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FOR | MPROVI NG THE PROLI FERATI VE RESPONSE DURI NG ADAPTATI O\Iﬂg EFEZ

GASTROI NTESTI NAL TRACT AND USE | N SHORT BOAEL SYNDROVE S FIOEL BVt

| NVENTI ON ThgoRigient invention is directed to nethods of troFatsboa7gsati ents
wi th short bowel syndronme and to formnul ati ons contai ning Ionlj ~ chain

pol yunsaturated fatty acids (PUFA's) useful in such nethods. HWIMWMND

OF THE | NVENTI ON Short bowel syndrone i§_the termused to de
state of nutrient mal absorption follow ng extensive surgical reseetsson of

smal|l intestin I , y -78
(1997)). The ﬁ?@ﬁ%ﬁ'&ﬁ%ﬂ%@é’%ﬁ%ﬁﬁ?miﬁr@@ﬁ?b@y on the
quantitative PORING ADARTATION OF THE 6AS TROINFES TINALI DRACTANDEUSE
intestine, but also in the particular portion of the small intestine that
i s removed. For exanpl e, ren%%HO&TBQSN@L@@iD%QME on of the ileum can

result in a nore adverse result than renoved of the proxinmal bowel, because

renoval of the il eocecal valve allows freer conmuni cati on between the
remai ni ngS snEIELDQBRTHEENEENTION | arge intestine. The | oss of distinct

i cr 0env ronment syh a5 uhGadh B 4ACk A0SR R RADAAR hlisliphs Of the

two regions, althou ere does not appear to be a sighificant effect on
the | ower G bowdrsyhtimme amhpafirinutaionsocdneginipg tiong alpdine polyansaomatert ftes

( Nor dgar achi doni B rlg ., Scandi navi an Journal of
Gast r oent erof’colg‘ci/&’% : nyi g’(fgcrt‘%@g S) 25 Fol l ow ng the surgical resection
of the small intestine, the remaining tissue undergoes an i medi ate
proliferagive.,r f ' face area. The sane factors that
are assog{)at 3&%@&%@&@??@@1‘}% associated with the extent of the
proliferative resprirs®oivel bydrong: isegrcteirnysedaoeleycribt hbe aratenf nawidni ocat i on
of tissue renoyed. Ho er) the proliferative response. is a.infl-.uenced
by the provi 8l S‘HP“%’D\A%Y@?#%&’“% v'F quggﬁfreﬁcﬁmtzgm%f ‘"h“’a&‘?"'ﬂe‘ﬁaf’ desrﬂ o ances
have been eval agaGasrdenteddlo@t 118091 1767-78601097) . eThehextqmt e whieh atalabsorpiponse
follow ng resectiqn of the small intestine. Diets 0.3 JUN 2
01/ 43570 PCTPERE0EePsHEs3 Nt °'ﬁ¥ ah P q@?‘%&%&"t‘{e HEOYBh & a‘aﬁ"l}{"éﬁﬁ‘ﬁ%“? rg%@v?\g)gh
car bohydngat eflofihé ahald irtéstind) duealsilih thepatiatiatdioaibn(cf elee emalf. inteBinenlgat isT. P ,
et al., Annalresmcg)vfed.Sﬂcrngeexrar\ﬁpﬁa?r%gn%liél2o§At'ﬁchigtejﬂgp%?t}dn of the ileum can result in a more

adverse result than removed of the proximal bowel, because removal of the ileocecal

valve allows freer communication between the remaining small intestine and the large

intestine. The loss of distinct microenvironments impairs the distinct absorption

20 characteristics of the two regions, although there does not appear to be a significant
effect on the lower GI microfloral capability to ferment complex carbohydrates

(Nordgarachidonic acidrd, I. H. et al., Scandinavian Journal of Gastroenterology
30(9):897-904 (1995)).

25 Following the surgical resection of the small intestine, the remaining tissue
undergoes an immediate proliferative response of absorptive surface area. The same
factors that are associated with malabsorption are associated with the extent of the
proliferative response following resection, namely, the extent and location of tissue
removed. However, the proliferative response is also influenced by the provision of

30 luminal nutrition.

A number of nutrient substances have been evaluated in an attempt to

maximize the proliferative response following resection of the small intestine. Diets

U
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Scolapio) J. S. ‘et al., Gastroenterol oey 113(4):1402-5 (1997); Sax, H.,
Journal of Parenteral and Enteral Nutrition 26(2):123-8 ( 1 a'% L Forrml as
containing am ne 5 aci ds have been studied in an attenpt to vl 0Bk act
protein irriyglikidsteyy and digestion (Bines; J. F. et al., Jopdmadoonirss

Pedi atric Gastroenterology & Nutrition 26(2):123-8 ( 1998)). D etary
restrictions of insoluble fiber, oxalates, and | actose have al so been
proposed (Lykins, T. S. et al., Journal of the American Dietetic

Associ ation 98(3) 309-15 ( 1998) are de%plte evi dence that small anpunts of

| act ose are t eratedq .10 rfea tr on 13 13-16
(1997)). Fathi ae%rwﬂw neast“ ibs.gid p@héérﬂ?afada?ﬁo S B RE AL R shor
bowel syndr oiliQr ¢deeSe.g N Byaﬁ@nnyp as aﬂatameﬁﬂmggaamel 25445 1(3995);

devel opmsntallﬁl limted in early I|fe

Journal of P¥8i2Ri%ilc SSEt g 9——%!%359—@4011@%@51492 §9@8 )’ S‘H‘reﬁ é@i‘@%}—%dl um

chain tri 9' yﬁﬁédt&ﬁﬁaﬁlﬁﬁm‘é%mu‘ﬁ%ﬁﬁﬁ%@ﬁu&ﬁs QIQ%?”SF&%MD&%&:&]B afRd to
package fat Tnto triglyceride in the intestinal epithelial cel] and ease

the str e§s owc?sdtavabge@rsaﬁlqshn@@@GFI@P!)IO@voxdaﬁﬁwaﬁmwamw agd digegtiony)

