-(saccharides), A& (lipid), AW H(fatty acid), /FE+= 23}

Al A ATlel AFE A oudt A Fo F4E A= e AFeREH ddd Aotk WA}
Ao wZ9, = WAL, Fsk- 2 9k} X B (chemo—, and proton therapy)E W2 3kxlo] dhaf, &% 4
3 Aazdd disk 42, Hojx 3, 7, 14, 21, 30 &, v 1 WA 30 & Ate]o] ofwgt 7|7t 5t dubdo R

SEELN

N

[l U S N

P AAFE A, A7 G427 AR wEEAY e WA =S
, 1 WA 309 Alele] ot 7|73, 7, 14, 21, 30 ¥ Fef &) Fo|, s} T 1 o]Ate] dlr)e
7F A9 X f(mucosal healing)E SHAIZ17] S8 e A= 3

=
vl =
MElod, 2 2RE 9/EE dEedow Ak @ 4 ot owd o,

o
=Y
Lo

3_,('

|

g
t
s
o2
o
>
4

rd Wl o2 O
i
offt
o
Sl
s
il
=
ox
~N

o2
i
[N
ls

e, £Ha-, B g

Bl T did; 2232 9 ZFIAE JMFEHE 4 s oyt o, &8, OgdF 9 B53E; 2
[BE &3t Al SFddA AA7]-AFE ougl JSAe] FFE 28R e ARo=RFE Mdud dikiolt
EAgh AAFH A, & Y 2AAES ATASE Ty, IARY LAl EEdtt. MdEAHor, A7
WHe, o] ARE B SRS o2 FoFA dv 87 dY9Ah 2 HAAE, nAHT A2E FE, 549
He e 9 2t
shube] AA A, B ie s A FE3 F = RE F5E 0 %A (essential nutrition)E A
Fohe Blo] osahA AN, A A AFE NI, & FEE IJH/AT, §FA FAE I,
e 2% §8 55 Ad¥siAY Ee s, dAE 9 9/Es XEsta, 2/EE FY A9 U)F
(intestinal barrier function)S 3% H& FFAIZIT. 543 AAFHAA, 7] 89 24ELS, 37V
Fu 7)ol MAE TS V22 st Y 75 dr1E XFete vF 7I<(multiple technique)S Ab
g3l =" ¢ vk a) A AW (Ussing chamber)ol|A] AZd A Aol ALE ZH(conductance

2}
measurements)o 2] 7}k, b) Cl % Na(PCl/PNa)®] oi#Ql 4% (relative permeability)& FAst=d A
4% g4 ¥eld(dilution potential)[ 2% 2#A3tal 7542l ™ (only intact and functional barrier)®]
o] MEld(ion selectivity)S FAE o Utk 7] A 7les& FoW, A7) o2 A9d v&2 1 o 7t
7F9) A th(when the barrier function is lost, the ion selective ratio is close to one)], % c¢) Z&}=n}
A=E2A HaS S, HAY 9 75s edod, A #A9 I vheEolrt Al=#(systemic circulation)

Y2 olE9 A wA" 4 gu, AyHor Zgk=nt Ad=EA (plasma endotoxin levels)o]
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

S7HAT. dESA S S o Al
S >~
ES

=
(index)EA A= 4 9},

2 Ao 2AAELS, & AT MEY &4, 39 T a4 Add oust 43 e S AR EE )
A s 23 A Mxe A, 53] 239 §5 AlE(villous cells), FAlE(enterocyte), H/EE 9
HAFAE(intestinal progenitor cells)e] 4= Hi= 7]5olA9 £24(loss), T3 EE i AEE 4= ),

, =84,

wowge, el 4 Azelde %
i = S Eu

= 715242 W3k(inactivation)$}

shite]l AAIYHEA A, 2 wye] 2AdE 9 W, FFI2 Uisk YEF-9EH] ZFIE FF AlaH
(SGLT-1)9] 74 % H3}%=(reduced affinity of sodium-dependent glucose transport system to glucose);
NH,-=ehe] A 7184 Na+-HCO3(-) &54% (NBCel-A/B)¢] €4 mx= 7+A4% A X[loss or reduced activity

of NH,terminal electrogenic Na+-HCO;(~=) cotransporter (NBCel-A/B)]; ol Z(apical) Cl -HCO, 3+ 4%

AAED) Q] 4 e 7w FA T (loss or reduced activity of apical Cl -HCO; exchange transporter); o

FEA AN=Re F7HE e BE G40 SAE, e deEd 3 e S

AT7E, 2 W2, FR AL 3L gl Sle| A o] WA E3tell wEg 3 22, JdAT YA =E YA F
. N

(radioactive weapon) @ $¢13F 3 Wr=(accidental nuclear release)¥ & HWALA 3o o& WAE A&
Fell izt &S A = sk AHEE & dn. FAFeR, B dwe S 9/ v AR

¢

Jde Aw mE AAsE AgE + Uk

SR FAGA ANFGEIM, B orwe] 2YE R P, APl U 42 AR EE AdsEd g
% 9l 12,3, 4,5 6,7,

9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, E& 20 GyolAl
]

8,
o w ok AAFHelA, A7) S84k 20 Gy W e Fojgoz wMARNS wht)

Ay, B owtme AxZgd | 5-Z2F 2 2 92k (5-FU), 44F8F 2 4 (hydroxyurea), ol EF¥ A~ (etoposide),
o}ghH] = Alo] = (arabinoside), 6-HWMEZEFT (6-mercaptopurine), 6-E] 2o} (6-thioguanine), =5tiEhsl
(fludarabine), WEEZ A o]E(nethothexate), AHEO|=, W/EE= o5 %3S ILI&A| U o] A FHE X
%+ 38X 5 A|(chemotherapeutic agent)ol] oJa WAE = Agol] theh &4k X7 e /R AHEE + 9

o,
Akr, 2 odge, Pya Amol oo AE £gel Uld £go AR Ei Aol AgE & ok,

EAQs AAFeolA, B owgoe  od=A A ASH(IBD), #EAH A (ulcerative colitis), Aolx| #H%F

= 23} oS (coeliac disease) [t A® (celiac disease) &2

= A U3 &3S xgete ZHe X' e Ao ArgE

T 9ok, B oo uplolg| A, AMldA, TR(fungal) X 7 8] mlAE 7 (microbial infection)d}
3 X

g2 HdAd A dEel, A ud S-S AR B dsked ARE 5

(duodenal ulcers), =

shube] 5% AAIFEoA, & EEe A FE 5, S §5 99 ¢ HYAHG FEFHQ
A A (partial or complete wasting away of the villous region and brush border), ¥4k olye} A&7 §&
Fo A A, #AHI, D/EE doy|= AW 2 T4 AE Ee g3 AEE 5 QT

rlr
o
=

St AA oA, B e WAool § 9 F(focal villous atrophy) F/EE S5 59 ik A3A
8% 93 (hyperplastic villous atrophy) %/H+ WSH-A §X 9% (hypoplastic villous atrophy); 2/
+ A9 95 (mucosal inflammation)®} A 2 A9 AF §lv §5 A5 A= e Jiddd AH8E 5 2

54 AN A, E wye 3ygA g2 F[ABZE A (crypt hyperplasia)d 4] 2 FAHE 23
2 ombd A3F FolF(coeliac disease)[ZFFH 1A A3k (gluten—sensitive enteropathy)® &A]; wHA
Q] A (chronic trauma); 27 ]2 (small bowell transplantion); W|x7]9] 3&e] SZ#(urinary 1ileal
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

S5S0dl 10-2069790

conduits); ¢ A= d=; & A%(intestinal ulcers); & E&(intestinal anastomosis); FF7FaLx=n}
(glucagonoma); FHHS 23 dAlE; a3 I 5 Y= (primary ileal villous atrophy): ®AgH W<
2% (microscopic colitis atrophy); &2 WA §29 ¢ =F(intestinal microvillous atrophy); % HEFEZ=
#o} Alo]Esf ~(mitochondrial cytopathy)[P|EZ=d ol 359 Al o2& (mitochondrial respiratory
chain anomaly)]Z& X33xqk, o]2 ATE A = Fake A8 T Ao AFEE 4= ).

SAT AAPEAA, 2 2, ddY §2 HF(hypoplastic villous atrophy)[A2ZE P4 gl=
(without crypt hyperplasia)] 2 ##¥ A% 2 oby F¥(malignancy); FWllZ= AE ZZF(paneth cell
deficiency); ¥3&A] 7I's A3t<(hypopituitarism); =F8l-72] 2 (gluten-free diet)ol W&ol gl& T
A 238} oS (coeliac disease unresponsive to gluten-free diet); FA A~FF$-(tropical sprue); HAF
A B =4 Wd(radiation-associated ischemia); Hl2mlo]Al(neomycin) 2 oFAFE] @ = # (azathioprin)ol

oa fEE SR A5 2L dE-fEE §8 952 TFAAT olw ADEA 2= T4 Aw wE
Q
(€]

e AbgE 4 9l
EAE AAGHo|A, B e Hu %S zl= w9 Bk ol By AW 2 v A3 Aol
A Z}3t of ko]l Hwl=(severe alimentary intolerance); A& =¥ W (congenital Crohn disease); A7}d
Z
Z

=
o A% (autoimmune enteropathy); A& (enterocolitis); % WY S (immunodef iciency

&l e A
syndromes)& XSHSFA| T o] 2 ASH A = T4 AE Ee A AEE 4 9l

A, 2oy F(hepatitis); FY(intestinal cancer); 9] HXF(intestinal
lymphoma); AI18 Fx=w; LE7](allergy); ZAHA 91749 (eosinophillic gastroenteritis); H}o]g]2=Ag
Y4 (viral gastroenteritis); 2 A7FA9Y A3 (autoimmune enteropathy)S Xg3lA|qh, o2 A 3HE %]
B AWl o of7|E = FR 959 Am e el AMgE & Tt

EAe AAFEPol, B dwe ms B9 3a §5F AEFF[100 FAE F > 40 Ay "HEZJ(> 40
intraepithelial lymphocytes per 100 enterocytes); 7FHE % 9==(mild villous atrophy)], v} E}Y
3b & AFF[100 FAE F > 40 FIu] 25 0 FHI 52 AFT], vk B 3¢ g2 A55[100 A
X 9> 40 AU BEF; FE 99 FA o dFE HA(villous region absent o almost absent)], [WHA
23} Folx 2 Fo R %9 AYH vl4] EFol 7]|2E $H(based on modified Marsh classification of
coeliac disease and intestinal villous atrophy)]S X&3alx|qh, o|& A|eE ] =, 2%l WA 43}
Fellsd #EE 8 AF5FY Az e AL AHEE 5 A

0

o

B oy &5 Hak(palabsorption), AAF, 79, FE, A&d E7 3 (electrolyte imbalance), T4 B
4 &4F(dehydration)= EFSHA T, ol2 AFE A e 2% e &4 BHd SIS AHIAY =
Pt

s w3 AgE Atk

e A, & U A5 2AES AXS7] g el AlTETh. shube] AAFEA, 7] B
2, &% AT XY &, e A4S 2 I3 Ao dAE FHXE] g% =S Axste As =
gatar, A7) 2AES, sl e 1 ol ARY Fa%RS EFsAY, 7EAH LR o|FAAXAY, e o
FojAaL, A7) AR, 2 AT Az &4 e &S e 37 A 9 FaE, AV 2=
£ 230 mosm WA 280 mosm(HFEAEA F 250 mosm WA 260 mosm)e] AA] AEAS zti, A7) ZAES oF

Ak
=
7.1 WA 7.9, = ol Atol ower | (MFASA oF 7.4)9] pHE Zrar, AV
3 Ay set.
shube]  AAFEAA, AV AR fF2] oAk, OE=,  ©dF(monosaccharides), o9 F
il

, T
(disaccharides) T olE9] %3, L <ojxom Aejd, vetdl, kg 2/ 2Ry Add Ao},

=
Shuel AAFHAA, B Wge, §7 R AUE Gl 23 49 AL dal Fol, F4 55 47
S/ mE Shshe, 994 we A02E dUgoRA, ¥ Am 2R R ¥ A@ 9%a w
AR s AR e AT,

]
A, BAE B/EE gel AT Ao &4, v i gash B A9 BE 24 AR EE sde A
89 5 9 AR JYR YEE ANDS S5 A A8E S Ak 5@ AAFUIA, 37 P
e BT B4 Tt B9 1§ BLE B/ AF 2HE L YW WA AgE + dd. 54
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

S=50dl 10-2069790

A TR JGaE, dF B9, oaFal, F4, A, WEHed, Hdded, Eded, EHER, Wy,

S|~Ed, B2, A=Al x~Hl (selenocysteine), &Eld, o274, o}ATZEL LA (aspartate), AlZEHQ,

Zg4l, ZEZ2A, AR, ofxuel 2 9 E2 M (pyrrolysine) C2FE AulE BFHQ 9 -3 HQl opw] i

2be Egheith, HAS $R GYiE, A, FRCE B9, 4R, o-FF H &Yud), dad Z u
T [e)

il

= , 224", ANEEW(citrulline), 3JE=FAIZEZH(hydroxyproline), ZHEAH

(homoserine), #H'd=2]4l(phenylglycine), E}F$-#H(taurine), QL EZE|ZAl(iodotyrosine), 2,4-T]o}n| =K -E]

Z2F(diaminobutyric acid), a-°}u]x= o]AXFE]ZAH(amino isobutyric acid), 4-o}n|x FE|ZAF 2-o}n]|

BE 24, y-olux HE|EAF, e -oln| i ;A=) A ¢ —amino hexanoic acid), 6-¢}7]x A}xolrk  2-o}w]
= O|ARE|ZAF, 3-olu]: X 23]2AF(3-amino propionic acid), =ZFAl(norleucine), x

(sarcosin), TEAIEZ (homocitrulline), AlZ=El3t(cysteic acid), T-FEZF24, 1-FEdeid, dAd=
A, AlgRdAdd, 3 3-dEid ) 2 H-"1AARl o e AbEs ek 2388 R Q.

