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5CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains the
priority wenefymomf? U . S. Provisional Application Serial PRO/USBMNB8RFIL7,
filed Septenber 24, 2010, and U.S. Provisional Application Serial No.

61/ 431,629 filed January 11, 2011, whig¢h are incorporated herein by
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the National Institutes of Healtpl%1 ?I—B e governnent has certain rights
in this invention. 15 BACKGROUND OF | NVENTI ON Radi ati on, a common
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rapidly dividing intestinal epithelial cells. Toxic effects of radiation on

the gastrointestin al y [Pt nausea, vomting,
di a’r rhea, electrol wg%gﬁﬁé&@ﬁga&%&ftﬁ%ﬁmﬂi rersely af fect
patient recoNenyplidiibRelAY IRGREitE BEREE of 18y aRYvisiBYAN HlichiPM SARENo, &
continuous | oss of the villous and brush border of the small bowel is
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I rradi aftir@fesi s particularly destructive to the villous epithelium where
nutrient and el ectrol yte absorption occurs. The villous epithelium
un]d)ergoes a continuous cellular | oss and regeneration process, in which a
constant supply of inmmture > R85, bGhmati ng from progenitor cells
| ocated within the | ower poI%@@?W%ﬁgr%p I;@%? Li eber kuhn, mgrate out of
the 30 pr olhikemnanhtive wae meaktwignpoainhée shps@t ohddrieantr Ypt RED-ATHB 768 of

the villoys ring. their short life , .t hese enterocytes gradually
mat ur e?% rgﬁbbs?ﬁ@ NAippRL ISy oF Her RS, TP RSt gt et e Ehr apy
to the,abdppen and pelvis region destroys not only the existing villous

cells, but also enterocytes fromwhich new villous cells form and thus,
calb deplete alnost the entire villous epitheliumeven at noderate doses.

Due to the increasing use_of . hi Latl doses and cytotoxic

agents, radiotherapy has @&ﬁ@%ﬁ%?%wgﬁmé&acute G toxicity. Damage
to the G tRrasktidiVh BRInYord BSHIpY Fod MalBlABS 9 PiHObdBMEN e pelQfs, Bat Edvgat s and
fluids, but also disrupts intestinal barrier function. The | ealg?/ gut all ows

for eassycrerapmpgefio e hioigems the ewsgintdsnpiucds alach avhichels, coomasichef rapidly
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enteritis, wiarrheartand abdofi na pal ncan devel op W thin days pos

i ra0adi @luk©Byrepems atcltas asusas, Jowiag GartiZeaGgletRolg@nehildnonahd Helaekatnat ed
course of radiatign uses 1.8-2 Gy per fraction), although G toxicity

usual | 3PIReEIElyIBIechPatiing Ferversadhe enEwnlcorsel BETdh éiieerf 19v dess. Mevel op
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15 years later2/-29. reat ment options for radiation enteritis are
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antidiarrheals to prevent fluid | oss, spectite as an adsorbant of bile
anl t 5. MatER dLstor ot Brdeh Pern SRR ar heiaaRe 'OE ahe: eaRgoret | eve
i nfd anpyet geRs, A inical 15 trials have also investigated the efficacy of L.
aci dophi'lus, snectite or sucralfate for diarrhea prophylaxis, but only a
noder at e r eldadilion ivfpadisutaely Glesgyept ows thaasillaghicpiedu®, where nutrignc endron
approagh_ in the therapy of radiation.enteritis is using total rent er al
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t herapeutic effects on radiation enteritis remains to _

progenitor cells located within the lower poles of the crypts of Lieberkuhn, migrate out of the

30  proliferative compartment at the base of the crypt to the top of the villous. During their short
lifespan, these enterocytes gradually mature along the crypt-villous axis into villous cells.

Radiation therapy to the abdomen and pclvis region destroys not only the existing villous cells,



20 be determ ned. Although TPN may correct nutrition inbalance in certain

patients, severe radiation enteritis may still devel op37. TPN al so causes
i nt esti navoabraapmpy usually within 48 hours of adm ni st PaTiusa011/0R6R1 so
weakens nechani cal and i nmunol ogi cal barriers38. The exact bi ol ogi cal

mechani sms that |ead to nucosal atrophy during TPN, which have not been
wel | established, are believed to involve both |ocal nutrient-sensing cell

signal s39.and. 25 hunoral ,signal s, suc s gut .hornones4(1'41. TPN has been
Shown B3 4RSS MR RATRSY Sueluals BRntihy AR RN RS AR ot 0Re ch
pr ecedeslomd @MUsliah E@RNY nderat®sguppr essi on of protein synthesis at 24 h,
and cell proliferation and survival at 48 1142. In contrast, oral feeding
rapi dl y i ncPeakeideinseasinemad offligo@id rasiation desasmat aytomwis azantsrradiotherapy
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3050% ahbbeorp@dnuesl lbsy dfondicdapnd Ritsphglabsdidbpts TheSinaldsinshdwetion. Tagi ous
studies, enteral feeding is far, superior to parenteral feeding 7'8. 3
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el emental or specific exclusion diets may be Bene Icial 1n selecte
cases284din 832y dtshvpefithic aeys pdst irhidstiap proaa klokesasroty dseeh? Siylis equentidnal
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cuppor TR Foti SHediois ek & i e Aroie: Sbave o Disenr dryaly Sects
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tract mucosa frominjury caused by chenothgrapy or radiation therapy

( RT) 33ra@Bthorpwewbils it slay siceedpp evendbgedraidtert' o -.show t hat oral gl ut ami ne

f eedi ng canprevent or | evi.at e acut.e diarrhea in tients who have
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devel opwrat tefadimifkeatied of esdiiftheglo P Vért O] Tosd, sine@né ARG ad@brbant of bile
irradiation-induced C injury. As will be clear fromthe disclosures that
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absorptive capacity in the small intestine. 20 "Advantageously, the subject
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formul ated for oral adm nistration. In one enbodi nent, fhe_ t herapeutic
conposhaursef adenpeiraios, TEDrEsostalignsesedatirallang immunelpgiod bagisesi-st i ng of , one
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vitam ns, buffering agents, and flavorij ng a%ents. The therapeutic
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enbodi nent, the .c osition of the subject in iQn.does not conprise
o1 LoosBeRgiea g, Borik s ivend:d dad SRk Fa BB SRR, S RSonaiP PRl
enteral feeding almost immediately (within 1-3 hours) increases portal blood flow (PBF) up to
30 50% above values in food-deprived piglets **. Thus, as shown in various studics, enteral feeding

is far superior to parenteral feeding "%,



Al so provided are nmethods for treatnment or anelioration of diseases or
synptons associated with the loss of small intestine epithelial cells,
parti cul awbyoiazn4dtee villous region 5 and brush border, pamaSdiiz®aies or
synptons associated with the alteration of transport protein function in

the smal|l intestine epithelium The meghod conprises administering, via an
enteral route, to a subject in need of such treatnent, an effective anount
of the conpgsiti n, of t he sy ect. . tlon referabl he su
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subj ectnteh&Theltsdiheetly Isﬂmee@tsu@crbsea&@aﬂ%n&ﬂérﬁ@%r@p&dﬁ@aéxdlwmp&@@%ame t he
t herapeutic conposition, and f or screening for nutrients or electrol ytes

for inktngsrishin selectechsassab) ecthe pdicageot ild? dbproaely haonplobdoni @hseqmynﬂy
sel ect ri-gent e taln of bIe
absorp%?geggg e§@%§m$%ﬁl%§§ﬁ/81%%Sdmé¥rucflon 0 ams%ﬁQHnn mﬁf hel i a
celd s. miheasshrgtphodss can chenadagiagon Eqeritikse i n indi vi dual patient s ther eby
facilitating.the 15devel opnent of conpasitions and net hods speC|f|caIIy
desi gned t o\l Sﬁ%e%éea%nsaﬁmaﬁhaﬁ &]&lea‘aé)ﬂmﬁﬁﬁ iveHt upisRI AR IpESCRI® rﬁr«m OF

(R aneonany ik MRy Aoy oA (SN T PARRER IERRE, 1 5
and 4. uﬁﬁyﬁmbk)Bmmwemﬂenuhghﬁnmmadeah@pcmnpdaynﬂorAHmOMEH&pWE&enhﬁlhhe time

poi nt when fo sk lin was ad Ef fect at | reased oses of IR on net
Dot on EaETit FoR. Rl o R | BUb s biiah ShTaPEq o Tt & HAG S 96T Th

regul t g\ \M’e@lt %Fﬂ 1H§r@&é‘éleféé§ﬁ3néiﬁﬂ;§osltﬁ%§ &@dp Qxéaﬂn&i%"k?fﬁr%a@'ih@i%nqﬁdi&% eGR shows
change in Ty, with increasing dose of irradiation. the values are 25
deri vedjdryomin will2he clegs ey thx plesciaverss sthamf@lomerth@ﬂenemi othed dynefits are
post-ln%@ 5% @ﬁbugme ul ar nger solution on both sides of the chanber
with a’to ool @‘%?‘ﬁbe nosm Hi st opat hol ogy sections showed m ni nal
viIIous and crypt danage at 3 Gy, and extensive villous and crypt danage at
7 Gy as conpared to 0 Gy. Figure 3A shows change in /" in mce epithelial
eIIs over time follow ng irrad@ifdEFOVMMARY 3 Gy. Val ues represent nean
EM n=6 e, W ng
rFad at ont ReEy i LR e SRS o930 BRI BRB R 7t
days. AMdlhintdstinee fhné‘ucdlayﬁlemb]teeﬂ donqﬂmabm @nysefuh é@r&héﬂ\ﬁ&tﬁheﬁtl drghiclid@doease in

J. as conpare 0 .t hat of 50r 7. 1" 6, and 7
ver e sgc}ﬁrplal‘ﬁsw]ﬂﬁ GV 9@@% 1ﬂi’ 3%? loss otk meﬁﬂ%&f %Dr@fslpa? ﬁf%@ﬁmlﬁ@a%m hel i al

cel . {rkQ#IfRs %&lah%sth& faﬁlsﬁfbfo%& ﬁ@&%ﬁ%@%&ﬁmﬁ@o@eﬁe@ﬁeﬂ ﬁﬁi\é@%@iw at ed
I shows t he

in non-irradiated and 3- irradiated tissues. Figure 3
contr|@uﬂnwnsmﬁo$MﬁBwnhﬂmné®Hmnnoﬁﬂse@netuqnmumhnbeMmﬂhdememnined by
r acing d n er, 5 solution with eq ui nmol anount s nat e.
Lkol 19 shiirberabiamme eRaL ol porprd BorEr g o talgred 59 in 3

G] ti sgdepiivELae betd Eaghmvestiahf @stmebudabh ﬂ'l\éalﬁssCUT shlla@giestﬁ@@ﬁlﬁfeh&lr&ellﬁ' | of

the results shown in Figure 3 are fromn = 6 tissues. Error bars represent
SEM Fargidhealmat@n@ma@spaﬁmcm muskias frethe mmlﬂ oxgsting. elpal préferedeinbrgliinRIL, Pl asma

endot oL Qi d 0 BNl R e S TRASG Do fleflogPOSL LR, Pl gure 4B shovs

changes i n*~permne otted agai nst changes in

menbr ane voﬂnt(ﬁgen(baiﬂmﬁnt Qke m@ﬂigmticaio)npoém@@ddnﬁﬁﬂ'S@EI Bhsidtin@esatissofior
conplete | oss of selectivity igure 5 shows that irradiation increases
| edPel sCHPISTME PhaPALH rrrgforﬁé“mea%nawe 2cidp erlgeiEch SoTNBSinca Al e PhIOnPS FY e 6

shows CRANGeSshakit R, SOFLEREOMIIEHAP hihAgiRt 1 40 dNche! MHANQRHAIAM,NT T or
therapeutically acceptable carriers, electrolytes, vitamins, buffering agents, and flavoring agents.
The therapeutic composition is administered via an enteral route. In one embodiment, the total
osmolarity of the composition is from about 230 mosm to 280 mosm, or preferably, about 250 to
30 260 mosm. In one embodiment, the composition has a pH from about 7.1 to 7.9, preferably,

about 7.4.



| -1COB" secretory machinery. (A) shows effects of irradiation on bath Na+
on HCO3" secretion. Experinents were perfolined in A in d-containing

sol uti onsweai2otz/ad®7nmM Nat or B) CE cont ai ni ng sol uti ons Pairtusout/obees

Ti ssues were stimulated with forskolin. HCO3" secretion was conpared to

t hat of between 0 Gy and 3Gy irradiat egl m ce. Significantly higher bath
Nat - 20 dependent HCO3- secretion was observed in O Gy as conpared to 3 Gy
irradiated mice (p.< 0.001). Results are d%rive,d fromn = 6 tissues. Error
bars represtht SEECRIOGMRagiEynts hsgoMpATIHYS 0 aihsisHY o6 Iy BJigR dRFt PLSOBYIS ni ce
recei V?l@c@se%u@ﬂlﬂle?’m@h)/oniiﬁef adl/@tihQie, Usi ng NBCel a/b antibody. Figure 7
shows TR dose-dependent changes 1 n glucose transport and kinetics. (A
shows 25 t Ak providdd atd orethods bt gdatinentod eselidependé ntiscdes ra ayampiams

gl ucose- st.i mul at e + ' Sc_neasured i [ chanber.. . shows decreased
LG T GTTACEy e gh et dll MR at T o LS T REREdate TTION NErglr o 5
shows ikpbrus bdérahn O sdREUGEI nihdHEOSCo Gtk UL AR a6t BNS thallsfdrt protein
dose-dependent manner starting fromirradiation at 1 Ely. Irradiation at 7
Gy al migetienaplties angll jingstiteven dglighuc dbe mathers pomprises Diseeriog, diaspl ays
short-circuit curr .. .Show rated kinetics with increase in.glucose
concentiat] e B p S AT Br SRV AT RGHORT T b lptdahe Bpgh fuch
concendf aici amjaef idveioni gRieRrHBy, Sthowsbjett asthpddindh dosdmidepadenillyl el ease
in K " values. The maximal increase in K, r, 6 was observed at 7 Gy. This
i ndi cafeashes kg infestingrtdbe B¥picchused decreased affinity of SGLT-1 to gl ucose.

Figure 10 s : - de a : i hatd.on iner - The
i A s FY i o N i A i L e
i rradi amoritcaused far sadudtg dor ofitribhts re tdanalytSGEOE- ihclusibn ghtocths esubjeansport .
Figure,11l shows changes in Km over .tinme post irradiation. Kmincreased

| mred WPEPSUH AT, (BRI Y0RY SO HHABHS®S DEtihiey BB Varaus

appr ox¢drRidelapblelhs8Ryise RSt hddlliak nndesFuoit LS 424 AdiBe shawiheslst s of
murine survival studies after 9-Gy and 15.6-Gy 10 irradi ation. Death of

gl ucoskhase emeibddnicer lwcedapist dot ivng ionindayduab mtidntz, thenétye fasditeting thd ce di d
not. die until 10.days after irradiation. day. 20, 30% of, the control m ce
were. s g BP e PE S Re RO B aid, Rt s8R ell B e o R0 v a0,

Fi gur eindidighopgicést ern bl ot analysis of SGT-1 protein levels in

whol e-cel |l |lysates. The results showed that irradiation increased SGT-1
expression. 15Figure 14 shows Western blot analysis of SGT-1 protein

| evel s i n brush-border @‘f{ﬁi i | &i ti ssues. Irradi ation
i ncreased SG.T-1 protein ége S C}/[ﬁ[%g?d()jgz)eﬁ)ggﬁengeﬁ? manner. No SGL.T-1

prot ei n wasFigaret tshekvi affenlodiradidtisURBon net anioFéegiition 1A) shdwsndub@hce
irradi ation caused a dose-dependent. increase in glutamnestinmul ated ' Sc.
201 gutd: ié)'s@é\%é&t Rstes Werag Uétea&ﬁ dey st ancht qilesingd perentn /dersesdeon n

l'ysi N€day 2. Arrow represents the time point when forskolin was added. (B). Effect of increased doses

of IR on net anion secretion. All the tissues were studied on day 6 and n = 12. The results
showed an IR dose-dependent increase in conductance.

Figure 2 shows change in /. with increasing dose of irradiation. All the values are

25  derived from n = 24 tissues. Experiments were performed on day 4 post-irradiation in regular

Ringer solution on both sides of the chamber with a total osmolarity of 296 mosm.

Histopathology sections showed minimal villous and crypt damage at 3 Gy, and extensive
villous and erypt damage at 7 Gy as compared to 0 Gy.

Figure 3A shows change in /. in mice epithelial cells over time following irradiation at

30 3 Gy. Values represent mean + S.E.M. n=6 tissues. Maximal increase in [, was seen on 6th day

following irradiation. No significant difference was seen between Sth, 6th and 7th days. With

time > 7 days post-irradiation, there was a slight decrease in I, as compared to that of day 5, 6



stinmul ated Figures 17A and B show m ce survival rate foll ow ng |ysine
(A) or glucose (B) therapy after IR Lysine admnistration resulted in

i ncr easedweunwziosedoy wher eas gl ucose admi ni strati on resulPCeasenidexpeased
survival. 25Figure 18 shows Western bl ot anal yses for various transport
proteins. Western blot analysis showing NKCC1 (A), CFTR (C) and NBCel - A/B
(B) protein levels in jejunumof mce. Fromleft to right, the |anes

represen | rradi atl nin sed. NKCC1 oteln | evel s
from 1987 wesdlih ner sabt vt sbia ey 5 SERyS ipeoRO 8" g deal

| evel sipgdsant bpritl Yeidegnaases fsablvowhdofrédt rAdivatdiide MR bhsal aaaQtA@MP- level s
in jejunumtissues 30 significantly increased following irradiation at 3

Qy as @an@a@édktanon@wuu@gﬁ@humﬁhé ‘xhédﬁﬂ@ﬁegﬁuchthﬁww11prbv@iﬁhdevels
‘?grp\?\;(g(g]éllt’lgut{?l%gtf d%ll{)fgiﬁg anto ltS_GCI‘ dl 4 1% (\)Na(s) 861% )nneg{lby lgep?acn&{ﬁé%ﬁlrn\égrs tBecair e
schemagdigtidodeh qufu@{olaﬁ"%ﬁﬁé (Eﬂlxls@thﬁﬂatéA)P o@dltdhh Isti ekl 2add Qﬂnﬂcfﬂds&ﬁldlc(lﬁ)() ani on
secretion, gure_ 20 shows injury to small intestine micosa in nice
treat efyvi‘t e 8:-02) Lb@? agtr Bcd 10y 5symey. (Biggre o Aownetiestspl la%th ANy FgtiCEbB) . (A
shows i j (BL In

ol opl A FeeR ¢ of e SHoMRIE R A Tt ol Ay, CRRO St Benre B o
with t&ENIherapeutlc conposition of the subject |nvent|on i nproves smal

i ntestine fﬁnctignﬁgf m ce that have recei.ved g DE AIHED DI SCLOSURE
10The subj eEteurndantryn chsnsst dbrlasa Fagaiatip &bl FAloRiES Bnd TS SHECRBES. for

| MRy OViDGs SR bneh Q&P L a%%uﬁ'&sk RN -Fidhi® APIRAS {HaRBes B He%g%lll %Qgtl(f of

ent er al adnlnlstratlon e conpositrons and met hods of the subject

i nvent Cbri a¥aé pﬁiatethaganlnardmnmeﬁ wherfilprng hatage éRilneont potentaaie liradiationoat of

gast roj,nt esti nal %Pg % %ed with the loss of small intestine

epi t he V&Pwﬁéﬁfgnpgﬁ? <& FgV1n the villous region and brush border,
and/or for Fi@ré 5eAbWEMat AfradhtfRABE8aRE leviR FARMMMARSy AS8aMklA R h the
alteration o transPort protein function in the snmall ‘intestine epithelium

Advant Bgélbusiip andidiPsgbj ect t her apeutic conposition is tailored to the

mi shal anced ﬁﬁfﬁﬁe %?cﬁﬁ%&%ﬁﬂﬁCbP%ﬂgﬁﬁ%&%qu%ﬁ&hﬁﬂ"%MS&SH%ﬁgggﬁgﬁﬁy t he

| 0Ss of sma Ihé e iraf “ce particula

i Nt est HO®;Wetle@us niacighaf. @Ockhbive sffeliobd@fadiaisnwel battaslat be HQO; akdréfoat i on of
transport protein function, Particularly, the subject invention can inprove
smal | FRIESsnHeVeis JeEarmeulel Ahin C#é@liitap@gs%?mow m@sﬁ neM dctardd, Cenhance

f1uid 50%5% Obhuti s MR Q& ahk Gl AR SR lldt#d @ﬁﬁ%rkfb@lpaﬁb@g%mc &ﬂaw g

restore or e ance sma i nt esti ne barrle unction of a patient
i njur ycdmpardfdetosmml of battvest O r(éy amrté@a 1rrhd1ateahemembﬂmgnm®uahﬂy hiphet bath apeut i ¢

c osition ¢ L ses,. consi s e aII of sists.of one or
RO S ddpidinf D PRt o Ber Fom Tt b lompdred Ho3 B RS E TSP ne.
tyrosi ('5‘6@1)33&@151%' Gre d@drfed | (Rh GHE Betxssﬁésywh&% r@}m«aﬁtaglmex (B@b SR = and
optionally, therapeutically acceptable carriers, electrolytes, vitamns,

buf f erumgulag@nnm ofgiqpimpinghisends iy raige ncsived ATt hst é@umadla@@np@mgthl%eh S
adnlnls via an enteral route. In one enbodinment, the total osnolarity
of the g?tlon is fromabout 230 nosmto 280 nosm or preferably, is

about 250 391 gife 266 WIRMNost- ﬁvp'lﬂae}ﬁ rhagesmntlucobh 8atpomasd kinditsh@s saopdH from
about 4.0 to 8 5, preferably 5.0 to 8.2, nore preferably 6.0 to 8.0, nore
prat er bt iyradiptian fesultedgn asieas-fAensndgst deweasp ity glugasewtimplaged Na ™ /. measured in

Ussing chamber. (B) shows decreased SGLTT1 affinity for glucose as irradiation doses increased.

Figure 8 shows that irradiation reduced glucose-stimulated current in a dose-dependent

manner starting from irradiation at 1 Gy. Irradiation at 7 Gy almost completely inactivated
glucose transport.

30 Figure 9A displays short-circuit current, showing saturated kinetics with increase in

glucose concentration. Particularly, glucose transport is saturated at a concentration of 4mM.

Figure 9B shows irradiation dose-dependent increase in K, values. The maximal increase in Ky,



8 In a specific enbodiment, the conposition of the subject invention
does not conprise glucose, glutam ne, nethionine, and/or |actose.