Resear ch 2( 2@3‘1[78% $F. (éltga?7)Jaumﬁtoftli’l§llm:1§tl'dgﬁter&5@ B Ruirfticameed): egsent i al
fatty acids 1o the patien Shor syndr,ome 1s an i nportant
nutritional @By®t D&@aTYZGJSUI“tUOH%le Wé@Hblﬁd@FDIoafllé@&tqﬁétla%éﬁet%"ﬁ alsgtbegn aci ds
Zayetengﬁnce Js} ug&aa' O?rki%s' T, (1€t STRIGUNG SF e’ AfferickiP'DREREPAGbCHGH Man, K.
TTOSHT er ol MUt Tt On 28-41-5 ( 1999

Pediatric Gasfroentero utrriron
syst emat i cal 983 %309 (1088 asedespise eviflerfca that small gmoynts o dactase @eniglaraed f our

diets e i Vjiad oof calories 25 fromfat.
Each di gﬁ]pr@\l/%g%% A)Se([)%l @gﬂ"#‘%{ﬁa@ % i(ﬁ%g?%ﬂysuffl cient to satisfy
essential fatty acid requirenents. The baI ance of fat was from hydrogenated
coconut oil and Q
pol yunsaturated f Qd}fxz'éfg%ﬂg%g«? g% ‘913 F%’%mgw %d&é‘lf‘g‘g% ﬁill%h%r(tzl ,‘”"'5 20
carbon | ong syndiomefaxtury 1mmfahcp,fastfaedlgeﬁvclca;za:blhtﬂeedetvabamnnmly @mcmp imad 0%
of arachi donj.g.ad andydososahensenolc Aol oPReailad SUA0 $@rsigleni ©

0 rachl 0

acid and 3. ocosaltéxaenoi ¢’ aci d; —anotirer  gr oup nic acid
and 10%Idocoda®®xadheiuse af mddiumnchain &@u@hd@rmmemwﬁmém&@mmalt@ aci d

and 30% docao}%gﬁesxtﬁg rQgecf: t A ‘J}cga el ﬂt n% ?n%ig&?% ”r?%e @%%En?%ﬁﬁélgﬁ@%ﬂ %? ° or the

bowel renove experi usi ng
ar achi doni c ease theairess dh ﬂt zil:ldbl’pﬁ@ﬁ) (msmea 4,3k Opdd

docosahexae h saf f | ower 0| I and 30%
docosahexae%?y&%g éwhe ég{ﬁgﬁf‘m&mﬁ’ Pﬁovﬁ’%a F&é&god th%l"&e@tc‘ lte’%t of
resection wamtleﬂ%nh?ﬂ%dnwam%mdx‘omenhm Bdriaptsetitohabotjemive, there was a

di et de dent response in proliferation) as the very high arachi donic

aci d/ doctsahexaenoic acid 5 level resulted in less proliferation in of
remai ni ng duodenumhid\gseh Ipaslulms tlmeana/ﬂnémrynz(mc‘ésrmn.}hérdxand:echypcrplasia in the

aC|d/docosahexaen0| aC| f ed ur es,,of nycgsa S n and
sucrase actiV g’ln qet- v\af T”ﬁmfp}u I\%@ %’huﬁi ‘AT C} } o or B 8 he hi gh
ar achi doni ¢ Gmt:dbxdaobslaheboaeﬁwes €eoe) sys&tnanadlyl Vm&dlme sowgeasfaf Fatatang
greater nucos ss and n th

ar achi doni ¢ %% UK °88’e‘?8§ 83{3}1 %Hg‘?lbwh ?’ﬁ% %spr%ﬁg%g?’tg? \g)ftlj%k &vi dent

Wi th theshi diforaifac lEadmﬂieCpfwiddd do%osfahe faas sdy oﬂ,csudﬁdemtto safiisfy essghtial he

di fference djd th reach st i.cal | nifi These resul i ndi cate
Chat Cihare taly Bo6 s aRment ThotafRte of e FRR Frgatraeg Boohut 81’8

aci d/ docos ahﬁx:a@nataenas laadda 22 carbon W\%ncﬁahepayﬁmmraléd fayeatid ohtheas3 st udi ed

In aninels fc?a(\jss oar}](cal arachldomc acx\go a 20 carbon long chain fatty acid of the n-6 class. One

treatment group had 0% of arachidonic acid and docosahexaenoic acid; one had 5%
30 arachidonic acid and 3.3% docosahexaenoic acid; another group had 15% arachidonic
acid and 10% docosahexaenoic acid, and a fourth group had 45% arachidonic acid
and 30% docosahexaenoic acid. In this experiment each animal has 80% or the bowel

removed. In an additional experiment using two of the diets (no arachidonic acid or



extrene diets, theré was no difference in any neasure of response anong the
animal s fed safflomer oil but resected to different extents Tg

however) a graded response in duodenal DNA anmpunt and sucrage g %@ﬁ?y, and
in ileac nugns ggss) DNA anount and protein amount in thpﬁﬁ@g@g&ﬁ3fed

hi gh arachldonlc aci d/ docosahexaenoic acid diets. In each case the
proliferative response was greatest anong the nost severely resected
animals. These results indicate that not only is the proliferation of
remai ni ng intestine augnented by ar achitioni ¢ aci d pl us docosahexaenoic acid
to a greater extent than 25 when safflower oil is fed, and that there is

si gni fi cant I99cQsAFEATIOL Aeidobal higts saffiper PRt andafey @G‘*Hﬁj‘@j’hc AuO® of PUFAs

conpar ed t o deed¥Rxadtok ﬁceé)e@k%dtehabrsr&@dmdw& Stugiedt ghBieR@ntloF fae@n Oi | or
| ess PLJFAs (3. 3% docosahexaenoi c acid and 5% arachi doni c_aci d)) but that

ar achi doni ¢ W69 0% ah&Q%e i he ABParessstsdl anim.aherevass diet dorshdent
potent) Al Uibisk WIBOIIEIORILE M Oy I ok AR b AMRatIORIRS L 30