4

F7F4 AAIFHoA, dYA 2 HaAlde d8e T3, Aol BEEHo= Ixte] o w2 [R FAF
(dosages), WARA T(radiation sources), FAFE &9 dAX-(body part being irradiated), Z/E& X
o] Ak AIZE; 848k XS A (chemotherapeutic agent)®] B4, Fo=, W/EE gshxn 39 A Azl
AT e A Az Folg, W/EE FAAA AR Fo] A At w2

B ) ) o o . ) ) _
S = ol -, 4 Sl s ) e

A7 917342 A AA- (subject screening assays) 4 A8 A (Ussing chamber studies), AEZ ZHAA}
(cytology), WAZZ3}8F(immunohistochemistry), HUW=®l EB3F(Western blot), JEA-AF WIS 3

(enzyme-linked immunosorbent assay, ELISA), T¢& A 4] ¥H3-(polymerase chain reaction, PCR), o]
2 A% (ion flux experiment), ® 7 (immunoprecipitation), ® &3 AW (immunof luorescence),
A9 S5 H (radioimmunoassay) 2 WM EZ S EFSA|TE o] 2 A SE K] gk, B FofollA Z &z V)

o) 3% Agstel AAD 5 9

iy

12}

Ay

183514, A7) RS, o]#3 AES 93 279 &5 8L FAEY] A8, 48 Ane e V&S ALE
3toy, Axte](in-situ) = E8¥ & FH|(isolated bowel preparations)o] 93] A= ule} o], A7) 3t
o) e}
%

Aol 24 Aol oa] F4® 4 AE olge FHE sz Aud & A

A% (Formulations) % %o

Boage, Bodygel 2%, U JoHoR SHoE F8/b5d BAY ARH FEAFL T A
% EE opsd 24 da AFath olud oS wAlsl 23 g Wwel 9Ad & AT Am
87 zqBe, 53 §2 99 2 neAudeldel £4E 2% gue AF wE sl 9P wAA
e, PP (excipients), oFFWE(adjwvants), FFE 5 TH TFT 5+ Aok, AAFHAA, ) AR
2% 8 Belol EgE mE JRE "ol

g "FAl(carrier)"= A7) SFEI @A Fold, FMA, olsFutE, ¥-PA T H]3|F(vehicle) & YEM
o}, HHE3g okAIstA ©A9] o, "Remington's Pharmaceutical Sciences" by E. W. Martinol] 7]z1% <]
Atk olEg ZAEL, AU A FAE T FHE ATHES, HAg o] HAS} FA A=A
FraFe] A5 24EFS XTI, Y] AP Foo o] WA (enteral mode)ol AAspoiof g,

2 e sy e 1 ool AR, ofF Fof sgE, WA B 2 o] AT 2AER AR s
T 11 o)ge] 8715 EeE= A8 @ (pharmaceutical pack) ¥ 7]1E(kit)E T3 A3t

shube] AAFE A, A7) okAEA @ mE JEE, oF Bol, & AT Fojwd] wele] Fol, H/
= oS So] WAL, g8t (chemotherapy), B SAA 86 st =2 2E] A7 A 7Helapse tim
e)oll #Bato], FoJo AIZFS 93 A (instruction)E © &It} Fhte] AAFE A, 7] 2AEY X
584 Foge, &% A g &4 ARE V2R AAHET. oAE B, IAAA HAMS ALY E
= o AR S 2 Aol deliA, A7) 24w AR FolR, WARd 9 (radiation sources), £AFE
o] X (hody part being irradiated), D/EE ZAF 39 A A7FE 7|22 AALAL. 3@A7) 348 o
H(chemotherapy)& AU &= 33t o9& " vk Flo #3A, 7] 2AHAEY A8 FoAge, 353
4 (chemotherapeutic agents)®] E}Y), 3}e-x] @A Z(dosage) Z/HE 3}FAE Fo A AlZH(the

=
=
ime that has elapsed after chemotherapy)S 7]%= ZAHC. IR/} FARAARE HAY T FAA

tim
ARE 9 w2 Ad B, V] 2AAEY A8TH FAFE, FAAAd o) e AR A5 Fojg, U



[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

S=50dl 10-2069790

&9 &5 (Experimental animals)

&4 Heo;  EHE ATebr] e, 8F ©, RAA @(non-irradiated) R EAME, 7 BALB/c WF-AE
=7 oF A4 (National Cancer Institute)Z2F-E FE&TE. w9 AE Qozorg JFo= iy, 1.84
Gy/mine® y-2AHE A@she Cs 29 AMESo], Shepherd Mark-13+ g7 91l T4 AL FF
(gastrointestinal acute radiation syndrome, GI ARS) E@lo] we} HEE ZASIATE. WA @Y 3

(single fraction)o 24 AT, A7) GI ARS RAE o] ZHA o Hujgre] wALA £Ato] dAwm, vk
e 55 T WA A= Bt Ao &4 F Helth,

WAL Fo] AJzke] g2 A, "9 wRxpAel FrlE R F thel @4, wE AF(short circuit
current) ()X W=, [ oAlAe A4 HAsE Aiteted 282 3= 7HE wE A 2 FH A W
AP FBoFS FAHI] Y8l 2AMEY. o]e]d dAFE University of Rochester Animal Care % Use
Committeeol] 2J3] <<=},

o]2 &2 H*(Ion flux studies)

A d (exsanguinations) o, ¥l &2} ©H(jejunal segment)o] Ao 213 wrko] 12 cme &3S AL
o7 F£EHT. oly3 "dHS, Ho] Wol 9= &8 Z(the underlying muscular layers) O 2FE HIAXA
71 Ad, d&-dz 7 &M(ice-cold Ringer's solution)o] A|&3dlar, AojWlth(Zhang, Ameen et al.

2007). 371 FE-e, 0.30 en’ o G Zb= fA-EY 2AE AW (Ussing-type Lucite chamber)<] 2 7§<]
Aut(halve)Abolo] T A 7] 3(P2304, Physiologic instruments, San Diego, CA 92128 USA), 7] z}z}m g
= Ad/HAF EFYE rulo]A(voltage / current clamp device)E ARE3Fe] 7| =&FTHVCC MC-8,
Physiologic instruments, San Diego, CA 92128 USA) (Vidyasagar et a/. 2005; Vidyasagar et al. 2004;
Zhang et al. 2007; Vidyasagar and Ramakrishna 2002). “&¢] A|Z(Intestinal preparations)t, 8 mMe =
FES z e dukAel g# 8N (regular Ringer's solution)(3E 1o <F whgko= w131, 95 % Ak
(0,) 2 5 % o]2kstebA(Coy e EF}ER 7t~ FHS.

_21_



[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

S=50dl 10-2069790

[ 1]
gAdo| x=M(Compositions)
HZFEO| HCOs Na* Cl-gg| HCO5— HCO; - & CI*-
ol2d =4 2A FE|(free) 72| 8Y S 2| (UB) 2| (UB)

Na* 140 140 - 140 140 140

Cl 119.8 119.8 119.8 - 119.8 -

K* 5.2 5.2 5.2 5.2 5.2 5.2
HCO5" 25 - 25 25 - -
HPO, 24 2.4 24 2.4 - -
H,POy4 0.4 0.4 0.4 0.4 - -
Ca?* 12 12 12 12 12 12
Mg?* 12 12 12 12 12 12
SO4% - - - 12 2.4 24

EL RN . - - - - -
(Gluconate)
AlEotolE - - - 12 0.4 5.2
(Cyclamide)
O|M E|24|0|E - 25 - 115 25 140
(Isethionate)

NMDG - - 140 - - -
HEPES - - - - 0.1 0.1
D %= mMO|CL. 0|24 82 0|2-X|E Al (ion-substitution experiments)0| AL EIC}
DE 2Wo| pHE 740|CL.  H,SOs= CI-8E| BU(Cl-free solution)A pH 7.4 2 =H-SI=0|

AFRE|T, 1 gto| BE 242 HCIO| ALBEICH

of0f: UB, 2t= &R

ot 2 ol(unbuffered solution)

X

HCO;  ©]& (movement )2 5%

Bi-H21 TIM 856(Radiometer Analytical SAS, Villeurbanne, France)o], W A% w132} A E(stripped jejunal
sheets)ol Al HCO, HHES =A31=d ALS¥E U (Vidyasagar et al. 2005; Vidyasagar et al. 2004; Zhang et
al. 2007). AFs3bE FZE 0.025 M SIS0 0.01 nlel #7kE B8 Fuld 89 (luminal solution)ol
gk dAd3k p & FASTE.  EF(Standard)-to-stat pH ww&2, A¥ A& F4H(linear titration curve)S
YIS HCO; o TV SEE EFshE, oFshAl $EA2 89(a weak buffering solution)el %elxl

Fol 1,80, & 3 Hgo=A shyidn.

WAz 228 vjA Alo]=(bath side)[FE Aol =(serosal side)]olx] @58 &do] =ZA7|HA Fujd
Aol =(luminal side): HCOs S, SA-9+=%H £ 9(HCO; free, low-buffered solution)[0.1-mM HEPES (4-
(2-3 == Ao e)-1-F Ao & EA) 4589 pH 7.4]0] =ZFAZTE. HCO, EHlE, 7.4904 pH (EE
stat p) & FASIE=SE, Fujgd o] Hr7le ko] 43 H5slt}. EE AL A-FEZ ZA(voltage-
clamp condition) tollA A=, HCO, —98] £HE 100% 0, &2 7}AS FF3ka, HCO, -E&sle gae
95 % 0, X 5 % C0, O& 7}~8 FFerh. H0; EH|E peq - ho - cmizﬂi/\i ¥d9 ) (Vidyasagar et al.
2005; Vidyasagar et al. 2004; Zhang et al. 2007).

Z2o] :1A%E Fo|(After the tissue was mounted), HCO; H-8]3=, wl2s HCO, o Ao Z7)o] ZA) 54 vHHCO,

_22_



[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

S=50dl 10-2069790

secretions were initially present in the absence of bath HCO; ), 20 W]=] 30 & o] 0 o2 m=A "oz
Tk, wRoF Wi HCO, = A A(titration) Herol EA&HA @R, HC0; #HE= 0 o 7MgA wobsleth. w2
FoNolM N0, o) EAE, Holw 2 A7 B AR FAHE, HO, Fuleld wE Z71E opar)

(Vidyasagar et al. 2005; Vidyasagar et al. 2004; Zhang et al. 2007). A3|A(inhibitor)7} H9te] &

of H7le 2<%, pH 7F ZHE I, HCO, o] FA SXE(steady rate)7} #2E w7hx], 30 B ok #¥HS
A3t (equilibrated).  As|A7F vl Abo]=(bath side)ol FE7HE AS-, 7] 2HL 00, Hulo] A &
Eg 2gsty] 918 30 & weh B 7 FS FASTHGE 3% Fan).

E A8e 279 1-A17r AA £% 7)7F(initial 1-hour steady-state period) E<¢to] A&Hct. Zhzbo

=]

a- fe] o 1t —
$RPEY 1 24e, 7zt Adel AgHn; WA 1 4% 2ol Z7ke x4 AE W ATHU,
=

Fo o off

v o Z X) 31 5H( Immunohistochemistry)

ZAME A eFe wpa F A vl F UREE YeE 24 &go] 2 (Frozen tissue slices)® ¥-NBCel-
A/B A& ALEsle] WP Foz AAME Holth(Bevensee, Schmitt et al. 2000). NBCel-A/B&= & t} g4t
FAUEEF 3% 9% (sodium bicarbonate cotransporters) % UHNBCel-A and NBCel- B)Oﬂ TEH F=EA] ¢
choll i FA" thsEFE A (polyclonal antibody)olth. WA Hxp= A & 6Uol(on day 6 post-
irradiation) AAl®Th, Fel® 25L&, do-¥E X279 H7A 9 (ice—cold regular Ringer's solution) 2
2 AFeta, dE-Fio] 792 viA (frozen-section embedding medium)ol] ZHYA| 3, NA Ao FiL; 6-
mm A¥Ho] Fgto] L ~EJE (cryostat)oll A A ZHE .

O

J=el B2 7 (Western blot studies)

WA 83l&E(Jejunal lysates)S FANHA @& w9 2 FAME wp9-2=9] el 239 9] (mucosal
scrapings) &2 HH A|FZHTE.,  F2#2 NKCC1(Santa Cruz CA, USA), NBCel-A/B (Mark Daniel Parker, Case
Western Reserve University Medical School, Cleveland, OH), % 92=¥ EXo 23t whald 2 (Bevensee
et al. 2000) F¥AH AfFs HHF AE=EE FHA(cystic fibrosis transmembrane conductance regulator,
CFTR)(Santa Cruz CA, USA)oll tha] &2]&}3ic}.

2
i3

u

qub 2= pll 7.4 oA [10-mM Lo EolESHE, 1-ni AUvEEEY TRoato]s, @ 2-pg -ml
FAY (leupeptin) 13} 7 ZZEolAl A3j#] &= (protease inhibitor mixture)S ¥3$+3l= 25-mM HEPES:
10 % S8AE; 2 1 % Triton X-100[Zod#d = p-(1,1,3,3-HEZIHE R )-Hd oe=]&
EgoldZgME 7HEEs a4 $4E89 OEHA]ﬁE}(E}% WA o g el esktw, BE
Sigma-Aldrich Co.Z4%H 4F39th). oA sx+= HYP=¥= A (Bradford assay)= AF&3}o] }
oh. 2AE AE 9 F2AEA e AZERE] gde] 571 3% (Equivalent load)o] =AU EF-2
glolaHoln= A A7) F(sodiun dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)S Al&
3] EA8F9 T, NKCC1, NBCel-A/B, @ CFTR ©@¥dS, spd-AAld thsZ & A (affinity-purified
polyclonal antibodies)S Al&3lo] FA 35T

T

ol

[«0
-

1.

Je fot Hﬁl
L

oﬁ I
O
e ¥ o v

E(Statistics)

AIE Hite F £ T A (standard error)ZA YERATH.  FA A2 2 @A A AdHET: 1) WA
el zlol7} Wzleke] X (analysis of variance, ANOVA)S Ab&3le] H|AELI[EE oo nl-mj/jH4=e] &
=3t ge)A~7-4e] 2~ (its non-parametric equivalent Kruskal-Wallis)]; 2 2) E#ZU-xA® P& RE
2 vhA) vl (pair-wise comparisons)® AlAFE T}

71 B owdel 292 A% PE 4Psks dolt. olud di, $HosA olsEA gt}
o vEhiX % @, RE MEEES FY| @ olm, BE §u) EFE HEe $3d o8 Ao

al
t}(All percentages are by weight and all solvent mixture proportions are by volume).
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

S=50dl 10-2069790

AAd 1 - ZAE & 20l EH]E F7FA 21 (Irradiation increases net anion secretion).

o2l AAdE AL & Lo BH](net anion secretion)E Z7MAIZI O 2 UEh I, AT E A X v
aate] R Gy Axe] ®Hop 2 EAS oyt WA, &A% Y] 24, 12 Gy BAME W2 ke
R Q%é}l, Lol o= HA A8 AF(Ussing chamber studies)E ARg3dle] ZARE T 74 A1)
) L, S0l 9] AHEIF 1, 2, 3 E 4 do FHEA.

T 1A o vERd ule} Zeol, AT [lAe Hulgke FTUME, IR 2E2HA ¥E 23 2 2A & R-eEY
ZA 24 9 72 hrso} Bl vpe} o], AL 48 hrollA BFEJTHE 1A). 48 hrse] Dol [ oA ¢

olg]3d &AA3 Z7}E=, TF(absorption) % EBH](secretion) Alo]e] A3
el Blwsled, 48 hrsot 72 hrse] wWokold 7]E" [ & H]-IR "k

[ B Skt

(fine balance)S Wajgs

3
2 ZZ(non-IR mice tissues)?

A e84 M3 (Histopathology sections) ZAF wiZo] FEZE A E(crypt cells)e} HluLg npe} ko]
Fre gy AEe B 2 £48& L3 yehdd, 48 hrs Mol AF I 2AHE s due AL §E &4
(minimal villous damage) @ FAFZE HNEZ} AY gAY ¢ &4 Yehd wrde), 3 o 2 4 Ao A3
AWty dHe FEZE 9 §R AxdA FET 445 JEddn. 538, X Alxe 3 Y F9
Aol HAEA FAEAY. FAYZE A Fo &4 R & 72 @ 96 hrol|A ER|A A= (secretory stimulu

=
s)oll tl-gste] Sol #HE A= g Aol TARA, =3 BEEHJTH(E 14). IR E2 FAFdA,
= HJAJsly] el HEsEHu EIE, B8 I8 ZTE Z7]) AlE(insufficient crypt stem
11s)7F 2
1B =, A7} 249 AEE(transepithelial conductance)& Z7A17S Yeldth (= 1B). AAY AL

(S), AEAFe] B MEFQ AE=x9 A (a composite of transcellular and paracellular conductance)©]
AW Aol 93 SgdErt.

el
2
rI

02,

WM 1/S = RS V2=, )51 Zj}_}_tﬂ]/ﬂgl 5—7}‘—1, 742+y] AgA (transepithelial resistance)(TER
R)NA e #HAE yYepdith, = oAby #1384 (low-epithelial resistance)S 2Zt:=
MEF9 ZZE(paracellular route)e] A7) AL ZHAHy x1Z‘Z}/‘éﬁw7(tramscellular resistance)®.t} HT}
= A2F9 A E(paracellular  route) B AMEFH  HE(transcellular route)®
1/TER=(1/ R ranscettutar )T (1/ Rogracetiutar) 1 131 YERA wle} & W Hdolr); weba], 7% TERS MEZFT$E A
Ae T2 g,

fu
ot
%,

Fodo o |1

fr Lo

T
[
o
B>
N
o
>1L

AAe 2 - A= w2 AF(Short Circuit Current)()ollA FoJ#-o]&A el Z7}(dose-dependent

increase)& °©F7]st}.