Al so prowoedi2aneronet hods for the treatnent or anelioraPCorusedlidsenses or
conditions associated with the loss of small intestine epithelial cells,
particularly in the villous region 5 gnd brush border, and di seases or
condi tions aSSOC|ated wth the alteratron of transport protein functlon in
the small jnte p hel t hod conprises adm ni st via an
ent er al"?} BYCEC taé uh}‘@dtl Ffﬁesn Hl%gmg%ﬁa‘tsf’ thr‘ﬁé’ﬁtf Tgllﬁ“bpfg Lilvk nount
of theygeyposition of the subject invention. The subject invention is
based, "at |least in part, on the discovery that enteral feeding to 10

subj ects wi Figuonlly showsrbatr Veatdsciehat! aserailintior dagguinereassdf f Tiei enmimal
absorptive c |10 I t.0 t mal | .intestine roves
mieos ikt Hhg s dreStLRar (08 niliscPeli RED rodiaDh FkEe e THEGRG o
retﬁntﬁ@amn@ngggﬁnq%fahgge@@ng%ﬁay of associ ated di sease synptons

i ncl udi ng, but not limted to, mal absor ption, diarrhea, nausea, vomting,
el ectrol yt eFigwsaldnbeys atmg@ﬁewﬂﬁ aydrdine 11<5t ﬁr&d@él@ﬂdﬁme@rw»‘l@% impedisizhj ect

i nvent N3, n rmn n j n

chenot ﬁge?alr}d,dl alr?%aF Cgrr%t? ?ngﬁ {ﬂn ? ?négrltlsgc tropr 0 (gls)ng Iﬂrﬁg n?téfhl i 1szflo(gagsérp Osd wth
r especirratiatiohor exanpl e, glucose, glutam ne, and |ysine, and el ectrol ytes
such as Nat, HCO3, and cr. In addition, radiation causes increased net

ani on secr eFigyres e andeld shaw srralty ot myiinr sHEVivah gtugics ften Py e anth 5Pt ve
capaci r i

pogglb%%d ggHtﬁt abséﬁk%%%gé%%%g%éfgk?%&%%g 3@#%?%%2? ﬁnﬁggéa ol o%t 8- 14
days pdigtnoi rdteaulmtath()odays nftor cedmvidel Hn day 20, 3Bpecitid caltioy ,mmadaeszt alom, causes

an irradi ation d ent ,decrease | ucose absorption due to the
reduceﬁpg?fﬁﬂv?y) ﬁﬁ gﬁ@ﬁﬁ?ﬂ@b@ﬁ&@ﬁéoﬁﬁﬁcgge transpgrt system (SA , T-

) to gl ucospigukdingt EIRNA Wadstighh 853010 Bn Al HE @ BT rwﬂ;@téu@ne\%tgowdwﬁdt@teu
radi ati on caused 25 a dose-dependent” decrease in gl ucose- transport

act i vi yyatedl begsdasbawed thiahirtagdiagpn Saraesad $GETgl mmsemn i s known

| uften can 1 BTy g4oteE TS gRAr ol b AR R O 1 hr %@“”a'

i nvent inemprme aksitieedf pginah @Ruéd. Hiaghi di@0nsdRie8 SIGIV-1 r@bilﬂqeﬁees iifbdd@é-
glutam ne has been found to cause osnotic diarrhea 30 and reduced

sur vi védpenggt manpalNG e rigprateiewandetefiehincotiihiatsion of, ani no acids
sel ected frp itéhté/ §isn m\%‘ W&t Weadidd¥nCORISOL t{@ée!déﬁendEXtr 216 1@@‘?}5&! aC' d,

i sol euci ne, tryptophan, asparagi ne, and/ or seri pro ongs surviva
Therapammﬂme&hnp05|tlon for Inmproving Small Intestine Function In
one aspect,_the subject venti on provi des therapeu | onp05|t|ons for

i ot ovi ng shighre éE‘t‘iV%éQ%tuH&dﬂ%Wn F#iSEhet ERifotinTe éeats‘FtéPab’é’é?F| c

COMPOSittih ARke§QNPri ses, consisting essentially of, or conS|st|ng of, one or
nore free am no acids selected fromlysine, 5 glycine, t hreoni ne, vali ne,
t yrosi ne aquant& 16 AamidB shew hecciureyaltraty pelapnaglysias pa) agilnese dhdhsery ne;

o ot T TR g hab e FE BTy e hebe W RGP, Bl arion

COﬁpO&khﬂQalﬁ§b@@Mﬁdeﬁh@ﬂed via an enteral route. Preferably, the
cg££OS|t|on IS sllghtly al kaline and is hypotonic when conpared to the 10

os#otic prebigure 18fst 1@\fmlwest€m ékman@ly@e@fphémcals tepabiost proteds. a&feetem blas cel |'s
and cr e S t P r ubj e
corrpos%?#ycs)l% %18% ]§1(3<s%‘%j et ICFEJ& BC L?@o‘%ﬁ%@? Llnglgvﬁsisﬂ & um WPhd as

an or altuceemy@tﬁaéﬂ Qn"lgjftltﬁé(lafngsl’ repfmm\a, mg3 ssrmtdw Gy\t Qﬁddlﬁﬁ)nflﬂcﬂ@ésb@NK@@t is
underm ned due to the |oss of, or injury to, |l ous_epithelial cells. In
one enBBWITIEKE!S fippel - Stvamnd sushoingiiepseydegreaser et 26 Emidsi RIBSHF 114 B ot alBest 230

msm tngmﬁcantly decreased following irradiation. CFTR (C) protein levels in jejunum tissues
30 significantly increased following irradiation at 3 Gy as compared to 0 Gy. Jejunum had the
highest NBCel-A/B protein levels compared to that in duodenum, ileum or colon (D). Tissues

were harvested for western blot on day 6 post-irradiation.



15 280 nosm or any val ue therebetween. Preferably, the total osnolarity is
fromabout 250 to 260 nosm | n anot her enbodi nent, the conposition has a
total osmuDapnizogotonat i s any value | ower than 280 nbsm PCT/US2011/053265 one
enbodi ment, the conposition has a pH fromabout 7.1 to 7.9, or any val ue
therebet ween. Preferably, the conposition has a pH fromabout 7.3 to 7.5,
nore preferably, 20 about 7.4. I'n certain enbodi nents, each free

am no acid can be es at copncentration om4 nmMto 40 nmM. or any

val ue ther e&éﬁ‘\ﬁﬁ%ﬁ%\ﬂ@%iaﬁ ?C‘%‘Emf‘@? gl"‘%@r?ﬁ’i e MIystgpulpthd (833' SUTAHER ™ f r om
about Z3Qcdm@Nahn28Gei@sm Alternatively, if the amno acid concentration
is calculated based on ng/1l, each free am no acid can be present at a
concent r at i Bigure 3thsBogs nyry b onBHCOtes2B my¢dsa immiemiyeaed wehthidnependkeen,

sher el P07t 3y PAIP TSk, 05 SATRARLLHRReL By ATSERHl APt L0

CONPOS(B) HOwS AR deS L FscQf Bisplatifjectbd 8ceaM No aci ds present at their
respective concentrations as follows: lysine at a concentration of about
730 to 6575FHre 21othoysyhaf dhe admppitepenwderith tisghempentigcioanpesitign of the
concen I an,.0f: - : ﬁg% ue therebet ween;
glycin%ﬂi%kgﬂgg%%gﬁ@#gyg%ﬁmgﬁggﬁgﬁﬁﬁgégggﬁ%39%@ang f%aggggﬁyﬁgalue

t her ebet ween; isol eucinc at a concentration of about 525 to 4722 ng/l, or

any val ue therebetween; threqpin concentrati on of about 476 to 4288
ng/ 1, or any value 10 theréﬁgkﬁ§%§b1$§ﬁggﬁﬁguét_a concentration of about
2fpto 6523TH@@£’@0&§3}1€&}€0N%M{%§S hRESPSHWRShpo¥ablsgh P et RGER &AL Of

about 469 to 421 /1, or "any val ue therebetween; tryptophan at a
concensmat ipstof @bdin. 8 TTe tan®SiBonygs fpmaratad o ahtael tddenebetiseenThe

asparagine at a _concentrati,on of about. 528 to .475 1,.0 ny, val ue

£ hor eoarugsiond b BFT0ES bl uBieB0dhioR a Pt GR Ror A dat e g 8
g/ 1, ghelaMtiondfugsthaeaRel VRN asshhigkeiwith thd s of Ghal DERER dditkeled ctilRe
conposition is from about 240 nosmto 280 nosm I n one enbodi nent,

t he subjreetarniie e Blow sgiateand bash derdeonindl/asi fng thehEedtolenond digeases or
ti Lysi. . i ' -13 o ' 19- 29
fm 01253 X ! éo%%ﬂfo%s agsﬁ)'éﬂl efg%%%#bgﬁﬁ{;@%?g ?r%ﬁsfg'gﬁ (p%gﬂe\g)gﬁu%%tior% HP@!Q smd! Yn(%c!(sgg%( T

, I'soleuci oni , Lyrosine

nmosm , epitkklivie. (19-29 nosm), 10 tryptophan (5-20 nosm, asparagine (3-13
nosm, and serine (3-8 nnsn%f or a subset of these ingredients. I n
one speci fi CIEHBBHPRERL the sHRIceLISBER 1T O ROBRIFHHINs Bstallgist e they nyshajpaced

thr eonéagslg)%ggia@eeof @@%Et}’diﬂéétﬁﬁl ke LN @ eagé R8s BALAQ g@&&ﬁle ebfiudhiaf Ur t her

specific I ment e conposition conpri ysine, glycine, threonine,
val i negellsy pasicnierly agpéret sioalhcntdstinesallleuc rapéon i6d hyphopdrder, saspet agithe, and
serine.in a formof free.api no acjds. In.a further enpodi nent, the
cp#pos?l’f@ﬁ%wnp%ﬁﬁnﬁ%%&mﬁén %Cw-ei’m@ﬁilw& Sbﬂﬂ%&t INeRURR g¥ BRPTPHeSBdhe or
di f f er gidstiAineoRAC h@i&i_ng,eﬂeﬁgﬁeesqnmr RstiNS B0 leHRIRE Nut B ACpre VRt b,
tyrosine, aspartic acid, isoleucine, tryptophan, asparagine, or serine.

| n onealisvisgabmelhintestine asepposnd/porestoe sr erdianeosall mtegting dairee fumtdoe!

nmet hi onj. ne; d 20 any.di-, ..0ligo-, or polypeptides or proteins that can
be hydgr]f%‘lflif%ltegé{inﬁ% ngﬁpﬁ(%/glﬁisﬂfgnéﬂtﬁgglre IH%‘toﬁigoni rte. In an alternative
enbodi nent, [nt e eabRSEL 06 thaYpLEBRbhPesificeeoriag @Gkt @hdth@dllyn&t, oANnd,
optionally, one or nore glutam ne-containing dipeptides, wherein the total
cohcerfgFisoN ofe Phéndre dicc Amine agidsdselicirdakivmelyeine gliangl repninge velst ai ni ng

di pept ) .ess -t h congentrati I t han
P s Lt e L T A S R o T
0. 01 miédapeutically adcoptalsiotdraers adléemohatd, viearsind bafferm agehieatdnrvafiggidents.
conposj.tion nmay. conpri.se free am no acid nethionine, and, optionall one
or ror B BERPGHCHaT RaRLS FicHE T BEA I HRBCT RGN b HaC CBvafneshateRht i on
of th apk hakaet:Risani 5 i Qni-Nes- i

S0di P P e e ey B APy Dot 2301 300
mg01, towdh ragsnl.Ol org/dmboBnamy/the cdBpasyiob, hab ampll ombbogy 40 tO85, pgfetablsor 0. 01

mg/ 1. 5.0 to 8.2, more preferably 6.0 to 8.0, more preferably, 7.1 to 7.9, and most preferably, about

7.4.



11 I n one enbodi nent, the therapeutic conposition does not contain

any saccharides, including any nono-, di-, oligo-, polysaccharides, and
car bohydrwiDesi12/d4n700ne speci fic enbodi ment, the therapeuPCt/usenposizes on does
not contain glucose, and/or any di-, oligo, polysaccharides, and

carbohydrates that can be hydrolyzed igto glucose. In a specific
enbodi nent, the conposition does not contain |lactose. In another specific

enbodi ment, _the t apeutic osition d fructose and/ o

oal act oce. ' e R gty e BoPhu G EORE ke SRR L abbofy SPEPEE"! ha
can baﬂhMﬁéq%ﬁ&ﬁﬁwl@&@Khhgcﬁﬁﬁﬁlﬁﬂﬂkor gal act ose. In an alternative
embodi nent, t he t herapeuti c conposition nmay conprise nobnosacchari de

gl ucose andilso ppevideskart yetlndls for thapieatmgni eoaaelbuntial of Hepagissucerdifipees

ot her han i C

monosateh (‘é%thM aﬁ%ﬁ% (gp@ﬁ at“ﬁm[ﬂe# ucoég%%on %ﬂhg%w %h clcglgerrggl%‘(ls 56%1%? | ess
t han 3ar@/bhushdor aﬁyarmnceeoésroatcbﬁmaoﬁscnmcutt&tawua tlgd drlrerastumrma@ns’lpog/;ikotcﬁﬁo

mg/ 1, 300 ng/1, 100 pg/1, 50 ng/ 1, 10 my/ 1. 1% 0.5 ng/ 1, or
0.01 nfgpgtion”in the prjall dpicgfing arlmentlée mrrBO@ r?@rma?pé%ﬁ PENREHIEG ViAo

flog&r_;' &?%%%teogg%lﬁ %&'15 %&&PW %Ji“:ﬁ e ngééltt ﬁ%‘t éefré%gfges faf?lé)rdlc E@f‘?@é ‘é‘om})%t&) 6}2

HPCAZ(ﬁ%HﬂdﬂEﬁmsﬂmnumnc i odi ne; copper iron; selenium chrom um and
nol ybdenum n al ternat. dinment, the c osrt on do s n t contarn
o or Ok LGRS Bl A 8 e BB o e
Compr | §@% G oﬂS}Qh%%em@ttha@ rétQiBQJr a@@ﬂfé%&“ﬁ@iéﬁtch@s&f)tl{/eec@@a&ﬂaﬂ)Il%w'f@ , or
concentrations | ower than ) further enbodiment, the therapeutic
c 0 rrposllnlurlo rfo Clbﬁmlmféb slt@ﬂmee cmuma empm\@m Ingcozol he¢adimu d@@ﬁges tsopgll riotesmrrlﬁm t ed

vitamn A a ta and/ or

i, et B e tiobn Moty ie e gl Wsboodbne e stinefy

Vi tam ifclBdinge. Wit, nf ABhitedOho, NinaCaHRBMHLHEE) diadtHeamMauRd, (amtialhecgoBed d) :
vitam n B6 pyndomrw) \ntamrrB7(b|M|n) vitamn B9 (e.g., folate or
fol i c iadadpce, Nt daiysirgion. (cobalam n), and vitamn K (e g., vitamn K1, K2,
K35 K4, and Kadoor ARk G h{%esubffé M CREbA ﬁﬁb&% %é Fhat 0 B%{Q on
does not contaln one or he 1ngredients se e roﬁr ol'1go-5,
pol ysaadhdon des, chendtteaapdyo hy diletemn mlugomoonomoiwp&pbndesﬁomvpiomelns;
lipids; snall-, nedi and/ or |1 ong-chai.n fatt ds; d/o f
cont ai lﬁﬁ%tEh@f&‘a%r%g%WeéHWWor@’&qﬁﬂ?? etelecplyigruchn am@ﬁa@m
phospha{iec| ong, ad&Hfbh, aadiHBRP auseitased A ARRSsecrd@io®, USRI alt@aBbhs buf fer
t he conposition of the subject I1nvention. In one embodi ment, the
therapeunmo eodpolstitélpie usespmminﬁma@ofcﬁsmfIasnahﬁd&feﬁm‘Hndanomheml

odi t he t herapeut.j 0 ition does. not use
ut erehempyrerap. bt REFb LR EPirp e B Pateryren  twartn raish @Rk n,
I mi t sg-t heagGeRreireddiddde ih Recedb@ns)s and steps to the specified naterrals or
steps and those that do not materially affect the basic and novel
char act er i stncsifigpllnf radipsiopr eyisert annivesdiation, dascelependsnp@streassni @higosfet hods

f h
o7, SCARBEDA O Yl SR AP LASERLAIRh, U PRLLLSH Ak o e

onsI'sting
essent flsa}IlTy 1 pio, gludobe  Flietiapse utud@sm@rmé-smumoeﬁ letﬁizedC{Bﬂtra(ihﬁhﬁnyaused
unspecrfred ingredients including, but not limt to, free anlno aci ds,

di%S, o flgs=depgricpbiisrprapt Ingelacase- “plpﬁft%i gpdivity apd ﬁﬁ%@scd aftinityfiS§d-1-1 for

pol ysagghati des, and carbohydrates that have a direct beneficial or adverse
t herapeutic effect on treatnent of injury to small intestine epithelium
parti cul ar |y id imotnethati thé pmselrceg)ifonalﬂpﬂ)eb mustentsarrdelutesAh s, infeytinug lurgert he
term 10 i sting ent ally e. conposi ting. npri se

Subst aeds ] Rap SRR Ry o It b abat PEMGhE SED oY R DELTBHE SN nj ury
10 SMellaqiaflieshb| e walkl IB&)sE Wil/os YaRah ROTRdiRBY ?odrﬂ%uada%s& BEhd®Y Siarrhea

exci pi ents, adjuvants flavoring agents, etc that do not affect the health
or30F urrowdi reducst! suh»evalnwhﬂedra@ fieeding ot esshi orea epnbheﬂlcpruqf apamtt hodd afrld:cyed n the

villou egi on and border .. 15The .t erm d _herein,
et or o S Bp e omeioRting Bt Avedh o rlin JoRm e Rireo S ARG e
O|IgQ§@ﬁ@@@Eu@g&nsm@&:pﬁ@ﬂwﬁgﬁﬁhﬁm refers to a saccharrde consi sting of
three to twenty nonosacchari des. I n one enbodi nent, the conposition
of the subject invention conprises nutrients (such as free am no aci ds)
and/ or electrolytes that retain or acquire inproved absorptive capacity in
a




20 subject having injury to snmall intestine epithelial cells, when conpared
to the absorptive capacity of normal controls who do not have injury to
smal | i ntwetbred4emirt hel i al cells (such as villous cell spPCErspa11o6dbs,
enterocytes, and intestinal projenitor cells). In a further

embodi ment, the conposition of the subject invention does not contain
nutrients (such as amno acids) and/or electrolytes that are not absorbed,
or hav%hre u ect haV|ng injury to snal

|ntestlnea%“%fggwﬁéFﬁ%@l? ‘“ﬂ@ﬂgggﬁB§W8gnF:‘Fﬁg "bsorptive capacity of

nom al cont Ilpd)r& Mpectdme rLijebtaMeeﬂti@hljﬁNVﬁ@s t$1ﬁﬁi|p|3utid1(§ dsiene Rirtinghrbahg cel I's
(such as villous cells, crypt cell ent er oc i ntesti nal prOjenltor

cel | s) smalyvawstEgedistion. ¢ he %nﬁ@b@dlm@m the %n@pglm eemPPSHEh IcPBRprises,

facili i 4 undue
ener gy é%%%telﬁg§ Sﬁﬁgﬁwcﬁébpgongfm%%loﬁg&s e %r?%a 11roesﬁdsl SgletC %e ann}rilrj iSte tine
30pter i geciatt éﬁedim&()&a'hnt n]ytﬂsyne Esmmmaiu Mﬂlé’lﬁﬁhef afyptdpRaQVisparagine| bnd

I ntestine Fuﬁﬁtlo ot her aspect . of t he subj ect 1 nvention

provi d&&fef BB“‘?let F@é%ﬂ%%aﬂajraca%@hl%ﬁam% %?ct@ﬂ%as@@mms bYHETRS ons
associ al.ad whi "ﬂaR/Ql‘?n% agémpf ,Th%rth!:ﬂllbéﬂt% dn o'%gﬂu'n is! fnﬁﬁf«s{ A& %@'énh%'néﬁl

cells, particularly he vill ous region Bnd brUs order. I'n one
enbodlwmhi the loss of, or |njury to small intestine epithelial cells

results in bsor tive .c .or utrients, electro]ytes,
and/ or fIU|§§ Ewéﬁfﬂﬁﬁgﬁg ‘SF E%%%P%aﬂgfgmﬂﬁ@nﬂﬁﬂ?Wﬁmnﬁﬁaﬁ%*@?y to,
sne) | baiantireeueRiftshalll 1ﬁﬂestﬁﬁ| épﬁhelﬁﬁﬁélls%&f hyvillGusPRLs @Rd Srypt Ealsséfsfhé

intestine villous atrophy, the subject invention inproves small intestine
nucosamnﬁbammﬁgw)lnB@BV@%YsﬁﬁIanmﬁegmmﬁéﬂbUWEWMﬁﬁesewhancé@dhhbbrph¢on of

ol | ovr ot BBt MRG0, B T Bobie s SRR wRCYERHRe Bhstiam <

and/ Orthhtrleah@ermﬂrfédduﬁfdthemss b5t mj@toomuen@aiﬂmesal%eml intestine harrier
function; and/or reduces small intestine nucosal inflanmation bactereni a
and/ or endofid¥egmbodiment, thoog BEp eamnagrity, oftthe cappiian 1 Fparbogh2idmosm to
Pafd | chlAhbon R BAT LAl Al BlilIRT ALIAGI O3 00l ] BEfﬁéﬂa HOA GRAbE R (§ 4B ect s
that receive cytotoxic chenotherapeuti€ agents, or abdom na
radi atmosm. mmamnmxkhﬁmdpmxmahdc@hmmnmnéhsaubgboyndampﬁmnh§mﬁh@ﬂm§hﬁker from
15 inaﬁéékgﬂmpr aut oi nmune di seases associated with acute or chronic
infla f Pt he smal | intestine; subjects that are routinely, or
acci dent al |y gepGasshitend A &k QRitiod YRE L5H REmEIBIPY & 10888 I QNANL 180
pilots who are routinely exposed to space radi ation, and subjects exposed
t o radhaebdweduePreteratlyl darcompositienhas aotisfrom at@n; 7.3rto t7eY, moork gmefelahlyone
odi {7 the nmethod conprises admnistering, via an enteral route, to a
2 paﬁ?gﬁ ér subj ect in need of such treatnent, an effective anount of a
conposi t i oNmaferthil@nydveRtHtD RachTiE ﬁm@q&utdaﬁrbeqﬁékema@ddashéurﬁ’faﬁé@ﬁoﬁqm a
patient or subject i mredi ately before, during, and/or after injury to small
i nt estietaeffi Phé| qraany cajyesthery gﬁW@@nWb@eHﬁWﬁﬁP@i efeajardh ©é ter comptositiohas t| mes
each or t. h
or ganldf;?%n aliggn\g l2§§|§1{185m5tg ?86 %osm[ sA]tsegrﬁxh @29 %g}e?rﬁa?lgé ?gfl ogl\%%l%leﬁlo fi\sse (g lcutfaﬁ th
the compebsit neyls emctweohnmgo tacidtdae bp rpasemt at i@t o &OmbE0PHEN lt@ledoo
Ila speC|e Bat can benefit fromthe disclosed nethods of treatnent
| ud@ Lp gt anyrw thot CIEpGyERY wllsrelratﬁééotalasm%ﬁ& ekde coppeRfifnds fomihvghs,
nnnkeygmlggyﬁ§¢ﬁ@qﬁﬁglanlnals such as dogs, cats; live stocks such as
horses, cattle, pigs, sheep, goats, chickens; and animal s such as mce,
rats, gui nela cpitgs ,sp@:lfd: dralmsliresss, tleaﬁerhpeuuneomp(miﬁdd @mmb@dinmmmoraﬁsm bj ect
in need of tr atne a patient with in 9" L9 S i nt esti ne nmucosal
epi t heti'af a8‘éF PESSET r‘?&lt%a‘i FrGPICHES FRCEULR oY 6? 9 lé’ﬁ&ﬁﬁ GOBF AN Ghd
i I eum apBar 130a8ba74 Mg/l forsibiveat tHeﬂeb@%@n fspdkigatiaani cdn%e@:raﬁ@ﬁ b?ﬁ'ﬁgou%ﬁh
|n ury to the villous 14 region and rusﬂ border of the small intestine.
i istidhe e/l preanyutsilecthercbetweend ghtinerag atcapeentrhiés: ofiahows3Odtte @@Mm(gél g.