SUMVARY OF he present”invention is directed to nmethods for
the tr eaﬁrrerh@vebfesgm n bmollégmmnomeofu rempiaingedpodenum PO than avasofeen

conpri sing oS N 70
PCTNS00/ 3378@%2{ %‘?é“é??‘&%ggﬁngﬁﬁ%%ﬁ%f%?ﬂﬁ %réé%&cy&guﬁgs}’\ﬁf an‘{rcés% i doni ¢
aci d and docessalpeteingind seerast. actividy didwmenvarpin the diagentmar Ildmazked echuagt,

formul ation Al &l ON OF
THE | NVENTI 3’\?%& qurc g’gféﬁ% auuﬁig‘gﬁ?’?agﬁ&?%‘{%wgg%ér u@gﬁ@ Sﬁ?ségoﬁ?cg g;!r ea%l ng
short bowel neenshl omeSSbymédmmrstmathengeurm thap athe ndietniwith swhoataclbém

d d.
T the BCas R @b e SATHE) et Do B b Eith MMMl SRS BRLY Tonsi
equal to or agchidoric achiddocosrbexaenointacalf ditQ attboughathe xiffevence atid dlot Faeli er abl y,
the ampunt %Eu?&c%fﬁgﬂgpin%ea%gser suﬂg?%§c%&%§zﬁ?€e§831%§heg gEr?i@nglsb ERig: 1 to

1:1, and nore prefe e Tal beverages of the
i nventi on praéﬁglreammdommcai/dnodsﬂmmhexaadldmt acid in a quantity by

15 When the extent of resection was studied in animals fed one of the two
extreme diets, there was no difference in any measure of response among the animals
fed safflower oil but resected to different extents. There was, however, a graded
response in duodenal DNA amount and sucrase activity, and in ileal mucosal mass,
DNA amount and protein amount in the animals fed high arachidonic

20  acid/docosahexaenoic acid diets. In each case the proliferative response was greatest

among the most severely resected animals.

These results indicate that not only is the proliferation of remaining intestine
augmented by arachidonic acid plus docosahexaenoic acid to a greater extent than
25  when safflower oil is fed, and that there is significantly enhanced mucosal mass when
rats are fed high amounts of PUFAs compared to comparable resected rats fed diets
containing 10-% soy oil or less PUFAs (3.3% docosahexaenoic acid and 5%
arachidonic acid), but that arachidonic acid/docosahexaenoic ACID supplementation
is of greatest potential utility when the extent of bowel resection is the greatest.
30
SUMMARY OF THE INVENTION
The present invention is directed to methods for the treatment of short bowel

syndrome in patients in need thereof comprising administering to the patient an



wei ght of at least 1.5% nore preferably at |east 2.2% and advantageously
at least 3.32% calculated on the total fatty acid content of t3h§ I\pe%wgrage.
The quantity is-15 advantageously 12% cal culated on the tota falgty acid
content of thewbewsgsage. The beverages of the invention prefes@hiishossias ai n
arachidonic acid in a quantity by weight of at least 1.5% nore preferably
at least 3.32% and advantageously at |east 4.44% cal cul ated on the total
fatty acid content of the beverage. The g)%Jgnti ty is advantageously 18%
calculated on the total fatty acid content of the beverage. 20 The present

formul ati ons . he . particul arl seful ,.jn the treatnent of
short bowel s{}n rgt(l)‘%e&pq%l?? gg%‘%’é{?ﬁ 18ﬁscofn (S’PS‘Pﬁéf%éP@Q{"ﬁﬁ‘ﬂd B‘Tdt fofesahexangic h
short bowel syaidk offbe itveatiomtis Ggthef directeditel dodnsulaivng shfalslo dos ake xaggihc aci d
set forth aboggetﬁgcﬁo apply. 25 The present invention is not limted to a

a

particular fornu ion, as long as the appropriate amounts of arachi donic
acid and docosahexanoic acid are contained therein. However, inits

preferred kor mbﬁ prgﬁ L [ ete nutritional beverage
conpri sed of Lﬁr%’%“gfih@car o%y rgﬁeéﬁ\%ﬁ@%% nerals, and 30

contai ning a speci flhe piesem thvehtioneg dirednddetofradtSods Wif traftiy shertaeheEyAdnepeci al
fatty acid pattern. .The fqrmul ation f the present invention may be
fornul ated | ntb(gn{ ﬁ%ﬂft@%ﬁﬁ%acﬁa%gt ‘_”é‘%p‘ﬁaﬂé’f’“‘ﬁﬁfm f JOBRMRRIGRRATSIGed i n
sui t abl e anpunmtashidbnivatid anddbdeakie CanoR it Thitepredent £dinGla86R0 tHem@iMunt 4he
invention is %Parcg;?l ated.in _a nmanner, that i JUN 200g WO 01143570