B AN =, ZF7l9 A7EAE SolR Eu|(increased electrogenic anion secretion)® YWellE, ZFAP}
et 6%01]*1 Fojg-o|E A9 T/ opy|dt}, zhAsHAl, 0, 1, 3, 5, 7, 9 = 12 Gy 2AME e npga
£ 4 Yol /AN, = 2 &, 09 1 GyolA =AM AR vlagk, 3, 5 & 7 Gyl A A vk 24

Mol LoolAe aAes 22 geragP<000ly s 5w g aaia zabe wlesel wmete], 7tad I

7 9 & 12 Gyolld Z=AbE mpg-2 22 o A %251913}(*%<0'01, 2 2). 1% 3Gy AlelellM e 2=AE, Lol
A M e FUHE oplEtal, HAadte] AW A WEtE of|dit).

ATk, ZAbE ARE EeE L oMol WEkE oprldtt. 0, 1, 2, 3, 4, 5, 6 EE 7 Aol I¥E vk
Foll, L A9 M w& F7hs IR F9o 5 F B 6Yel #HHJTHE 34).  AZFe] AH&(function of
time) &=A, [olA e Ao S7hE FAS] 8, vhe2e 3 Gy®E FARSRAL, 713 setrEE 755
71 918 0, 1, 2, 3, 4, 5, 6, 7, 9, 11 2 14 Ao FAYNA}. Ay 2=Z-<E] ~(Kruskal-Wallis) (P <
0.001). AFF #A(Post-hoc)> FAF F 6 dollMe] [, oA A 715 Jehiic.

I 3A o yERd miel o], AR 19 B 24 V1SE L = A2 SAAS Aole dvEkg. gy, 24}



[0157]

[0158]

[0159]

[0160]

[0161]
[0162]

S=50dl 10-2069790

o
>
)
vV
\}
e
=2
N
Jpu
)
o
rlr
(]
e
i)
=
=
rol
oM,
o
o
o
ro
N
3
_L
o
=
3@
=
HE
g
A
o
o
\bﬂ
:B
o
()]
o)
-

A=
ZAF 3 LolAe #AFEHE FUheE, 2 A7EA Sol EH|(electrogenic anion secretion)olAe] & SU)
(net increase)® Qlgtt}. [ F71E 93 Al 71A 7163 wiAUZ] Atk 1) 719 A7)EA Lol i)

I~ .
T K

ool

(increased electrogenic anion secretion)(d]E So], C1 W/E:= HC0s ); 2) E7Hd A7]aA Na'
= 3) Z7hE A7) M K S5 2AL, ks 20K AT Na B4 A4S ofrleks A 1A @
o, ATl A K F57F obd K 248 ofrlakis, HAME do]i uiel o], . o|Ae] F717} F7)

+ = . . . . . . + +
H K FF wFEolx &€& 4 dti(as irradiation causes diarrhea, which results in K loss and not K

. . . . + .
absorption, the increase in I, cannot be due to increased K absorption).

AN 3 -Na 2 Cl FFolMel i

N _ _ 22
®oAAdE, 2L N R 0 FRE

- .
= o
(substitution)& ARES 4 W &5 A+, d9e &5 did dH(el dwe] a5l o g

()& 7ol weh, ¥-IR(0 Gy) mh$-2olMe] Na'¢) % &%7F 982 thebith(:E 2)[Ussing chamber

22
flux studies using Na-substitution revealed that there is a net absorption of Na in non-IR mice, as

the mucosal to serosal flux (J,) outperforms serosa to mucosa flux (Jgu)]. FAME Fold-ojE7 e {2

t o3 = =] -
OR Jis & AAATIAL, HaE & Na 555 oPIdH(LelNa). Ju =, & BHE TAstE FAF TGy 29

Gyolld J. 8 o Z2Fsisich. Adrl, vk gl A3, dade ZAadE 55 9 S7Hd BvE Frihe=
AFd=, =2 FoJ3F FAtol A datslR] EAU(loose) B EHA3HA I E A (poorly formed).  -FAFSH

A, % Cl &% (net Cl absorption)7} 2718 IR FolgFo @A wat radct. & €l HH]E 9 GyolA #Z

Hth. €l F5olae gat 01 oA grauiolt).

Na S
IR aseg IR
(Flux)
Gy Jms Jsm Jnet Gy Jms Jsm Jnet

173+11| 71+ 06 | 102+ 038
156+1 | 71+ 11 | 8609 128+ 09| 76 £13 | 52+ 09
68+07 | 35+£03 | 26+ 05 168+ 07| 93+08 | 75+ 038

0 164+09 | 71+£08 | 98+ 0.8 0
1 1
3 3
b 52+ 06 | 48+04 | 0402 5 142+ 121103 +£09 | 3907
7 7
9 9

48+04 | 54+04 | -06+03 71+£05 | 69+£03 | 03+02
43+07 | 47+06 | -04+02 -92+08 | 01+£01 |-93+09

Ao 4 - ZAVE =718 A EF9] 534 (increased paracellular permeability)S ©F7|3c).
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[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

SES35l 10-2069790

=, 2% o] A (small intestine lining mucosa)®] £4S of

o] 22 ¥ (systemic compartment)ol] u] Iz we o}, 3

ol5te] W=28Z(endotoxemia)S Ao1Th, & 4A o UERA H}

O]'Uﬂif\]-ol /3|5 7]E(tachypleus amebocyte lysate kit)oll &3] =A< uje}
¥ (plasma endotoxin levels)S F7FAZ1t}.

o

Aolx Z4R 84 Taldel wise] o) thebdl kel o], £AME €1 & Na (PCI/PNa) TS
ZWAZIet, B FRde] A FEA 54 EElEY] ALES, 93F o]ak(the below principles)E 7|Z2E 3
”é-@.‘fé}ﬂ], 2 Akt e 243%k R (intact semi-permeable membrane)©], go|gh o] FE o}
et ]= &9 (mucosal and serosal side solutions)& vl o =X AFHoz AHd 77]

[o

u
318t X% 7]3 l(electrochemical potential gradient)& F#gth. ey, w& 7t2de] & kS
7VssbAl ehe Ty YH(leaky membrane)2 7HAE 7] sst xRIAS Zieth. wEbA, IS VtEAEE F
HAgo] HY} ES4E A9 71877t Bul Yth(the higher the permeability across the membrane, the
lower the potential gradient is). AFgZ¢ EA whe MElyo] 9438t &4 Jehs, 1 o4 ¢ 2

Na' (PCI/PNa)¢] Aej=el Fahge o),

i
H
k
it
&
12

H-IR W&ol A, vt A e (membrane selectivity)S WEBI, Na= 9 7b=de] 1wt} o E3Ao]

Ak, A= 9 81X el d(membrane dilution potential)S Z+AA|ZIT). 8, Na 2 Cl =, duxo]
dAg A4S YElE, 7 GyollA e BE TR sdsA F3E ¢ AdtH(E 4B). FANE 1 Hid F
HAde Mol F7h=, & 4A o YEld EZehzet dE54 gl Frlkel dX gttt w R RUY
¥ W3 (Monitoring changes)”} & 75 ZA} 2ld(the subject oral radiation diet)oll <3l Z=te] FH 7]
5 (mucosal barrier function)dlA1¢] A& EUHES7] 98, W72eh X (sensitive tool)ZA] AMEE 4 3

g,

AN 5 - ZAF W&o 9934 wi7lAH(inflammatory mediators)®] @M e] =7}

|

R-=59 % #-IR =39 v$2dA]e 9354 viZizke] @8-S, LUMINEX "HElZEd 2 vz odo] 7|&
(LUMINEX multiplex bead array techniques)< AR&3te] 574313t = 5 o yebd npo} o], ZARE= IL-
B, INF-a % MIP-a 9 A4S F7HAZITHE 5).

Ao 6 - ZAFR 18k Fol wH|AA FHAE NKCC1-9] &2l 2 (FTR-9| &4 o},

B AAdE, A 819 Lol Eu|7F NKCC1-9]& A o]a, (FIR-YE2¢S e, 7% . o sk NKCC1
o AFTE =As7] e, 100 uM FHElY=(Signa-Aldrich Co., USA)7} ¥l &9 (bath solution)el H71¥
. = 3C &, ZAFE ZA(irradiated tissues)(5.5 £ 0.5 peq. h'.cm vs. 0.6 £ 0.1 ueq.hil.cmiz)oﬂ/ﬂ
By e-Aa g ¢ g= #E(bumetamde inhibitable current)S YWERNA|ITE, 0 Gy vF$-2(1.6 £ 0.2 n

eq.h Yemvs. 0.9 + 0.1 peq.h cm )Oﬂ/‘i{‘ = AYgye-Aae = g 35S YeEhd Aolth(Figure
3C showed a bumetanide-inhibitable current in irradiated tissues, but not in 0-Gy mice). At}7},

CAMP-RF(cAMP-st imulation) &, 0-Gy(1.6 + 0.2 peq.h .cm~ vs. 6.9 + 0.6 peq.h .cm , P < 0.001) 2

3-Gy(5.5 + 0.5 peq.h .cm vs. 7.3 £ 0.5 peq.h .cm ., P<0.05) % tholA] 2712 ozt

A7, 2= (Sigma-Aldrich Co., USA)-A== I, 7}, 3 Gy(7.3 = 0.5 ueq.h?l.cmi2 vs. 0.4 £ 0.1

-2

eq.hil.cmiz)oﬂfﬂgl B elY = (bumetanide)ol] 98] A%, 0 Gy(6.9 + 0.6 ueq.hil.cm vs. 1.3 £ 0.2
eq.h .cm )l AE o t(forskolin ~stimulated I, was abated by bumetanide in 3 Gy, but not in 0 Gy).
o], A} glo] Bk & NKCC1-HH A1 Fol2 #HlE YERPATH(P < 0.05).

A, 2AF sh S0l BH7F CFIR-9E49e T3 vebd Aotk [ 9 FHey=-F4s 27

]
(bumetanide-insensitive portion)e] o7 9 So] Y (apical membrane anion channel)S E3 WAs

AE FAHE7] Y, H]-5o]72d Lol A AA(non-specific anion channel blocker), 5-UEZ-2-
(3-Hd Z2 Folu & )-Ml ZAH(Sigma-Aldrich Co., USA)(10 uM NPPB), @ EAI XA AFZF HAE IAEL
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[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

S=50dl 10-2069790

%A} (cystic fibrosis transmembrane conductance regulator, CFTR) X}etAl(blocker)[100 uM ZgwlZgbn}
o]=(glibenclamide), Sigma-Aldrich Co., USA]7} A&Ht}. 0-Gy vh$-2=olAq FEHeEl=-F732s [ 7}, H]

~EA3 So]l& Y A A (non-specific anion channel blocker)(NPPB)(0.1 £ 0.01 peq.h .cm ) 2 g

W Zebalo]=(0.1 + 0.01 peq.h .cm )¢ AU Hsle] o] waEch. o). S0l Hulzp Sole Ad &
= (FTRS &3l #AES Yehdy (= 3B).

AN 7 - ZAFR Q1S HC0; EH|oA 9] A

Zeekel g, WG HAbE, oi¥dlAe] HC0; —E38 §EA(HC0; —rich fluid)e] £2S ofratar, WA

215 (metabolic acidosis)S fFFEFTH o]l AAes, APA AAe gxdoz, IR &, 5719 €1 &9

2 e KO, $ulE FEFS, Uehdt,

& ol Eulo] uist Ol AT AAT Y] s, HAE[Na-K-2C1 F5% kA (cotransport blocker)] W&

Cl &2 A8 AdA7E Agdnt. 10 M Polg=e] vk, R-fEd fole ®ul7h F2 F7kd C
wH R Qlshar, ol ek Tk NKCCI-ojEH s AAshs, IR¥ #dd [9 fiFie BFs (= 3A
C

o
2

pl stat 23 (pH stat experiments)e, IRl HCO; ¥H|E 7AAS et th(E 3). vt w4

(serosal bathing solution)olA Na 7} ®E3A Fole NGO thAl® AS$ 71A9ZSuel e AL Y=
HCO, 7] wi2: Na  ¢]&%9)e vhehllis, HCO, %H]7b w9 ¥h(HCO, secretion was abolished). -1AM&H

AFe, IR vh$2 F9) 6ol 5 Gyoll A wHEETE Wl Na'o] EAe|A, HCO, BHlE AAsHA wht.

H-IR % IR "¢~ & Y=2iy $£531 Jdsd 2F¥o £Lgtol2o WHIEFI AM(Immunof luorescence
staining), NBCela/b 3AE A}&3slo] AAFTH(E 6B-E). NBCela/b &A|-Eo]del gMe NBCela/b7} &
o] AT MEdA AN, AZZE AEoA= R YA 2SS YERAT. IR vSAEREH 2o H
o A (Immunostaining)&, NBCela/b A7} §5 T JAZZTE A QAHA 4SS Yeldet. 3 GvE X
AbE mpe AR HEo 2He R YT EJA NBCel-A/B-Eo]4¢l gMom EFHEE=H AAEAe. IR
o] o TojefoAe] 7AE [0, BH R, §E Y AEe] &4 wEolth, Na 2 H0, EH|oAe] W

2 EUEHSE RS B A3 vAbA Al (subject oral radiation diet)ol] <8f Huk AW 759 fAS

)

wUgsy] & 173 = (sensitive tool)7F & 4 Tt

FAL SO HCO, #-H]E= NKCCI-% & o]}

HCO, 0] So]& Hulo] 7]ed3l=A=(if HCO; contributed to anion secretion) Z=A3}7] Y&, AL njx
Cl o BAeA] AAHATE, AP = F2ZA-2Fo] tfgh o] x4l [ oAe] F7b=, HC0s o] o3 A2 A

a G, ZARelA HCO; HHZE Ml Cl-oEA o)A $eS Ay dehith webd, ZAbel A HCO;

Bul= o9 2H(apical membrane)elA Cl -HCO; i3k =8 (Cl -HCO; exchange transporter)(AE1)E X3a}

2 er=th, Ol - Mo A, 71Z(basal)(1.0 £ 0.2 peq.hil.cmi2 vs 0.3 £ 0.1 ueq.hil.cmiz; P=ns) %

EAFA-AFHE(1.7 £ 0.2 peq.h_l.cmi2 vs. 0.3 £ 0.1 ueq.hil.cmiz; P<0.001) I, & 3-Gy &AtE v~

oA Bt} Wb (Fig. 3D). ZEAFA-A=H L=, AR 93le] 000, EHlolHe 722 Uehlls, 3 GyollA
B} 0 Gyell A Bk Eoh(P < 0.001).

ghek 7] % (basal) @ EAZU-ZSE 27 dtoll A 9] NKCC17F HCO; &29S wiAst=AE 987 &, wvl
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[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

sE550] 102069790
BUEE, B thel AlelE(both sides)old Cl-%2 &olold #Hel fAE mAel wlx Ae]mo
Arlekednh. Avhs, FeEdssl Lo oM vz B xaEa-Aad F71E AdeA 2958 et A

o] o]E e AR (lack)S, 7149Z oA H0, FFE 918 NKOCI-SHE wAUZS e,
FAF 8] HCOs #9] 7} FHl O -5 g H o]

ZAE vk so A HCO, HHle] FHAQA ZAL A A = wl$(non-irradiated mice)$F HlWE A
® HCO; EH1E JERATHO0.8 £ 0.2 ueq.hil.cmi2 vs. 6.7 £ 0.2 ueq.hil.cmiz). ZAFE wpe 2o A HCO,

Bu=, 2 0] o AAG o8] vHA TH(E 3).  DIDSZF oY, NPPB (0.2 £ 0.01 peq.h .om ) % =

2l Zabuko] = (glibenclamide)(0.11 + 0.1 peq.h .cm )9 Au A7k ZAbE op$-2ol A HO, HHE 24
T}(The mucosal addition of NPPB and glibenclamide, but not DIDS, ended HCO;; secretion in irradiated
mice). ©i=, HCO; #WI7k, CI-HCO; M¥& F34A ofxr, Fol& AL(CFIR Aol s A=A oF&& 1
EbdTH(Fig. 19B).