I f th h d
EZ?Af‘Oﬁdﬁrs L5 A M B 380 PP YA, P

vi | | ousecreBdtiveen; nthtdtbﬁm‘ér’raﬂ la kmtcestdting; ohasohtosiys alo H%tmés‘% 15 g @eﬂuéit

| east 10% 2096 30% or 50% villous 5 height when conpared to normal; has
a loss of function of one or nore transporters in the villous region and
brush border of the small intestine, wherein the transporters include, but
are not limted to, the SGT-1 transporter, the AE2 transporter, the NHE
transporter, and the NBCe 1 -A/B transporter, wherein the | oss of
transporter function is at |east 5% (such as at |east 10% 20% 30% or
50% ; and/or has a change in absorptive capacity of one or nore



10 nutrients in the small intestine, wherein the nutrients are sel ected
fromisol eucine, |eucine, |ysine, nethionine, phenylal ani ne, threonine,

t rypt ophawio 20eld40®7 hi sti di ne, tyrosine, alanine, arginiPo@/USgélatosszehe,
aspartic acid, aspartate, cysteinc, glycine, proline, serine, asparagine,
gl ucose, fructose, and/or |actose, whgpein the change in absorptive
capacity is at least 5% (such as at least | 0A 20% 30% or 50%.

15Chan

For  exaRprEeRo TG kR el B ST DIt Pl T ohe TWETERI TS and

Met hodgali®e 6t 4 BshcBRFRion of EBSut B¥RMPI A7 hHE o6 RANIASe tHRreBBSRER I pRiake: can be
determ ned by, for exanple, neasuring a conbination of i ndi ¢es i ncl udi ng,

for ex%ﬁ@@émumlfﬁ ﬂvwﬁx17aﬁH7B32Hnyhr9fﬁ@Yth%UWﬁbﬁdﬂﬁwgmdE@Pﬁaﬁm?@QWOns of
the s ticn d e X am n tion,of
biopsgﬁﬁ'%gﬁplg§fo oﬁ@@%%%g f%stl 2 %5§X yale &l%%%ﬁgghses(gnsr?ﬁerapeutlc
pr gced¢vhesntitalial ofadbeat UDP uby318a SEAl br iany e\&ﬂllenﬁlefﬂb@@\%@h epedehel thaltoeel! | s,
such as snall intestine_ villous cells, can be readlly det er mi ned by a

ski | | egpmalariy ef &p comgoalf@rklﬁbm abAUit248 miasEl S0 RBessi on, patients with
certain dis S S ljedl ve
colitis, dulglg%%a clg?@ tHen%‘b%'wTﬁka{s%& P@ggg ee b%@gﬁ ﬁgg@l rt%gm?og Al

destr umxmsmmermef lytine (?sln@l mokm). espertieaadl o ShmoRagl gifdi@n(1 9-Chenwsm), Jamlducpma)t on

th t Il intest I T
U eat e PG AR T Da TR | BEPBR Phbregimewy Al bh2S TS ng,
and) {1 RkSHAR (250 nlosndosBeEn0 1.0} MoshChUdemndILs hidRPtorkl biedr lise

al l eviating a synpt om of i sease or condition; and/of reducing,
suppr eisgiedgnisi nhi bi ti ng, | essening, or affectlng t he 30pr ogression,

severity, d/or scape o se or : The term .

el 1 of at GRS s hadat o RS SaRbatiah R Re g SRl TSP e,

amel i ovagihe,Nghd GRGIRNB h G5@i 00 rirceta@mho adigls Usiada Mgtk Rpedifitc bndeSmeUtthd S not
limted to, delaying 15 the onset, or reducing the severity of a disease
or C ONRIMICBIHOT €OFPTISesi lsinhealyciBacthEsoatica vl dYrosindl oisexEeiasid. IIWBICingr at i on,

t bsence of synptons.

The ter&{?&{h%l %li)aqg\éﬁe EQ%%{Y&QH%%&%%I%%%E&,aec}dgfers to an anount that is
capabl e of Inm furthat engodimeanehd osmpdsiigpnacothipsBas encoor pordiipegtileonthotaher W se
capabl e of rodu0|ng an. i ntended therapeutlc ef f ect In one, specific
enbodi rﬁé@% ﬁl}ﬁ?esa‘gl?b?reé&eﬁ‘ﬁ/éﬁlﬂfioo%l RIS ramnbﬁlﬁ@dglf/@fle phEieBtEn aline,

i ntestipa 1ibaQh, gﬂgﬁgﬁ A 4 M ml | intestine epithelial
cells, mhéfelﬁ&ga? ﬁet hod . ﬁﬁ%gﬁsessﬂ&‘l e(?ﬁéhg a subject with injury to
smal | i nt eslhione eaqbodzhlrr@ht dlhe @slosifiondosshot cdifain gladome ancUoﬂmeﬂlm‘ninecumh with

such an inju need of treatnment and

et o Bt o 8 anBertiaPer brels TB Te bS nlEbe R Rieafhy e iount of
a conp@shionf@. conprising, consisting essentially of or consisting of one or
more free amno acids selected fromlysine, glycine, threonine, valine,
tyrosi ne, depantiemati anbidgotnaus mpwﬁ@pmh@mpna@fm @tginﬂ@mdaa}ma@@m ne;

Wt e oS RRAL AL by o kNS ARSHLL ARl Y, BRESPRERR GRREH SR uopBLfghbRLY L oS

CoerOStht: fr@eﬂarhfms adidtgdftahire D u&rgmtmnfne%maﬂﬁnct &lp@;ﬁﬁv(@pﬁ més@ﬂﬁkn@()p heoif o:about
I n one enbod ol

m&5r i e@ﬁltYSCoaqe@frﬁ&ns emigrrihagy %OrOéag/l \ﬂl%b %@nm@ﬁ{l&/} élO mz&htl@ m&%%ﬂ%b&;@ég Owith (or
abOUt1£91Q96?ﬁnh?lury to small intestine epithelial cells, wherein the
nutrients are selected from glutam ne, nethionine, and any di-, oligo-, or
20 polypepﬂhdﬂmﬂmrzﬁrnﬂ&tmSHEbahmnanh®QMhmﬂmnbyme@omnmongbut@ﬂpm% aed/ or

nmet hi oni.ne; .gl ucaose and a olig pol ysacchari des, .and carbohydrates
Chat BB aci VPGSR dn %lpa%,lbfs gae %rﬁasvr&rmq%!@amfﬂﬁammaﬁ&dhpw Hges thhein

requi rgs ghp Q51R§eh9£’[1(91f oMY Gl LASHARRUE HIBALARD S d IE rxh@cﬁfoﬁnfe RohfAgiyel |
intestine. In a further enbodinent, for a subject with (or about to have)

i MOur ydipeptidefal is 1¢ss|tt1@9t3|0ﬁiena/125r epa tohedritationseloivst thaoAG) o/l tueh fpll Powighg
nutrie ni s raI route, wherein the nutrients are
selectedngﬁ&ﬁpgggéﬁ§y §¥>1 Pﬂp ?QF t8%lacids, and/or food that, upon

di gestion, requires absorption of any of the above-nentioned nutrients in
the small intestine. For patients that are exposed to radi ation, or receive
radi ati on, cheno-, and proton therapy, injury to small intestine epithelial
cells typically lasts for at least 3, 7, 14, 21, 30 days, or any 30period
bet ween 1-30 days.




In a further enbodi nent, after any period between 1-30 days (such as after
3, 7, 14, 21, 30 days) since the subject is exposed to radiation, or

recei ves wadoeta4omy cheno-, and/or 16 proton therapy, @og/useomdseedf the
following nutrients are adm nistered via an enteral route for enhancing
mucosal healing, wherein the nutrientsare selected from glutam ne,

nmet hi oni ne, and any di-, oligo-, or polypeptides or proteins that can be
hydrol yzed j nto gl utam ne and/ or thi oni ne; glucose and any di-, .oligo,

ol ysavchar e LRt Jho abinedle SoPRartim ot oty Higy 204 TEBEose:
and/ or inkR@hot ARt ,maHRON ddi agshi OpblydaBAHQS ABSesBsiyAm@l anyof shlfic
above-nentioned nutrients in the small intestine. In a specific
enmbodi eebrdimette thay Bjcepeutco ApoBittiamndpes rrdndonian etudseraatioy aandlin edighes t he
smal | ] i.ne_ of_ th ject. tional ~the,method further conptises
i i BILFECHAGGT k" B FURNESG oo usel ", Bt b e Bl 8ot Hor vt es
that asebaheddtendosipdki@on idbesl @gUdohiae Rotos@mMduIBh&hM Bpetine efibbeinthe, riput e.

I n one enbodj nent, the subject invention is not used to grovide signi ficant
amount SEEPCRIC| cRrPasKien edess ot ot Mugtosn apgon calagpe tandiep tany sdit. ooligapr ove
smal | ] ' NGO, ' t Rl ' f i.on, enhance
fluid éﬂ%%%%kgﬁé’pré%ngpﬁgkgl é&%ﬁ%ﬁggﬁﬁﬁgakﬁ?gg??%%%@%Fﬁ%ggbg%rophy,
prevent andiorart r eldrdivar rdndsdiracmtl/ other elsdragoatior cembaditien | niaestdomalisdar ri er
15 function. .In._a specific enbodi nent, the conposition of. the drink is also

based SRMTHETBUSHENEOTnthOPBARA Y efF UnpTeopIcEapRiainie fitacriiidennthsie
defer Mnae acktsik NGhdFbh [ thP kRall @EBHHAHSES of el HIARGch@NdANuEIE HRATR Ecose-
conduct ance neasurenents on tissues nounted in a Ussing chanber, b)

di | ut | emigpongdisicthandeé it lesstbars g, arehntoncentpatione iviek thay 3¢fl, Gichand gla

PC1/ P Ly 1 nt a functi.onal barrier intain ion selectivity;
\(/\/nen t#g?%é@?ioéfng%zg&# Iﬁlﬁ@’(tjslodﬁg/iisml L?W%Llinﬁfgglng@’io{/@o?&? 0o is close tg
one), and Chn d¥RAIHWHIDAGINRINGS IR tBAARILEY LompEMRInSconIieR dReCPStre BIREEJIRES
function is |ost the comensal ?ut~bact2er|g+cargZ+ ind their way into the
syst entetectedrfeum.der svpmple NA t KnglE9s r @Psed-9i:adem: Endet optiophats/iens such
Endot oxi vel : sured i at i ' ] .sanp as
ondot o nTSrar EPEAn AfLoPaE” B Db dEE, Bo® SAGuRA T b Ra AR i
t r eat nenlybd@mih elncanmesitivonsbaiiméheths ubjpettidoniten hotaoneanioe,; us€d;fn t he

treatnﬁgt or aneliorat%én,of ang di seases or conditions associated wth the
| oss, dedtdREralEHate: cnaadiernonibrompenion firariehd e theI Gat eepigtal

par ti cntdidiib6r 1bQSRan ﬁﬁx?l,r&%g#%tratﬂfns ﬁ(ﬁ%%}\dn% /i function or number of
villous cells, enterocytesS, and/or i1 ntestinal progenitor cells of the snal

i nt estine. Mhefusthby @chodimegnthesheraeuparcompoditen yorosedes bnd or mbieevitanséat nent

or..amelioratipon of .an i seases , 30 or. conditions associated wt he | oss,
e T OB, BB 4RO el FSR T ¢t B bf “UHBHOPIFE B e Bh o enal |

i nt estdfueorapi)t fielhialE, Gelal$n BMidrsidb 2Rl BNEPS! LbMMNALS! Riathih Bhe &1 | | ous
cells of the small intestine. 17 ~I'n one enbodi nent, the compositions
and netihgarghadippenidebjveemin By dpaitgheancidy igedniby (phadaxiess vigamings

anel i or at | of . i.sea r copdit.i,on.arisgng from. or _associ.a with, a
Feducad it iy ob EaTER b i G S B «PSRBRf ) o

gl ucosetangin [KqsK, &;, Kedudad) asticubline. of N -12-term nal el ectrogenic

Na+- HCO3(-) cotransporter (NBCel - 5A/B); a loss or reduced activity of
apical Cl - Heogtiaig gERadgentsy s spopesiion g not copiiomes mase phihe axpredisid  or
activi .and/ NG s L1 ANS PRI &Sy s : i.fically
prefer%%ﬁggégggﬁggﬁfPgﬁﬁe co%%%§?@ionshgﬁ%k%b§%%ﬁkoQ§d¥%@u%%H?é%?gﬁﬁvention
can belipige dniafl-,t heditine adnaBnt long-claire fator adidomndfor ifapdieynthiainih@esominore
intestine caused by radiation. In a specific enbodi nent, the subject
invenﬁ#@ﬁ68§ﬁuﬁgd@é€ﬁnﬁn the treatnment or 10 anelioration of injury to the
smal | i nteshi g GRsbRHaRY pERhAL iR, LRErARY.PRAr PO ahlpde! ¥ Gsand

abdom nal radiation therapy. In a specific enbodinent, the radiation

t higr apyuffes thorcamenesiéion t pfe darenlpject inventionn alddbitd embotlngens ubijee dterdpawtent i on

b d.in th t | i.or at | f inj to th ]
ot estiMBoa oy 1 G R Or aaieat 1 i Cexpte i drers e Hutl RS FETE 6 s pace

composition does not use HCO;™ or Cng' as buffer.



15 radiation in astronauts and pilots; radiati on exposure, such as by a
radi oacti ve weapon and acci dental nuclear release. Specifically, the
subj ect iwoentzmnrocan be used to treat or aneliorate ackCe/saa/1083265r oni c

radi ati on enteritis. In certain specific enbodi nents, the
conposi tions and net hods of the subject invention can be used in the
treatnent or anelioration of injury to the snmall intestine, wherein 20t he

patient recejved radiation at.. >3 4,.5 .6, 7 8 9 1 11, 12 13,
b 15, 16, TayRempRongind i Sty & st hdvmehimbi Bhessere ohee Sus bt

recei vegl siagitaticapedficPmdRsels bt gbeys addhBdre 26ht @ not materialPdghfdct @by and he

subj ect invention can be used in the treatnment or anelioration of i n%ury to
t he smpvel charederishelskefiibe arassnt dmenbehde apeupPPeticangaad sacthedp i tirgtmat el not
limtegd:to,.ci.spl:ati: - i) (:B- : i
ar abi ngléllhget?%@frirérg%gg]?o tl};%l#gﬁo%% ?@% ilggtgg)r\l/flﬁg?(qééﬁ %gﬁﬁcg |ursle?08frgri§fh%t8¥1exate,
st €f oi tstanandy aking “conrBiinatdsemiallhef.8 die. therapeuticlcompddiién dses nbheonsaibpect

i nvention cgn he used in the treatmaqt or anelioration of ipjury to the

smal | PAPELtrhd eatisdy iByupat it 1ierigpyed 1o, free amigaraciisn dmbdtiomeRts, the
subj eCholl MBAL! AhrbEfsDRIURAR-1d. Lo FARLIRRHAK ARIEbA AR ML hadl Seases

i nvol ving injury e small intestine including, but n imte

30i nf | dimrit wnyliddwet adiesadleerdieBD) ,efigkic en atr¢apmetobf tijsry tucdeHalntestioer s,
Crohn' s .di sease, .and/ or. el i.ac di sease (,al so,known as celiac djsease). The
sub] ectrifg: Paneaah b S ey Tedat e IR Rt " o Rankl 18farho a1

I njur y“do@sikiey SeRhtiallyNbestthdi@othpdsitife RA%NQEMNISe Isib@mkeOMhat SHE MoRhavd I al |,
bacterial, fungal or other mcrobial infection. _In one specific
enbodi Werpeutichelfestibjredie frenfiaenti Yninten themal aatestine dpithelvast el tinggdients

amel i oy af | L. 1 nt ' L OouS, alraop i , ' rGgonpl ete
wast i n{él%al\(/ivgy% a% rst? %&blgh{\%i ?‘?Jgtds}&f ?&Qgﬁ%%ngsf E%s/%ﬂ%%r%genro?%%&\?t\éﬂ e?algh n}lgs eases
and cofigttioronStht hajuredrdnadl htestine gsdebimt @ekioildrly, inahe Milouateri@ausetukty smal |
intestinal villous atrophy. In certain enbodi nents, the subject

i nvent P¥ACcan be used in the treatment or anelioration of focal villous
at{ophy andiricdh bsBeMide USisat AQPRYreWBE! RILASE ksl R and/ or
hypopl asti c vfﬁeﬂ%us %??%pcﬁy; ar%gt; or villous & op y&l\/sv}\étnilué gfrﬁr vvittéé ﬁg%’%'y

muc os admihOi acfds arimttéronoligosacchdrideg’@nt aded herdbodefsnb s, sattharideibgrecting nffent i on
can be.used in the treatment or anelioration of hyperplastic villous

at roph?/“e(e\ﬁff‘ﬁerw WPO%V%@{{E “asia) and associated di seases and conditions
including, BUSneN@tbodinirk.afle tOmp&RRId FahdbidRas veMiddcRhpHs8Nf8aRd tuMe
enteropathy); chronic trauma; small bowel |l transplantion; urinary il eal
condui assfred amigs wide)l and/ps cleotesigh thahfdtamnedooire inptored absafptivt carasity in a

i stinal anastonosis;: gl ycagonom;..extensive,snmall bowel resections;
prtrar §/5tes 3T RL T gl O ROIRE P B o e Lonmed B8Ry, BEAEEYRPIS

m cr ovédph@itiSofatdr@phyint@Rowhe He @BoREk! idfunCitt SRal hyes(ind t@gbRAdRIIAlsuch as
respiratory chain anomaly). _In certain enbodi nents, the subject

i nvent YidpausceeHs seynh sdls: gvierpeidess prcbinipstiial projcaial selifat i on of hypopl asti c
villous atrgp i t : rplasi : i 20 .di es and
condi 1 ons. THaT Lars ey P B AE P b R 8 S BLE e o Yon B

def i cienaynts liypbpist amihardacgl’y) andet chctrdiisealse wanmespbisbade of hagé utdned r ee

diet; tropical, sprue; radiation-associated i schem a; drug-induced vjll ous
at$ophPsowiier g IR g gAY S deetay © E}Sﬁﬁr‘c‘? S AP ARTggPithe

absorptive capacity of normal controls who do not have injury to small intestine epithelial cells
(such as villous cells, crypt cells, enterocytes, and intestinal projenitor cells). Advantageously,
the compositions of the subject invention facilitate easy absorption of nutrients by the intestine
to reduce undue energy expenditure, thereby providing intestinal rest in the immediate time

30  period after mucosal injury.

Treatment Method for Improving Small Intestine Function



In certain enbodi nents, the subject invention can be used in the treatnent
or 25 anelioration of villous atrophy wth nucosal inflamation as well as
associ at edodoeeas®3 and conditions including, but not | peiTttsdotios32edel i ac
di sease; severe alinentary intol erance; congenital Crohn di sease; autoinm
tine enteropathy; enterocolitis; and i nodefici ency syndrones. In certain
enbodi nents, the subject invention can be used in the treatnent or 30
anelioratiogppf vil |l ous gth t hat are cause ases i ncl udi ng, but
e ng

not |imited ethehepsatdts P ??nﬁwcggﬁbéFowgﬁ éB@? I TPy iEHERE! PYpe 1
di abet gseli@hti &l Sﬁdlsﬁ%'d?ggﬂéhlubhscasggéﬁté@ Sheht tdss of, %rxg{lry%séirﬁﬁﬁmte‘%ﬂhé IS,

and aut oi mrune enter opat hy. In certain enbodi ments, the subject
|nventﬂ®mebQNEﬂe1us@dmuhfmhbewﬂkabneybn@ndénshﬁmnht|dmooéenmbdmmwtaMIophy
associgted.w t.h. ¢ ac,.di sease | udi ng but

ot efiet B PR Ry pR b SRR G sk ol Rebeasy fhschdiorRnr tartiy ihocyt es
pers 10QuteiBhter Qedtiodfes, HhilMr YiuldsOUsdahi 0By, td/BESdhtd WRE (BD104k bl snjatky ophy
(> 40 |ntraep|theI|aI | ynphocytes per 100 enterocytes; marked vi | ["ous

at r ophtp) smpB irgpsting ﬁélﬂmilawallsom@lwlar@ptwpa(ﬂsnwomﬂmm@lbmtﬁﬁh@q: vidlous gipthecyt es
per e I nt )
nDdlflgﬁ ﬁbﬁx lﬁ%ggg}ﬁhégggon 1§%€ I ac é?%%gfglg%dgg ‘géﬁﬁ%aﬂnfmg?ous

at r ophfuhction; cnhanfbeab?sbhjtmtoflﬂmmts ol Bda raksiorbe Hs ehall dntkdti@al prevents
anellorate synptons associated with i.n to,the smal |l intestine

i ncl ud?hg! 16‘66:‘?5 rotal] iHestiag atepphiralpy ﬁew GAMIRH Rk e BCV AR AT@A, 1§36 t i ng,
¢ REL T @lthe: [ERALARCEnaTAL AR I GR: b AN ARMIAL AhUR0 et aPRt A hnif!