it is 0 3

PCT/ US00/ 3378 am4 pficad o‘t“%r‘bfvia&i‘ﬁ@S‘t?@aLdﬁpPét%eﬁE& rthan dha amBlofof an
i nfant wi 8 skdocdsalieauwlic soidd Prefi@abl Rohé amdbhmsfarahdionftoddd ROIRbsA¥RGLRMTE
i ndependent |y gl ace rijéor O#ﬁ di e#‘ar% re%ui r?msnts on the indivi dual_l) and
hitherto, as ABPEAESAUN ThdPd hAvdyeer Asfeshly dni® theratia phlarl. The
intervention béaages 6TitHedineanish Yrof@rably doRin@RsatekarddRdt heill 3 2NudniRy 34
short bowel s ndrhorrg. The 1;5%1% acids useful in the present fornulations)
ar achi doni ¢ adFBh AL diTeBerGiPEeerably) atjgast B2 % raad adymntgeesndriatledsti n t he
form of singl 8.32e, lcaleilbh&d ohh@e It@meﬁaugfacmomh%mﬁeﬂeé@r@gei OTidgidifiyPfsesent

an 10 the | evel of docosaﬂexa noi ¢

forrrularr? be egual to’%%%reater t )
aci d t hat "has3h@BRseausly 19y calculated opy the total faty) agid gomentcof sherbevesageatlhen as
general | y recb@nriagesofabe hatitionPreférably $8RRIPdradddIti Sl Pih a(q?ha}nﬁ{yfdﬁ \j.'eﬂ%}?cke of

3 g/day). (21 R 184 _XX). However, since the intended use of e esent
formula is in°$?F{éeatsF éé%&?{e Bﬁ\g?%%& ft Isashet 325, had drantagepusly at least i4et4e,
rel evant for theulgenamalind aoEl FaBPlakidacBn@Rt of elreY Berds. f@hatieg oRcer n.
The treat nent?&‘apshort 1 bgqvlvee}h?t%ndrorrenderrands thatcrt eagge?tqi%r}qtgrﬂ

benefits of t 1385ous1Y 1870 oR\ie 4otel fgiy Acid epmtentrof thebayerage.essi on to
conplete nteral nutrition and reduced occurrences of |actic acidosis, be
considered with respect to risks of not using the fornmula, as well as to
any theoretical coHteePTREenhEFMulaRYS heveobesmafoupd e theveartienlarly sgdfdsin e As

not ed above) wedtnedSF kiRt BIWRP SynksHhe. Ofn ﬁhﬁulﬁlﬁ&?s?g% tHeWeBRhArR 31 irfarfls with

nutritionally conplete infant formul a sujtable use in the present

met hod to t resi‘P“rsEﬁEYF]t syperRBle. Wi satios 9 asaghidanig aeid tq dacasahexanein acigsetfofthr nul as
conprise protsoRsals¢gippehydrates) lipids and effective amounts of

arachi donjc acid and docosahexaenoi ¢ acid according to the present

i nventi orf:

The present invention is not limited to a particular formulation, as long as the
appropriate amounts of arachidonic acid and docosahexanoic acid are contained
therein. However, in its preferred form, the present formulation is a complete
nutritional beverage comprised of protein, carbohydrate, vitamins and minerals, and

30 containing a specific blend of vegetable fats suitable to achieve a special fatty acid
pattern. The formulations of the present invention may be formulated in a liquid form
or as a powder intended to be reconstituted in suitable amounts of water prior to

consumption. In this embodiment, the invention is formulated in a manner that it is



25 The term"infant fornmula" will be readily recognizable to those skilled
in the art. Wen diluted or reconstituted, if initially i ¥Qunegy ated or
powder form to-the ready to feed state, a typical infant formula wll
conprise aRgyisf9s 110 grans of carbohydrates per liter) 1BeBBSYRHME of
protein per liter, and 20-50 grans of |lipid per 30 liter) as well as
vitamns, mnerals, fibers, enmulsifiers, etc. To such an infant formula one
can add appropriate anounts of arachidonic acid and docosahexaenoic acid in
accordance with the present invention. 0 3 JUN 204 WO 01143570

PCTNS00/ 33783 .- 6Exanpl.es .of suitable. Lakly - ' | & i fornmul as
to which t%@gﬂ? é’ff?ﬁ‘%?ﬁ‘% B 1%1[61 ke g%tgoglgﬂgéeg%a%giaﬁ 121‘(?%%;%82@3%2(1 i ncl ude
the S-26) syndGaBW Both Sdhcy nhdrshoft dowal smdeonsd irdbpendentynplageeriBoreg ri ti onal s

International Inc.. 5 10 15 Pref erabl t.he fornul | pr esent

i nvent i on YERRGEIMETRASPY tg%i’@évécq%g aé-d Elétlfeﬂtc? h%/sd][&getdga,%ogg ?lliegé ?Ays% ie%:'gﬁ y the
case in stapdadté nithtiond idterventioashatiithuiraaedialy mesnd tiemeeds| of bdtninfaney

Mal t odextrin may be used in conjunction with an alternate form of polyneric
gl ucose) i MAIORYVELSYPURES: that have previously been used in infant
formula,' e.g. tapioca starch. Furthernore, a portion of the carbohydrate,

as nmuch as 20% nay be in the formof sucrose to jnproyve t.he taste of the
fornul ati on. Thike %“’é@ agids ¥5e5bin Y thet E%es%{’ltltgwl‘flﬁ‘éoqsoﬁ?ﬁblgo?lf) %éaaéxtl)aﬁsuned

orally forggokfgioicitid a9 e Prefbiab® préducedintbe feemedttsingle celimilev&he  amount
of carbohydrate in order to avoid the exces

! ( La met %bol i(i roducti&ln of
D-lactic alevel of sleeesehegenaic aghd iny the presens Iprmuls M@y dhgaal 1 OLECEFLIRS
consi deg edfYeveNbEadcosihkxd2AGik GEidanat TREbdeh ASMMiediby R UL SNFokd| dnd Dirug be
illustrated wwth reference to the foll ow %Péﬁ]%mfl c, exanpl es 5I§§Z<1£I\/PLES 20