Hlaste], wl-ZARE whe-olAfe] HCO; WHlE, B of 9l C1-9EH< 2 Cl -5 34 (lumen Cl ~dependent
and Cl -independent)o]tt. 743 7] ZA(Transepithelial electrical measurements)e FA712HAAA [0
012 yehla; aeu ol HCO, EHIZF Ad-viiEln 2/mE A7) F4e] C-H0, wEE FaheA|

(whether HCO; secretion was channel-mediated and/or via electroneutral Cl -HCO; exchange)Z UERA]

oFi-
AE

p-stat AL, EAHA iz wh-220 A CL-HCO, &S A737] 98] 74 1 9o A dPdcy, +

Wl Ol —§a @oleA], HOO, EHE= ®Woh W45 + 0.1 peq.h .om , P< 0.01). ZAHA &= npo o]

A 71% HCO; *¥](basal HCO; secretion)t HEH oz Zul O] -9&Ho|x & RRAoZ (] -5JAYL 1}
EfATH(E  3). 100 pM 4,4-tJo]AE|QA|o}-2 2" -2~EHdl  T]&EAH(4,4-diisothiocyano-2,2'-stilbene

disulfonic acid)(DIDS)(Sigma-Aldrich Co., USA)S] H7l=, BEAH O Z HCO, EHE AsHE(P < 0.001), °

d8 Asls F9 Cl AASE B BAEE A% fA

¢

EoFEe Ful O -FHI Ho, #H]E A

0-Gy wFS-2=ol i3], wizs folo] T~ Hrb=, Fdl 01 AA & Walx &=, 71% H0; FH|(P <

0.001)o1Ae] &8 Z7+2 JeEPATHB.4 + 0.4 peq.h .om vs. 8.7 + 0.4 peq.h .cm; n = 6). NPPB

= yaZU-A3E HO, BHE 5498 (abolished) (0.2 £ 0.01 peg.h .cn i n = 6); ©]% cAMP-ATH

HCO; EnloAle] Lol Ao sk oshe Lpeliitt,
CANP-R}5-5] HCOy 8] NKCC1-% 8 % o]

Tkl cAMP-AF5E HCO; ¥-H]7F o917 CFPR #d(apical CFIR channel)S I8 3t=x2 =437 4,
gl Ee}nto] =(glibenclamide)”} Fu|d Alo]=(luminal side)el] FH7}sldct. ZgwlEglnto] =7}, cAMP 7}
%= HCO,; o] ¥ule] 7] A (basal) Cl -HCO, nE E-S Aaf ¥utk ofjel, Ld Sol& Ad-vi/ld HCO, -]
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[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

S=50dl 10-2069790

= 8ua= AS UERE, HC0, 2HE A&EH0.1 + 0.1 peq.h .om )(E 3 2 Fig. 19A). ZAE wps
-2

oA E2aZY AT, 7)1 A (basal) HCO; EH|$} vlwale] A& =712 YelAth0.6 £ 0.2 ueq.hil.cm

vs. 0.78 + 0.2 peq.h .em ). o], Ful Cl-E9#9l 00, Hw] ®i= Cl-HCO, wdke] AaS 3 e}

A3 A7 SAHL, H0, AP #AarF EE NKCI-5HHYS Yepdeh, 7% 2 xx2d-259

BN
o
_O|L
1o,
BN
>
s}
&
o
[>
2
R
1o,
o

Z=%ke] HCO, ¥HlE, FulEl=(forskolin) el H7bell o]a) Jaks A =

nR
o
T

THE 3). FrARHAl, ZRAFEA] &8 upg-2o A, Buleb =7} cAMP-AFE HCO; ¥-H]7F NKCC1-%5 ¢ 4]
B, ZaFa-25E H0; #H)E upA] @Evh8.4 £+ 0.4 ueq.hil.cmi2 vs. 8.6 = 0.4 ueq.hﬁl.cm
“)(% 3 2 Fig. 3B).

HCO, EnH]= wjx ¢ —Z g2 o]r),

7171912 HC0; &4 (basolateral HCO; uptake)ol thak ¥ €1 2 Lo 3= 4 AL % 3B o Uehh
o Az, BuEh=sl cAP-AFE 100, BH1E AEA7]H] @3S vehdith, o, C1-HC0; wEH(AE2)
G2 7F 2AF st A AdES e, w2 Ol 9 AAE, NKCC1 2 AE2-9Z¥ HO, &5 =3 A3
S QTHE 3). Wl g0 =RE (9 AAE, HO, HHE wHpEx @=TH6.7 + 0.3 peq.h .om vs.

-1 2
7.1 £ 0.6 peq.h .cm ).

HCO, Bn]i= B2 Na' -o] &= o]

+ - - - _ +
Na-Z2&%, 7|4=, H0; B34S 913 % FA(Transport processes for the Na —coupled, basolateral,

HCO; entry) %= 3Bol WehiRlch. = 3C 2 3D, NKCC17F HCO; Eulol 98-S vAA @&g yehdg.
27) vz Abel=el 1 mM 3-vldExd-4-g v g o] il £ (piperidinobenzoyl), TelUd d=mImetel=
(guanidine hydrochloride) (HOE694)e] 7}, Cl-HCO, w&ol Agte NIEIS Ea HCO, &7} AA€
(Addition of 1mM 3-methylsulphonyl-4-piperidinobenzoyl, guanidine hydrochloride (HOE694) to the bath
side eliminated HCO; uptake via NHE1 coupled to Cl-HCO; exchange). Counillon, Scholz et al.
(1993)%, 1 aM 3-Wg&EEd-4-v)selmizd, Fohldl 8| =232 eho] = (HE694) 7k Na-H  wehe A3
ol el =3k 7]AjE o] Ut

HOE694%= cAMP-AF=5] HCO; 502 AsldhA] 9F=th(8.4 + 0.4 peq.h .om2 vs. 7.2 + 0.9 peq.h .cm ).
B2 Na 2 N-w2-D-2 27 (NDG) 2 WASE RS, Na - A3 HO, 2E5FES LEUE, 2AbEA o=

ulo oA EAZA-22H 10, BHS w84 + 0.4 peq.h om vs. 0.3 + 0.01 peq.h em ) (Fig.

3E).
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[0194]

[0195]

[0196]

[0197]

S=54l 10-2069790

ZAEIX| (0 Gy) B ZAEIG Gy) 01922 HIEXto|A ZHE HCO, £H|

| K-
100 uM
2o g
) Cl Zgst= Cl--Q2|(free) 100 uM DIDS 2|l Eai0ro|l =
(Lumen solution)
(glibenclamide)
0 Gy 6.7 + 0.3 45 + 01" 44 + 0.1° 05+ 0.1
3 Gy 08 + 0.2° 06 +01™s 09+ 02" 01+01r
0 Gy +
84 +04 87 + 04 - 01+01
ZAZ2l(forskolin)
3Gy + ZTAEE 06 +0.2 0902 - -
0 Gy + EHEILIE
y+ FHEH 86 + 04 84 + 04 7.7 £+ 04 05+ 0.1
(bumetanide)
3 Gy + EHEILE 0.8 + 0.14 08+ 01" 0.7 £ 012m 0.2 + 0.1"

D $X|s WE+SEM, n=6 T8 LIEtHCE *p <0001, 0Gy 3 3Gy 1F Ato[e| Hjm
'p <0001 EX{st= IF ALO|S] HILL EAEX| @= ORRA0AMSl RHEILE dHOAM, o
7| ZEL 10mM ZAZERICR XE|EICk

k| : ns, & AO|2| 2|O| 81% o significance between the groups);
4,4-C|0| AE|RA|Ot-2,2-A B Hl C|&ZAH4,4-diisothiocyano-2,2'-stilbene disulfonic acid), DIDS

|97 =H(apical membrane)oll Ao 2Ae) HCO, Hulel thal, ole] J1AeS Fol W et A 4 7

)

2 dEA w3 AYZE, 7149 = uH(basolateral membrane)olA] HCO; <AL AAAoz TE 7HHA

o2 TP 1) HO, ¢ 7H5d 55 02AM, Na-K-201 F5-F% (Na-K-2HC0;): 2) NKCCIS B3 A% )
2 F5E ClL7h, Z1A9S el & HCO; - F(net HCO; - uptake) & oF7I8h=, 714915 Cl-HC0; W 2H(AE2)
S B3 AggAct; 3) 7ay AEALolo] HI0; ¥EE oFr|ste, AMXEARe]e] F7H(intercellular space) U]
2 gAE dEdE Na-i wE, 28n ¢ ogd ojgd AAEgel O -H, W AFITHNa o
exchange extruding protons into intercellular space, resulting in decreased intracellular HCO;

- - +
concentration, which then stimulates apical electroneutral Cl -HCO; exchange); % 4) Na ZAgE HC03

2 B EE H0; EAe] 4ol wel, W7]F A (electroneutral) EE A

M

FEFE. oG FFELS, Na'9)

= A= 3B).

+

71 (electrogenic) .2 A 2Hg-&

Na+—7é§}% HCO, E554 % ﬂ(Na —-coupled

ro

ZAE A e mhg-zolA, HO,  F4E, 71A49S ®H 94
HCO; cotransporter)(NBCel-A/B)S Ea] WAETh, Na-H w3} 24353 CFIRS Ea)[ A7 8 Sole 2|
(electrogenic anion secretion)] A7]ZAe] Cl /HCO, RIS =3 oz ZF(Apical exit)’} AH},

3 "ol ols) AFHE, AFTAbole] cAWPOl el ZF7H=, BAldl A71FAS Na 2 €l 49 Asiet
g7 =719 ¢l 2 HCO, BH|E o}y z'ﬂ‘jr[Na+—H 23 Agd Cl - HCO; w3 (Na -H' exchange coupled to Cl

- HCO; exchange)]. Cl F4E NKCC1S E38) wrAsa, HCO; &4% NBCel-A/BS £33 wrada; 1 2

HCO, E v} ofu)z ww(apical surface)olr] CFTRS =3 Uzhb(exit).
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[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

S=50dl 10-2069790

W] Wb, 2AFE W72 Na 2 0 42 Adeks Aow BMAHT rh.  EAFS NBlel-A/BS &
g Asfata, ol2ldk A 7|ALS el H0, F5429 #AE ofrlata, HFHow ofud oA uzit},

weba], ZAFE W71 2 AR H0s #u] B the] MEidel Aol 4 Ar|RAle] ¢ RH|E ofy
3oh(Fig. 19B).

EARE 2% Y 2F0dA S7hE NKCC-1 &l s do7]ar, NBCel-A/B @& AaAT. A=, of

R g}

q
974 Cl-HCO; =3+ F4(apical Cl -HCO; exchange transporter)(AE1)S ma AHa|stc).  =abd A}
(radiation diarrhea)olA] HCO, %-H]:= Natgl%ﬁ.olx]‘ﬂ, Fdl €l SYHola, NKCC-1-ZHA ot}  FA} 3}
o] Cl %L, Cl-HC0; 13 FF(AED) thalel 714913 NKCC-1 F5S E3H3it},
T 1989 e ule} o], FAM: 9% (gastrointestinal tract)olA AIHMCO, = Cl 9 L) FES
=

S S TR o e o et = A gl H %] HC0; HHIE UERdTh Z2ARR QIF HAd

=
A

HCO; w3, HCO; F:9 Aslel 93] obrlsl: Aoz 7MgHEct. dxxom, EnEi-frd A4

B A=, [R-F58 FY
& Fd(gut lumen)oll Ao &
A Al(osmotic diarrhea)E FEg 4
Bl Aot} = 7BE, AT E
Ao},

SGLT1S g9 $4A (versatile transporter)o]th. SGLT1:= F#lzte) 8 HAAA AAlo Aol oo &S
a2t Aol AMaloAlel SGLTI 2Hge] BEo| Na B4 e A7 % »E xZ(oral rehydration
therapy)oll AF&®T}.

AL F9] FFIL FFoAY SGLT-1 A8 ¥ o]e] adE A7) fdl, 292 ul9-2(Swiss mice) o] A%
HAee, 0, 1, 3, 5, = 7 GyelA IR =% F 6 Lol F533lth.  SFaa-A=8 98 A7 (Glucose-
stimulated short—circuit current)(/l.)+, SGLT1 % ZE&S Aslr] s 44 AvjolA =AHAT. A
& A7 9-Gy TBI 2 15.6-sub-TBI w}-$-2=oll A A A€},

HEslA, v 2 BAgoezRE =589 8 3 Balb/c vk, 137Cs AB-EE ult] ZAR137Cs sub-
total body irradiation, Sub-TBI)[3}-}e] thgl7} FAIZHE HIHETH] 2L AA|-vly ZAF(total-body
irradiation)(TBI)3}At}.