Ther apeuti ¢ 'Conposition for Inproving Snall [ntéstine Funct
anothamuaprmﬂammummnHﬂd&ﬁmmmpmé@aemh@»@heatherapeutlc conp05|t|on of the

invention i ne enbodi nent, the t hod conpri.ses preparing a
conp05|t|on2f§F ng nD}Fndu%ﬁﬁéépvﬂﬁpnhéﬁlPﬂHSanysgﬁW%@??mﬁFh1F%83 s s gf
or i nj gsiolrRestiffBldalth B QSBjbAS (BRI EASld &0l ShemMIREADE REEOMRRS! bi ON

conprises, consists essentlally of, or consists of an effective anount of
one or abﬁ@mnaln@ﬂ@ap@np@ww@r@m artfe abqumle@lh ewgsryarselbﬁbtsothbeduﬁyr filogr smal |

i nteestine..of a subject th . a nj_ur, intesti
epi s heiroion of rd R M PrlocsSifedivirgivla Wot mPERicanh &5 #98 230
mosm t dte280e; MAsHRCtO thad Nite ialiig:]{, h@ﬂ’ %b@tiw@ﬁry 2Qpdpd efoeraabkiynabeit a250r nosm
to 260 nDsn), mhereln the conposition has a pH of about 7.1 to 7.9, or any
val ue ¢¥RemEberstierty prepeetabyip alsowrtizelyexpessd taeped mdtgiencarpediitdon is
f or mul 0 . ane embodi ment, the
|ngred@%%€s ar%ﬁgg ecktgqpbgﬁﬁ%égé&éﬁﬁ%%f%%18an8|peptldes
nnnosaccharhda&;mdb@hﬁ@ﬂ@ﬂude&ﬂmﬂnxmqﬁﬂabmhﬁhm@ﬁughenemfemaﬂmxmn@nbanalIy,
ctrol%tes 9 vitam flavorin aggg@%. and/or carriers., . In one

odi PAEL OF K 1%%511@8?3 Ohvath P’sﬁnﬁ ¢ RBGENT BF 2 SOPPRHIiAY of ke
Ut el SntRn. eﬁ%CMnRJoXitﬂ%ﬁ chRbe ARiMSELRA th @t&u%ﬂeo&%{e%%nw&a@ b,
conposition, by selecting nutrients or electrolytes that retain or acquire
absor pturing, eafaciltey ifjofy oyl intesticestithaialicols.chdsamlbk ailmirggticdenepot hel i al
cells |nt1?e VIl%ﬁFﬁ and crypt regions. 30The subject screening nethods can
be usedUFHICWaPLYA AfYig t herapeutic nutrients and/ or el ectrolytes that can
be used in ThetdmesduBROY & “@iRhi, 0hatik@nhokidi BEAERS Al orgANeht iRNSling
associated with the |oss, destruction, or reduction of small intestine
epit henpmmageFich, as pomgiast i@ ovhieh jreatneenf o6t thiesempesifians, acsprdinglte theon of
villou 0 n i.hal., pro ) cel I ecific
enbodi ﬁeﬁet%s 11?\/6#?&% g{nhgél ét%%idea %ern dﬂ‘%l?% ue% tHQtC Cz)arg}goos Ifor(l;]ng tg% 8lscfg)t§c-hd3 ds to

meet thethoeéeddtrafmantspaadd, ibat ﬁatnbeﬁhm@di ) rapwo chilnpaatdesrangukdhs angpegl fi c
enbodi ment, the subject conposition is useful for the treatnment_ or
amel | ORQRILYS; %ﬁm(‘f%ﬁlﬁ}?@ apignats by as R8s £3tHd I RoIP B SHER RadPEes. sittlee Rigfn-

prot Onshtegﬁ rg%Qt)é; c}f?ékegy,edna AR &icBlas ﬁhée? pdtg, guinea pigs, and hamsters.

30 In one specific embodiment, a subject in need of treatment is a patient with injury to
small intestine mucosal epithelial cells, including the mucosa layer of duodenum, jejunum,

and ileum. Particularly, a subject in need of treatment is a patient with injury to the villous



inflanmation in the small intestine. In one enbodi nent, the subject

screeni ng nmet hod conpri ses: a) contacting small intestine epithelial

ti ssue hawOngiompwry in the nucosa with a candi dat e nut PCEAIS2@I/053265

el ectrolyte; 10b) determining a |level of the ability of the small intestine

epithelial tissue for absorbing said nutrient or electrolyte; c)

conparing said level to a predetermned | evel (such as in normal tissues);
andi date nutrient or electroloie if the

and th
absor pfseire %ﬂr@w% eftOEZh e%lfa)éﬁsenﬁu Py BRENG the Whsbingesdjof ggtmept o |
for expifoudR¥pr8Q%e., 18%al 89 %onPletd Vel hhE Lhpledabey f’é‘gﬂﬁdanlde&ﬁih I'n

one enbodi nent, thé subject screening nethod conpri ses:
adni ni b@rém)rﬁgas aw*/ieasfaﬁ%rﬁﬂ@haﬁ at vastd 07a 204n dPUave>oPel rddeationon \elll(etstcnsléﬂ yte to

2 Tovelr b Sl abhite) bieb RO s Ry s LR A" e 3 ot el BUBRD) 7

20c cmglﬁrwm S@hphré®uehorhdl;chaBreded ef Rindgeh beved of H166d trasspbieIQh MR
subj ects); and d) selectlng the candidate nutrient or electrolyte if

t he ab%idppt rageon avkebrughf benger @taﬂm sl einrting, eplterain teg Bensporigr engledeabui east
for EXMO? Thm‘:i%é@ 109 08(17191’/ o PR r?erht?ﬁb%}%; %rtagﬁ%o LE Q% 1”&‘%3L§r\1§| and
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using an Ussing Chamber, as illustrated in the Materials and Methods section herein. For

example, the changes in absorptive state can be determined by, for example, measuring a

combination of indices including, for example, Ky, Vi, and . Injury to the villous and

other regions of the small intestine can be determined by, for example, examination of biopsy
20 samples of small intestine mucosa.

Diseases and therapeutic procedures that cause injury to small intestine mucosal
epithelial cells, such as small intestine villous cells, can be readily determined by a skilled
clinician. As is known in the medical profession, patients with certain diseases, such as
inflammatory bowel disease (IBD), ulcerative colitis, duodenal ulcers, and Crohn’s disease,

25  suffer from chronic destruction of the small intestine mucosa. Radiation, chemo-, and proton
therapy also cause injury to small intestine cells.

The term “treatment” or any grammatical variation thereof (e.g., treat, treating, and
treatment e/c.), as used herein, includes but is not limited to, alleviating a symptom of a
disease or condition; and/or reducing, suppressing, inhibiting, lessening, or affecting the

30  progression, severity, and/or scope of a disease or condition.
The term “amelioration” or any grammatical variation thereof (e.g, ameliorate,

ameliorating, and amelioration efc.), as used hercin, includes, but is not limited to, delaying
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In one embodiment, one or more of the following nutrients are not administered, via
an enteral route, to a subject with (or about to have) injury to small intestine epithelial cells,
wherein the nutrients are selected from glutamine, methionine, and any di-, oligo-, or

20 polypeptides or proteins that can be hydrolyzed into glutamine and/or methionine; glucose
and any di-, oligo, polysaccharides, and carbohydrates that can be hydrolyzed to glucose;
and/or food that, upon digestion, requires absorption of any of the above-mentioned nutrients
in the small intestine.

In a further embodiment, for a subject with (or about to have) injury to small intestine

25  epithelial cells, none of the following nutrients are administered via an enteral route, wherein
the nutrients are selected from saccharides, lipids, fatty acids, and/or food that, upon
digestion, requircs absorption of any of the above-mentioned nutrients in the small intestine.
For patients that are exposed to radiation, or receive radiation, chemo-, and proton therapy,
injury to small intestine epithelial cells typically lasts for at least 3, 7, 14, 21, 30 days, or any

30  period between 1-30 days.

In a further embodiment, after any period between 1-30 days (such as after 3, 7, 14,

21, 30 days) since the subject is exposed to radiation, or receives radiation, chemo-, and/or



saccharides (e.g., nonosaccharides, di-saccharides, and oligosaccharides),
el etrolytes, and vitam ns. Candi date nutrients may al so include
non- nat urwiD 2are3e7oaci ds, such as for exanpl e, ornithi nepCgiuseuliios3zes
hydr oxypr ol i ne, honoseri ne, phenylglycine, taurine, iodotyrosine, 2,4- 5
di am nobutyric acid, a-amino isobutyrig acid, 4-am nobutyric acid, 2-am no
butyric acid, y-amno butyric acid, E-anino hexanoi ¢ aci d, 6-am no hexanoic
0 |sobut ric a Jg - an no i on aci d nor |l euci n _
orval AT BSebderiied” Hiwat: OF Gl Rl Rub 6Bl € it g 4oy o Fofilsoue
T- but yfal é‘rﬂiaﬂ@mgpﬁﬁl@é@aﬂ'hfeﬁhﬂ§ waveliohaxyhatieniknge andedd- @bdni digtamile, @
further enbodinent, the selection of nutrients and el ectrol ytes al so
depend@e@wmm angoaniyegdist oligp- par tpolmom@tlclelse HoB@ieRs ﬂ@é@mév@ Iniglrelbiecds Uty ect |
radi at |rr h hat has
elapseggﬂ?f %gn%?%%RQ “b%ld?“’ '(ﬂgﬁé&hggm T agen{ls%b%hgE %sage
andy or theheart b@ﬁydrbgtzecﬁla@ gﬁica;fbs add/af terd thenpoheli@pion adguitdedopagest of
pr ot on therapy recei ved by the subject, and/or the tine that has el apsed
after %%Uidhe@ﬁé?éﬁ?“xmﬁ%m§UBW§@%ﬂ@éﬁ@@hﬂﬁﬁ“ﬁ@says can be perforned
utilizing apgc e , udi ng
but not Iim tffe)gg%!tC d(%eﬁt gﬁn‘;}g?fégttscuoé&& SW@ 1tS Ié?ﬁﬂﬂftkﬂ?%#ﬁﬁ |Jgtr8£ﬂlg%n stry,
westeHhebhmﬂgn&snmynéﬂknmhgﬂt|ﬁmmamswtUﬁﬂﬁmﬂ&ddynmEUKﬁﬁyﬁeﬁa@ynmﬁaﬁg,chaln
reactian (PCR), ion flux experinments nopr eci pi tation,
oot RubrEB S Fo ST Ak 0 R Ao o stdynistered in
Sm@nfg&ﬁ%ﬁﬁ&mﬁ&ﬁﬁgﬂgﬂgﬂmﬁgaqoggn be chosen based on their ability to be
absorbed by the 20 snmall bowel nucosa of the patient, as determ ned by
in-situ or Insmeaftnebbdmvm ther eibzcainivenison ummglsetdetshmmf@glswlfw@halaguruss| ng
Chanber s asure th absorpt acity of the,small intesti for such
nor edient 6 B8 B at s PIRE Rk SRPRR e SRy Tl tee TR PG
pr ovi destofdEmilheitapetfubctdnh, phtanoeaid ie@@hloﬁoﬁ@O@tterﬂﬁvﬁwalB (rghtiBe
therapeutlcally effective anmount of the subject conposition and
opt i ongllpys a‘éOIﬁWar%‘@éhﬁ%/ﬁl rpaladicapedating/ o diesper or mcw@mn&k@@meem
cargi b te l, sych T, A sition
ooy e PB. 3 Sl ChSlhtliy SR e Sp IS e E SO P UL BB rot
af f ectinifhevdnealt tih the baufectfunctionf Bhgidr njunctedh sambt dettr@bicd nesiiep ntulfkgdle um

particul arly 30|n the villous region and brush border. |n an enbo |nent

the thSFEpPaRSiTECIEdRE0Y) #1 BITRAd ”‘aF‘Pndi“ﬁT&P%edWéﬁ%‘ge@?}H% APfsg s HaEY

steri | ggsinBhamber, bihﬁutﬁ(fﬁr Ptk ds&d to heh&ls rE]gtlae ghtln'rk%ef ity %@Jd“lveﬁﬁ'atNa
excipient, or vehicle with which the conpound I's a nlnlstered Exanpl es of
SU|tadE@J@hhﬁMWdeunmchmhﬁM£m@m$baﬂelda$awmbwdlpnséE@MwngwﬁwhShebanwr

geutl cal, Sci.ences 0oSiti 328 COI’]t

uch c

P 9o e ol irotap of ehed PR: P PEASBRS R RTTDRHSHE L her
W' t h Aleselst e mBeRROBEAMG eralin@Rnr ik edst SR @ﬁmﬁ@nsﬁf %M' wistetiRRad GhiASF wiy oper
adm nistration to the patient. The formnul ation should suit the enteral node
of adninki Hierwsiegnc circulationthesultingeist liaisad allasgapersiptases I@Cbh@m@t@wt evds pack
or kit n he
ngr edintant LT iR 1GeBn TS LM "Elifnt kb SRIMLELIRR S B4 & e ons o
t he Imﬁdﬂtkﬂﬁa%&ﬁ%ﬂqﬁ@&nﬁﬂb@dhm&whnwthe pharnaceutlcal pack or kit further

conprlses instructions for adm njstration, for exanp W th respect to
efPect i ve tha £0BWMOFIEOBD Y thea SUPISF {HENHPMH 7 SF a% i she af§HmeRi Oh

refer ecﬂﬁﬁlotr&onfﬁ{ a S/Xcﬁggage%’ortcgﬁdﬁbﬂ?%%o&%ﬁ Wit {HetIQ% ﬁﬁsq ﬁ&? dr QediRbbRt i on,

chenot her apy, or oton thera I'n one enbodi erapeuti ¢ dose of
t he caﬁ@umﬂnn&mﬂmsqﬂémbﬂnxhedmh&&@dyahekme(k%ﬁﬁnkmpérmﬂﬁmmmmndmﬁMannalI
intestin oS3 FOT . : . . .
number of villous cells, enterocytes, and/or intestinal progenitor cells of the small intestine.
The subject invention is particularly useful for the treatment or amelioration of any diseases
30 or conditions associated with the loss, inactivation, or functional alteration of transport
prdteins in the small intestine epithelial cells, particularly transport proteins in the villous

cells of the small intestine.
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20  the patient received radiation at 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 Gy. In another embodiment, the subject received radiation at a dose higher than 20 Gy.
Additionally, the subject invention can be used in the treatment or amelioration of
injury to the small intestine caused by chemotherapeutic agents including, but not limited to,
cisplatin, S-fluorouracil (5-FU), hydroxyurea, etoposide, arabinoside, 6-mercaptopurine, 6-
25  thioguanine, fludarabine, methothexate, steroids, and/or a combination thereof.
In addition, the subject invention can be used in the treatment or amelioration of
injury to the small intestine caused by proton therapy.
In certain embodiments, the subject invention can be used in the treatment or
amelioration of diseases involving injury to the small intestine including, but not limited to,
30  inflammatory bowel disease (IBD), ulcerative colitis, duodenal ulcers, Crohn’s disease,

and/or coeliac disease (also known as celiac disease). The subject invention can be used in
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the treatment or amelioration of injury to the small intestine due to pathogenic infection, such
as viral, bacterial, fungal or other microbial infection.
In one specific embodiment, the subject invention can be used in the treatment or

amelioration of small intestine villous atrophy, i.e., partial or complete wasting away of the

A

villous region and brush border, as well as diseases and conditions that arise from, associated
with, and/or are caused by small intestinal villous atrophy.

In certain embodiments, the subject invention can be used in the treatment or
amelioration of focal villous atrophy and/or diffuse villous atrophy; hyperplastic villous
atrophy and/or hypoplastic villous atrophy; and/or villous atrophy with and without mucosal
10 inflammation.

In certain embodiments, the subject invention can be used in the treatment or
amelioration of hyperplastic villous atrophy (with crypt hyperplasia) and associated diseases
and conditions including, but not limited to, coeliac disease (with gluten-sensitive
enteropathy); chronic trauma; small bowell transplantion; urinary ileal conduits; intestinal

15 mucosal inflammation; intestinal ulcers; intestinal anastomosis; glucagonoma; extensive
small bowel resections; primary ileal villous atrophy; microscopic colitis atrophy; intestinal
microvillous atrophy; and mitochondrial cytopathy (mitochondrial respiratory chain anomaly).

In certain embodiments, the subject invention can be used in the treatment or
amelioration of hypoplastic villous atrophy (without crypt hyperplasia) and associated

20  diseases and conditions including, but not limited to, malignancy; paneth cell deficiency;
hypopituitarism; coeliac discase unresponsive to gluten-free diet; tropical sprue; radiation-
associated ischemia; drug-induced villous atrophy, such as villous atrophy induced by
neomycin and azathioprin.

In certain embodiments, the subject invention can be used in the treatment or

25  amelioration of villous atrophy with mucosal inflammation as well as associated diseases and
conditions including, but not limited to, coeliac disease; scverc alimentary intolerance;
congenital Crohn disease; autoimmune enteropathy; enterocolitis; and immunodeficiency
syndromes.

In certain embodiments, the subject invention can be used in the treatment or

30 amelioration of villous atrophy that are caused by diseases including, but not limited to,

hepatitis; intestinal cancer; intestinal lymphoma; type 1 diabetes; allergy; eosinophillic

gastroenteritis; viral gastroenteritis; and autoimmune enteropathy.
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In certain embodiments, the subject invention can be used in the treatment or
amelioration of villous atrophy associated with coeliac disease in the small bowel, including
but not limited to, Marsh type 3a villous atrophy (> 40 intraepithelial lymphocytes per 100
enterocytes; mild villous atrophy), Marsh type 3b villous atrophy (> 40 intraepithelial
lymphocytes per 100 enterocytes; marked villous atrophy), Marsh type 3¢ villous atrophy (>
40 itraepithelial lymphocytes per 100 enterocytes; villous region absent o almost absent),
(based on modified Marsh classification of coeliac disease and intestinal villous atrophy).

The subject invention can also be used to treat or ameliorate symptoms associated
with injury to the small intestine including, but not limited to, malabsorption, diarrhea,

nausea, vomiting, electrolyte imbalance, malabsorption, and dehydration.

Preparation of Therapeutic Composition for Improving Small Intestine Function

In another aspect, a method for preparing the therapeutic composition of the invention
is provided. In one embodiment, the method comprises preparing a composition for
promoting intestinal health of a subject with the loss of, or injury to, small intestine epithelial
cells, wherein the composition comprises, consists essentially of, or consists of an effective
amount of one or more ingredients, wherein the ingredients are absorbed by the small
intestine of a subject with a loss of, or injury to, small intestine epithelial cells, wherein the
composition has a total osmolarity from 230 mosm to 280 mosm, or any value therebetween
(preferably about 250 mosm to 260 mosm), wherein the composition has a pH of about 7.1 to
7.9, or any value therebetween (preferably about 7.4). and wherein the composition is
formulated for enteral administration.

In one embodiment, the ingredients are sclected from free amino acids, dipeptides,
monosaccharides, disaccharides, or a combination thereof, and, optionally, electrolytes,
vitamins, flavoring agents, and/or carriers.

In one embodiment, the subject invention provides methods for screening for nutrients
or electrolytes for inclusion into the subject therapeutic composition, by selecting nutrients or
electrolytes that retain or acquire absorptive capacity following the destruction of small
intestine epithelial cells in the villous and crypt regions.

The subject screening methods can be used for determining therapeutic nutrients
and/or electrolytes that can be used in the treatment or amelioration of diseases or conditions

associated with the loss, destruction, or reduction of small intestine epithelial cells,
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particularly the loss, destruction, or reduction of villous cells, enterocytes, and/or intestinal
progenitor cells. In specific embodiments, the methods can be used to design compositions
and methods to mect the needs of a specific patient or group of patients. In a specific
embodiment, the subject composition is useful for the treatment or amelioration of injury to
5 small intestine following radiation, chemo-, proton therapy, or due to acute or chronic
inflammation in the small intestine.
In one embodiment, the subject screening method comprises:
a) contacting small intestine epithelial tissue having injury in the mucosa with a
candidate nutrient or electrolyte;
10 b) determining a level of the ability of the small intestine epithelial tissue for
absorbing said nutrient or electrolyte;
¢) comparing said level to a predetermined level (such as in normal tissues); and
d) selecting the candidate nutrient or electrolyte if the absorptive ability of the
candidate nutrient or electrolyte is at least, for example, 50%, 60%, 70%, 80%, or 90% of the
15  predetermined level.
In one embodiment, the subject screening method comprises:
a) administering, via an enteral route, a candidate nutrient or electrolyte to a subject
with injury to the small intestine mocusa;
b) determining a level of intestinal absorptive capacity of said nutrient or electrolyte;
20 c) comparing said level to a predetermined level (such as in normal subjects); and
d) selecting the candidate nutrient or electrolyte if the absorptive level of the
candidate nutrient or electrolyte is at least, for example, 50%, 60%, 70%, 80%, or 90% of the
predetermined level.
The level of absorptive capacity can be determined based on a combination of indices
25  including, for example, Ky, Vinay, and Ig.
The predetermined reference value can be established by a person skilled in the art.
For instance, the predetermined reference value can be established by measuring the levels of
the absorptive capacity of said nutrient or electrolyte in normal small intestine epithelial
tissues that do not have injury to the mucosa (such as villous cells, crypt cells, enterocytes,
30  and intestinal progenitor cells). For another instance, the predetermined reference value can

be established by measuring the levels of the intestinal absorptive capacity of said nutrient or
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electrolyte in a normal population who do not have injury to small intestine epithelial cells
(such as villous cells, crypt cells, enterocytes, and intestinal projenitor cells).

[n another embodiment, the subject screening method comprises:

a) determining function of small intestine tissue having injury in the mucosa;

b) contacting candidate nutrient or electrolyte with the small intestine tissue;

¢) determining the function of the small intestine tissue after the small intestine tissue
is contacted with the candidate nutrient or electrolyte; and

d) selecting the candidate nutrient or electrolyte if said candidate nutrient or
electrolyte improves small intestine function.

In another embodiment, the subject screening method comprises:

a) determining small intestine function of a subject with injury to small intestine
mucosa;

b) administering, via an enteral route, a candidate nutrient or elecrtolyte to the subject;

¢) determining the small intestine function of the subject after the candidate nutrient is
administered; and

d) selecting the candidate nutrient or electrolyte if said candidate nutrient or
electrolyte improves small intestine function.

In certain embodiments, small intestine function is improved if the administration of
the candidate nutrient or electrolyte decreases paracellular permeability, enhances small
intestine barrier function. Also, small intestine function is improved if the enteral
administration of the candidate nutrient or electrolyte prevents or treats diarrhea, and/or
prolongs survival.

In certain embodiments, the nutrient and electrolyte that improves small intestine
function of a subject with injury to small intestine mucosa can be selected using the methods
as illustrated in the Examples, specifically, Examples 15-17.

Suitable candidate electrolytes include, for example, Na*, K*, HCOy, CI', Mg*", Ca™",
Fe*" and/or Zn*'.

Suitable candidate nutrients include essential and non-essential amino acids selected
from, for example, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan,
valine, histidine, tyrosine, selenocysteine, alanine, arginine, aspartate, cystein, glycine, proline,

serine, asparagine, and pyrrolysine. Suitable candidate nutrients may also include fatty acids,
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saccharides (e.g., monosaccharides, di-saccharides, and oligosaccharides), eletrolytes, and
vitamins.