25 30 An eAdmiligtrasipn Ay gepgrally r9oLRiged 2y sl oFFNETH PBIaNgLf2 in the

present | mﬁ%io?g_gi’cﬁyﬁe@lmt 1R4BEX P VHowdveA RInBs tHe ifténded@Se 6Gth& pikent The
caloric distributiion"of the formula A is approxi rr_at_el,g 28. 4% 940 16. 8%
imitations relevant for the

protein, afmgls igin thettreatmpmt RE shyrobrwe! synsdrame.ghe 1
Al ngr edi en&&%@gﬁ%@%ﬁ 43 x'éﬁ?reiévﬁlttaect‘es@fa%rbznéem. Gr3ie Ctirdathéld (bf GRbIC UM
~62. 4whey pPro

casei nat es tein concentrate2. 63. 9veget ab{ e, . .
0i | s6. 09 0Ohowel syidsome demamds thapghepprticylay benefits of the formula, including weight

gain, more rapid progression to complete enteral nutrition and reduced occurrences of
lactic acidosis, be considered with respect to risks of not using the formula, as well as

to any theoretical concerns about physiologically active fatty acids.

20 As noted above, a preferred embodiment of the present invention is a
nutritionally complete infant formula suitable for use in the present method to treat
short bowel syndrome in infants and children. Such formulas comprise proteins,
cirbohydrates, lipids and effective amounts of arachidonic acid and docosahexaenoic
acid according to the present invention.

25

The term “infant formula” will be readily recognizable to those skilled in the
art. When diluted or reconstituted, if initially in concentrated or powder form, to the
ready to feed state, a typical infant formula will comprise about 60-110 grams of
carbohydrates per liter, 10-35 grams of protein per liter, and 20-50 grams of lipid per

30 liter, as well as vitamins, minerals, fibers, emulsifiers, etc. To such an infant formula

one can add appropriate amounts of arachidonjc acid and docosahexaenoic acid in

accordance with the present invention.



10 0 3 JUN 200 PCTNS00/ 33783 Various fat blends that may be used to

optim ze the provision of the high amounts of arachidonic acid and
docosahexaenoi ¢ acid necessary in the present fornulations ar | ow.
Fat Bl ends 1-3 contain varying concentrations of arachidonic QCIQ
docosahexaenoiwoagisd7i n formul as that would conply with FDA spmm””
affirmati on on docosahexaenoi c acid consunption. These particul ar fat

bl ends coul d be best enployed in nmanagenment of short bowel syndrome

fol lowi ng the period of rapid proliferatign, in order to maintain

i ndi vidual s on high arachi doni c aci d/ docosahexaenoic acid diets. Fat Bl end

#1 vegetabl e oil DI—#?@ A0 SSRGS AR 0
acid) 15 92.5% 3 %‘9})"( d%‘g%g%hexaengagy ggfﬂdfd)b%l if&?(\)}(fl ékr%‘é:gr;lgggﬁom :
in a

acidl 100 Thi sarechidwt acid ssiospsaleRah 654 aHoILE Hai AL S
ratio of Ll vhidsihdya gnggnglagé&LuhﬁE’?mﬂI i,@&wﬁa&{a@ InfealatiBhat . #2 20

veget abl e 83. 4%% ocosahexaenoi ¢ aci d) 8. 3% ARASCO {40%
ar achi doni c acid) 8.3% 100 This | evel of DHASCO and ARASCO, in a ratio of

DHASOO O (#09% docosBREvaN I (o5 vt 1B Hheihia®y 400, ok RiRliaReRaB™, 0
11.1 % 100 Thi as hediohpdralPHASGOypivdll ARKSEBevin| dtangargly indrnt Sormudgsg buicrihgr 750
oL 432% | Tl bR GRARRE ARy 351 led T dBRRABEAARNGH Gntfke.
form of polymeric glucose, including starches, that have previously been used in
infant formula, e.g. tapioca starch. Furthermore, a portion of the carbohydrate, as
10  much as 20%, may be in the form of sucrose to improve the taste of the formulation.
This use of carbohydrates allow the formula to be consumed orally for a longer
duration of time following resection. However, amount of carbohydrate in order to
avoid the excess metabolic production of D-lactic acid contained in the final

formulation must be carefully considered by intestinal bacteria.

15- . The present invention will now be illustrated with reference to the following
specific examples.
EXAMPLES
20
An example of an infant formula formulation suitable for use in the present
invention is set forth below:
Formula A
Ingredients Grams %
25 Water 48.5 82.5
maltodextrin 7.1 10.6
sodium and calcium caseinates 1.6 2.4
whey protein concentrate 2.6 3.9
vegetable oils 6.0 9.0
30 minerals 0.25 0.37
vitamins 0.02 0.03
 66.0 100

The caloric distribution of the formula A is approximately 28.4% CHO;
16.8% protein, and 54.8% fat; 150 kcal/100cc.