S5 AE A, A E 2 522 UFAnk: 9-Gy TBI 2 15.6-Gy Sub-TBI. WZa vlf-2E gukzel
AA2 Astay; 2 e vheae 5 % SFIEE AU, FHEA(Gavage) o] A3 ol AFEEAL,

AP 2AF R WA 5 Dol Fa, 24 F 10 D A 0Bl & Wy T

HEl Y AY/AF FHEZ(Multichannel Voltage/Current Clamp)(Physiological Instruments, San Diego, C
A)7F 78 AW A5 (Ussing chamber study)ell AH&HSATE. ol AREE vk WA RS WY E-059
YA gdo| FEAF)L(bathed), B [ 2 FAH37] A8 95% 02 & 5% C02% 7[5 FH3dd. ZE ok
25 ZAF Fofl 6 Lol s AH AT

SGLT-1 &= 8H(SGLT-1 kinetics)s FAFSHZ] 918, 7] 714 (FF32) $%+ 0.05 mMollA] Al=F8Eal 10 ml
oA ¥yttt FFIAE 0.05 MEREY &2 HEE H7MEZ, 0.1 mM, 0.5 mM 2 1 mME XAy, Az
= Origin 8 22X E Y] (OriginLab Corp., Northhampton, MA)® FA3Ac}t. [ & Y-Fo e, X-F 4
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[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

S550dl 10-2069790

o Yepdth, A7) =& Hill HAA(Hill's equation) &2 LA F T},

WA AA-ME &3E(Jejunal whole-cell lysates)S Ax37] 93fl, A 2 AN ob9-29] A ~37
F(mucosal scrapings)<, 25-mM HEPES, 10 % =e|M&E, 1% Triton X-100 % ZZHolAl A EF=
(protease inhibitor mixture)[10 mM ©] 2 Eol¥ Eolr]=(iodoactamide), 1 mM HLWEEITd ZFQo]=
(phenylmethylsulphonyl fluoride), % 2 ug ml-1 F3 ¥ (leupeptin), pH 7.4]1& X F3le= Eold=gAE
sl EetolA] $EEM(triacylglycerol hydrolase buffer)o] £s|A] AT,

BEA-RE 9 AF fES ARy Y&, A 2 F2ArE npgso Huh ~393S 2-mM Tris-HC1(pH
7.1)/50-mM KC1/1IM PMSF &%ol @A T, A7) AES 8000 RPM oA YAE 3t &= tfA] 13,000 RPM
oA GAEZ S o, FEEFH AlFA](turberculin syringe)(27G ¥}=) % TEFLON w2 7|2 T t}A] 23}
AZTE. A7) BES 4,000 RPMC.E PAEE kL B thA] 15,000 RPMO. & QAR e, A A2
Y7 NS IFel= ZRE oA A EEE[10 mM o] S Lol Eoln] = (iodoactamide), 1 mM 3

e g
Xd ZF e do]=(phenylmethylsulphonyl fluoride), % 2 ug ml-1 F % (leupeptin), pH 7.4]12 A}

Al

m = mlo F:LI
;-ﬁ iy

L
|

Eﬂ’\L”iH 9 aXe] E te 9l FrE " EXo] 98] SGLT-190 sl

<] 5% Z=(Equivalent loads)E, 4% =dd &3¢
sodium dodecyl sulfate polyacrylamide gel electrophoresis)(SDS-PAGE)®l
Zd|de]el Z28}o]=(polyvinylidene fluoride, PVDF) W= o]&FA]7]aL,
LelERd FAE AHgSte] SAHEUAY.

dovksh e Ak, B71E uEhith D) 2AbE, Folg-olEAel PAow FRms
e gaAE 2) FFmsel W K, £AE, 0, 1,3, 5, 2 7 GyelA 247 () 0
+

~
Y
=
o
9
o

0.49 + 0.06, 1.76 + 0.16, 1.91 + 0.3, 2.32 £ 0.4 ©o]3; 3) FFH2] W V,,, 20, 1, 3, 5, 2 7
GyollA z+z} 387.4 + 16.2, 306.6 + 16.4, 273.2 + 14.9, 212.9 + 9.1
Vix #0 IR $9] tigf 14 dofl o] ez Solear; 5) A § 3 WAl 109 & 253

(withholding glucose intake): AMES ZF7FA17]a1; 6) SGLT-1 B Al-HG o] 928l B2 BXe R %
7} S7FEel wet S7kE SGLT-1 w@d #ws vrebd,

SGLT-1 K, oA e Z7h=, AR Qlste] 25320 tidh SGLT-1 Xshd el #HAas yebdnh. Vi, oA 9] 74

E, 24 IAQ 2] s ma 4FE sk gol, 2AIZ A% §R g3 AEY £4E et R
2 AeH vhgs 2AolAe] g oA FrhE, AaE B3 B b e

3] w9k 7] 5 A o] X FS(SGLT1 transporters are expressed but non-functional)< YERITEH,

IE ro
rot

EY
I
fo
i
o,
w
fop}
.
)—]
—
4
ofy

=, AEA AAE f28ta, W IR-E" GI 54 (IR-induced GI toxicity)S S7HA71=, A9 &
2 2 A e FFEFS oS T3 YEhdY. gixd oz IR 39 3 WA 14 4
Al

1]
AT ErERE FTms Ads A4S FFEES dPsAL wE 98, A8 4 37

%]

FRENe w-mg opvwmgAAeE, o) FAES 14 FFi(prinary nutrient)e] L, Fehxnh(26 §) 2
=2 (skeletal muscle)(75 B A HS vE= EAgT. ZFEH @AW, F%-F(post-operative), Ezt
$rl(trauma) T FEW] oigt Sk oigh Ho Q4 2A F23 A ZAHETH(Glutamine levels
decrease in post-operative, trauma, or critical patients as the body's demand for glutamine
increases). WA, SFEUL, A3} , W 2 7l Al2®l(neuronal systems)?] A9l 7w F
83 FoR HFEA Q).

[xs

N

2 AAd s, A AE Q29 SFE oA Fodg-oEHQ i
> 7 Gyolld, 2FEe, 9 Fd(gut lumen)olX ZA AT 4 i, o]
. SFEY $£F9 ¥3d W-s4 = (Saturation kinetics)+s, =FEFT

s YEhle K, olAe] IR Folm-olE&4 2718 et (Fig. 15).

AAlell 10 - AR YAl F(lysine transport)olA o] Fojk-o]E2Ql S71E op7|ghtt.
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10-2069790

s==4

I 91A2 F71= 7|3 th(Fig. 16).

3 Gy IR =32 0.27 =

W7k, gale] A7pRds s&e A6k,

[0219] 27 Ful Alo]=of gl A
ZAFSHA] e mhe-A2REY 24 1.16 £ 0.04 mMe] K, & JERRE whde],
0.01 mM9] K, & ZErt. SF32~ 9 SFENIG G, A0s, A 2l g 2il-75A4 1348 F
7HA1 71 A 2l F5E SIS YERIAY.
[0220] AAle] 11 - w929 AEANA ] AT 24l dF (oral lysine feeding )o &7
[0221] 2 AXd e, AT AAZEE -9 a7 AEE whdd, A9ARl A FE FEaTE A Fol
AXE dsiAY e gsletal AES FUMAES e Bolt.
[0222] Aol AR HA ANFzoM, ZFFIA[5 L T 10 mM i/m 2 2 P o] ZAUR(every alternate
day) 17} IR mh9-2=ol] 7Aoo —roq A, Axs, FFEIAE Forl AAZFHQA AES ZAARS YeRY
(Fig. 17B). wlasled, 2]21(20 mg/mice/day) 91413 (gastric lavage) 22 5 A FoF ¥ I Fof AUAZ IR
upg-2o] Ao FojE, gy §4 Aeld wesl, dEzed uadt 4S9 F71E AES UeEhi
G(Fig. 174). w&bA, il 22 58 dgre 7t A7 AHe 3, 25329 22 S5 &
= 9%(non-absorbed nutrients)?] A+ AFHe A Wi AT, AN @Al AES AHAL F
=
[0223] Al 12 - AR A% o] S T E wy Gl Ao wg)
[0224] B AAdE, ZARR Q8 =4 dild ay glo Mo WEE ekl Aotk wWESHA, 2 XA F 6
Ao Ax=d BEXS Hd AFASAT. & 18] vERA wpel e 3] 9w’ 5%, 1-5 GyEFE O XA
=3 o & yEhfa; e A A ] oY F7h=, 1-5 Gy RS W =

ZER
Ao A 2B e YEITHA).
W3R 24

7} Z7bg NKCC1 whal A o))
A7} vl vk} o], 7 Gy IRS W

[0225]

[e]
§1f

r_VE
flo
o
-

[0226]
[0227] , , WAMA . 3}E Q2 ¥ (chemotherapy)
ZET, AP 29 < AAld 1 WA 12 o 71AE vkt

< "= T A)AZF€(cisplatin) e @Y
39, 5FU EE AAZEEY T oA R A
£ EB](net anion secretion)d AEZ,

77ke) 4o dle), 32 249
Ak

L
5
-

[0228]

2

o T A RAE AP Sl A %
oA el CFTR v e 0 Gy 3 Gy Z=A f}mﬂ HAASHA F7FE ).
< e wpg-zo A9 Aol
Aol Al ulugh nuie} ol
NBCel-A/B &l s zh=t}(D). W 3)o) B3
IR =27 uvlus}
& Ao gk &4
s
o2 Agl¥ C57BL/6 w}9-2-of 4
T4
] A E ALE3te] S48l
Hlo Aol "ASHA F7HEA S-S
Fol& FEnlolA dAFIA B} Fo
57 Ed(acute

NBCel-A/B ©eid W& 1 Gyo} 72 W* 2¥THB).
WA 223 vlagk vpel ol
NBCel-A/B £43%F A=, ZAME A & 3 (ileun) 2 A%y} Hlwgh H%zto) A <]
7 d H@aEs JERATHD) . WA Aol A%, ﬂﬂ T HE Ee
o e Rfoﬂ%};}%ﬂ N
sio). ZARSHA] e , WA thelof E(oral
radiation diet)e] E&4AS FEUEsY] 8 AHEE 5 At
AN 13 - 2% A9 sHolA 9] st
27 S Ao Wz}
#
2ol .
gan] RdoA,
Al A HA R
Isc(transepithelial Isc), & 9]
A F
[0229] A=, A2Zgel(Fig, 20B) E& 5-FU(Fig. 20A)9] @ Fozkow
9SS yehdo, =3k, 318 xzAe T
, Z7t8S YEpd

Fo&gg e npe-x vy
a2 Ad "mdoXA, nleirE=
inflammatory model to mimic conditions of Crohn's disease)]& FA}SFS
4] 9 Axs99 T34
B

o]& wu|[HEF
3|

&-(D3 mAb[F2 AWl HAME
| =3 F7FE AT

[0230]

29 AEE(paracellular conductance)Z 7| =
TS, ¥ 9 HAE S sYAAY HEoF #EH A
9, ey w

[0231]



[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

Fu Qgat, PA, SaEY, WY, FA, Adgehd, AzHQ, B2, ok, olaFA, Ede,
TP, Pk, vEled, EYER, TEA, A, okxsEzl, FRE, okrdEEd, FREA 2 2ia
z2RE dud ol

\d

7Y7ro] i S TS A A8, AA A7) S (bioelectric measurement)S F7d HMHE AFE3h
Stel-oln| At AF(Ise) D AEEo|A e W3} b)
(saturation kinetics)olAl2] W&} F [sc A2

i
il
o _19&; -

: U
27te] Ggne Fol Fo| Zzte] sl xs)
3 1

5
FH JFne E4 L HAjo)Ael

offt I

Wl 2 oc) 5AS A& 55 A7 (isotope flux studies)E AHEF A
A o A9 Ay, W 2l sietey Bel g a8 AW RdlA AbE BE opugl B S5
2ol gk F s Wste FAREE ddel deS vt WEetAl, Ade, 2], =84l Ede
d, i, HR2A, ofxm2el, olARAl, EYESR, ofxaued]l 3 Ao riy AdEE 179 ofmjiihe]
zhzre] AT FoE, &% AFE NS, AEFSe IAEEE AAA7|AL[o]R ety &% He Fd wjA
Y (small intestine mucosal barrier mechanism)& 7WAAIZ], AdAe 545 F7HA7]32, /s SE
Aol BES NAAAS depdn. Adte, 2F32 2/s 27 A Foe 2% A9 des &4
AlZIaL, WA e shetan] mdl gl A8 AW REdA wheso] gEe] FAgAl g3E TS = U

Epdie}

WA, B ool ARe 2ARe] HOtaMe we vexe] 232 AMALES Ui, dydE =
£ gstay ok %, 5FUE 2%l W A H4S Utk med, sFUE sekey mddA 4
A4 2 dgn el MaE 54550 AgHn

NIH 2=9]2~ up9-2E 5-FUZ FAIEAT. FAF 3 5 A =& 699, vp$A28E 423
LM (Ringer solutions) H¥ E dhgo] X8 A E(
(e} =]

= 0
THAY. AR 2HE, g4, =2, Ed

,d
BN

X
tjo
M
Ak
ol
K

o
A

’ - ’
Bl 0 A B 9 ARSHOR £8/5 B, Add @ 954 (ulfering agents) & LI, Am
HEE of ARUAAITGGH 7.4). V) AR AR FFRs, FFHU Ex dHeUS A o

A, AR 2AEC] 5FUE B2 w29 &% 7]5S dASA MAAES vepdo. gE&8siAl, 47 A
B ZAEL, 5-FU FAME up929 Ao AAY [se (Fig. 21A) % ZAAd AEroA

ANl 15 - AR Q18 GI 750 H ] Wale] =74

F8% GI 7l (major GI function), Gga, ANE E &9 FFE XFsta, oHst FFe Z-E3i=
(well-differentiated) ¥ Ad&38t §Ro] 43 Axola AT, 80 %9 5 F AN F5e 2golA
R E T, EYoA e ulel Zo], IR Ad=, IRY FoF] ueg g8 W/EE AUITES MEZ &
2g op7|eta, o]& Qo] Na', €l 2 d%ae] ztadl 42 opy]dith. B AxdE, IR Al7F 59 theka
ool s WAE GI 7IFlAe WeE 54317 H8l APAA Aol vjs) s,

e

NCIZF-E]9] C57BL/6 mF§-2=(8 F, F7)& ARESivh.  Z8Ae #&, Alx3(cytology), WA}
(immunohistochemistry), #-=® w4, Zgt=v} & vl (plasma surrogate markers) % 7]5%<l A+
IR-fr=% GI A (IR-induced GI toxicity)ell it So]%Ql Aner SAHHAY. vheie IFo2 Y94
2 Uy, BF= BR 1.84 Gy/min %] H]&(dose rate)® IRS A3t Cs 22(Cs source)S AM&-
o] Shepherd Mark-12 ZAMESITH(irradiated). »F-2=& 0, 1, 3, 5, 7 2 9 Gy RS ¥Ytt. =SF=
g oofu gt FF MY WskE, Z4zbe]l aFolA ] 10 mhele] mbg-zeA 0, 1, 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 25 B 30 ol AT, Z=nt AES, 2AE AFAS7] Ao F=HEJAT. 3 (Tleun) H W
B2 24 (jejunum tissues), A8 (histopathology), #&=® EX, WA} s 51 4 A8 A+E
H&l AF=AeHE2E H7HE 23 (subjected to separate evaluation)]

A) AAAA 715 Hel Wake] ZgNa, €l & HCO;)
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[0243]

[0244]

[0245]

[0246]

[0247]
[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

S=50dl 10-2069790

AN E o] Al F9 5 did TSl e WEE S5 8 APHA Al o
& Ao, Zab— d Soll AaE % VTl HEE, ZeRv vlA, AlEE(cytology) ¥ dY &
T, B5A, o FA(stool formation) 2 Wi FH(fecal occult blood)d #2 EZQl #HZ3}
HHEEG. AX PAR:E ZZE AA, HEE P (staining), BrdU 94, Wdz40A 4 € EF HAA4S
ARg-3to] AAlgty,

AR =, Na' 9 0l 9 AAY EE(transepithelial flux), IR &9 AfA F42 H7sb7] 98 54 AW
oAl AAEITE. w2 E S|AA7| AL, ZASHA] v vk F Ul Fojo R R A E uhg-2of A9
71% o] <% (basal ion transport)olAe] WIS AAEAT. Na' 9 (1 E4E mFEo 49 (regular

epithelium)ol A A 7]% <2l F4d(electroneutral)e|t}.

Qat7] Qs AN, e, Na 2 Cl o] =(serosal side)el A7latach. 0.5

ml AES W) 20 2] Eol F= Abol=(cold side) ZHH AT, FLWF 555 EF 3HHAS AHESH

o] Axkstar, umol.hil.cmizi/ﬂ FdHEY. £ TEWNet flux)(Uye) L, 24 A(tissue pairs)S 7F=2AE J,

B AN, B994(Na 2 Cl) AB ATE, )% Na 2 €l 22 (basal Na and Cl movement)S =
!