Candidate nutrients may also include non-natural amino acids, such as for example,
ornithine, citrulline, hydroxyproline, homoserine, phenylglycine, taurine, iodotyrosine, 2,4-
diaminobutyric acid, a-amino isobutyric acid, 4-aminobutyric acid, 2-amino butyric acid, y-
amino butyric acid, e-amino hexanoic acid, 6-amino hexanoic acid, 2-amino isobutyric acid,
3-amino propionic acid, norleucine, norvaline, sarcosine, homocitrulline, cysteic acid, t-
butylglycine, t-butylalanine, phenylglycine, cyclohexylalanine, and [-alanine.

In a further embodiment, the selection of nutrients and electrolytes also depends on, at
least in part, the IR dosages received by the subject, radiation sources, the body part being
irradiated, and/or the time that has elapsed after radiation; the type of chemotherapeutic
agents, the dosage, and/or the time that has elapsed after chemotherapy; and the dosages of
proton therapy received by the subject, and/or the time that has elapsed after proton therapy.

The subject screening assays can be performed utilizing a combination of techniques
well known in the art, including but not limited to, Ussing chamber studies, cytology,
immunohistochemistry, Western blots, enzyme-linked immunosorbent assay (ELISA),
polymerase chain reaction (PCR), ion flux experiments, immunoprecipitation,
immunofluorescence, radioimmunoassay, and immunocytochemistry.

Specifically, the ingredients can be chosen based on their ability to be absorbed by the
small bowel mucosa of the patient, as determined by in-situ or isolated bowel preparations,
using technologies such as Ussing Chambers to measure the absorptive capacity of the small

intestine for such ingredient.

Formulations and Administration

The subject invention provides for therapeutic or pharmaceutical compositions
comprising a therapeutically effective amount of the subject composition and, optionally, a
pharmaceutically acceptable carrier. Such pharmaceutical carriers can be sterile liquids, such as
water. The therapeutic composition can also comprise excipients, adjuvants, flavoring agents,
etc that do not affect the health or function of the injured small intestine cpithelium, particularly
in the villous region and brush border. In an embodiment, the therapeutic composition and all

ingredients contained therein are sterile.
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the tissue was OGC]UI mnutes to achi eveé a ste y rate of
dose of the composition is determined based on radiation sources, the body part being

irradiated, and/or the time that has elapsed after radiation. With regard to subjects that
receive, or are about to receive chemotherapy, the therapeutic dose of the composition is
determined based on the type of chemotherapeutic agents, the dosage of chemotherapeutic
20 agent, and/or the time that has elapsed after chemotherapy. With regard to subjects that
receive, or are about to receive proton therapy, the therapeutic dose of the composition is
determined based on the dosages of proton therapy received by the subject, and/or the time

that has elapsed after proton therapy.

25 MATERIALS AND METHODS
Experimental animals
To study active HCOj;™ secretion, 8-week-old, non-irradiated and irradiated, male
BALB/c mice were obtained from the National Cancer Institute. Mice were randomly
divided into groups, and abdomens were irradiated according to the gastrointestinal acute
30 radiation syndrome (GI ARS) model with a Shepherd Mark-1, using a *’Cs source delivering

y-irradiation at 1.84 Gy/min. Radiation was given as a single [raction. The GI ARS model



HCO3" secretion (see Table 3). Al'l experinments were performed during
the initial 1-hour steady-state period. 1 tissue fromeach animal was used
for each weperiowemny; only 1 experinental condition was ®Cudised1xwsizhs each

ti ssue sanple. Al experiments were repeated for at least 4 tines. 15
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unl essdioxidef@éiDge noted 20 EXAMPLE 1 - | RRADI ATI ON | NCREASES NET AN ON

S T1 ON This Exanple shows that irradiation increases net anion
secretion, and causes greater |loss of villous epithelial cells as conpared
to crypt cells. Specifically, small intestine epithelial tissues were

obtained frommce that received 12 Gy irradiati on and ani on secreti on was
exam ned using Ussing chanber studies. Transepithelial Isc, an indicator of
ani on secretion, was



25nmeasured on day 1, 2, 3, and 4. As shown in Figure 1A, maxi nmal
increase in transepithelial 'Sc was observed at 48 hr post irradiation, as
conpar ed wo 204D R7exposed ti ssues and 1R-exposed ti ssu@sTAB2@EN@53285 hr s
post irradiation (Fig 1A). This significant increase in 'Sc at the end of
48 hrs indicates that irradiation diskypts the fine balance between
absorption and secretion. In conparison, 4, 30recorded at the end of 48 hrs
and 72 hrs is |ower than that of non-1R mce tissues. Hi st opat hol ogy
sections al so showed a greater, | oss of vil] Ol]IS,e ithelial cells as conpared
to crypt cells due to irrad?&ts Sﬁmpﬂﬂinpﬁsﬁf%ﬁﬂb%ﬁ?shol ogy sections taken
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A DOSE- DEPENPENT | NCREASE I N SHORT CIRCUI T CURRENT (/gg) This Exanple
reveal s that irradiation causes a dose-dependent increase in short circuit
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is,. and m pigmal ni ogi cal changes. ..ln addition, irradiation
catses charfydd tupels PSSO ThdoSGer BRARHET 545 v R D) Wi 0G0 81 S
or 7 d@)seastib@IMOIRESEI NG fAFRI jsﬁudglvgaéetpp\%ﬂym% 108} 005, TRBabhghpst - | R
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i rradiglicahbrati@Pwas established by adding a known quantity of H,SO4 to a weak buffering
solution, which contains an increasing concentration of HCOs™ to produce a linear titration
curve.
Jejunal tissues were exposed to a buffered solution on the bath side (serosal side),
10 while the luminal side was exposed to an HCOj' free, low-buffered solution (0.1-mM HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) buffer, pH 7.4). The HCO;3™ sccrction
was equivalent to the amount of acid added to the luminal solution to maintain the pH at 7.4

(or the stat pH). All experiments were performed under voltage-clamp conditions. HCO;'-

frec solution was gassed with 100% O, and HCOj -containing solution was gassed with 95%



As shown in Figure 3A, 'Sc recorded on post-irradiation days 1 and 2 showed
little statistical differences. However, /" recorded on tinme >2 days

post -i rr amsiDabi2mo®howed significant differences when comrparisdotiosatay O
(.*.P <0.01). Anmong 'Sc recorded on days 4, 5, 6, and 7, little significant
di fference was observed. 'Sc recorded 9n days 9 and 10 post-irradiation 5
was also not significantly different fromthat recorded on day 7

post-irradiatj (*P = Ns). Although/cc showed a significant decrease
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9 Gy, causi ‘?\B HeErIgE? é‘gfeol?ﬁrfqg’ﬁllégéapg‘ﬁﬁ Hﬁ,lnﬁa@é'@t)bg?acg’a%ﬁf @%”%bééﬁéuq oose
Oor POOfrhih da0k AREhAtwRIEE fAeaBR i@l Iy AMoxpEMhERES c VRN NG fgeT eased
absorption and increased secretion of electrolytes. Simlarly, net a
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obléerved at 9 Gy. Decrease in C absorption was due to decrease in ,inmsCr.
Table 2 Unidirectional and net flux of Na+t and - N Net - - nr- Na Fiux

11 G Bmukohystoch®®istry
Frozen tissue slices from both non-irradiated and irradiated mice were
immunofluorescence-stained using an anti-NBCel-A/B antibody (Bevensee, Schmitt ef al.
2000). NBCel-A/B is a polyclonal antibody raised against the carboxy terminus, common to
20 both sodium bicarbonate cotransporters (NBCel-A and NBCel-B). The immunostaining
procedure was done on day 6 post-irradiation. Isolated tissues were washed in ice-cold
regular Ringer’s solution, embedded in frozen-section embedding medium, and placed in

liquid nitrogen; 6-pm sections were made in cryostat.

[\
()

Western blot studies

Jejunal lysates were prepared from mucosal scrapings of non-irradiated and irradiated
mice. Tissues were analyzed for NKCCl(Santa Cruz CA, USA), NBCel-A/B (Mark Daniel
Parker, Case Western Reserve University Medical School, Cleveland, OH), and cystic
fibrosis transmembrane conductance regulator (CFTR) (Santa Cruz CA, USA) protein
30 expression by Western blots (Bevensee et al. 2000).
Mucosal scrapings were lysedin a triacylglycerol hydrolase buffer containing 25-mM

HEPES; 10% glycerol; and 1% Triton X-100 (polyethylene glycol p-(1,1,3,3-
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tetramethylbutyl)-phenyl ether) containing a protease inhibitor mixture with (10-mM
iodoacetamide, 1-mM phenylmethylsulphonyl fluoride, and 2-pg-ml™" leupeptin) at pH 7.4
(All chemicals were obtained from Sigma-Aldrich Co., USA unless otherwise stated). The

protein concentration was determined using the Bradford assay. Equivalent loads of proteins

n

from irradiated and non-irradiated samples were analyzed using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). NKCC1, NBCel-A/B, and CEFTR proteins

were detected using affinity-purified polyclonal antibodies.

Statistics

10 Results are presented as mean + standard error of mean. Statistical analysis was
performed in 2 steps: 1) overall difference was tested using analysis of variance (ANOVA)
(or its non-parametric equivalent Kruskal-Wallis); and 2) Bonferroni-adjusted P-values were

computed for all pair-wise comparisons.

15 EXAMPLES
Following are examples which illustratc procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and all

solvent mixture proportions are by volume unless otherwise noted.

20  EXAMPLE 1 - IRRADIATION INCREASES NET ANION SECRETION

This Example shows that irradiation increases net anion secretion, and causes greater
loss of villous epithelial cells as compared to crypt cells. Specifically, small intestine epithelial
tissues were obtained from mice that received 12 Gy irradiation and anion secretion was
examined using Ussing chamber studies. Transepithelial /., an indicator of anion secretion, was

25 measured onday 1,2, 3, and 4.

As shown in Figure 1A, maximal increase in transepithelial /. was observed at 48 hr
post itradiation, as compared to non-IR exposed tissues and IR-exposed tissues 24 and 72 hrs
post irradiation (Fig 1A). This significant increase in /. at the end of 48 hrs indicates that
irradiation disrupts the fine balance between absorption and secretion. In comparison, I

30 recorded at the end of 48 hrs and 72 hrs is lower than that of non-IR mice tissues.

Histopathology sections also showed a greater loss of villous epithelial cells as compared

to crypt cells due to irradiation. While histopathology sections taken before 48 hrs showed
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minimal villous damage and little or no crypt cell damage, histopathology sections taken on day
3 and 4 showed extensive damage in crypt and villous cells. Particularly, villous cells became
almost completely depleted after day 3. The loss of crypt cells was also observed, as evidenced
by a failure to stimulate anion secretion in response to a secretory stimulus at 72 and 96 hr post
IR (Fig. 1A). At high doses of IR, there are insufficient crypt stem cells, which mature and
differentiate to form villous epithelial cells.

Figure 1B shows that irradiation increased transepithelial conductance (Fig 1B).
Transepithelial conductance (S), a composite of transcellular and paracellular conductance, was
measured by Ussing chamber experiments.

Based on Ohms law 1/S = R, the increase in transepithelial conductance indicates a
reduction in transepithelial resistance (TER or R). Mice small intestine has low-epithelial
resistance. The electrical resistance of the paracellular route is much lower than that of the

transcellular resistance®®’

. The paracellular route and the transcellular route are in parallel as
shown by 1/TER=(1/Riunsceitutar)T(1/Rparaceiiuiar); hence, the measured TER largely reflects

paracellular resistance.

EXAMPLE 2 — IRRADIATION CAUSES A DOSE-DEPENDENT INCREASE IN SHORT
CIRCUIT CURRENT (Zs¢)

This Example reveals that irradiation causes a dose-dependent increase in short circuit
current, indicating increased electrogenic anion secretion. Briefly, mice that received 0, 1, 3, 3,
7,9 or 12 Gy irradiation were sacrificed on day 4. Figure 2 showed significant increase in [, in
mice tissues irradiated at 3, 5 & 7 Gy, as compared to that of those irradiated at 0 and 1 Gy (¥p<
0.001). Compared to mice irradiated at 3, 5 and 7 Gy, decreased ;. was observed in mice tissues
irradiated at 9 & 12 Gy (*#p< 0.01, Fig. 2). [rradiation at between 1 and 3 Gy resulted in the
highest increase in /;, and minimal histopathological changes.

In addition, irradiation causes changes in /. over time. Of mice sacrificed on 0, 1, 2, 3,
determine the maximal increase in /. as a function of time, mice were irradiated at 3 Gy and
sacrificed on 0, 1, 2, 3,4, 5,6, 7, 9, 11, and 14 days to record electrical parameters. Kruskal-
Wallis (P < 0.001). Post-hoc analysis showed the maximal increase in /, on day 6 post-

irradiation.

,8 52 0.6 4.8 OA04 0.20
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CAUSES | NCREASED PARACELLULAR PERMEABI LI TY Thi s Exanpl e shows t hat
irradi at iwo2oes4bt03 in the loss of small intestine |inirgTrase@sas32zbeadi ng
to inpaired small intestine barrier function. This increased small

intestine permeability 5 gives intestjgpal comensal bacteria, peptides and
toxi ns easier access to system c conpartnents, thereby causing endot oxem a.
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has a tehat i Rieupsrtneabis Ithettyna&fmz(rlmcadfude M. deGiéPNajayat inlmicetiiratiatehai at es a
conpl e{} | oss of selectivity. In non-1R mce, the nenbrane
select™ity is preserved and Na is nore permeabl e than CF across the

mertpr ane. | ThadibadlQn 1&%&@%%{ paivbnanash Lyt ayp@}eem' a2het B@fe%ééflﬂl arly,

Na+ 20 and CF becane equal ly perneable acrosséu?he menbr ane at
i ndi ca@lﬁtﬁg?bams iagienfseaetn. |'des of teed posibled mgchaRipgs [@B). inciévec:i Nneesel i n
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mucosal barrier function by the subject oral radiation diet. 25 EXAMPLE 5 -

| NCREASECHORCIEVEL b VRETMIMAT ORYISKEDRA TORSNDUID T4 iiRRADITATagNn causes
15 diarrhea, which results in K loss and not K* absorption, the increase in /. cannot be due to

. + .
increased K absorption.

EXAMPLE 3~ DECREASE IN NA" AND CL” ABSORPTION
This Example shows that irradiation decreases Na™ and Cl” absorption. As shown in
20  Table 2, Ussing chamber flux studies using **Na-substitution revealed that there is a net
absorption of Na” in non-IR (0 Gy) mice (Table 2), as the mucosal to serosal flux (Jus)
outperforms serosa to mucosa flux (Jim). Irradiation decreases Jys in a dose-dependent manner,
and results in decreased net Na* absorption (JneNa). Jim far exceeds Jy at doses 7 and 9 Gy,
causing net secretion. In addition, mice stool samples became loose or poorly formed at high
25  dose irradiation, further evidencing decreased absorption and increased secretion of electrolytes.
Similarly, net Cl” absorption also decreased as IR doses increased. Net Cl° secretion was

observed at 9 Gy. Decrease in Cl” absorption was due to decrease in J;,sCI.

Table 2 Unidirectional and net flux of Na* and CI’ (JNet Jms Jsm)

30 Na Flux iR CIFlux R

Gy Jms Gy Jms s Jnst

0 164408 0 73214 | 71208 | 102£08

1 15621 1 128+08 | 75+13 | 524038

3 68:0.7 3 168£0.7 | 93208 | 7508

5 5208 5 142512 | 103:08 | 3907

7 4Rr+0d 7 TAtD5 | 6.0£03 03402 &
g BL2E08 | 01+01  83%09

S S S



Levels of inflammtory nediators in | R exposed and non-I R exposed nice were
measured using LUM NEX nmultipl ex bead array techni ques. As shown in Figure
5, irradiwoi2ore/@0ioncr eased t he production of [L1-0, TNTPaTArsdoiviors2as (Fig.
5). 31 EXAMPLE 6 - DECREASED I N ANI ON SECRETI ON DUE TO | RRADI ATION | S
NKCC1- DEPENDENT AND CFI R- DEPENDENT Thi s Exanpl e shows that anion
secretion under irradiation is NKCCl- (;ependent and CFTR-dependent. To
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15 HCO3- secretion under irradiation is NKCCI-independent To
determne if HCO3- contributed to anion secretion, experinments were

per f or mreawonrotmombsence of bath CT. An increase in | scPCIASoNdAF3L26E 0
irradiation or forskolin-stinulation was considered to be contributed by
1-1C33-. The results showed that HCO3-3jsecretion under 20 irradiation is
not bath CL-dependent; therefore, under irradiation, FI CB- secretion does

not in I cr a SPOF E | rane.
' G MERAEPLER, BN TRRAE SYERIOG IR SBARETIGA TRl Td JREARYAGIORCE®

| _t eq.NKCCchEPEN@EﬂﬁsQNDM%DERENWT mul at ed (1 7 + 0.2 tteq.11-1.cni 2
vs. 0.3 0.1 P_<0.001 was . | ower i Gy. irradiated mce (Fig. 3D).
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secr etmoeosal addition of a non-specific anion channel blocker (NPPB) (0.1 + 0.01 peq.h”.cm™) :
and glibenclamide (0.1 + 0.01 peq.h™.cm™). This indicates that anion secretion occurs via an

anion channel or CFTR (Fig. 3B).

25  EXAMPLE 7 - DECREASE IN HCO;3;” SECRETION DUE TO IRRADIATION
Infective diarrhea, such as cholera, results in the loss of HCO;3-rich fluid in stool and
leads to metabolic acidosis. This Example shows that, in contrast to infective diarrhea, IR
induced increased Cl secretion and decreased HCO;5™ secretion.
To determine the contribution of CI” to net anion secretion, a blocker for CI” uptake into
30 the cell (Na-K-2Cl cotransport blocker) was employed. Addition of 10uM bumetanide
abolished almost all of the /. associated with IR, suggesting that [R-induced anion secretion is

primarily due to increased Cl” secretion and such increase is NKCC1-dependent (Figs. 3A-C).



For 0-Gy mce, addition of forskolin to the bath sol ution showed
significant increases in basal HCO3- secretion (P < 0.001) that was not

al tered byol2aremd0@F renoval (8.4 0.4 pieq.111l.cm 2 vs. PBTUS2Q1453265

ueg. h-1.cm2; n = 6). NPPB abolished forskolin-stinulated HCO3- 25secretion
(0.2 0.01 p.eq.111.cm?2; n = 6); thi% indicated a role for an anion
channel in cAMP- stinul ated HCO3- secretion CAMP-st i nul at ed HCO3-
secretion i s _NKCCl-inde ende t To dete CAMP- st i myl at ed HCOB- .
secretion rBduidtedraim F&Stléﬁﬁﬁh@hgﬁ Lme %%ﬂﬁtsﬁéﬁ&FQEQE@ was H4dled t o
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secretion (Table 3 and Fig. 19A), indicating that not only inhibits
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bunetanlge (Table 3). Simlarly,. in non-irradiated m ce, bunetanide did not
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irradi ati on. Renoval of - can also inhibit NKCCl and AE2-1inked

HCOB"  mpniNMempTashenB)f myeasahbarriesfiugton by the sidjdsavtal sdliaondietdi d not al ter
HQE§ secretion (6.7 0.3 -1 1..teqg.h-1.cm2 vs. 7.1 0.6 i.ieq.h .cm2).
20 "HCO3- secretion is bath Nat dependent Transport processes for the

Na' - coupl;e@derdnas ahadr-araliialoh GBKCENtinYepahgerghown in Figure 3B. Figures 3C
and 3D indicated that NKCCl1 does not affect HCO3- secretion. Addition of
1M 3- met hyle deteraing 1L 4CHs pf@ptrd:iutféiﬁ@ﬁzwSecrgtaawefpﬁénﬁg;@jmm%tom@d {THOE694)

to the 25
exchangs SosrEs OF pE (TR PRRRTn ARGBSERK P BHERUERAP i oy T it
3 nethwhsuhphbnwﬂeéetpnpemdeQOBéﬁzoyﬂmrgmﬂmhﬁbﬂedhymfmﬁmrmﬁhdﬁnﬁmﬁaﬁg4)
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teq ﬁﬁvélve ®EE)-HAEPLASLAG Q@ﬁ&boh@r"‘(ﬁ(‘fif)htd\l't%e%ﬁ)fél' Reghrerm pe (RO

abolls ed
solution, basal (1.0 £+ 0.2 peqh™.cm™ vs 0.3 + 0.1 ueq.h'.em™; P = ns) and forskolin-

stimulated (1.7 £ 0.2 peq.h™.cm™ vs. 0.3 £ 0.1 peq.h ™ .ecm™; P < 0.001) L. was lower in 3-Gy
irradiated mice (Fig. 3D). Forskolin-stimulated /. was higher in 0 Gy than in 3 Gy (P <
25 0.001), indicating a decrease in HCO3” secretion due to irradiation.

To ascertain if NKCC1 mediated HCO;" movement under basal and forskolin-
stimulated conditions, bumetanide was added to the bath side of tissues equilibrated in CI'-
free solution on both sides. The results showed that bumetanide did not inhibit basal and
forskolin-stimulated increase in /i this lack of inhibition indicates a NKCC1-independent

30  mechanism for HCO;™ uptake at the basolateral membrane.



30f orskolin-stinmulated 11 CO3- secretion (8.4 0.4 ueq.h-lcm2 vs.

0.3 0.01

ttcq.1l1-1lem2) in non-irradiated mce, which indicates a Nar - coupl ed
HCO3- cotwanspaud7ofNBC) (Fig. 3E). 35 Table 3. HCO3- secratsean/oseasured in

the jejunumof non-irradiated (0 Gy) and irradiated (3 Gy) mce.

Lunmen

solution C- containing Cl--free 100 M DI DS 100 uM . ghbenclamde 0 Gy 3

G 0 G + forskolin 3 Gy + forskolin O Gy + bunetanide 3 Gy +

10

15

20

30

HCO5 secretion under irradiation is lumen CI -independent

Direct measurement of HCO3™ secretion in irradiated mice showed reduced HCO;5
secretion compared to non-irradiated mice (0.8 = 0.2 peq.h™.em™ vs. 6.7 + 0.2 peq.h.em™).
HCOj3™ secretion in irradiated mice was unaltered by removal of lumen CI” (Table 3). The
mucosal addition of NPPB (0.2 + 0.01 ueq.h™.cm™) and glibenclamide (0.11 + 0.1 peq.h
1.cm‘2), but not DIDS, ended HCOj5 secretion in irradiated mice. This indicates that HCO5
secretion is mediated by an anion channel (CFTR channel), not via CI'-HCOj;" exchange (Fig.
19B).

