COVMPCSI TI ONS AND METHODS FOR THE TREATMENTOF AUTI SM
Technical Field of the Invention The present invention
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of autism and other disorders characterized by a
deficiency in one or nore digestive enzynes. Mre
specifically, the present invention relates to the
treatment of such disorders by the admi nistration of
nutritional supplenents that aid digestion. Background
of the Invention Autism (also referred to as Autism
Spe loMPORT BRING ANDPMEAFIODS FOR FHECTREATMIENT OF AUTISM
seriously inpairs the functioning of individuals. It

is characterized by self-absorption, a reduced ability

tfec@'g@p%h%%%ewng%t% respond to the outside world,

r phenonena, and nent al

r et ar ddeipogsentAnydngon eelaterdiovinethedssandreemgbsidongtfor the treatment of
Izﬂﬁglﬁ %dotmar ﬁzs?xfdergec\fl v\#%%{ég l’%ﬁl Z&gfgleﬁé)ﬁgr[ %ﬁg Sr &%hdlgestlve

as epilepsy. gener a | aghose
afgmeymbsr edore spedifdaatly t the presefii wneentiomeslatasr te mortmannqnn of such

(9 yorders g‘y thgI %L%fstr nq’l olftnﬁ rlltlgfl:e{l gtg)@?e%egggﬁa‘ct‘ A cfr;é)estpc‘iah
i NCT easi | e ac Se 0 (S
unknown, |t appears to include one or nore genetic

factors, |qd|cqted by the fact that the concordance
rg¥%gﬁ§£grg#%r—rﬂL#§nozygot|c twins than in dizygotic

t Wi NS, Auisal (Bley re@érﬁeﬂ td) ay aliveen Speeuran Dhswddenot ASIDN. atdidorder that
facto C gs and i

TREOH nwwatrﬁﬂl&?fs ?Cﬁ*avm% Pﬁ@?w %ﬁ@ iq]ﬁgs Fodren feciabsomﬂon a

waiead sabllity 16 @hiiiddies @k har ted;&fhdi ﬂat tef su88de world, rituals and
nonosacchari des: trehal ase é 28). . whi ch acts
oiPMPHEIVE pYeiomepR RAY BERiat 1igda afrreéutﬁ% fﬂdf‘ﬁﬁii’g“is agdso at increased

YigRSbf dede%tn@sﬁlzﬂlgcdﬁoraerl 2ith WhiglepRCt Auféin! FRICASIE: generally

gl ucosyl ceram dase (EC 3.2.1.45 and 46); and phlorizin
rjegneseddy aeedhree, s qboeat)wo tQHive fimes @108¢ FOTRBPR i hoe thap tiyls, and

&%Qe&églamq&' tg%\%en&&emgemueqhysamm%f%m XurfkkGwn, it

0; also known as gl ycoanyl ase 1
gdpy%faﬁfylla@@deZOUfbpf trecae giﬁtiﬁwl Eactors, t%sl@d@atpql tpy the fact that the

16k P [LURP T Ao DU R 5 oy
3n@)]V6]_]ITT_[ﬁ).)nC apdheroirommentd] dadtors, omthads leed], tovit pheinhienls and infections.
sucrasge I ﬁurg%{ tl%&gﬁfgpa:gg Hngr fsév% t Qr?Zyl‘n%% wﬂ'lgl?og’pht dietary

aut i sm as i'eve ure-on
|mﬂmaphémemdm@esmhmmummﬁ¢mote|n not carbohydrates In
the early 1990's, analysis of the urine of

e trehalase (EC 3.2.1.28) which acts on the sugar trehalose that comes from fungi

and yeast;

e lactase (EC 3.2.1.23) which acts on lactose; glucosylceramidase (EC 3.2.1.45 and
46); and phlorizin hydrolase (EC 3.2.1.62), which are all contained with the beta-
glucosidase complex;

o glycoamylase complex (EC 3.2.1.20; also known as glycoamylase 1 plus
glycoamylase 2, or heat-stable maltase 1 plus heat-stable maltase 2); and

e sucrase (EC 3.2.1.48; also called heat-labile maltase) and isomaltase (EC

3.2.1.10), which are both contained with the sucrase-isomaltase complex.



autistic children denonstrated significantly increased
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i ndividuals (Reichelt et al2 J. Applied Nutr., 42:1-1
1 (1990)). Casonorphins are fopned during the
di gestion and netabolism of casein, a primary protei

in mi | KOPrpdircile 19RA% 1t (Hee 8RB ihROssblY feamreenly incomplete

dfpktnt dTSrole BIERbI ORLANE B! 3RAhd 41 _I}Dfl9® éJta%Qlys@ of the urine of

primary protein of wheat products. These exorphins

ha\’/‘é,ﬁlﬁ el r@h@ﬁmnﬁféat?ﬁa%mﬁ@nﬁr ancrepprd levqleet gep@ﬁeSt tweparticular the
Qafg f?sdca!aa\{&pnﬁ%dlglrméa 18 dohp@re 36 hEtnal %lmuz?srmewheu et

ses | ncludi ng schi zophrenia and attention d
dlals dr tiwlicd Notre 4§?@ eldi (1 0. | Gasompiipbing a{:@efptm@ie@rmarﬂle digestion and