Jak A

u
=

o
fato)
=
t
rlr
o

b Ju Atol9] Aol oA AAtEtt, A¥Le whEl ZZ(short-circuit conditions) dlollA AP},

ATk, pH stat 714 (pH stat techniques)S, HCO; HEH]oIA o] W3tE ZAsled AHgET. 2o 7A€
ule} o], IR WP A HCO, HH|ES 7AAZITh HCO, HH]:=, gut727749] AFRL A Z1H E (upper  segment )
ol 9] 24 @714 #&(acid base balance) 2 4Hd Fol Foslth. old AL, HO, EH|9 M5
AAVUES AAsta, A4 ok 2 2AE vp2oA 1) 29 C1-9]E 22 HO, #H] 2 2) 2l Cl -5
A9l HOO; ¥H]E JEbATE.  Feakel Ru](Bicarbonate secretion)E ab7]el] LERH upe} i

(D2-D1)x0.025x2x60
1.13x(%)

A FEAG 2| (veq/h/cm?) =

AellA, D2 5 D1 2, = AR Afelell Hrbe AA AF Abolo] poli& wrEhdl Zlolal, 0.025 = FH7hE
o] 2% FX(normality)E YeER Aol 2 & H,90,9] YA7Fe]a(2 the valency of H.S0,), 602 A7+
HFTHog gy Fujo gigk & Fo] AFS YERd Zelth. 1.13 2 §74 AW AlgE 2o ¥d

(surface area)S YERA AHolil, t = Alzkelth, pH stat 714l AFEE A5 HO;, = AT Na 2 Cl
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ol
rlo
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>
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=
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_ﬂ
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=
o
=
=4
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o,
ﬁ&
of
o2
[N
o
Y
=2
x
Lo,
N
olr
a2
r o
rE
Lot
Lo,
||
ol

AA-ETE Fdre, A S SFEE FFAAY Y IR FAZFe] a35 Adshr] A8 2 Xm0l
a¥ =4 E(therapeutic/dietary composition) Wjell ¥3€ 4 it}

W5, 5322 FFolA Wsk= IR $9o 4 AWM SBEUAT. o5 A4 75 [H-IR ™ (non-
IR levels)]o® 3EE7] 9% %—?i’\ F& Tidd a7td ARRE mgk AT &2 5}
(formulation)(ORD)S, A+ SFILE %"Jﬁ}ﬂ(tolerate) &3t ne-xo] T wel ¥y, FFI2T)
NAE 7] AlZE wzhx], AT A Qs 2ol ¥ (oral supportive regimen)ol 2FAAE AFSA Fet)
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[0254]

[0255]

[0256]

[0257]

[0258]

[0259]
[0260]

[0261]

[0262]

[0263]

A7t

acid transport)<, o}mji=Alko]

A4 =38 % 9

e},

SEZY[IMINO AHCIMINO acid)], L-ZF®AHAM] olm|il) &

A7 FAde A
B 2 A¥ A+ (brush border membrane vesicle studies, BBMV)olA]
- H

a.a(electrogenic and electroneutral a.a) & o+ %

s==4

10-2069790

of glar, wehA, o7 FFES B
Ribd b o B IR R et i

Atole] HlnE 98 BBMVOlA o1+

a.a% VAH oW H Ak 273

acid) 19 &2 HAEToZN AG-Hr},
IRZ QIet H7]EFY9] a.a 55049 HEl

ofriatL, ol59] % 54l FE Hél(charge)dl 7]xsk= wbek o], T (neutral), Fol2(cationic)

)
dlo

59 24T 5 9

. AYE, A71SAe] aa FES

o] & (anionic) & e BHF

=

ATHE 4).

A7 a.a FEE B (S R FE9 aa) T= XE

Na-Z23E 2 Na-=HH9 a.a 54S 2l Na 9] 24 2 Bajo]A Aol o3 =Aw

YC EA® opuate Apgale] BRUVOIA AT-HL}.

[3% 4]
A%t HEA|-HE SHof Mo Ol At 48 A|AE
T35 |2Xe &0l oA =l 71 Nao| CHst | 2tk
A" | (Molecular | (Alternate o|=EM 0|29 &0
identity) identity)
8 BOATL SLC6AL9 | M9 aa Yes No
RO+ ATIBY* | SLC6AL4 | MOl aa 0|29 aa Yes cl
b~ bY*AT SLC7A9 | ZM0| aa, %0|29| aa No No
A AE
rBAT SLC3AL | O] XHHIQ| & 58 918, o] bY*AT o 4 7|59
= 2%t of2}o| B (kinetic parameters)o| Esk2 FC}
PAT PATL SLC26A6 | M9 S AFZ (Neutral short No H*
chain) a.a
(B2, et Y ZE22)
XaG EAAT3 SLCIAL | 20|209| aa (O)ALIEZEAMA, Yes Kt H*
= 2EDIA)

a.a 78 W AzE FRE AT f3 BV AE

i 75 ) S } }

BBMVsZS wl1uvl¢ X7 (magnesium precipitation method)E AR&3ale] Eu]dlqict.
- 76 _ -

Ny FgFs BY=s= U (Bradford method) S AH&3ste] 54

Ny ol A7dstglct.

o )
BBMVsoll 9]¢t ofn] =3}

BBMVs©l ]38t ofu|x=At
25 ColA Fsh3lrt.

e o[ US]A22H 9, 100

HEPES (pHl 7.4)& X3sh= wlF aix(45 n )9l

Na© 7]€7](NaSONS %

BBMVse] A%l o

{0

¥ (Vesicle)E -80 TollA] E=

bl

o]

S5 (Amino acid uptake)®] H7}

L7t oFte]l WEE zZte Hopfer et al.
BBMV & EFM(BBMV suspensions)(5 pl)<,

Ci/mle WARA EA® 714 (radiolabeled substrate) L-[U- C] FA1,

=

mmol/1 NaSCN ¥+ KSCN, 100 mmol/l W%, 0.1

Fab wA)

Tol oa) A" we o3 &S AL
Immol/19] BEAHA] &= ofujx=2k, 25 p
L-[U-"c] =89,

mmol/1 MgSO, H 10 mmol/1

A7Vskdh. o wAke] F4o] AJZF ZA(time courses)is,

2 AMEEh el A 2L Na 7187 (KSONG Egahs wjx)e] FAlolA =44
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[0264]

[0265]

[0266]

[0267]

[0268]

[0269]
[0270]

[0271]

[0272]

[0273]

S=50dl 10-2069790

ol
ol

Aok, EAS X7F AN, F¢ FA-L 150 mmol/1 KSCN and 10 mmol/1 Tris-HEPES (pH 7.4)& =3
(o]
=4

12

-9 7F 2F &9%(ice-cold stop solution)? 5 mlE H7Igte =X TddEt. A7) dAENS 3 ml9
23 gdog A W AHstar, 5 mlel A" olE Hisafe 3 %A (LKB Products, Bromma, Sweden)ol

g2 -5 Millipore 2E (pre-wetted Millipore filter) W& =A] ¥Avk. gz & thgo A7)
ZE = Liquid Scintillation CounterolA] AG¥tl. e AgE v]|Eo]x el AL Al ZAHEH, A
Aol E4ERE Wt (subtracted). A7= whalde] g g (milligram) B ob)xAl T4 IaE
(picomole)ZA] ZHFT}.

C) IRE A3 AEF9 F3}4 (Paracellular Permeability)ol]A 2] Wale] =34

MEFS FAgolA e ®sks, sH719 7S ARgste] SA-9Y. 1) 84 ¥l (Dilution potential); ii)
TEER; iii) Aoldk =7]e] & H] o]2A £79o] HE(permeation of large non ionic solutes of different
sizes); FITC-AgE d2Ed 2 2wl B o] AE]QY|o]E-d 2~ E & (Rhodamine B isothionate-Dextran).

IR &9 Fz-a gtz 314 Eeld(dilution potential)ofAle] H3}
54 zud =4 yEsE wAANernst equation)S ARESll Na'eh €I Afole] Ewba wlg
(permeability ratio)ol4¢] Wats =4st] 98] Agdnt. oldd APoznee] Auhi v-IR% IR w5

%_
2 OF Ato]lE vty A EAFo] o] F34Ad (paracellular permeability) ® Z#=wl dXE4 A (plasma
endotoxin studies)Z5-E o] A3l= A7) Ao)sH(electrophysiology data) B A& dlo]g e} Aol v},

= X

[e)

AN
Lo
_ﬂ

ol

3 FRlAS ksl 529 Na & ¥ N3} A Fu BF(mucosal perfusion)el 2Jsf
FReHe A Atolol U3k AT A38t7] Y8l W E(mannitol) &2 FHEY. Axx
ek 1 uke] o)L AFL 5 % wvte] HEE =Hu 3 wpeba] WX EUH(The contribution of other io
to the conductance is estimated to be less than 5% and therefore is neglected). %< 7[I2XE ¥
o] zpoli=, AgCl-AgCl A= 2 HEWE (multimeter)(VCC MC8, Physiologic instruments Inc.)< AF&3}e
AL, A xzdde HA T A(junction potential)olAel WI(UwrA o=z 1 myv mwhHe} I
ATk, ol AL, |9 AL AFEI MEFY HRY F3tE 4 YEF AT AAS 3

(These experiments permit calculation of chloride and sodium conductance of the paracellular pathway

&
o
o

e F
o

n
ot
N

using the following formula).

Em=RT/F*2303logL0{Pna[Na] , +PCI[CI]/Pna[Na]; +PCI[Cl] o}
R=8.314472 (J/K/mal); F=9648531(K)/mol); £ 1t H 2¥(Permeability ration) (8)=PCl/PNa; T=310(Kelvin)

IR FALE A EFQ F7H8 FEt H]-0]24 §2& F=(non-ionic solute permeation)ofA]2] 3}

o] E-dl ~E & (Rhodamine B isothionate—extran)(Sigma)S AF&3 54 Avjox Z71%

A719] 84 (vater-soluble), FHEA &= &do o AEFH FIAFLS FITC-H e GAEd 2
@)
Aol A Atk o]Yd A=, IR 2 A7 AXF T3 Wste] A4S JhedtA

Lo

Wx A (tight junctions)ol o8] FAE AE Atole] AW (Intercellular barrier)& wj-$- X&), A7)

L-Meixolt,  ugld, o]y d AE Alole] AwWe  w-FEA b AW (semi-permeable diffusion
barrier)& UYeRdTE, AL AREHQ AT 9 ARG =EF¥ AY E delAe 712 7 (basal
conditions) 3F2] 74 WA Z7ld 3 = WA 24 (ileal or jejunal tissues)olAe] thaFst A7)
o] 84, AalE A &= &4 (uncharged solutes)ol] 3k AEFH 9 AL Z43817] s AU

ol o]

=]

ETo] & &IAIZ] 3 mg/mle] FER FITC-AFE Y2EZ 3 2Zuiyl B ol&E| QYo E-gAER
(Rhodamine B isothionate-Dextran)(Sigma)S 7 W< Ao A}o]Eo| H7bslal, 60 min &< 37 CTolAl
A A, 714 LS 8wl Sqo 2] &9 (The solution in the basolateral bath solution)< &3A<e &XA
H 92ESS AFEr] 98] FE ZAEJY. FITC-92E# : Exc 485 nm 2 Em: 544nm 2 2ol B o] A

o] E-dl~EQ : Exc 520nm 2 Em 590nm. EF FAL Aol w2 oA ] oju i WEE A A5}
A3 73 AHolA FsE vk~ 3G e AR 25O

IR- 2 H]-IR P}$-2(non-IR mice) ZHE 9] Z2 7} n]ws3ict.

it do o



[0274]

[0275]

[0276]
[0277]

[0278]

[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

[0285]

[0286]

S=50dl 10-2069790

D) A 3l 27

S ! pH stat A5 913 AW vheazREe] 22 HE 94, Brdu, oW @4, I =3
(occult blood), BFA, AAxA3st 2 -6 B ) ALE&E AT} .j-E]J_‘ ool olgjd A=
HI-IR 3L IR vk MﬂAM Aefd, dda H AT T skl 715 A WEkE vasiv.

Fe|ZE ZH, HEE, BrdlU 2o 2]3l gha 24
a) I ZE AA(Crypt assay)/v Ao AAE AA(microcolony survival assay)

M#AAQl  FA(Objective curves)e, THAES  FxolMe  HFH A (clonogenic)[' TZ-TZ(structure-
rescuing)'] AE7} ¥olg& FA(Poisson statistics)oll Wl FFES F43, HE APES 93t 2ds ALE
gk, dloJgle] A3Feltt. ol&, V] FEIVF BHHOoR, T2 & Al e ME AE Huhe g Fold wrbH],
23] dolglar; Aaxel AFo] FAE FofFe] W Ao A4 40]1 survival of cells is exponential
over the range of doses being analyzed); ¥ FZ%¥ sy =& ]}69] AE NEZRY A 7S
o Zhzhe] e 2, dxAR AYZES AVIA F 5 U= 5}‘4 1 oo)de] FAA F7] Mxe] A

=& YEE Zoletar oA,

5

o

L2 JEZE A7 AA(crypt microcolony assay)< 98] IR 3o 3.5 Lo YA AT, o]&d 1t

AL R o FYYZENA BA 3 E(nitotic recovery)d I IAoA] = ke Aoltk. o= IRY HA &
=2 ATty AFEEY.

WARA o et AEEH Sl tisl], Dy 2 Dy #S ARt AF=, Dy # Alele] A E AR %

2ol o] Ao BEsti, W ok Dy 7lFE A (datum point) ¥ PRS- = Eu]o] Fo g gleS UEH

o, Walek(~ 5 )9 A (coefficient)®] AW e ,4Wﬂ°V”4“°*q:?Q]2ﬂa°Hw]ﬂﬁ
(sections)®] & T7MHeEA F542 5 vk, wepd, & dA7=, v 9 3 7k A4 8 7Ed 2
6 vhele] mhg-29} A A E AT

b) IR =¢ 2o A E(mitotic activity)E =45t7] 93 BrdU M (staining)

o

Pk BrdU (30 mg/kg FH-ADZE FAbekaL, xZ o] 7]EAl AT E 98 F5E B9, FES 12, 24, 48
or 72 ANzbell 3| AAF . BrdU 23 A (BrdU labeling studies)?} o]E592] FAF & 24 hrs F<F A%H
ZA5-, BrdU FAR= vl 24 hrsol 1 WHEE QTR BrdU #HEE $o, w22 Aoz REO| dEkdl M
(paraffin sections) A|ZF 3, &-BrdU A (AD)Z FAAIHG. HMEE HA A

Z35}99H(Cells were scored per entire crypt and villous unit). Zo% 60
H(corresponding villi)E v$-~ @ BEAEAL, BrdU-ZAE AEE, J8ZE
T2 AASE A Y (normalized). 23 W oo, A¥¥ oz AHE HMEE F% AlZH(induction time)ol

&l YeldAck(plotted). ©]# e A=, S4717F At &5 & (postmitotic villous compartment) W=
o] A ZE HAFAE(crypt progenitor cells)e %, ABZEqAY Ax B nj&3 A4 Add L

7 . . . . . .
olzd AZZE AE 9o FHE(kinetics)olAe] H]&2 1S 71538l Al 3+t (These studies allow for the
determination of the rate at which crypt progenitor cells transit into the postmitotic villous
compartment, a direct correlation to the rate of cell division in the crypt and kinetics of the
. . 77
migrating crypt cells ).
IR} §) 2] 59] Ae]E o)A 2] v

ZA, W dA4 2 iy A (fecal occult blood)&, IR &4 Z&EY Jdate] Ae(nutritional
status)ol A2l WatE SH4st7] 8] nhg-zolA AdFEe. dd g 2 Ao FFo di§, BRE w2~
=, AA}, "d&d(grooming)e 23, 3FoW #o(ruffled hair), 7HA%E 2lAH(decreased eating) % 2&
%@ (drinking habits), $718 (lethargy) ol thsl] stFo] s stz ZAAHA 71235190},

, g mpA o] 3t Zeb=nt X (plasma analysis for surrogate markers), @

) 178
S wE, f29 2R, 49 2% 33 9 A48 A7e] e wustar.