In comparison, HCOj3™ secretion in non-irradiated mice is both lumen CI-dependent
and Cl-independent. Transepithelial electrical measurements indicated electrogenic HCO5
secretion; however, this does not indicate whether HCO;3™ secretion was channel-mediated
and/or via electroneutral CI'-HCO;™ exchange.

pH-stat experiments were performed in the absence of lumen Cl to study CI'-HCO;5"
exchange in non-irradiated mice. In a lumen Cl-free solution, HCOj5™ secretions were lower
4.5+ 0.1 peq.h.cm™, £ <0.01). This indicates that basal HCO5 secretion in non-irradiated
mice is partly lumen Cl'-dependent and partly Cl™-independent (Table 3). The addition of 100
uM  4,4-diisothiocyano-2,2'-stilbene disulfonic acid (DIDS) (Sigma-Aldrich Co., USA)
partially inhibited HCO5™ secretion (P < 0.001), and such inhibition was similar to that

observed with lumen Cl” removal.

Forskolin Stimulated lumen C[ -independent HC O3 secretion

For 0-Gy mice, addition of forskolin to the bath solution showed significant increases
in basal HCO3 secretion (P < 0.001) that was not altered by lumen CI” removal (8.4 + 0.4
peg.h'.cm®vs. 8.7 + 0.4 peqht.em?; n = 6). NPPB abolished forskolin-stimulated HCO3”

2

secretion (0.2 + 0.01 peq.h™.cm™; n = 6); this indicated a role for an anion channel in cAMP-

stimulated HCO;5  secretion.

cAMP-stimulated HC Q5 secretion is NKCCI-independent

To determine if cAMP-stimulated HCOj5™ secretion required an apical CFTR channel,
glibenclamide was added to the luminal side. Glibenclamide inhibited (0.1 £ 0.1 peq.h™.em™)
HCOj secretion (Table 3 and Fig. 19A), indicating that cAMP not only inhibits the basal CI™-

HCOj5™ exchange component of the net HCOs™ sccretion, but also induces an apical anion



buretanide 6.7 0.3 0.8 0.2* 8.4 0.4 0.6 0.286 0.4 0.8 0.14* 4.5
0.11 0.6 + 0. rns 8.7 0.40.9 0.28.4 0.40.8+0.14.4 0.1:.- 0.9
0.2*ns - wo2oiz/040704 0.7 0.12' 0.5 0.1 0.1 0.1 " 0.1 POTWS2011058650.1 0.2
OA'" Note: Values represent nean SEMn = 6 tissues. *p <0.001, comparison
between 0 Gy and 3 Gy group. T p <0.0QL conparison between presence groups.
I n bunet ani de experinents in non-irradiated mce, the tissues were treated

wi th 1813%1&8&?5@!“}%03' secretion. Forskolin stimulation in irradiated mice showed little
increase compared to basal HCOj3” secretion (0.6 + 0.2 ;,Leq.b'l.cnf[2 vs. 0.78 £ 0.2 ueqvh‘l.cm'
%). This also indicates a lumen Cl'-independent HCOj3™ secretion or the inhibition of CI'-
HCO;™ exchange.

5 Transepithelial electrical measurements showed that decrease in HCO; movement
was also NKCCl-independent. HCOj secretion, which was minimal in irradiated mice under
both basal and forskolin-stimulated conditions, was unaffected by the addition of bumetanide
(Table 3). Similarly, in non-irradiated mice, bumetanide did not alter forskolin-stimulated
HCO3™ secretion, indicating that the cAMP-stimulated HCO; secretion is NKCC1-

10 independent (8.4 + 0.4 peq.h”’.cm™® vs. 8.6 + 0.4 peq.h™'.cm™) (Table 3 and Fig. 3B).

HCOy5 secretion is bath Cl-independent
Transport processes requiring bath CI” for basolateral HCO;3™ uptake are shown in
Figure 3B. The results showed that bumetanide did not alter the cAMP-stimulated HCO53”
15 secrction. This indicated that CI'-HCOj; exchange (AE2) transporter is inhibited under
irradiation. Removal of bath Cl" can also inhibit NKCC1 and AE2-linked HCOj3™ uptake
(Table 3). Removal of Cl” from the bath solution did not alter HCOs™ secretion (6.7 + 0.3

ueq.h"l.cm'2 vs. 7.1 £ 0.6 peq.h"l.cm'z).

20 HCOj secretion is bath Na+—dependem
Transport processes for the Na'-coupled, basolateral, HCOs™ entry are shown in
Figure 3B. Figures 3C and 3D indicated that NKCC1 does not affect HCO3™ secretion.
Addition of 1mM 3-methylsulphonyl-4-piperidinobenzoyl, guanidine hydrochloride
(HOE694) to the bath side eliminated HCO3; uptake via NHE1 coupled to CI-HCO5
25  exchange. Counillon, Scholz et al. (1993) also described that 1 mM 3-methylsulphonyl-4-
piperidinobenzoyl, guanidine hydrochloride (HOE694) could inhibit Na'-H™ exchange
(NHET1).
HOE694 did not inhibit cAMP-stimulated HCO;™ secretion (8.4 + 0.4 uf:q.h'l.c‘,m'2 VS.
7.2+ 0.9 peq.h.em™). Replacing bath Na" with N-methyl-D-glucamine (NMDG) abolished
30  forskolin-stimulated HCO; secretion (8.4 + 0.4 peq.h'em™ vs. 0.3 + 0.01 peq.h’em™) in
non-irradiated mice, which indicates a Na' - coupled HCOs™ cotransport (NBC) (Fig. 3E).



Abbrevi ations: ns, no significance between the groups;

4, 4-diisothiocyano-2,2'-stil bene disulfonic acid, D DS For active
HCO, secrwoi2ore/mbd7ovhe api cal menbrane, there is a need PoR/USe&I105326% at er al
upt ake. Four known exchange nechanisns directly or indirectly involved with
HC01- 5 noverment at the basol ateral mgnbrane are: 1) Na+-K---2Cl-
co-transport (Na'--1(-2HCO3-) as a possible transporter of HCO3-; 2) d-
upt aken into the cell via NKCCl is recycled via basolateral cr-Hco, -
exchange (AE2), resulting in net HCO3- uptake at the basol ateral nenbrane;
3) Na.---1-1 exchange extruding protons into intercellular space, resulting

in decr eaggfid NHEOSsL&k@on H@%reGQHQﬁ@feftﬁ{dn? of nmllﬁjadfal?&f' (oSGt €s
api cal el ectroneutral Cl-- and 4) Na coupl ed HCOB-

cotransport. These transportetr§a%yedf(de(§’fc)|18'r‘f as el ectroneutral or

el ectrogeni c, depending o 1the nunber of HCO3- nol ecul es terMrted per
mol ecul eLdtneNagomuGEI g. 3 lormes- i rr adiggigdImsce upt ake
occurs via a Na---coupF ceRfainmes- cotransporter (NBCe I A/@)‘belné@g’t“@d at the
basol ateral gupface. Apj egl exm ogGuUrg via anyef egfroneutr@k Gl 15 /HQOI -
exchange t hat |s coupl ed t Na exchange and VI a CEIR (el ectroggm C anion
secretion). AR ncreasé’ffﬁorzntraceol@ﬂpdr cAMP,0-%ERi Z2ved by Otlne0-addi ti on of

forskol i Gy %ﬁjgmlnl n iggngased C ¢ apd4HCOB- secretion wi td sigmul t aneous
i nhi biti of e trone NaT a C absorption (Nat-11 exchange
coupl ed ?g}ylcoﬁz (gfgtétﬁ)g%) %?fp:fﬁge occurs Vvia NKCC1l, and HCCB-

upt ake occubdswia NBCe ; bot nd HCGB, ; e Vi a R t he

api cal surbfumcanidm accor ancf V\nth%tét%eogrubj ect |7nv)§n4t| on, cﬁ_ﬁaog been

di scovered Bhat+i rrad| 0Q645 i nhq %)g s gl ectr

t.r
absor pti orpunidtaradd at i o i nhi b Nece 1 Opﬁld 1a7rnd suclqazl B b| tion
results in decreasing HCO3- uptake at the basol ateral nmenbrane and finally

its exi |caI menbr Thus, irradiation results in ele trogenlc
G secr iw%n ‘{X»eﬁﬁ sﬁieet:tlr%i gﬁﬁff Bit (;,* BiuBY B&CHS(LH EXPPYHROBPFYCeRAGY

el ect r ogah? GHesoRD- é’eﬁPtQ SHNPHIHYD DEYEEN PIGSEREGi SAPFRSnI CisENidcr eased

NKCC- 1 gripstrenenteiepoasypdatea mice der esyesdvmBashtcAnsh Iomdkisrdotnon in the
small intestine epitheliumtissues. Irradiation also inhibits the apical

Cl HCOB- Adbecvaatpes:tirsams g onifieance AEdycen HECRogex rded-dospthiocyamdi2ad 'isdibede ar r hea i s
Nat depedthitbnichid ,IDIDSN a- 1 ndependent and NKCC- 1-i ndependent. C transport
under irradiation involves the basolateral NKCC-1 transporter, instead of a

Cl--11CCB- exchange transporter (AEl) As shown in Figure 19B, irradiation
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sed et momerdue qt thel bas @ dieal mmbrsnecaese)d\lﬁym b€l tevniabigoirtoMNa0K "FIIEMB; ) as
absorption., In contrast, there is active Cl as well as HCO3- secretion in
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di arr hea , futher ratln t he diarr condi tion SsocCi W th
e eSS R BT G O 2badhuti Gy R BE Y s R en aBR el ety [ n 1
Figur GH@B) S&Qﬂ&téehﬁid 4)Nﬁ¢o@ﬁl‘c@@té’(§l R&trSAPES. Kﬂésbfﬂragk}&!ﬁ@%em&f 2 S &e in a
dose- dependent manner . Is a versatile transporter. SGAT

mai nt aglpgranestryl mﬂi@tqctmgqmp, |dnr>e1ﬂtng/en thearnthea of HGéh awlahish greaspoTthe pcr
preser vattucl)k0 ? %g)unctl on in infective diarrhea has been used in oral
rehydraf)l on thera Nat absorpti on. To investigate SGET-1

function ang mdrﬁtr@ﬂfa&ﬁltmﬁe glugosgabsaipt vien Noldeipleag180i rdoadhdbtien,

smal | intestine nucosa of Swiss mice was obtained on day 6 after IR
expos uNBGg1-A/B) located at the basolateral surface. Apical exit occurs via an electroneutral CI”

15 /HCOj exchange that is coupled to a Na'-H" exchange and via CFTR (electrogenic anion
secretion). An increase in intracellular cAMP, achieved by the addition of forskolin, results

in increased C1” and HCOj3  secretion with simultaneous inhibition of clectroneutral Na™ and



0, 1, 3, 5, or 7 Gy. Qucose-stinulated short-circuit current (Isc) was
nmeasured in an Ussing 37 chanber to study the SG.T1 transport function.
Survi val woudizdsowere carried out in 9-Gy TBI and 15. 6- SUDATEBI11/0F3265
Specifically, 8-week-old Balb/c mce obtained fromthe National Institutes
of Health (NEI) were subject to 137Cs ygub-total body irradiation (Sub-TB
) (one Ieg was protected 5 fromirradiation) and total-body irradiation
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ot her ﬂ%i‘f‘ siage. 10 days after irradiation. 10A Miultichannel Voltage/ Current
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normal and irradiated 70 mice were |lysed in triacylglycerol hydrolase

buf f er HEOt Bichiteg PBSPVICHERES). HEWsge§redenin radogion dispriiexisi e, -densadent,
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wer e honogeni zed in a. 2-nmM Tris-HCL ( 1M PVSF 25
sol ution. THeSBAHpILEIgRET OB puIRIBERR tfﬂtee eeﬁfqutﬁdeeha&s 13669 wEMhhd
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turberculin syrin 271G nee TEFLC]\I onogeni zer he sanpl es were
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30cont @ai-radn (L&Yt oBLOURIucS Grhtal ON. Bot h protein concentrations of
j ej unal whol e-cel | % ysates and brush-border nenbrane vesicles were anal yzed

for SGLT-l protein by Western blots. Equivalent |oads of protein 38 from

i I i yI sul fate

po yacry Q/H?L e8 ggﬁﬁwlé?mgf% s@@@%@wﬁ%g@%@&ﬁﬁ transferred
onto pol yvi T\Mb Edenplcfshons irdein( RV ccaritiiignesere a0 6 dS6depdndRhipi@irddSe Wer e
det ect ed using affi n|t -purified polyclonal antibodies. 5The results, as

shown §IHCRF geroadion. imaddifinpths preaetseoh Bhabsarpeq elugescat thegut gge ean lead
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OF° r d8pERES %uw‘%&ys%ﬂl%& IypflospsfenpeRdepbm@ieed to normal | evel s

SGLTT 1is a versatile transporter. SGLT1 maintains its function in infective diarrhea,
such as cholera. The preservation of SGLT1 function in infective diarrhea has been used in oral
rehydration therapy for Na* absorption.

To investigate SGLT-1 function and its effect on glucose absorption following

30 irradiation, small intestine mucosa of Swiss mice was obtained on day 6 after IR exposure at

0, 1,3, 5, 0or 7 Gy. Glucose-stimulated short-circuit current (/) was measured in an Ussing



10 approximately 14 days after IR, 5) w thholding glucose intake for the
first 10 days after irradiation increased survival; 6) Western bl ot

anal ysi s WD 20t2&048@zT- 1 br ush- border nenbrane showed i ncPeadsdo1BGE3 61
protein levels as IR doses increased. The increase in SAT-1 Km
indicates a decrease in SC LT-1 affiniyyy for glucose due to irradiation.
The decrease in Vnmax indicates the |oss of villous epithelial cells due to

i rradi a{a&rpogr to %ﬁg?%hé §Gﬁll“§ Qraﬁyﬂgqgﬂﬁsﬁmf?y sh eﬁ"sﬁltd%g%é?g lcgtgiieﬁ%lut in 9-G

exam natl ons. i ncrease 1 n protei evels In mce tissues trea ec?’vwith
| R, asTBhawh!i.6&s¥edBdmmcdl ot anal ysis, indicates that SGT1 transporters

are expressed but nop-funct ] | .. .The_resul ts al denonstrate oral
gl ucose fee§ﬁ’%§y€}a@_¥ug“t“éccp‘ﬁu¢§$§f§sr8iﬁﬁtﬂbéﬂﬁneéif frgpy %é\_%ﬂa?%?%%t@etﬁ Bl e whi ch
| eads {l\m—lgsﬂé}fe!sﬁhﬁg?gd WW@M»to%a@?&%dy 'iH&diQ@&‘??Sdbe}BDC{HH@%gGNa% %%‘dt@dtécb/ .20

In contrast, w ing glucose fromoral feeding for first days after

| R Jr efremtigadiation)tand attelsbalynpadatsorof[Bl).ar r hea and i ncreases overal |
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nut ri egib-eB1 tdhtro? Tmid RelQfntcd Svithatimiab sPe SeRtrs Witrdr@le CRNE SN FRLOLNS 1N
pl asma (26% and in skeletal nmuscle (759 . A utam ne |evels decrease in

post - operageiwes used duriag therexpeiimpriainpaedtewns vage ghisnpadhe sirdendayd aftor

gl ut am DG RELERses. oSy Al aTLNe. NS pRGR consi dered as i mpor tant in
the norf ral’ fUAC |on¥ng of “t he él ge‘slstlve, renal, inmmune and neuronal

SYyHI ens. A Multichdittie$ Vickaggd( errah @ismp Bhydislbgidhlahstormmaad S8 Bicgo, CA)

dose- dependent decrease. in _glutam ne 30transport into the cells, At M> 7
Oy, gl ubasReYebabhssU sHgdrber dedntMics JenBalgeimgnahichiwae apsd fosdls ng to

osnot i ' : | @K} | ; e r d an IR
w0 20137 BET0 R TR b EELR0R! RE AT e CPERRE R BT, 1),

suggestDago deeseasledt 4f. f Alhintige wére ghartfaneil helatys aftepondietie. f or gl ut am ne.

EXAMPLE 10 - | RRADI AT SES A DOSE- DEP =NT. | NCREASE | N LYSI o)
TRANSPORT 10 TVeR's Eg\'{ﬁgf E}%%é‘ﬁ %Emj@teg'ﬁﬁf %) hBEET R iR @?65@ causes
an; 9 NCHEASR ddllel at 16 HODCShAQ wisealEPHe sztmn%l%m 0.05 rIM ShA8PrddréGed 16) -

Ti ssues fromnon-IR mce showed a Kmof 1.16 + 0.04 nM while 3 G IR

ti ssue® Addmd.KmhSomM, 27d 4 M1 i repliskeety asdszed andh gPugian® neftwahe

results. sh d that Jj.rradi ati on i.,ncr,eased | ine-transporter affinity for
oot e B RN Ve e BES VR Toep AR RS oLl o
ORAL  LoGalkb¥ierah BB AYG] SN d SBVh/Alax (SFTM Elrve was fitiE@igo EXi@gphathows t hat

wi t hhol di ng _non-absorbed nutrients fromoral feeding while selectjvely
f eedi ng absbt wEwparud eineHshqle-eclb hisatesy nyicpsag aeiapings of meenalasfl irdidedses

SU i Valceatd & fysafé b trrﬁgﬁ/lgfvlc%l hydrolase buffer containing 25-mM HEPES, 10% glycerol,
1% Triton X-100, and a protease inhibitor mixture (10 mM iodoactamide, 1 mM
phenylmethylsulphonyl fluoride, and 2 pg mi—1 leupeptin, pH 7.4). |

To prepare brush-border membrane vesicle lysates, mucosal scrapings of normal and
irradiated mice were homogenized in a 2-mM Tris-HCI (pH 7.1) / 50-mM KC1 / 1M PMSF
25  solution. The samples were spun down with a centrifuge at 8000 RPM and again at 13,000
RPM, respectively, and were then homogenized again with a turberculin syringe (27G
needle) and TEFLON homogenizer. The samples were then centrifuged at 4,000 RPM and
again at 15,000 RPM. The sample was resuspended with a protease inhibitor mixture (10 mM
iodoactamide, 1 mM phenylmethylsulphonyl fluoride, and 2 pg ml-1 leupeptin, pH 7.4) that

30 contained regular Ringer’s solution.
Both protein concentrations of jejunal whole-cell lysates and brush-border membrane

vesicles were analyzed for SGLT-1 protein by Western blots. Equivalent loads of protcin



In the first series of experinents, glucose (10 nMi/mfor 5 days and then
every alternate day) was orally admnistered to IR mce. The results show

t hat gl ucweeordamirstrati on decreased overal |l survival @ErgS201iB53263 n
conparison, |lysine (20 ng/ mce/day) was orally admnistered to IR mce for
5 days and thereafter every other day jgs gastric |lavage. Mce treated 20
with |ysine showed increased survival when conpared to control groups (Fig.
17A) . Thus. redyci or limting oral intake.,of n-absarbed nutrients such
2s b obO R R el bt O Rl AT S S P B PR A BB ER § 7 e
can pr gdloslgetsophutevidl (SDS-PAGRYI 8f@enPatdr€Masisterred ont%@% 1iéne flubHWNGES | N
| ON TRANSPORT PROTEI N EXPRESSI ON LEVELS DUE 25 TO | RRADI ATI ON Thi s Exanpl e
i |1 ust Fatledd) wrEkgess.i wdtyGhEdopreteprsoter rflceseprdess nd alfingty etusifigd evolyslonal

i rradi ahiBhies. Specifically, tissues were harvested for Western blot on
day 6 post-irradiation. Western blot of ileal tissues, as shown in Figure
18,5 r eveal etihd hedultsr radhathon Figores 18-54 Gemessitatedhdtn 1) rigadiased rMCEL
protein |evel.s; vvh'}?e, such increase in NKCCl expressi on decreased in

b1 ssuedutEstaia - iy2 §9Re-dgRendERIEET: 10 K ¥dtessior aligpseerere (mMY). 1R (A) .
NBCe |:Ak3pRvat®hH 1| BYLhS 6Si gDty £ar deqreas j ' Lafion,
even at Ngﬁaggg a(gbggwﬁ\ésb?%ll)g/p%éj ?QggT%Ogﬁgt(g?hﬁfgévgZ%ﬁpﬁ%f%ﬁgﬁt’ '?)lt ssues
si gni f Veanelugs forcglease dvered8B87 bk 116\ 300.8 1G0.4r274d1 Atld On21 2% +cbhhdRéd t o 0 Gy

j €j unu, i.ssues, (0. 1 -A/B specific ti bodi es showed i ncreased

expr essi %rlnn ?’ege? ”S§:I aﬁld{\ngf éﬁsﬂmgogrgg”eﬂ’dtagmtxﬁépuaﬁSﬁl_éli‘i‘ﬁ to inP%?ﬁe‘éeﬁ% col on
| N NONappkdaialed4 MHage aftB) 1RJ§) w&tﬁmlmngzg{@&seqqmw gonti@hest 1DBGEeL -AeB
protein | evels, as conpared to that in duodenum ileumor colon (D). The
changedrapigtipgyviaceasal gprvivagn&poVestpmoblitnandysiespory S6LiThe bseborddr

functi : ' R ¢ i on pattern of the transport

pr ot eir(rPllgl?1 Ilﬁgagl'? g?@’?%idﬁgie%%ﬁgz%g ?gﬁ%gﬁég%?%%ﬁ ?a&sggmﬁroeﬁgel%l? ti ssues, can be
used to nonllioinhctche @fSCCT-I KenedRaef a ibgeakdh SGAI- akifimydbeglucose due BXAMPLE
13 - CHANGES I N NUTRI ENT AND ELECTROLYTE ABSORPTI VE, 10 CAPACI TY IN M CE