However, the preferred formulation for short bowel syndrone uses |arger
anounts of arachidonic acid and docosahexaenoic acid than t iSS' Irb@he
preferred frormof the invention, the |level of arachidonic a i% VY Aoy, of
the fatty swds3s7and the | evel of docosahexaenoic acid i SPCPUSE33T&8tty
acids (Table 7). Fat Blend #4 vegetable 10%' hydrogenated coconut oil 15%
DHASCO (40% docosahexaenoi ¢ acid) 30% 10 ARASCO (40% ar achi donic acid) 45%
100 15 Fatty acid distribution on preferred fat blend Fatt

aci d%sat ur at es81. 5101. 3128. 2146. 7167. 9185. 4200. 4220. 9240. 7Unsat urat es18: 1
wo25. 218: 1 w70. 318: 2w68. 418: 3w60. 918: 3w30. 920: 1

w90. 220: 2w60. 320: 3w60. 620: 4w618. 0120: 5w30. 122: 6W310. 89 The conplete fatty
aci d conposi ti oYagpusfat bbpnsds dhatgmays be aseds lgrapHmigl e provigomn of e kigh WO
01143570 PGHMRQOB A48 dortle- aslaUSee BoQRateRfenE CAAA S I pisgleS Nigh in
ar achi doni c é’gﬁg. and %gcos%_ﬁexaenoi ¢ aci g inrrlpr ove t%g% \é\(?]i‘ﬁefatsi&&e
response i deimadatons ae skoves belgwanbatrBlewisnkd icontainsvaryips reoagentratigna «Hi doni ¢
aci d nmetsabql.] y LRV j : s L&nagent s

t hat sefsec%} ch{@)?ﬁgl %égf a?guoﬁgégaggaggoégﬁfﬁoﬁi @%g%l?sd%r?ét a é i g%bﬁg%hl bition
~of cycl ooxyiRaseRAS affiimatiy gandesesahexaenci¢ scidiconsymptione diheseepasiétudat) and who
were fed di | I i [ i j ¢ acid
Cason of £ arfopier sinde skl Bl U AR e TR kPRI AR 2, O
prol i f er at itheperedpd mapd pfoliféretioh, dnl erdemtowsanthin dndivideals by highesdchigonicwi t h an

i nhi bitor aqf. | n ... Jhe result of blocking this route of

ar achi doni cacg&gg%ggé%gﬁfgﬁﬁﬁ%e&o i ncrease the formation of prostaglandin
productl® via the cycl ooxygenase pathway. In the duodenum) mnucosal mass)
DNA) and protein content were Eadiend#lr eased when conpared to the resected
control rat ntrast, when cycl ooxy, se was inhibited (the pathway

t hat produc‘zege%lgl%@ﬁagl andi ns, such as th%gs%loxane Az) there 15 was no
change i n tDEBARGOd4a% doesshexabiidic peid) ei n 30 $LbTabeosabtxaendiyaadnpared t o

the resecte r rats.{ Tabl e 1). Tabl 1.: E@cgs l! :DNA, protein
and sucr ase‘&i%%géla{:/)i(gé/%iaﬁ&?’hem&?g)ﬁ%num of cx Rl 2 Rigollf 5aid

Tr eat mekdt Cont r ol - Li poxygenase- Cycl ooxygelfiseMucosal mass108.0 + 2.5125 +

3.6107.0 + 4.4 . 7.1.+ 5 42, +:10 6276, 6 + . T ot

D (s i EHIBLRILEN o Biodanteing? 3Pt hinB Al B dmigat 1t vl oo 4
20. 7648. 0 +prd8d65.03/POLEP:I#. 186G kadldcm nmin) 30 Sonme similar results were
observed in the il eum where nucosal nmass and protein content were actually

reduced to a statistically siggifd,cani, extent by the cycl ooxygenase
i nhibitor (Table 2). 0 - SUnPagy

20 vegetable 83.4%
DHASCO (40% docosahexaenoic acid) 8.3%
ARASCO (40% arachidonic acid) 8.3%
100

This level of DHASCO and ARASCO, in a ratio of 1:1, will provide 3.0 g/d LCP at
25 750 kcal/d

Fat Blend #3 _
vegetable 83.4%
DHASCO O (40% docosahexaenoic acid) 5.5%
30 ARASCO (40% arachidonic acid) 11.1%

100
This level of DHASCO and ARASCO will provide 3.0 g/d LCP at 750 kcal/d, but in

a 2:1 ratio of arachidonic acid to docosahexaenoic acid.



5 10 15 20 25 30 WD 01l 43570 PCT/ US00/ 33783 - 10 Table 2. Mucosal nass,
DNA, .protein and sucrose activity in the ileumof the rat. Treatnent
Control -Li-poxygenase -Cycl ooxygenase Micosal mass 95.9 + 3.6310f Quox 4. 2
73.9 + 4.4 /c DNA 252.0 + 9.7 257.1 + 15.7 223.8 + 16.

Protein 65. E‘?‘ﬂf‘%@.5+3.3 55.4+3.5 (ngy/cm) Sucrose 196.4 + 1§g %%@4 +
16.7 146.7 + 18.7 (unol/cmmn) A study conpleted by the present inventors
i nvolving the dietary nmanagenent of a series of children with short bowel

- syndrome found that a high fat) |ow carbohydrate) high calorie enteral diet
all owed nore rapid weaning fromtotal parenteral nutrition, i.e. faster
attai nnent of fuHoweneretis picéesrtd)formidatians foroghortr bewed esysfiromgc usss ilarger
overgrowt h. _Included in. \ . chi. i had
i1 cul 1y AOEPES gt RGeS L By SSHRAEREC Bl R RIS
hydrol yzed pomi of the iivemidra she laved ofamclidomin atidds &8%iafphafaty avids.gind thyai n
after changing,to.the high .fat..fo | Th denonstrate that there
is a bi ocherlr‘?\%é?{)qqcﬂ??gﬁ’@%??%ﬁ?’gPlseh%-(lgera ft%%%? gfﬂgge?g'rvati ons inrats) to
human shert bowel syndrone. In fact, inproved weight gain and reduced
occurrence of lactic acidosis iFatBhendfdve i ndi viduals who were fed a high
fat diet wthout AA chl DHA, may be expl ai ned ag) the learnings fromthe rat
mechani sm st udi ee844%% he proliferative responS@is dependent on

prost agl andi n f ohpédogeiatedicdcdnueoitycl ooxygenasdsgat hway, then it is possible