A B gokr g0 EgHE =4 #(transport processes)®] EX| H3l(molecular alterations)E =%
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[0287]

[0288]

[0289]

[0290]

[0291]

[0292]

[0293]

[0294]

[0295]

[0296]

[0297]

[0298]

[0299]

[0300]

E=0d 102069790

omn

7] Fe AaE BR HY

39 of AEdom wi Ao £, /18 54 wnde] BRI W £

Asd 2 JUdr F¢
o, 4 wwMAL (FIR FHE[A7)3Ae] 01 Eule} #3198 (correlating with electrogenic Cl
secretion)], NHE3 ZAE=Na 59 @A), FEolA NBCel-A/B FAE(HCO,  Hulgh #HYL),

Z=(basolateral uptake)], SGLT-1(&FFHZ &), BO,

f
N
2
fo
%
o

NKCCI[ A1 W29 Na', K 2 Cl o ojgh

0/+ 0/+ . _
B, b , PATI¥AA-AstE A7) =% A]2®l(proton-couled electrogenic transport system)] = X

o2 ZIFHE 2). ol#d A=, H]-IR(non-IR), IR @ ORD A& Fof 7]%5A ¢l o]l v wa}ct.

F4 gy g2 E 9 91 A olF(villous cell markers)e] g IEIo]A]e] wW3lo] ZHaof rdh
=z x]
g-<

2
S

2

+

WsHE MM (Frozen sections)S, 7154Qd AFE fdl &S JAAHS o Axsta, olF vyt
0 0/+ 0/+

transporters)(CFIR, NHE3, NKCC, NBCel-A/B, SGLT, B B, b , PATI, B X ,)ol thal So]zel t}eks

AE AHEste] M- (immuno-staining) & f18) ARSsIA.  Alvrh, Az #9 w7 2d dde, 2
E % f% A v&el daf ols(insights)& AlFstr] s A=A ol g Az, IR B ORD A
A A L el A o] Wt &S JHsstAl gt

E) WAL &3}o] thdk & wlA[Surrogate Marker(s)]e] &<l

A
ol
ofk

2z
2] o}

GI HA49 AlAe S5A435H7] 918 AP o] 59 WAk Fowk 9 AME SAs7] A8 dig miAE st
gk AlEe] "ol ATt JSAHE, oeld AFE FE AT oA Furtk. B AA A=, te vH
(multiple organs)o] 3% ]L}E]O(scenarlos)oﬂf‘i«] F83e I YT FE Y, Gl A I
(onset)S dZ3st7] Hall, d§ wAY IS 7153HA teF APHA HAAE KT

wasls, Tetzats, A7 55S 71542 B (functional evaluation)E 98 3 AAAI7) 1 FHSATHAA
A, 0, 1, 3, 5, 7 B 9 Gyl IR T digt =& $oll, vke2E 1, 2, 3, 6, B 9 Aol AN
). & vl (surrogate marker)E #157] &, A8 ME|=(gut peptides), AFOIEFIS, L AEE=A

& ATsgr.

A=ERS 93 Fef=2ol #4
ZEhznt desq Gils SASAY. EEEv dEmA guEdale welE, AEF FHg, SR &
33 E|= ¥ (plasma gut peptide levels), ZH(sickness) E AE B S0 A2] W3}l AdE o]

AFO]EF}OlO] gt Fef=u) 4]

Zatznl AlolEFIel ool W3slE R © H-IR mh$2olAe Frjula HEZAA H= olfo] V&
(luminex multiplex bead array technique)& AFgsle] ZAFSIQITEH.

23818 FE = (gut peptides)e] i3 ZFef=nl 7Y

olgdl,  ZF7E,  Aadd, FYAr2E7]Y(cholecystokinin), AEZ#H(citrullin), AvEXEY
(somatostatin), SEI= YY, =™, NPY, % G(GLP-2& X338 L3ta-Eo]zx el FE|=(gut-specific
peptides)”7} ZAEAY. RE 423 % HME|= J]EE Phoenix Pharmaceuticals, Inc. (CA, USA)ZH¥E uj
stk AYPES Ax=GAle] A A

1

A 2 IR 232 FdAY 71540 ztelE vlusgltt. SAAR] 84S WislE(variance) (ANOVA) S #2418
Ag-sto] ALbsIITE.  HOlEIE 7] 4 FollA Hlasqltt. ¥ AlF(correlation coefficient) (R)S
a9 7lsAel mAE SAHE ] 8 EAsT. EE EAAHQ A8 SAS System for Windows(Copyright®©
2002-2003 SAS Institute Inc., Cary, NC, USA.)¢ WA 9.18 AREsle] <Hlgdt). whek EA3 EA4 9

Axtel  A#BE  BXE FAH(distributional assumption)S  #F&sohA, HAEE W3H(appropriate
transformations) H+= WB]-mj7fH429] theH(non-parametric alternatives)o] AF&®ETH.  F2x 2z EA

(ROC) =721 (Receiver Operating Characteristic curves)®] ZZe{X]al, ROC =4 (AUCs) 3Fe] 94 o], DeLong et
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[0301]

[0302]

[0303]

[0304]

[0305]

[0306]

[0307]

[0308]

[0309]

[0310]

S=50dl 10-2069790

al. (1988)e] w]-uw7f¥4= ' (non-parametric method)& ARESF tbekdl 7]5 42l H|~E(functional tests)
ZollA v, gdg]-9ol= By 1 olg] ¥ S (family-wise Type 1 error rate)e, Uhel HWE 3
Tukey's WHHS AFE3le] 0.05 2 2AFT. d#d p-+73 2 95 % AF ?ﬂ(confldence interval )@} $H7

d]oj A Al (Pearson correlation coefficients)E X al3ich,

AAld 16 - IR-F52% 91 £ (gastrointestinal injury)e &S 3 o]l A Holamel 7
(Development of ideal oral regimens)

B AN, PAA-FED G 549 A8 = 2 Aws) A 2R
AAE BAE Folth. o, tddt Fogke] IR =% A7 A3t AH(oral rehydration diet, OR
D)o] AlzbElojok & Ak @ 7] 2P| Arh} QYBel Folsolol NS TF FRAAY. Fold Bs
7} &= ORDOl wigk Alhe 7]1% #E= 3] 557] 9 2] tH(The time for which

rlr

e

Lo

il

)

e
oy,

-

o,

ﬂ

il

BN

oX,

| m-l[]

o
=
=2
2
ot
fo
-
i,
>
o
2

ORD needs to be administered depends on the time needed for the K, to return to the basal levels).

e

NCIZE-E 9] (57BL/6 wh$-2(8 F9, F7)E AFESAT). A7) FEA9 H3lE(affinity of the
transporter) S =A3&7] &, E3 e} (saturation kinetics)©] ZrZ+e] <A (respective nutrients)<]
Z7tE FEE AFRste] AAEIG . olb] ZAF(Preliminary studies)s, IR 3 K, and VoA wW3let
A, 29 a.a 7F FFE SIS W, 22 A" S4E UEE S YENY. a.a9 SUME T
, I A9 F7HE BodlE, I e UFA[EE H7ME ©S(subjected to separate evaluation)]ol
A7 k. Lol Bk a.a9) 2817 4]zl % (Plotting known concentration)”’}, X3} %2 38t(saturation
kinetics)9 &4& 7Fs3tAl 3l 9 M (gastric lavage) S 53+ IR o] AEz oz S8 a.as F93}
= AL mg2o AAS SUANIY. Fddsel] e K, 2 Vs, Z2e] FolA 10 v o] npg-29b &
0,1, 2, 4, 6,8, 10, 12, 14, 16, 18, 20, 25 2 30 ¥l 0, 1, 3, 5, 7 == 9 GyE v}§-2 IR oA 545
Atk

AA .

—“l
oft
i
QL-

o[-

A) O]/E}Xj.?_ A WARA A e (Ideal Oral Radiation Diet, ORD)2] 71&E 913k A4 oluwgt U FF 329
K 2 Vid 5%

Yol v upe}l o], WARME, Zbzbe] Ao uigh Hald H=E YellE, Y29 &5 59
(transport kinetics)ollAle] WistE fsi)t, o]t 7|&& AMEste] SAHE 2532 F5Ad ug sie
@A AE vehda, 7% dEE I 5sted giEF 2 F7F A3k A Fdll(gut lumen) oA e &5
HA e 2 L]y ol et K, F Vi,

=
IRS] ol T
the nutrients are determined in mice exposed to different doses of IR and followed up for a period up
to 30 day after IR). ©o]&ldt A=, A 2 WAL FoAS 317 ol&9 S S 7|22 3 ORDE Al
A} (formulating)sh=Hl &3ttt A7l IR ¥ $7Hd S5 Yehile d4%4s, Al28E 98 dyA
o] A Z(alternate sources)@A] AR 4% 9t} 8]l W thSe] A7 A3 (formulation)(ORD)-&
BE AT AHEE ol

F9 7Y Yol FRAA 7L B K D Ve A4 WH

SF3I2 FFol AFHJY. HEEA, 2FFZ 20 Ui K, € V. AFHUAY. =
174w Aol el 2wl Alo]=(lumen side)ol H7F=E A, 715H [ oA S7HES =5
NAE7] AR 7R, SFIAE BT HxAHQ Hola S AlFekA &9tk AF¥se= AT =F
A EF vl T
tolerate oral glucose).

79 ofvjiita.a) & G K F VoA H3

iy
tlo

71%2 3}9tH(The formulation is based on the abilit

<
o
—
—
=
@
=3
o
[¢)]
—
@]

v

IR o9 IR Foiak B ARbell 7|23 opn|itte] gsh sids, 24249 a.a & 98 K R Vi & SATS

24 A, A7IEAY a.a9 FHI A ®IF 71" kel 2ol A MWW A®(Ussing chamber settin



[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

[0318]

S=50dl 10-2069790

gollA SA=HAT. rAshA, Fal &Hol H7bE a.a. 0 FEE TS AL, 5AT a.a FEAAY X
skob 3, S7HE L W oF1E Y. K, R Vi ¥E3F SHoE2RE ALEn

A714 FA9 a.a’t BBWE ARS8l A=Ak, BBUVel 93 ofm|it S4=, 3s(19)9] n4H % A7t
oA, 0.025 FE 7 mmol/17HA], Zolgt sk 1A Ao AAld.  Zhzhe] HAL, Zhzhe] AF o
Fo7RE BBMVY E(pool of BBMV)(n = 12)& A}F&3ste] 3wiE AAJHC}. Hgte] &= (Maximal
velocity) (V)E, 3solA] walde] daaadl o 7)Ao umEax] g8, $£44 13 44 (transporter

affinity constant)(£)7} 28 & "I EZA FAEY.

Gl 55& SA]7] T HES JJLel7] 9 ORD A2 F X 3]

20 mg/mice/day FAH WHLNAY il mte-2zoA AES FTVHAE F IS dET. HAHEI FoA
HE 9 IPAS degdo=yn ORD A5 2ol 8Ws HAslelr] fa, 7 dollAe] A&, Ui 4, A &8
HoEFAelAe] 0RDO] & Ike] 4ol AAIHAT.  ORD:=, Z7+e] a.a & K

Folgk ®ollA IR(15.6 Gy = 1.2x LDsyz value)2l HAFEF Fol oju] 3 AIZF A& FPAIEJACHORD is
initiated as early as 3 hours after a lethal dose of IR at a dose range determined from K, values of

respective a.a or glucose). SJAF ] A}gH FFIA = g.2.9 TEE, A iloA FFaA 2 H
Al opuiks E A AFEE FHE FF ¥E V2R KO 25 ﬁ]*}Q‘ﬂr QIZFol| A mlg-2R o] Fojeg

O

] W& (dose translation)< K, E’Lim(Km factors)E 7|x= 3t}.  wEhbA, didie] AAIZE kel thEk K,

o 9l Fojg Alolo] &3}, whek [Ro] K [FEAo thd AW F3l=(decreased affinity for the

transporter) & YWENH]S S7FAIZICHH | ZhZbe] <ol st dd ZF(daily dose)oll A Hl#|ste] ZHAH
=

. % 7}xe] =749l ORDs7F, Ak Zog AYstdtt(formulated).
o] ORD FoFe AE AFE 722 =

gt W3t= gkl wkek ORDZF & olgbd, GI SAo] IR ¥ 2 WA 3
o] AES Eqao}ﬂ #3l IR * 7 A7HA ujd #ESSIY.

g Adg e wheaTt IR 7Y o SAY EE ARG [AE Ad(noribund); 20 % FA &4,
o] Adfj(failure to groom), 7Ha¥ & 2 7Z+4% &7]4l(decreased inquisitiveness)® Zgo®
1. ®keF ORD A& W w27t R-FEd AAERFE BsdArd, AE A¥s, 2948 AdS 5
QA= p_xgay] s, T4 AHE FHAL 10 v vhgz/agelA wEE slejth. AE dlojE =
Fisher's A &e]|~E(Fisher's exact test)o] &) 43 Zlojt}.

% B 10 vkl FES AE A7I7E 5 %ol AAA & HaE Flskr] fl8], [0.017~0.05/39] =4 €
&} Eﬂ%]oﬂ/ﬂ A A %Qi H]aol A (in a pair-wise comparison carried out at the adjusted alpha level
of 0.017 ~ 0.05/3)] 7 z745 sl H% Tl el 0 % WA 60 % T 1 o)l TR AL
olo] A& AolHE A &l FEaA =& 139 (high power)(>80%) S ¥ 3} [The sample size of 10
animals per group ensures sufficiently high power (>80%) to detect survival differences between close

M A (gastric lavage) 79 3 w1 vk gtk ORD -?4*1]73ﬂ Foj wx 2 7HAS AE Ao Ao u
Z Q) q
= (e}
e}

U7HA] A A3 FEE. Y] w2 E

©
il

=1

H1 N

o,

to 0% for the vehicle group and 60% or higher for each of the intervention to ensure an overall alpha
level of 5%]. SAF SR AAZ Aol HAHA A7} e o4 T2 43}7F ORD A 2lol o) A4 F
d Agol, Aolarge AMEE Alo]Eo] IR-FEE AAE didst Huoigke] &35 BAgsty] 7ol 7
AR kst ol 5@ golvk, HAe Folzrel M Fol, mrh MMEF(ETA F w) ORD AAHe] 275
=AE, BY F& HARA &8l(greater radiation mitigation) % HUTF w2 FIZE 35S AHFHs7] 95
B7kstoieh,

FERE-IR X Z(post-IR therapy)E & ORLE] 42 €1=-(window) Z DUFe] =7

Folgk WA <12 (Dose modification factor, DMF)7}, DMF:LDTso/LDcsooﬂ & yebd, WA 23kl (radiation
mitigator)e] &&AS A3 H8 7P o gEnE Fo shvela, A7) I= 0RD AHE IFelx, (=
ubEel AW (regular diet)dlAe] BzFS Uehdl Aolth, [R-$E=H AAHES 9sbA]7]=v] 0RD A2 9|
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[0320]

[0321]

[0322]

[0323]

[0324]

[0325]

[0326]

[0327]

[0328]

[0329]

[0330]

[0331]

S=50dl 10-2069790

eSS =AY 93, H+ 10 vlele] C57BL/6 ml9-2=9] 28 (TheFst R Fo2e] 10 WX 20 vlel/18)S,
ojFe] Al ueld FHA ] Aolams Al&sle] HS|E HEi= (RDE AHsivt. HlEE-AgH vhg2e,

WA 1 Gyol F7H AR&3Ste] 11 Gy WA 13 Gy IRE =EAIZ . ol g mh9-29 AEo], IR ¥ 7 ¢
Z 713F St Z1EEAT. vhe-2Tt, olFo] aEA el HAY Ee wBE V|ke] okl QFERAbAlZ{ T

[Ee A

2 2 ZEtzulE HEE So e, @9 AES 949 FEHE FAE Y8 AR qHHe, A%
Z F¥(small intestine tissue specimens)S IR-F=® 279 &8 ZASH] ¢8] AFESEE Y. LDsos

2= IR-F=% Gl 549 =& A HE(good indicator)o|t}.