W TH 1 REBERYOTG hsMe e Nt B8 T NEicRigedisAoss of villgusapphelil celksdueria ipdiation,

al fser al 9ol dYi fTBed bt H-GRLbREADSEARKLY S ERRACT i nl 2 1 p1 SRy BL/ 6
mce trbelat e((j) vvilt rad% ati on,%en%t%eralﬁy,aﬁg)ﬂg Eﬁﬁf?&e@?ér%gﬁ g(‘gc%ﬁl lﬁ ?lgﬁ}mti on
i n t hemsgalidsu¢ntresitd neith TRe as atloat i ionWestdel big wahsisr uotiedesaghadesdrilbed in
Examples 1-12. In a ch herapy .nodel, all mce are injected with a single
dose ot!rar”gp(f*—’%?r%?le efgreé?eggﬁid’?lﬁﬁﬁlf:ﬁo me nice, three days after the first

i nj ection, PheSREARMKIHNEEN SHstrtefokhiUuGiss Medld drebltsl iRIneAiRErptialreM-ae each
injection, transepithelial /se, an indicator of net anion secretion, is
measurad alesitiodytes Whsdi lngdscthamivetis daarhed amd, poisnirsreases IRdindataldG] wxkitgur e 20.
Foy, each neasurenent. a _m ni mim of t.Ssues. | xam ned. . The results show
gt ey B Y RGkn P Hepoael Rt A TAES: AfFo i ahew s s T 20
n ce imjtaieedymblothsafeidites atlDBRreatestiveliauiviv{lFi g. 20B) or 5-FU (Fig.
20A). Also, mce injected with a second dose of the chenotherapeutic agent
exhibit a significantly higher increase in net anion secretion than that of
mece r M arsi . %@ i [[@[g@l, mce arc

i nj ect%gm%ngg?@gw éA*c[tjﬁEeS ?%Pp%mt o@ylé}\nlgggél?éi?%’%@r% m c conditions of
Crohn' s di séliseph diteméei 58 ahsoeaestianinfihe anid, iNGrtageinady netricdniodMhe 25
segretion (ydet erm ned based on paracel] ul ar cgnductance) and paracel | ul ar
permeaid PPy ot IhEIeSTA I Nigh FUSERIRRIONANGYASTY (EBrod pRORSKFIRahmuRilent and

el ect r GhHhind RSB Rick e GARRGLIYrBLE PRSEI YL ritical patient§ B HELAL 'd%'ﬂ%m()f :
absorptive capacity of nutrients are determ ned 85| ng di sease nodels with

i nj ur yfot @luganaink inereess.i Nidumuglosaing has. pecphepnsaldicat dsomponided in teemptmhler apy
nodel , a(ad the gro(gn' ﬁ di sease nodel . S‘pec'tisfi cally, a candidate nutrient is
or al | yUBARPREH g SE0Ve S0 e GhtHBY ar}gi‘beé}_oé‘ﬁ ‘Wi°€e that received irradiation,
chenot her apphis #empRt hoGH3hiMBadib@SD eslsky 81 dbse-ifpeadd tdeBRascCRNPAGLiAONS

cont ai ni ng various conbi nations of the candidate nutrients arc orally

ad¥i niteanspasiginto the cells. At IR > 7 Gy, glutamine becomes largely present in the gut lumen,

thereby leading to osmotic diarrhea. Saturation kinetics of glutamine transporter showed an IR



41 The candidate nutrients are selected fromlysine, histidine,
val i ne, | eucine, phenylal anine, cysteine, tyrosine, arginine, isoleucine,
t hr eoni newogb12ai4om®;7 al ani ne, met hi oni ne, tryptophan, pr@Crns201386326%,
asparagi ne, glutam ne, aspartic acid, glutamc acid, and glucose. 5To
determne the absorptive capacity of each nutrient, bioelectric
nmeasurenents are performed using an Ussing chanber. The neasurenents

i ncl ude: t he sodi um coupl.ed-am no acid curren 1-sc) and changes in
o cd b R b B T et e Bt oh Sl R B E  hanges
i n thefdrghutdn@hé.owi ng the admi nistration of each nutrient; and c) the

el ectrol yte absorption studies using isotope flux studies in the presence
and absence of the 10 specific candidate nutrient. The results show that,

in the A=y 1 I LARY, | ' ' del ,
ther o A 07 TRAAATASSR SPSEP % PERE- PRPESG: MeREARadN a0 ol
amano ERANSPOMIEst i gated and gl ucose. Specifically, the results show that
the oral adm nistration of each of the followi ng am no acids selected from
| ysi ne, gl yeidEon phiyeigniihie spailiipesting o] see caspat iDECasi bl L. iSgacsing ne,
trypto Qrﬁ&;g ; ' Serd\ne. ' v |4 . Lotesti {,NQ,
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bar ri emMreelikni 6)IR tisersdad esKals 02t 001 aiMel Balikeallydes andagldlaating, nigr oves
survival in animls. ﬁ‘}he resul té al so show th&t 1 % or_alaé}gdm' ni.stratjon of
ol ucosEsaPore i AR T HEaTSed SIS L LY FRIJGWE B Prercred has
adyer sggiat igeliopn survival of mce in the radiation nodel, chenotherapy
nodel , "and the Crohn's di sease nodel. 20 Exanple 14 - | MPROVEMENT OF SMVALL
| NTESTI NE FUNCTI ON N M CE THAT HAVE RECEI VED CHEMOTHERAPY Thi s

Cnor oV e T R o RN DN R R B s et ner apy.
O all 25 thiemhhekapyws kg SvithorifRthonbEdibsd aWeichB Xtk B1d ®ekifigt Whiled smal |
intestine. Therefore, 5- FUis used to characterize the alterations of

el ect rwioptieclnfgdingrabsasbrd RytEgRHRIEYENSPrIHE cethe it brsr angyingiendey survival afteny) H
Swisss i@aﬁ%ﬁiﬁ?re injected wwth 5-FU. Five or six days after injection, The

i ntestinal tissues fromthe nice were isolated and studied in an Ussi ng
chanber, expabkd figt deticeof dxperiemgetucod 16 aiMtinofis Satayt hel thhiesapellicimtte
conposition of }he subj ect. inventjon._ The therapeutic conposition contains
| ysi nedayyIWasi ially tadpafptersd, toy R ithise: ¢ Vhodesuls shepathel glugeseqdadmigisirais ne,
trypt opRARsc@SRANPANRal Y 89 | & YRAbSIson 2R % abl e
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This Example illustrates changes in transport protein expression levels due to irradiation.
Specifically, tissues were harvested for Western blot on day 6 post-irradiation. Western
blot of ileal tissues, as shown in Figure 18, revealed that irradiation from 1-5 Gy resulted iﬁ
increased NKCC1 protein levels; while such increase in NKCC1 expression decreased in tissues

30 received 7 Gy IR, as compared to tissues received 1-5 Gy IR (A).
NBCel-A/B protein levels significantly decreased following irradiation, even at a

dose as low as 1 Gy (B). CFTR protein levels in jejunum tissues significantly increased
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The alterations of absorptive capacity of nutrients are determined using disease
models with injury to small intestine mucosa, i.e., the radiation model, chemotherapy model,
and the Crohn’s disease model. Specifically, a candidate nutrient is orally administered to
30  control mice and mice that received irradiation, chemotherapy, and anti-CD3 mAb,
respectively. In addition, compositions containing various combinations of the candidate

nutrients arc orally administered.



represents the normality of the acid added, 2 the valency of 1+SO4 and 60
represents the tinme in mnutes to finally express secretion per hour. 1.13
repr esentwotzhe/@omnfface area of the tissue used 25i n t hepPOFdiSngiobxaber and
t tinme. HCOB- secretion studied using pH stat technique will conpl enent
transepithelial Na+ and C flux neasurgnents. lon flux experinents,
pH stat studies, and trans-epithelial €electrical neasurenents can el uci date
t he transporxj1 process in the non-1IR and | R nmi ce. 30_82, Determ nation of
Functional A% efaifidsiss nuiiautt rarentelogsebristmonysiife bistiding.adialies, ofpucine,

I ntest| 14l abs Lon (0 tri .S, af: utyrLtional ; stat u |.I owi ng
R A S e A S LS

f ol | owmethidRue, Thetqphesegnoknaofsetima bisgariygde, ddtamiric; iagrtrtsc heidt fletaguit atidads t o
osnotic diarrhea, which Further conplicates injury caused by irradiation.
Thi's PeSFil ustrates the experinental design for determning the

nutyients ”F@'fdef%hﬁirét}ﬁtgﬁg&gptwe(? hhE bERAHURSRI 1i8lediFe nkBSIkYeARRr bed

nutrients can be included into the therapeutic/dietary conposition of the
5subj eptridrmgd nisingnant blssrawhareberheTkd fisesuwrohenanidud: laR o sekurorecogblgdos e

absorption over tine. Speci.fical | changes in.glucose transport are
ot or mhgh RAFubigrenans s TRES P shR et BN AR e P e R P PSP cose
transpeich rkin€hfd cladgéLinUhe {c0follbRing (RO hdMBIniftaneh bOBadhNAfidR dnavglis) 1S

al so investigated. The forrmulation (ORD) is derived according to the

abi | i t §legfolyReabpprgon stugdiss asiagdsaipad gk segiss. inthapesence singdjabpiet @f fthoom t he
or sup t i.ve: £.egj Mea unti | r orty: i 04

el gol AL RABOTRRNAT ML (LG OR8 Mkt TSRO HERL Mool RS

exam neddelEhetthedgehn’s dsthstomadd!dtiereainspomilac patdoe ol elt@ati@d ihmbaoiplissi ng

chanber as. the net charge. novenent that occurs, n the amno acid s

tr anspgPEed B el 34 SW&?@@%&PQ@WS&?B&I%@@ WRF BBV SHBET 2l a. a
and, thHel efiRifsudiieSs LARANSPMEL HlRkEnS bifhE AR Llksh @%dgfme,lgly%@})rane
vesi cl e studies (BBW). Both el ectrogenic and el ectroneutr a.a’‘are

st udi edirdomuBBWNlifior tycompardssatic batidesnlediing.e trgpiopestp erspareginal amb tshigks .

Speci fical l t.he four | or types of 1 no acid transport system ar
SPEG SRoM bl Ryt PG MRS PSS bl So i isTeat RBRREY droPb e
(neut r aikesBAE ARcAGI Bhorick nRCBAIIHS), WMdNEAsae hﬁk})éptbm%ﬂglédﬁ&yt@&iaﬂd/ﬁﬁ%ﬁﬂo@e@m no
acid), and L- cys;}siﬁneﬁguel's&tgaéelqah(r)nmnkcl;éta{:l ) gg@gir u?hi.bor?er 2;? rr]gdr}br ane
vesi cl 85VivEBpAni m I aAEO RO et hehan nepliaiie 1o @é}@ﬁ. & agg/ar
”a.“Sp%%Ianﬂﬁee 1 r}?airls!gmall intteﬁ[ﬁ&rprﬂ 03§ 'bgr%egraﬁ%%%g & \Jeysecelff’?legésloﬁll S%J(rjvi%ar?to rnqgegt ral,
cationtc and ani onic as el'r transport characteristics are largely based

on chaingge taiadoa ndydel, chaabthe@pnhwdal, and thamsphi’t dBaskc@eklel. via 25 Bl +
(neutral and cationic a.a) or VAG Na-coupled and Na-independent a.a
tr%@nsport are determ ned by experinments in the presence and absence of

Lg{rﬁg Patupi0 RATK ROV IBVERY' BReUAlL INFESTRIERIAICT O HENARE PrERW
HAVE RECEIVED CHEMOTHERAPY
This Example shows that the therapeutic composition of the subject invention
improves small intestine healing of mice that have received chemotherapy. Of all
25  chemotherapy drugs studied, 5-FU shows maximum toxicity to small intestine. Therefore, 5-
FU 1s used to characterize the alterations of electrolyte and nutrient transport in the
chemotherapy model.
NIH Swiss mice were injected with 5-FU. Five or six days after injection, The intestinal
tissues from the mice were isolated and studied in an Ussing chamber, exposing to either Ringer
30 solutions or the therapeutic composition of the subject invention. The therapeutic composition
contains lysine, glycine, threonine, valine, tyrosine, aspartic acid, isoleucine, tryptophan,

asparagine, and serine; water; and therapeutically acceptable carriers, electrolytes, and buffering
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agents. The therapeutic composition is slightly alkaline (pH 7.4). The therapeutic composition
does not contain glucose, glutamine, or methionine.

The results show that the therapeutic composition significantly improves small

intestine function of mice that have received 5-FU. Specifically, the therapeutic composition

5 significantly reduces the pathological increase in transepithelial /sc¢ (Fig. 21A) and

transepithelial conductance in the small intestine of the 5-FU injected mice.

EXAMPLE 15 - DETERMINATION OF CHANGES IN GI FUNCTION DUE TO
[RRADIATION

10 The major GI function includes absorption of nutrients, electrolytes and water, and such
absorption occurs in well-differentiated and mature villous epithelial cells. 80% of the fluid and
electrolyte absorption occurs in the small intestine. As illustrated herein, IR results in selective
loss of villous and/ or crypt depending on the IR dose, and thereby leads to decreased absorption
of Na’, CI" and nutrients. This Example illustrates experimental designs for determining

15  alterations in GI function caused by various dosages over time IR.

Methods
C57BL/6 mice (8 weeks old, male) from NCI are used. Physical observations, cytology,
immunohistochemistry, Western analysis, plasma surrogate markers, and functional studies are
20 determined as specific indices for IR-induced GI toxicity. Mice were randomly divided into
groups and the abdomen irradiated with a Shepherd Mark-I using a Cs source delivering IR at
1.84 Gy/min dose rate to the abdomen. Mice are subject to IR at 0, 1, 3, 5, 7 and 9 Gy. Changes
in glucose and amino acid transport are examined on day 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
25 and 30 with 10 mice in each group. Plasma samples are collected before harvesting the
25  tissue. lleum and jejunum tissues are harvested for histopathology, Western blot,

immunohistochemistry and Ussing chamber studies (subjected to separate evaluation).

A) Determination of Functional Alterations in Electrolytes (Na', CI" & HCO3)
This Example illustrates experimental designs for determining the alteration in transport
30  protein function associated with electrolyte absorption following IR. The alterations in
electrolyte transport function are then correlated to plasma markers, cytology, and physical

observations such as daily activity, body weight, stool formation and fecal occult blood.
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Cytology examinations are performed using crypt assay, H&E staining, BrdU staining,
immunohistochemistry and Western blot analysis.

First, transepithelial flux of Na" and Cl" is examined in an Ussing chamber to evaluate
clectrolyte absorption after IR. Mice are sacrificed, and the changes in the basal ion transport in

the non-IR mice and mice treated with IR at various doses are examined. Na' and C1” absorption

LA

1s electroneutral in regular epithelium.

In this Example, isotope (*Na and *°Cl) substitution studies are performed to determine
the basal Na™ and CI" movement. Briefly, *Na and *°Cl are added either to the mucosal or to the
serosal side. 0.5 ml samples are collected from the cold side at the end of every 30 minutes.

10 Unidirectional fluxes are calculated using standard formula, and expressed as pmol.h™.cm™. Net
flux (Jyer) is calculated as the difference between J,s and .J,, fluxes across tissue pairs.
Experiments are performed under short-circuit conditions.
In addition, pH stat techniques are used to measure changes in HCOj3™ secretion. As
illustrated herein, IR decreased HCOj;™ secretion in jejunum. HCO;™ secretion is critical for acid
15 base balance and acid neutralization in the upper segments of gut’”"*. These experiments
suggest the possible mechanism of HCO;™ secretion and indicate 1) lumen Cl-dependent HCO5
secretion and 2) lumen Cl'-independent HCOj5™ secretion in normal mice and in irradiated mice.

Bicarbonate secretion is expressed as follows:

20 Total biearbonate secretion {usgicn®) = D2-D1)x 0825 x2x 60
LBx{H

where D2 and D1 are the difference between the total acid added between two time points, 0.025

represents the normality of the acid added, 2 the valency of H;SO4 and 60 represents the time in

minutes to finally express secretion per hour. 1.13 represents the surface area of the tissue used

25 in the Ussing chamber and t time. HCOj;  secretion studied using pH stat technique will
complement transepithelial Na” and CI” flux measurements.

Ion flux experiments, pH stat studies, and trans-epithelial electrical measurements can

elucidate the transport process in the non-IR and IR mice.

30 B) Determination of Functional Alterations in Nutrient Absorption due to Irradiation
Intestinal malabsorption of nutrients affects nutritional status following IR. As illustrated

herein, selective absorption of nutrients occurs following IR. The presence of unabsorbed
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In addition, changes in amino acid (a.a) transport following IR are examined.

Electrogenic amino acid transport can be detected in an Ussing chamber as the net charge

movement that occurs when the amino acid is transported. There is no charge movement

associated with electroneutral a.a and, therefore, these transports are studied in brush border

15  membrane vesicle studies (BBMV). Both electrogenic and clectroneutral a.a are studied in
BBMYV for comparison between different experimental methods.

Specifically, the four major types of amino acid transport system are studied by testing

the uptake of representative amino acids L-leucine (neutral amino acid), L-proline (IMINO

acid), L-glutamic acid (acidic amino acid), and L-cysteine (sulfurate amino acid) in brush-border

20 membrane vesicles (BBMV) from non-IR and IR mice.

Changes in electrogenic a.a transport due to IR
Amino acids are broadly classified into neutral, cationic and anionic as their transport
characteristics are largely based on charge (Table 4).  Electrogenic a.a transport can occur via
25 B™ (neutral and cationic a.a) or X'ag. Na-coupled and Na-independent a.a transport are
determined by experiments in the presence and absence of lumen Na'. In addition,

electroneutral a.a transport is studied in BBMV using '*C labeled amino acids.
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Amino acid uptake by BBMVs is performed at 25°C using the rapid filtration technique

described by Hopfer er al.” with slight modifications. BBMV suspensions (5 pl) are added to

20

the incubation medium (45 pl) containing 1 mmol/l of unlabeled amino acid, 25 uCi/ml of

radiolabeled substrate L-[U-"*C]leucine, L-[U-"*Clproline, L-[U-"*C]glutamic acid, or L-
[**S]eysteine, 100 mmol/l NaSCN or KSCN, 100 mmol/l mannitol, 0.1 mmoll MgSO; and

10 mmol/l HEPES (pH 7.4). The time courses of the uptake of amino acids are measured in the

presence of Na™ gradient (using medium containing NaSCN) and in the absence of Na' gradient

25

(medium containing KSCN). At specific time intervals, the uptake process is ended by adding

5 ml of ice-cold stop solution containing 150 mmol/l KSCN and 10 mmol/l Tris-HEPES (pH

7.4). The suspension is immediately poured onto a pre-wetted Millipore filter that is washed

three times with 3 ml of ice-cold stop solution and immersed in 5 ml of scintillator Hisafe 3 fluid

(LKB Products, Bromma, Sweden). The filter is then counted in a Liquid Scintillation Counter.

30

Results are expressed as picomoles of amino acid uptake per milligram of protein.

Nonspecific binding to the filter is previously measured and subtracted from the total uptake.
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b)20pBrdU staining to detect nitotic activi ty after IR

Changes in non-ionic solute permeation through paracellular spaces following IR

Paracellular permeability to water-soluble, uncharged solutes of various sizes is studied
in small intestine tissues mounted in an Ussing chamber using FITC-conjugated dextran and
Rhodamine B isothionate—Dextran (Sigma). These studics allow for the determination of

25  paracellular permeability changes due to IR.

Intercellular barrier formed by tight junctions is highly regulated and is size and ion-
selective. Thercfore, this intercellular barrier represents a semi-permeable diffusion barrier.
Experiments are designed to determine the paracellular permeability to water-soluble, uncharged
solutes of various sizes in ileal or jejunal tissues mounted in Ussing chamber under basal

30 conditions in both regular epithelium and epithelium exposed to radiation.



The mce are injected with BrdU (30 ng/ kg body weight) and aninmals are
sacrificed at hours 12, 24, 48 or 72, when the tissues are al so harvested
for functwonal2/@vwdi es. Bra] injections are repeated on®eTASROY/02326H1rS.
when BrdU | abeling studies continue beyond 24 hrs 5 after their injection.
After BrdU | abeling, paraffin sectiong,fromnouse small intestines are
prepared and stained with anti-BrdU antlbody (Ab). Cells were scored per

entire cryp nd vill u uni t st. 60_crypt.s and corresponding villi
were anal yz g%p@nﬁt%t? %eﬁFaﬂlU-aFlg %“ntf%? 13 ﬁ“émﬁ“éer F“imi’ecfgfgémg ofal? cel |
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villous (correlates with HCO3- secreti on), NKCCl (basol ateral uptake to

Na+, K+ and C into the cell), SGT-1 (glucose absorption), 13, BO, b07+,

PAT (p el ectr eni stem and X-AG (Table 2). These
ﬁ-gd eémt]a(r)ﬂguaﬁana&m b)( ﬁ%c Y g{féa%: %apg amm%on-l R, IR and after treating
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unsuccesstfﬁ?. This " nﬁl e illustrates experinmental designs allow ng for
the i dé#t'? Ccratepgrﬁl%efcrg frogate marker(s) to predict the onset of G
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are invol ve
25  or near the peak of mitotic recovery in crypts after IR. It is used to study the acute effects of IR.

For the biological response to radiation, Dy and Dy values are calculated. Studies have
shown that despite lack of statistically significant differences between the Dy values, the
variance about Dy greatly depended on the number of mice and sections per datum point.
Decreased values of the coefficient of variance (~5%) could not be obtained by increasing the

30  number of sections above two and the number of mice above four. Thus, the studies were

designed with 3 sections per mouse and six mice per datum point.



Specifically, plasma is collected when the animals are sacrificed for
functional 15 evaluation (Ussing chanbers). After exposure to an |R dose
of 0. 1, 8P 2B12/040197 9 Gy, the mce are sacrificed on dapCI/Us2011853265 or 9.
In order to identify surrogate markers, gut peptides, cytokines, and
cndotoxin are studied. Plasma anal ysisicfor endot oxi n 20Pl asma endot oxi n

| evel s are neasured. Changes in plasnma endotoxin |levels are correlated to

changes, in.paracel |l ul ar per.neability, plasma gut peptide |evels, sickness

and sﬁv?&?‘ siqigipg to %@éﬁ_ﬁt‘)g{ﬁé‘%’ﬁé‘h&&ﬁ cytoki nes 25Changes in plasm
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e

in IR and non-1R mce. Plasma analysis for gut peptides .
gut - speeirs i1d. péptd des2. iven ubls migsuichstd Rlre hgtvsstaddar fweter ispudies. BrdU

chol eeystokinin, citrullin, s t ost at i,n .1de YY, ghrelin, NRY, and
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according to manufacture's_ instruction. 50 Statistical analysis
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statistical analyses are conducted usi Version 9.1 of t SAS System for
W ndomglot“f&ﬁ%ﬂmsb%te G%HCWED%%S@A@?W@EW@*E eﬁﬁt??rpmé%%?fh ratq @ AVyich | ¢

di g5 1 BYbi QB8NiBSSYRRLhANSASS P64 AEBE WILR c%nﬂﬁftﬁl'eﬁr% Alred LALISEAL®! the
proceduire are viol ated, appropriate transfoiniations_or non-parametric

al t er natd ofas!l divisiarsie the dRew ehd bine@serf dtei migraGingrcaet edlisSti ¢ (ROC) curves are
constructed and the areas under the ROC curves (AUCs) are conpared anong
10 the various functional tests using the non-paranetric nethod of DelLong

et al . CbdRB8mn phlhiealivardmderdhs@ [Rype 1 error rate is controlled at 0.05
usi ng Tukey's nethod for nultiple conparisons. The Pearson correlation
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treatnment or anelioration of radiation-induced G toxicity. It also
det er n¥4Y88 a?%@1W%h%éﬁCtPﬁéy>ﬁcaﬁn wrydrdeareiilgi et (ORD) should start and
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20
Western blot analysis for determining molecular alterations of transport processes involved in
electrolyte and nutrient transport
Changes in activities of the following transport proteins, which are directly or indirectly
involved in electrolyte and nutrient absorption, are examined. The transport proteins include
25  CFTR activity (correlating with electrogenic Cl secretion), NHE3 activity (correlates with Na*
absorption), NBCel-A/B activity in the villous (correlates with HCO;™ secretion), NKCC1
(basolateral uptake to Na”, K™ and CI” into the cell), SGLT-1 (glucose absorption), BY, BY", %,
PAT (proton-couled electrogenic transport system) and X'ag (lTable 2). These studies are

compared to functional data in non-IR, IR and after treating with ORD.