SHe%l)ﬁstrr? o}— Pﬁr‘ﬂ?ryl };e}gtleé empﬁlm( ﬁg(llﬂ %e%vhlll l&?gr%ljphms are

responses an né pro
wiieroted | during rthe dmstioaaahdt meiabélisamofiigloen, aptimarynpuoein of wheat

react ions. and_ di n_of neur
c SRR e B R Sh b Rk Sutino R Y RN o ey sy body and

glhanecireraimplicaséinm \falnemdf hemahi dateabgs ifidhdinydchizophradis ared attention

SRR alre e En ap @i Pralet P B of sos and induce

elpepgtideapécific Tfcelylretpimbeamel smsmhdl 1Evelsdft dw)kdnee;trod\s:non whlch in
difficult to .achi eve and hence there has been. a
QAT Gh 155 8 RO oRG PP PBIE) B19BF GO ARG RIRAEY netroimmune

| IpmnaMBicitivas.dTtgRS be@shewn [Mia@ bBinfhatifp AkitehShil Gasein from the diet by
||}(%)§l| dual s gsee for exanpl e US patents 6, 251, 391 and

toflpyingsy ytrict yheay ggd dpjgy @S? Aiektereatly iBRIVES ey mPHERSR)sautistic
0fchifdéh ofywvat, Rompled clifi$tation of NuRHbh®tdsein flot the diet is difficult to
Pediatrics, 135:559-563, 1999). In a clinical study of
3@chigie; 2 ihgncertherg hatbeen dogreak dgal raf dpereston iy iiona) s sragnts that
C&hhRhy qrea&ges%g 3 trdtEin SN ZaY ABicAfnbividub - (sé?.b ry@tinfple S patents.
det erm ned that disacchari dases and/or gl ycoanyl ase
wére 1391 e 4,183, 715@).a subsequent study on 112 autistic
pat i enfns 19¢@fﬁé}’v£}haéld IP%BQ[%HeJ %Hﬁég I};ft ca%’o%gfiillaél Inafa{gestlon in

the pati ent's had synptons consiste estlo
andtissiga(h Pediatricaets SOWP FeAcEH8). bz bbmydrsatde of 36 autstic chlldren

TS R Y oLk sy o

i derdefefmiped thef disaceharidases |and/b1aglwwmylmlwteaset fasluciras @ubsequent
ad: ql I
Pg{'ﬁ% LRAIS a ?fgﬁg% Egn%lrfyor\%ﬁ?aﬂd’]P?r%{% ct‘{)undllﬁatp 1" E{H' Sf 1]'he lpatlents

i 'nase nown as 1 sona I's of
[ rha@ mmtoras cankisfest \ept}pmekdmshqnmnd lgais arovided y:pidane tf tdrbohydrate

TS| 0 A RBP4 R b .

E)pﬁm‘tlpllﬂaln theyptidehtisied Camf'vehclet irallactasGa shaltaent wtm@be) palatinase and

Prg 08%1%9%%5 (%§79 rfé. the Q&H%?:}%Ea{tiggsgg nlég)wglﬁgsdggr%altase) is of

V\Desisiler interest as it is expressed in the same crypts in the intestinal mucosa as
dipeptidylpeptidase 4 (DPP4), which is the peptidase responsible for digesting many
exorphin peptides (Gorvel et al., Gastroenterology 101:618-625 (1991); Misumi and
Ikahara, in Handbook of Proteolytic Enzymes, ed. Barrett, Rawlings and Woessner,
Acadmic Press, p. 387-382 (1998)).

More recently, Kushak and Buie of Massachusetts General Children’s Hospital

reported on intestinal biopsy findings of over 100 autistic individuals, in which they
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over 100 autistic individuas, in which theyfound that
60- 65% of the individuals had weak | actase activity
and 25-45% had weak isonmaltase/ pal ati nase activit

Y,
i fietind ghdtrig-aShapf ﬂ’ranydlaldvfll%had:wpﬁdlavﬁaam@qtls'ﬁmaed 25-45% had weak
d?sfol It%@é)alla{]natspg r CI fﬂg avg FutLﬁQ qnc%al?ﬁs are deficient in