that the clinical t re entirely depen on the opportune use of a
high fat fornul aﬁﬁgéhégo%\gﬂ‘f%ﬁ?éﬁmﬁl%cbﬁ I e&@l% of the arachidonic acid
precursqp, |inol srRASCOW40% bachidbnisatidce used 45% t he clinical response was
substantially corn oil) which has a preponder aGe of linoleic acid. 03
JU N ZOOM WD 011 43570 PGI/ US00I 33783 -11 Still " the formation of
arachidonic acid fromits precursor |.inolei cid Ls,.rather inefficient
conpared to 'thﬁé:oﬁ’ll’&?\‘ﬁné'ftéﬁﬁC‘gFOWPQWfﬁﬁéﬁpég i‘stseé_tqr@,be Y there has been
no direct nmeasure of the formation of st.roi ntestinal prostagl andi ns
fornmed aPter feed:laﬁéaﬁ‘erdﬁ“&‘lpf’“?ﬁarcgeéﬁg% e of proliferation of the

intestine on 5 prostaglandi n production, shown in the rat data above,
indicates that the_arachidonic acid Kattyack ot < of 1 s i-pvention are

guanti-tatively supgBatorataso any previous dietary treatnment {or short: bowel
syndronme. ' The prgsent invention may be enbodi ed in ®ther|specific forns
w t hout ' 10 1.3
12 8.2
14 6.7
16 7.9
18 5.4
20 0.4
22 09
24 0.7
Unsaturates
18:1w9 252
18:1w7 0.3
18:2w6 8.4
18:3w6 0.9
18:3w3 0.9
20:1w9 0.2
20:2wb6 0.3
20:3w6 0.6
20:4w6 18.01
20:5w3 0.1
22:6w3 10.89




10 departing fromthe spirit or essential attributes thereof and,
accordingly) reference should be nade to the appended clains_ rather than to
the foregoi-ng specification as indicating the scope of t he § Sl 208h. 03
JUN ?0Q~ - wiZo1X6h§ |S CLAIMED IS: 1. Use of arachidonic agi-graRfkass
docosahexaenoi ¢ acid for the manufacture of a nedi canent for the treatnent
of short bowel syndrone in a human patient, wherein said nedicanent is a
nutritionally conplete beverage and t docosahexaenoi ¢ acid and the
arachidonic acid are each present in & quantity by weight of at |east 1.5%
calculated on the total fatty acid content of the beverage. 2. Use as in
claim1, wherein said nedi canent conprises arachi donic acid and
docosahexaenoi cs@ied dintte mREHaQisAf bg: WhitR dtérd high iMS€achRiohfd &dididMu2. _
wherei n sai d nmedi canent conprises arachi donic acid and docosahexaenoi c acid
in a rati o dgfosahexaepoicsacid gmpraxe the neplifierative respense andigate thet prosiapligndin
nUt“tl0na|fbﬁhaﬁ@:m|iﬁ\§>8rtmy%a%ﬂﬁ!_oh§ RN nBhEHs | A5y Brvestigaldd By A% Gk @i med in
any one of clainms 1 to 4, wherein the nutritionally cqr‘rﬁf_ete bever age

cont ai ns atof peasmacoogiopgsnts tbat splectiel vblogis eaiter 26 arsckiderit dcidmeptabolifmast h3. 32
% by wei ght i6ikiae BE | j id i | I on the
ot o Ty e B | e R e e .

wher ei n t heéngythej wereded Higtscigrishieh ehehfay avas peovidad: mainly ag aﬂaelaé«vm@'.a@;!%hbé

wei ght of { i . 440 - el chi doni c
2l 0 the laorTrgaele] S halp e Dic sBaT 0l of el R b lter BB 01

t he bever adgesporpe ©f dhey Jueflepume dvas ninsreaseth 8y wkatmentn withe anuinhibitoored] | y .
conpl ety b 0 ' .29 el 3 ic aci
and at Yeast SN, TheraR 8t plocRlk ehEHiy o Mo s ERABIRI RS, T

cal cul at ed iegieash thetformation of prpstaglaein pridests vifthe hyldmygeragrepathway. InJUN 200 -
13 8. Use dfe GlAbARE hikoBimARDRA, GhepfiReid cblert wilDBh! AclehEaliileh! 1 onal Iy
conpl ete beverage further conprises nalftodextrin. 9. e as claimed in

clai m 8, wfemparad tthcthe resected ogealrply ratenplrecenttasy ewbege cydoaxyapriast evag de?/oi df
of | actose; ' ' A V) 'g,gkx [ evels o
dietary ar é%%?ffg#?% ng}‘%a@aﬁ%jadég%ugg% ag? gﬂ%&%%&g{ Qslh?r% I 3ch?€?§‘? %ljél andi n

pr oductldon,was ne ckange ingthe maicesal mbssi PN podtein hesusyask ectigiyenapereg 4o thaay t hat

pronote pr %Qt‘é{)@&ﬂu‘&f‘raté@f‘abl@‘lﬂ“t ritionally conplete beverage useful for
treating short bowel

Table 1. Mucosal mass, DNA, protein and sucrase activity in the duodenum of the rat.