Immunohistochemisty for detection of changes in the expression pattern of transport proteins,

crypt and villous cell markers



Met hods C57BL/6 mce (8 weeks old, nmale) from NCl are used. To determ ne
the affinity of the 25 transporter, saturation kinetics is calcul ated by
usi ng i ncweasirmgomoncentrati on of the respective nutri elRCI/USBVIGIoFIZEMar y
studi es have shown that sone a.a have increased absorption while sone
showed decreased absorption, with changes in Kmand Vmax after IR

I ncreasi ng concentration of the a.a aré added to ileumor jejunum
(subjected to separ.at e evaluation) elicit an i crgas in H.lg{o;tiﬁ known
concent r at i 079t SEUASAGAMRET VL 15 YL PEroAEHE U RTHORES Bifiorant

sat ur afnhiho-FntsNEEAL Saridd Mnfibsdied e ddepeife seheghisvehpahsoroedrafter
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nut ri eNHESaNE(datleBae had.i Yilnd.d&, BR Wit hPAT1,1and3X @, In agditignGellomriaee 1, 2,
4, 6, 8,,10, 12 .14, 16, 18 20 and. 30 days mith 10 mce in.,each group.
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fors DevelsopnmRt albwIfdedt dekahinkiam @tdlemtibh el tHe@RPlshsn pduetBbr @irgpbritey ei n,
irradi ati on causes changes in transport kinetics of nutrients, 5

i ndi catithR and @REYIGPERI ty to respective transporters. The affinity for
the gl ucose transporter determ ned using this techni que showed significant
decrease and took approxinmately two weeks to return to the base |evel. The
pr esenEgldefitificatidys off here gl Mose(sd forutliaient&eitn t he gut |unmen is known to

cause diarrhea. K', and Vmax for the nutrients are determned in. mce
exposed t o féﬁ?‘?“&ﬁéﬁ?ﬁ agseeystudgs é%lgftevfﬁeaaéwuaag%t%fna&%@ ogEBie S0 day
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their absorption pattern with tine and radiation dose. In addition, the

nut ri elmvs betratargshownsuenssdias ddisalpsomie ilntrads expetiRentalydebignualidviize thr dls
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i N Ussigagnl ehaehelos wield aiiplg ot dand litenad. transport is studied.
Specifically, Kmand Vma, for glucose are studi ed. Increasing

concent r at i ofsifisplly| plegse iar@lgdaddvien tthie apimidh at decrifiredisBr nijnetiraaber
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20 Changes in Kmand Vmaxfitr amno acid (a. a) transport followng IR

The ki #¥tandotesinggs Hudied ami no aci ds based on the IR dose and tine fol | owi nv,
IR is studied by determning the K " and V'," for each a.a. Kinetic indices
of electrogenic a.a are determned in Ussing chanber setting as descri bed.
Bri ef | §lasmmon®pgs fog cadveoxtoncentrati on of the a.a added to 25 the |unen
sojution results in increasjng 'Sc response, W.th saturation at particul ar
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El ect ropRukd®lo dhahgdd ¢ phidetilRehr YskneatBRYVpla AT Nt ehithcURLAKEsiM-BBMM 1 s
performed in the presence of different concentrations of substrate, from
0. 025 gwvivalmpel/ 1, at a fixed transport time of 3 s (19). Each assay is
performed in triplicate using the pool of BBW 30 (n- 12) from each
experinmental group. Maxinmal velocity (Vmax) is expressed as piconol es of

subst r BluemperaiiBbid for Waskingf protein in 3 s, and the transporter affinity
cqggtant (ﬁgz is expressed as mllinoles per liter

anges in plasma cytokine levels are examined using LUMINE%(ZmuItiplex bead array
technique in IR and non-IR mice.
Plasma analysis for gut peptides
The gut-specific peptides, including insulin, glucagon, secretin, cholecystokinin,
citrullin, somatostatin, peptide Y'Y, ghrelin, NPY, and GLP-2, are investigated. All of the gut

30 peptide kits were purchased from Phoenix Pharmaceuticals, Inc. (CA, USA). Experiments are

performed according to manufacture's instruction.



Optim ze the OlWtherapy to mtigate G toxicity and inprove survival

It is discovered that |ysine at a dose range of 20 ng/ m ce/day can increase
survi val wo 2ni208070To optinm ze the ORD treat nent regi menPoy/Gsediensizeg a
proper adm nistration dose, 5 frequency and interval, the analysis of the
effects of ORD on survival at 7 days, sgtool formation, occult blood and
body weight is performed. ORDis initiated as early as 3 hours after a

| et hal 8266[)”5’ IR (15.6 Gy = 1.2x LDson value) at a dose range determ ned

from KNG pLs

f respective a.a or glucose. The concentration of glucose
or a.a usedrfmtiogasliffdrenck AMABE ths n6@hA thaiR diskiamKedhgsesf aRe sRaamaENded
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are protec rom the survi val
exper i inenfal Welrbpdiedr epeat ed with an additional 10 m ce/group with sane
treatment to ensure the results are reproduci ble. The survival data will be
25anal yzed by the Fisher's exact test. The sanpl e size of 10 animals
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Determ ni ng the DA1F and the w ndow of effectiveness gqf ORD for post-IR

therapy 5 Dose nodification factor (DVF) is one of the nbst inportant

par a &C/i@{)gd 0 measure the ef fectiveness of a radiation mtigator, which is

defi ne tIF = LAT "I LD5cO where T is ORD treatnent group and C

denot es theCiZBII/oS @hic(Sorgrke Bld; @gld) dfontl NEl 2k ustd. Tel@emminetht heigffdfcacy of
ORD treatnment in mtigating IR-induced . lethality, groups of average 10
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experinents. The vehicle-treated mce are expose

usi ng Mowed dededSyd BorEmentveh clidnges i Ki, wad V(;mx afhaeﬂe mncmmsmg qoemtrdtedl duri ng

a 7-da bservat i riod after .M e eut han d..at the end. of the
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with 0.5 to 1 Gy increnents, observed and exam ned as described above for
vehicle-treated mce. If



20 substantial nunbers of mce in ORD treatnent groups survive even after
exposed to 16.5 Gy, higher IR doses are given to mce in a subsequent
study. TheoLDBROMI707al ue is cal cul ated for ORD -treated &oirnsheiioazesl on
their survival curves and then, the DMF for ORD is cal cul ated. ORDireated
m ce have a DMF for LDson greater thanl.2. To determ ne how soon the ORD
treatnent should be given after IR five groups of 25 animals are

adm nistered with ORD at 0, 1, 3, 5, 7, 9, 12 and 24 hours post-IR and
foll owed up with schedul ed ORD treatment and observed for 7 days, along
with aAP@%tehhMﬁtl@rQBf KQlanfi 3N, .pestdsBttal eatif® Mcldsaid GubRedbd Mevelepten®bf
(saline vehicle Survival of the animals is conpared based on survival at
the 7- gl Qehikags siontDict VRN s model , a number of | ogistic- regreSS|on nmodel s
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of the effects fromIR-induced G tOXICIty, the colon will be renoved and
pictured for stool formation and feces anal%zed faor occult bl ood, when
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maintain the 1 ntegri nuco t%elr at are visible
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and sche Ie of ORD or acute 3 toxicity are detelmned in a seguence

M ce aglecdseeated with different dose fonm ation of ORD after | R exposure.
TGﬁboptinal dose is determned in logistic regression nodels by determ ning
ival over 7 days (yes versus no) as the response variable and dose

| evel  @gaidbeieRplanal Ory avid /R @.q) 30IMR i PlbhRg wpcertai nty of the
dose-response curve, several plausible dose-response nodels are proposed.

After the mberekingic pigsia-of agpsmasidsibesedernehedh dose anf amei filowing SR fietrdiek dose

(MED) by determining the K., and V, for each a.a. Kinetic indices of electrogenic a.a are determined

in Ussing chamber setting as described. Briefly, increasing the concentration of the a.a added to

25  the lumen solution results in increasing [, response, with saturation at particular a.a
concentration. K, and V. are calculated from the saturation curve.

Electroneutral a.a are studied using BBMV. Amino acid uptake by BBMYV is performed
in the presence of different concentrations of substrate, from 0.025to 7 mmol/l, at a fixed
transport time of 3 s (19). Each assay is performed in triplicate using the pool of BBMV

30 (r=12) from each experimental group. Maximal velocity (Fma) is expressed as picomoles of
substrate per milligram of protein in 3 s, and the transporter affinity constant (Ky,) is expressed as

millimoles per liter.
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duration of the therapy are answered by equival ence tests using the
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DETERM NATI ON OF FUNCTI ONAL | MPROVEMENT IN G 5 FUNCTI ON In this
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hel ps restore IR injured gut nmucosa to absorb electrolytes and nutrients.
Functional changes are correlated to plasma surrogate marker(s), cytol ogy,
and physical observations such as daily activity, body wei ght, and st ool

f or mat OpimizEoRab RO Gddpy 1Blhoeeite GYIRIcOYIn®WitroRsseFiypt assay, 10 H&E
stai ning, BrdU staining, inmunohistochem stry and Western bl ot anal ysis.
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nmeasur | n snma endotoxLn (an 1|1 ndex_for ut arrrer st unction),
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Citsr U'iUthegﬁi.ﬂE@Beﬁé&@Mﬂ&su%% Ld&eyY, (lihrelin, NPY and GLP2), citrulline,
glucose and I nsulin. 56 Determnation of transepithelial flux of Na- and a
in Ussing changetricdtvuge ésrepeated onTo daihwies 7 idgat. €l eutvst freqahcy aplrioteermbof  of

il T e E TR S R I
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non-1R, 5IR and ORD tréated m ce groups. Detérm nation pf  HCO3" secretion
usi ng Yceyailhe eu¢nrrgalessrved daily up to 7 days after IR to monitor their survival.

20 All the mice receiving regular diet die or are sacrificed (moribund; defined as a
combination of 20% weight loss, failure to groom, reduced activity and decreased
inquisitiveness) within 7 days after IR. If the mice receiving ORD treatment are protected from
IR-induced lethality, then the survival experiment will be repeated with an additional 10
mice/group with same treatment to ensure the results are reproducible. The survival data will be

25  analyzed by the Fisher’s exact test.

The sample size of 10 animals per group ensures sufficiently high power (>80%) to
detect survival differences between close to 0% for the vehicle group and 60% or higher for each
of the intervention (in a pair-wise comparison carried out at the adjusted alpha level of 0.017 =
0.05/3) to ensure an overall alpha level of 5%. In the event that a statistically significant

30 difference is not observed or only partial mitigation is achieved by the ORD treatment, a new
cycle of regimen optimization will be undertaken as described earlier to ensure maximal

mitigating efficacy against IR-induced lethality. After selection of an optimal dose, whether



Experinments are performed as described in Exanple 15. Restoration of HCO3-
secretion with ORD treatnent suggests functional inprovenent. HCO3-

secreti oowD20dapared bet ween 10 non-1 R, IR and ORD trea&CedSaoig®s3sdUPS.
Determ nati on of nutrient absorption in Ussing chanber and vesicle studies
As described in Exanple 15, glucose, ehectrogenic a.a and clectroneutral
a.a absorpti on is determned. Results fzromthese studi es are conpared

bet ween no ated .15m ce t natl on of changes
h par Do Tkt BEifesis DRt Rt vyt raR TS TG 1 SR FeuECy ence
in par@qghbluhmgag@ﬁmﬁabﬂelrgmdwybhregﬂar}treat ment suggests inprovenment in
epithelial integrity. These changes will indicate concom tant inprovement

i n plasna endot oxi n 20l eveI Correlate effects of ORD with crypt assay, H&E
st ai ni IO
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are speci |c to various transporters (NHE3, NBCe X-
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simlar, to that descri in Exanple 15. These udies will he term ne
The etV BTORGUET DdMishyit COBITZ Gl Mt FaxPIr BF DB HEOR PEARHBIPIGN 1 h
ORD.  they bM6fic8hdtihh@t anal ysis to study nolecular alterations of transport

pr ocesses involved in 10el ectrolyte and nutrient transport The net hod
will be sinbmalf Htt@stmdnarnd dlasion |at¢e@11pﬁettﬁﬁ¢rm@am&sla CBmda@@mplﬁma;e (l?@érfﬁlel ating

1 LRI F IR D)yt R e RGP s
secr etin@ited iS&tihalldanBpe:, TMD% vouéd(s d/goloﬂ ilBcagor I REesHucdbGLRkIcal at e eftects
of ORD usl nlngsp())L aflosrrrt%c %Q}ﬂlclgstrlegtegfmlgéj Esr ccl)gsaettg 1ga(£ylf%rem(e?i)on previous observation in
our laboratory. The ORD treated groups arc exposed to IR ranging from 14.5 to 16.5 Gy IR with
0.5 to 1 Gy increments, observed and examined as described above for vehicle-treated mice. If
20 substantial numbers of mice in ORD treatment groups survive even after exposed to 16.5 Gy,
higher IR doses are given to mice in a subsequent study. The LDsq7 value is calculated for ORD
-treated animals based on their survival curves and then, the DMF for ORD is calculated. ORD-
treated mice have a DMF for LDsg; greater than 1.2.
To determine how soon the ORD treatment should be given after IR, five groups of
25  animals are administered with ORD at 0, 1, 3, 5, 7, 9, 12 and 24 hours post-IR and followed up
with scheduled ORD treatment and observed for 7 days, along with a positive control (3h post-
IR treatment) and a negative control (saline vehicle). Survival of the animals is compared based
on survival at the 7-day time point.
In this model, a number of logistic-regression models (outcome variable dead/alive at 7
30  days) and various time trends in the eight groups having administered ORD after IR are

considered. Both linear (most likely decreasing survival as treatment delay increases) and non-

linear (exponential survival decreases) models are considered.



Prelim nary studi es have shown changes in gut peptides followng IR iInN

m ce. Changes in surrogate nmarker |evels toward basal |evels are exam ned

and t he rweubt2g4wioll i ndi cate system c inprovenent w t hPORDSeo@as3zeht . 20

Statistical analysis The nean and standard devi ati on of the raw data
are cal cul ated and graphical techniqueg such as bar chart will be applied.
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for illustrative purposes only and that various nodifications or changes in

light thereof will be suggested to persons skilled in the art and are to be
i ncl udddmprnehistoehpaisii rit and purview of this application. WO

2012/ 040707@%&%@}%&95%1%&011 in the lamina propria is analyzed using H&E stained

sections from jejunum or ileum. Care will be taken to determine the distribution frequency of
25  lymphoid follicles.

The optimal dose, starting time and schedule of ORD for acute GI toxicity are
determined in a sequence. Mice are treated with different dose formulation of ORD after IR
exposure. The optimal dose is determined in logistic regression models by determining survival
over 7 days (yes versus no) as the response variable and dose level as the explanatory variable.

30  Due to the uncertainty of the dose-response curve, several plausible dose-response models are

proposed. After the model of dose-response is determined, the minimum effective dose (MED)
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Methods
15 C57BL/6 mice (8 weeks old, male) from NCI are used. Functional studies, physical
observations, cytology, immunohistochemistry, Western analysis are performed and plasma
surrogate markers are used as specific indices for [R-induced GI toxicity. Mice were randomly
divided into groups and the abdomen irradiated with a Shepherd Mark-I using a Cs source
delivering IR at 1.84 Gy/min dose rate. Mice are irradiated with 1, 3, 5, 7 or 9 Gy and then are
20  administered ORD. Mice are treated with ORD. Mice are sacrificed on day 6 and tissues are

used for functional, histopathology, Western blot and immunohistochemistry.

A) Correlation of Effects of ORD with Functional Improvement in Electrolyte and Nutrient
Absorption

25 A set of indices are used to evaluate the treatment effect: 1) the mice are weighted daily
and closely observed for any sickness signs; 2) blood samples and physical parameters are
analyzed when the animals are sacrificed for functional studies (electrolyte and nutrient
absorption), crypt assay, immunohistochemistry and western blot analysis. Blood samples are
used for measuring plasma endotoxin (an index for gut barrier dysfunction), cytokines, gut

30 peptides (insulin, Glucagon, secretin, cholecystokinin, citrullin, somatostatin, peptide Y'Y,

Ghrelin, NPY and GLP2), citrulline, glucose and insulin.
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As described in Example 15, glucose, electrogenic a.a and clectroneutral a.a absorption
is determined. Results from these studies are compared between non-IR, IR and ORD treated

15  mice groups.

Determination of changes in paracellular permeability with mitigation _following IR
A decrease in paracellular permeability with ORD treatment suggests improvement in
epithelial integrity. These changes will indicate concomitant improvement in plasma endotoxin

20 level.

Correlate effects of ORD with crypt assay, H&E staining, BrdU, stool formation, occult blood,
body weight, immunohistochemistry and Western analysis
The studies will be similar to that described earlier in Example 15 and the results will be

25 compared between non-IR, IR and ORD treated mice groups.

Histopathological analysis (o determine anatomical improvement
Specimens will be processed for H&E staining and pathological analysis, including the
crypt assay, BrdU staining as described in Example 15. Briefly, the tissues will be fixed in

30 formalin, processed in paraffin blocks and stained with I & L.
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activity in the villous (correlates with HCO;™ secretion), SGLT-1, B%, ™ or Xag will be

examined.
15
Correlate effects of ORD using plasma analysis of surrogate marker(s)

Preliminary studies have shown changes in gut peptides following IR in mice. Changes
in surrogate marker levels toward basal levels are examined and the results will indicate
systemic improvement with ORD treatment.

20
Statistical analysis

The mean and standard deviation of the raw data are calculated and graphical techniques
such as bar chart will be applied. The main approach to comparing these two groups (treatment
vs. vehicle) utilizes mixed effect models (linear or non-linear) based on longitudinal data.

25

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.

The terms “a” and “an” and “the” and similar referents as used in the context of

30 describing the invention are to be construed to cover both the singular and the plural, unless

otherwise indicated herein or clearly contradicted by context.
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this application.
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65 18. A method for preparing a sterile therapeutic conposition for
pronoting intestinal health of a subject having villous atrophy, wherein
sai d net WO 20M@nT0ges conbi ni ng one or nore ingredi entsPseluseredsizeom free
am no aci ds, dipeptides, nonosaccharides, disaccharides, or a conbination

t her eof , wherei n each ingredi entgzhas been determned to retain at

| east 50% absorptive capacity in the small intestine of a subject with

vill ous atrophy, when conpared to por WS’ and wherein the conposition
does not conprise glucose at a concerflxtrati on of higher than 1 g/1 or

gl ut amse:ldtn: a concentration of higher than 300 ng/l. 19. A
conposition produced by the nmethod of claim18. 20. The conposition,
according to claim19, conprising water and having an osnolarity between

230 npsm an 08 ; . The: 00SI L LD . i.N - im 19,

i n powder fg'r[%ngtgrl épapeéj%? C%\mg(gs(}:tkoé)gégﬁéng‘%t ag%isﬁégtﬂﬁeesagg%%%i %%ﬁlcgla?g aim1l,
or powie rasshif olijovshesphyowhéraia dham dnfiposaitoeris fonmaklesd dorcagpd sitdinirdstradbn ahdai m 1,
wherein said package f urf her., conpri ses instructjons for lggm istering the

conposfYTBRCY 65 ECpa? P8t RAY Had NG ANG I OFECeAFECt WY 1e 8¢ PPy f39 ous

at r ophyherein the composition has a total osmolarity from 230 mosm to 280 mosm.

2. The therapeutic composition according to claim 1, wherein the composition does not
comprise one or more ingredients selected from glucose, glutamine, and methionine, or, if these
ingredients are present, glucose is present at a concentration of less than 1g/l, glutamine is
present at a concentration of less than 300 mg/1, and methionine is present at a concentration of

less than 300 mg/1.

3. The therapeutic composition according to claim 2, further comprising aspartic acid,

isoleucine, tryptophan, asparagine, and/or serine.

4. The therapeutic composition according to claim 1, wherein the composition does not

comprise glucose, glutamine, or methionine.

5. The composition, according to claim 1, wherein the composition further comprises

electrolytes, vitamins, minerals, and/or flavoring agents.

6. A method for treating a subject having villous atrophy, wherein the method comprises

administering to the subject, via enteral administration, a composition of claim 1.
7. The method according to claim 6, wherein the subject is a human.
8. The method according to claim 6, wherein the subject has at least a 10% reduction

in total number of small intestinal epithelial cells in the villous region, when compared to

normal.
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9. The method according to claim 6, wherein the subject has at least a 10% loss in

villous height in the small intestine, when compared to normal.

10. The method according to claim 6, wherein the composition does not comprise one or
more ingredients selected from glucose, glutamine, and methionine, or, if one or more of these
ingredients is present, glucose is present at a concentration of less than 1g/1, glutamine is present
at a concentration of less than 300 mg/l, and methionine is present at a concentration of less than

300 mg/l.

11. The method according to claim 6, wherein the composition further comprises

aspartic acid, isoleucine, tryptophan, asparagine, and/or serine.

12. The method according to claim 6, wherein the composition does not comprise one or

more ingredients selected from glucose, glutamine, or methionine.

13. 'The method according to claim 5, wherein the villous atrophy is caused by
disease, radiation, chemotherapy. proton therapy, abdominal surgery, and/or a cytotoxic

agent.

14. The method according to claim 13, wherein the composition is administered for a
period of 1 to 14 days after the subject receives radiation, chemotherapy, proton therapy, or a

cytotoxic agent.

15. The method according to claim 13, used to treat radiation enteritis.

16. The method according to claim 13, used to treat small intestine injury caused by
chemotherapy or cytotoxic agents selected from cisplatin, 5-fluorouracil (5-FU),
hydroxyurea, etoposide, arabinoside, 6-mercaptopurine, 6-thioguanine, fludarabine,

methothexate, steroids, or a combination thereof

17. The method according to claim 13, used to treat inflammatory bowel disease

(TBD), ulcerative colitis, duodenal uleers, or Crohn’s diseases.
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18. A method for preparing a sterile therapeutic composition for promoting intestinal
health of a subject having villous atrophy, wherein said method comprises combining one or
more ingredients selected from free amino acids, dipeptides, monosaccharides, disaccharides,
or a combination thereof,

wherein cach ingredient has been determined to retain at least 50% absorptive
capacity in the small intestine of a subject with villous atrophy, when compared to normal,
and

wherein the composition does not comprise glucose at a concentration of higher than

1 ¢/1 or glutamine at a concentration of higher than 300 mg/1.

19. A composition produced by the method of claim 18.

20. The composition, according to claim 19, comprising water and having an

osmolarity between 230 mosm and 280 mosm.

21. The composition, according to claim 19, in powder form.

22. A package containing the composition of claim 1, or powder which, when
combined with water, makes a composition of claim 1, wherein said package further
comprises instructions for administering the composition to a patient who has, or who is

expected to develop, villous atrophy.