4 W

o] Aol oo BEE As VIEE HS|E-Aeld mh¢-2(vehicle-treated mice)oll Tk LDso7F 13
Gyl 7k, ORD Ag®E 28S, 0.5 WA 1 Gy 719t 34 14.5 oA 16.5 Gy 7Fx9 IR WY
wEA 7], H)3]E-H 8w vl9-~(vehicle-treated mice)oll sl 7)ol 71A¥ v} Zo] A, HESA
ok, ORD A ZFelAe] A& 9] npg-27)t 16.5 Gyl w&d & XA AEdgd, B =2 IR F
ool thol AgolA mhezol Al AlFET. LDy, TAE o5 AL IS 7I2E RD-A2E &l o
& AlxEst thSoll, ORDo| thak DMF 7} A=Ak, ORD-H 2| E vp9-2E 1.2 Bl 2 LDy, o tidk DNF & z¢
=t}

IR %o AA7EA ORD A7} A& ojokst=AE F5AHs7] Yal(To determine how soon the ORD treatment
should be given after IR), ®&¢ 5 18L IR ¥ 0, 1, 3, 5, 7, 9, 12 2 24 1\]7P0ﬂ ORDZ A @]38har, =1
thgol AZE 0RD el star, A hEF[IR A2l T 3 h(3h post-IR treatment)] @ 24 hxT[FE H|
3] (saline vehicle) ]S 7 ¢ &<k #ZA3GY. 559 AES 7 4 A AES 7]§_§ H] 223} T

olgig EdlolA, TR F9 fFol¥ ORDE 2t 8 7He IFolA, ZA2E-34] 29| “(a number of

logistic-regression models)[7 ol 7}¥e] AFE/AE A (outcome variable dead/alive)] 2 thFsh A7+
Aol mHHAY. AEP[AHE] AAdozA ofulx ZHAH A<E(most likely decreasing survival as treatment

delay increases)] % W]-A3d wdl[F23F W& 7+ (exponential survival decreases)] & thr} el g},

vl o] IR o] ¥ 3 h ¥ #]3]Z(Comparisons versus 3h post-IR administration and vehicle)<, Fisher's
AE% H2=E(Fisher's exact test)E AgeF & 4 wW2l(a pair-wise fashion) 22 AAHSIY. 3 % v
(a pair-wise comparison)(Zo]dt A7t 1% vs the 3h post-IR, ORD Z& % vs. H|3]F) % /EAHS gHAE

otst el 0,005 4 A8 Aolrk0.05/10) (700310,

a) AL HE:

ORDS] A7 &IE 93 Qs AW(index)=, WE MBS ZAa7] oa Aok, ae] % W s|=ah,
A& Aol AAHET(created).

b) 4d A = FAHe AHAF(Signs of sickness)

npe-20] BEE ) AAl, "©EFH(grooming)e A¥, FFAA FHo(ruffled hair), 7AE 2]A}(decreased
eating) ¥ &€& %3 (drinking habits), ¥7]® (lethargy) 5ol whal stFd s BFela, RAAHA 7|2
sHATE.

AL i g 2 A =d

Tk ORD7} IR-F =¥ Gl 5AC2HE ] WHe g#E vukE F A=AFE A 93, 7] 2% (colon)<
AAF Bolar, oleld TE L ZIAE uket 2ol 7sARl AFE fa SAE Agel, o I H A
8ol g3 A€ A& s vekd Zolth. wEeF 28} AlA|(mitigation agents)7F, SO0 Z B 4 9]
= o159 VT % G Ao &3 (integrity) S FX& 7 AvkdA, olgigk AF7F S W3 P%ﬁ} | st
o},

d) "z 3}s}

ghnu} T2y g]o}(lamina propria)oll e d=A AT HF(Inflammatory cell infiltration)7} ¥1&=} E&=
Ao 7HE HES LME AM(HEE stained sections)S Abgdle] EAT). 2 3 o] Z (lymphoid
follicles)® #¥ WX (distribution frequency)E =A3}7] 18, Fo7F FHal Aok & Aot} (Care will be
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[0332]

[0333]

[0334]

[0335]

[0336]

[0337]

[0338]

[0339]

[0340]

[0341]

[0342]

[0343]

[0344]

[0345]

S=50dl 10-2069790

taken to determine the distribution frequency of lymphoid follicles).

HA Folgg, Z9 AP 2 FA G 546 gk 0D ~AFe] AR ST, veAE, IR BF
%o OrRDE ”0151 Fol2k A& (different dose formulation) o2 AZFHUTE., HZH o Fojgke ook W<
(response variable)249] 7 & 7Fe] AE[yes W) no] @ A7 W (explanatory variable) 2412 Foi%F
WS SAsto 7H BAAE- Fdl(logistic regression models)ol A SHHAT. FoJZF-9-g 2 (dose-

3]

response curve)®] EEAA wjFo|, €] EYE F 72 FoAF-itE Edo] AStEY, FoJFg-nkgel B
dS A3 To, HAe T3H< FolHF(ninimum effective dose, MED)S AAM8IATH. 5o &

9 HA o] A LA|zko], ANOVA RhdA FAHE H 9-e 2 Wk Algste] 571 g AEd 93 ued

AAld 17 = GI 71gel el 7154l Ao 54

O

2 AAdel A, 0RD7F A H FUEE FFete glo] [R-FAM 9 oS 3 HA7I=d dehvt =Fo
HeEAE 5487 98, 718884 A (electrophysiology experiments)s AT, 7152l Wb,
Zol=nl o8 w7 (plasma surrogate marker), M ¥ESF 2 A AT =R L i FAy 2 B
A& AfEo] Aok, wAES] A FF(Fecal occult blood), iiliﬂ A, HE G, BrdUg M= &
A, Wedxzgs @ gau BF B4, olyd AFEs, BA9, Axe % rEAd el GI VT
o 42] ORDS] H 3 A9l &3 (protective effects)e] &S 7153HA 3o},

e

NCIZ5-E o] C57BL/6 U}"* 8 T4, #7)&
g, d=d BAS AAekgla, Ee=r g§ vhA

T~ =

Avh. 715HQ A7, YU wF, ALY, wzHs
= | od 549 AEEA AgHE

2 g Qo oR :’—%Qi Ui, H558E, 1.84 Gy/min FoIFF H|EoA RS AE3te Cs &2 (Cs
source)E AF&3F Shepherd Mark-I1o 2 ZFAMSAT. w25 1, 3, 5, 7 == 9 GvE FAW, 28
thol ORDE Fostitt. w25 6 dol A7, 24E& 754, =AW histopathology), ]

B 5% g WA ste] Aot

A A B G FrAMY 7150 NS 2hE 0RDe &) ¥4 (Correlation)

Akl AEZE A8 mdE Frbsked ARgET: 1) vhe-aE vl
2 7 U

3 B
549 @7 (30 ooki ), JAZE U4,
7‘<

5 Y
19178 8 97]5s g ]L(an 1ndex for gut barrier dysfunctlon)], Ato]
g, 257, /‘ﬂEE] (secretin), FHHUA2E7|d(cholecystokinin), AEEH(citrullin), AWEXEY,
Z vy, €@, NPY 2 GLP2], 2EE™-(citrulline), FF32 % AEdE A3 Y] Y& A&},

7 FH 9o A] Na 2 ] o HiE FE(transepithelial flux)2] =4

ul Q-2 HE $E3 ORDY 715 A NS A7) 98, AR 2 3% AJE(jejunum and ileum sheets)S
44 Aol A7) (nounted), AL AAe] 150] 7AW wpe} o] A AT, Na 2 Cl F57 b]-
IR(non-1R), IR ¥ ORD A& v} IHF Alo]ollA] H]aLs}ic).

pll stat 7]&& ALE-3 HCO, )] AH

3

S A6 15 o 1A wkel o] AAskth. ORD Ak Al HCO; el Bsh vl 4
(functional improvement)< AT, HCO; #M]&, W-IR, IR 2 ORD A e]¥ wh$-2 1§ Abololl A nlmat
ATH.

3 #wl 2 B]S]F H7(vesicle studies)oA] ¥ YL T FH

Aol 150 71AE wpek o], FFma, AVIEAY aa R AVH T a.a FF
AT=HE ] A37h Hl-1R, IR B ORD A2 vh¢-2 5 AbolellA wlusgivt.

olel gk

I
o
5
:

o

R 7o etgel g AETHe] FHYA] wEle] S (Determination of changes in paracellular
permeability with mitigation)
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[0346]

[0347]

[0348]

[0349]

[0350]

[0351]

[0352]

[0353]

[0354]

[0355]

[0356]

[0357]

[0358]

[0359]

[0360]

[0361]

S=50dl 10-2069790

ORD A&t A HMEFH FIAgolAY AV A9 2% (epithelial integrity)olAle]l A&
A eTh, o]leldt W3l kvl demAl gl Aol 4ukE 7] (concomitant improvement)S YERA F o]
o}

He|XE ZY, HeE G4, BrdU, Wi¥ ¥, FA &9, 57, HIEZHs ¥ g F&7 g7 ORL9]
# g7 (Correlate effect)

olgs A= AAld 159014 7]l 71" AT} FAFE Ao, 7] d¥= v-IR, IR ¥ ORD AHH vhs-
2~ T AbolellAl vl Aol

l

SR eFare] A& (anatomical improvement)S Z=g3sk7] 9ok Hal Z=xsFd B (Histopathological analysis)
b

X ’8_‘, /\E]/\]Oﬂ 1501] 7]7H?_]_ H]—Q]— Z:_J_'O]y H&E 0‘3_11 \gl BrdU Oﬂ}\ﬂ ﬂﬂEE Zﬁ‘xo% ,‘lj_%-}—al"__ E]U]—Z’] H/Hoﬂ EH
dl Aeld glelnt. hdEA, 7] 2AE = %(formalm)ii ¥, skl S (paraffin blocks)el
A AYH I, 1 & ER @49 Aol

& wuE, zEEE 2 gE 42w wE dHde] WHE g8 8 W=y

s

(Immunohistochemisty)

0/+ 0/+

ChFE 424 A (NHE3, NBCel-A/B, SGLT, B, b, X,) % Al¥ EW v}7(Ler5, EphB2 % EphB3)oll 5o]%9l

e GAET ASH WA-GAE e 37 £Ao] AW ol 47 Pde AAd 5ol JAR A3 §
A Aeleh. oldd AL RDE AW thgel % % AYLE A% FHo| s SYsed £4L F
Aol

A7) e NG 150 bl A Ak Zolth. (IR SAE[A71Ae] o #uje felw], NIE3 24

+ 0/+  0/+

BCel-A/B B/ :(HCO, #-H]o} #A®), SGLT-1, B b EE X7t &

o
)
e
ult)
alo
td
=2
R
o
=z

0§ vl (surrogate marker)9] ZFel=n}l 7415 ALgdF ORLS] ¥4 &3 (Correlate effect)

oA AG7F vhg-2ol A IR $-9] 91w fE =M e] Wsts Yt % g g9 gl vir] el A
o] WistE FAbekar, A= ORD Aok A 24 7 (systemic improvement)S WERE Zlo|t},

EA 24

]

7k dlolE(raw data)e] B R EE HAAIE ALE g =xe Ze a8 7] (graphical
techniques)e] #-&2 Zolth. olHg F 7k IF (A vs HISE)& vlusty] §18 Fa3 HI2, A=
Wako] dolEl (longitudinal data)E 7122 38 53 RU(Ad wmE= H-48)S AR3),

Wb ztzte] RmEHe] AnmEWem TaH sEdelw Soldem JEnm, Bed oo WA
LERATH ) 2o Q1&H T/, 53 £9 2 53 E st BT FAETS, ol e AR o=y F
gl ¥FHETH(All references, including publications, patent applications and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference was individually
and specifically indicated to be incorporated by reference and was set forth in its entirety herein).

wowe] Z1Als] B AHEE uhsh e §of 'a’ W "an’ % 'the' % AAHRE AATFE, TE WHom
wglo] el Ex e o8 Hasl YA Fedd, e @ 25 E 08 gt Aow 74

,0

o] A7 (Recitation)=, t& WAoR Ao Yt eFevhd, e o] Zhzhe] A4
gk JfEAE el AFe] £7] W (shorthand method) & 24 A8HetS x| o %=3&}al(Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring individually to each
separate value falling within the range), ZtZte] &8l® X7} ¥k o]= Eo /A o2 AGHTIH,
HAA W2 2. v wAo R YehA fethd, Zd AlgE BE ZEe £ dgske e
NEAQ AeltdE B0, 54 84 Ee 7 st AT BE AE8S A R =,
%]

,]
RS [e]
"OF(gbout)"o 2 WMHFHE, A= ZAFX Y ZH(corresponding approximate measurement )<

J

lN- g

T e

47

rQEL

Jo Fli
olo
B
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[0362]

[0363]

[0364]

[0365]
[0366]

[0367]

[0368]

[0369]

[0370]

[0371]

[0372]

[0373]

[0374]

[0375]

[0376]

[0377]

S=50dl 10-2069790

Ado[d & 59, "9 ZL2(such as)"]9 AFELS, WX
wao2 YehiA| fEvhd, 2 die] Hele dgSs
Wﬂmﬂ P Emﬂ7%]%ﬂaﬂ]ﬂﬂ%iﬁﬂ obd

N
iﬂ
e
o
Ad

Specification, should be construed as indicating any element is essential to the practice of the
invention unless as much is explicitly stated).

84 Ee 8450 #eo "¥3=(comprising)", "Zr=(having)", "X33F=(including)" E& "3t
(containing)"# Z2 &ol& A& & 4ol ojumje ¥ v AAFH 299 AMee, tE BAo=
B AY == £ 93] FEelA FluA gevdH, 54% 84 £ 8AES "TFAHEY(consists of)",

"Z1EAH o ® A€ (consisting essentially of)" R "HHAH o R EFETH(substantially comprises)" &
ol 8L =W = AAFE e AAE AFs NS 9)%=%Ht}(The description herein of any

aspect or embodiment of the invention using terms such as "comprising", "having", "including" with

rir
o)

reference to an element or elements is intended to provide support for a similar aspect or embodiment
of the invention that "consists of", "consisting essentially of" and "substantially comprises" that
particular element or elements, unless otherwise stated or clearly contradicted by context)[dE E°1,
=48 248 Tgehs Bol AW viet 2o 2ARE, Eud te wAow JAuAY Ex Ba)
a4 Ferhd, A7) 4R o] FojX £AES EI VA% AR o] oo} g},

B
2o 7AE Ao R AAFEHE, 9 AEAHQ 54E 93] zlola, o] iR thYke ¥ e W)
7F 2 Hoke] AR A AAE S A, olHe EYU9 H|(spirit) “'% H (purview) dlo x3td Zo=
QEEEEE S
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