Treatment

20 Control -Lipoxygenase -Cyclooxygenase
Mucosal mass 108.0 + 2.5 125+3.6 107.0+4.4
(mg/cm) ‘
DNA 287.1+5.6 323.2+10.6 276.6 +11.2
(mcg/cm)

25  Protein 87.6+2.0 101.3+3.1 81.0+3.0
(mg/cm)
Sucrase 596.4 + 20.7 648.0 +48.6 513.9 +46.2
(umol/cm min)

30 Some similar results were observed in the ileum, where mucosal mass and

protein content were actually reduced to a statistically significant extent by the

cyclooxygenase inhibitor (Table 2).



syndrone in a hunman patient containing docosahexaenoic acid and arachi donic

acid.that are each present in a quantity by weight of at Iea(i% MSCVBO
cal cul ated '‘on the total fatty acid content of the beverage. 42. 2004

nutritional hyo 6Q4¥Bjoet € beverage as claimed in claimll, confainiig,AR, | east
2.2% by wei ght of docosahexaenoic acid and at |east 3.32 % by wel g%t of
arachi donic acid, the quantities being calculated on the total fatty acid
content of the beverage. 13. A nutriti qﬁal |y conpl ete beverage as clai ned
in claim12, containing at |east 3.32% Dy wei ght of docosahexaenoic acid

and at |eas . 44% b I gh arachi donic aci.d, the quantities being
cal cul at ed gﬁéf %e @%‘%ééa\fﬁfagf’éﬁécﬁrﬂw SREraggractifigy B’e‘%ﬂ%ﬁj’é?f thg rat.A
nutritionally conplete beverage as cl ai mggedimet! @i m 12, containing at | east

12% by wei ght of docosghexaenoic acid and at |east 18 % by wei ght of
arachi donic acid, the ZEPAIHP ties bei-htporygeaaseat ed drvalonsygesasd fatty acid

content of MgRoh#WREAJSS5.947B.6A nutrijpsenad by conpl ggg beyerage as in any
one of S%aims 1.to 14 further conprising naltodextrin. ~ 0 3 ~uN 2004 - 14

16. A nutrifp ﬁg'l)ly conpl ete beverage as in claim15, “which is conpletely

devoid of |BNfse. 17.24 oytg7tionallsy Gojgyete beyesagqeas in any one of
clains 11 t wherein the ratio of arachidonic acid to docosahexaenoic

1 ]
acid is 2: 1&“@%‘?‘&. 18. A nutritionally conplete beverage as in claim 17,
wher ei n t hepfoddiho of arEa®Ni gdgni c acigd sto3 gocosahexaenqicsacid is 1.5:1. 19.

A nutritionally conpl ete beverage as in any one of clains 11 to 18,
?mg/%/m) P g : y
1_0 Sucrase 196.4 + 15.6 137.4 + 16.7 146.7 + 18.7

(umol/cm min)

A study completed by the present inventors involving the dietary management
of a series of children with short bowel syndrome found that a high fat, low -
15  carbohydrate, high calorie enteral diet allowed more rapid weaning from total
parenteral nutrition, i.e. faster attainment of full enteral feeds, and less occurrence of
bacterial overgrowth. Included in the study group were children who previously had
difficulty tolerating standard enteral feeds comprised of amino acid or hydrolyzed

protein formulas, and who demonstrated improved weight gain after changing to the
20  high fat formula.

These data demonstrate that there is a biochemical linkage from the
experimental observations in rats, to human short bowel syndrome. In fact, improved
weight gain and reduced occurrence of lactic acidosis in the five individuals who

25 were fed a high fat diet without AA or DHA, may be explained by the learnings from
the rat mechanism studies. If the proliferative response is dependent on prostaglandin
formation via the cyclooxygenase pathway, then it is possible that the clinical results
were entirely dependent on the opportune use of a high fat formulation that contained
a high level of the arachidonic acid precursor, linoleic acid. The fat source used in

30  the clinical response was substantially corn oil, which has a preponderance of linoleic

acid.



which is an infant fornula. 20. A nutritionally conplete beverage as
claimed in any one of clains 11 to 19, said beverage being f005 JtUtﬂleZUﬂlo
treatnent of short bowel syndrone in a human patient. .AL.A :
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1. Use of arachidonic acid and docosahexaenoic acid for the manufacture
of a medicament for the treatment of short bowel syndrome in a human patient,
wherein said medicament is a nutritionally complete beverage and the
docosahexaenoic acid and the arachidonic acid are each present in a quantity by

weight of at least 1.5%, calculated on the total fatty acid content of the beverage.

2. Use as in claim 1, wherein said medicament comprises arachidonic

acid and docosahexaenoic acid in a ratio of 2:1 to 1:1.

3. Use as in claim 2, wherein said medicament comprises arachidonic

acid and docosahexaenoic acid in a ratio of 1.5:1.

4, Use as in claim 1, 2 or 3, wherein said nutritionally complete beverage

is an infant formula.

5. Use as claimed in any one of claims 1 to 4, wherein the nutritionally
complete beverage contains at least 2.2% by weight of docosahexaenoic acid and at
least 3.32 % by weight of arachidonic acid, the quantities being calculated on the total

fatty acid content of the beverage.

6. Use as claimed in claim 5, wherein the nutritionally complete beverage
contains at least 3.32% by weight of docosahexaenoic acid and at least 4.44% by
weight of arachidonic acid, the quantities being calculated on the total fatty acid

content of the beverage.

7. Use as claimed in claim 5, wherein the nutritionally complete beverage
contains at least 12% by weight of docosahexaenoic acid and at least 18 % by weight
of arachidonic acid, the quantities being calculated on the total fatty acid content of

the beverage.
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beverage.

15. A nutritionally complete beverage as in any one of claims 11 to 14

further comprising maltodextrin.
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Par agr aph 16 . A putritionally complete beverage as in claim 15, which is co mpletely
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wherein the ratlo of arachidonic acid to docosahexaenoic acid is 2:1 to 1:1

18. A nutritionally complete beverage as in claim 17, wherein the ratio of

arachidonic acid to docosahexaenoic acid is 1.5:1.

19. A nutritionally complete beverage as in any one of claims 11 to 18,

which is an infant formula.

20. A nutritionally complete beverage as claimed in any one of claims 11
to 19, said beverage being for the treatment of short bowel syndrome in a human

patient.