I'S no e in large
qmlmsé EfZyess. athWIesser,t fhu<$ gradt isoemblaskeyis avtaaomreali}oﬁvadetée in 1arge

her thus r ena| d
SO0 W B S BB AR L s rne
beleaf ifei al readity Iandla\tledmahSOI&lhfsilﬁpllemgntf rmm»wtmtemecbewﬁyxal for

aﬂﬂl 1%‘?@' %ﬁ%ﬁgﬁ ngt 2 P g1fs 1%(%%@%%@2}@;% %r & %fﬁp tve nzymes such

Praga@Rtic patieaRt i on provi des conpositions that may be
usefully enployed to alleviate synptons resulting from
deficiencies in carbohydrate-di gesting enzynes,

t ag@thay otk nWBithads for the treatnment of disor ders

that are characterized by such deficiencie ﬁ F’ 4

L hat  mic DS GaeEn RORES FERORTBNT [5h b h St b T Apioyed to
| NGLUAE: syiorRy Gedifing| froht @éﬁc‘eﬂme@l«ihl SmdhathsR-diglkeig efzymes,
to as aut’istic spectrum di sorder,

i ripgesheraidy retedi fordthe desatnentoph ﬁfpogiegﬁ g‘égi?@ chapacterizgg By such
boq@ﬁlzler?&fﬁd TSR hatthfEbAtdaked 1SR ithd BventiSe BhtsitRds include, but

e I nventors have determ ned that
t reanagt ligaied desseutisinn(ajsarefesad 4p asrauisy seesErRadisrrstont ASD),

AS Hﬁ%[rgrh!ltl)gls?d%eg Qiska gaegrolﬂﬁ s%ﬁ&%é' llﬂlta%@i)&yﬁ q.yﬁd?ome and ulcerative

conpensat or a lency 1n the enzyne isonaltase
( adofits.known as pal ati nase), and may therefore be

enpl oye ds td&altle{degélg@mthea%kﬁms HJL% &éigm'{?r?édt {hg{‘sfragggldchﬁdase (in

present i nven hus conprise tran cosi dase,

pr;gahmuaabl yansglotaidest froomAspergillge rnigad) heary b unsehidly opmployed to

trans osi dase whi ch . latiR& d

i n‘i?e‘f??ns\?g t%r & %gflf 19ns ncﬁgle%ﬂﬂwggy(agsgg%n g%lﬁgds JH riase), an

y easy .thersferel bn/employeﬁ ¢ eatgien| @msrmayThal eonpoeitions af dieepresent
itiona one.

R T T I

dedoufdes Nety tﬂaﬁl;gﬁichﬁdlase awhiolhysiayt e dlsquBy [ tng)leyt:zly mesthe inventive

g { %:E%%g\gh i ed IB? 5@3 3?%%:@{)'%%%6 ’ﬁ'lc txe\geg éve CI:Orl]'lIl 0 lttlons may also

amydn@$e ondTBt &rﬁﬁ@a@ﬂt@oxﬁﬁbdmﬁﬁn&ﬁt dskevel no derdsefuhin the treatment of

Zgggglpgg gc%q%gpcttegsedc %rrpg) S&Jﬁlc:lcc)egcsy %fm ct)tﬂer Igarggh ratcl, &\éeesrtlltnlg oe?nzymes
Preferably, such components are selected from the group consisting of: glucoamylase,
lactase, invertase, amylase, maltase and malt diastase.

In certain embodiments, the compositions of the present invention additionally
comprise one or more components believed to be beneficial in the treatment of disorders
characterized by incomplete digestion of proteins, lipids and/or other non-carbohydrate
materials commonly present in foods. Preferably, such components are selected from the
group consisting of: peptidases, proteases, cysteine proteases (such as bromelain and

papain), phytase, o.-galactosidase, cellulase, xylanase, lipase, and combinations thereof .
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ot her non-carbohydrate materials commonly present in
foods. Preferably, such conponents are selected from

the group.consisti of . pepti dases, proteases,
Cyst o o OB TRES Y BISaT HL By B BIORKA oDy f741th treatment of a
PhiYdore selact@RIRET B2 GBGE cobBlih @S futisHy lidN@AGSatory | RAGE disease;

and conbi nations thereof .In other aspects, the

prgslht ditrgent IiabIpr B et/ ntomico idf gicera¥e (G0t nigtgh methods
OfcofhpHEiR® b@BniSEing Cr thrf h&HE dfNBe GVRHRVCORTIoSbAI Ofcterably the
autism 1nflammatory bowel disease; Crohn's disease;

i rempabiiens geviermuatedingriableton ganghle oran andareigkqnt wig meglg h

_rmt hOd%Q&m{d' &hé}ga gtﬁ@ 3f %ﬁeeﬁxleE%t AVen@dn WA %e&;met Eﬁ)arent upon
i nventive conpositions. Preferably the co ositions
arrefefepeantel the fdllowing detabéce tlesoriptivapand| astaghed raramiagsr éll references
t ' ects..of & ¢ each
praEhall hiloBA Burely FROpRRREhD ReBRRE Bl endP gL gooh wes
t an¢dmporited indimduglldet ai | ed descri pti on and attached

drawi ngs. Al references disclosed herein are hereby

i ncorporated by reference in their entirety as if each
weBriefDrocnitiont of thd Diciwingiual | y. Brief Description of

the Draw ngs Fig. sh the effect of increasi .
concen?: r‘goitqi %‘ﬂgs %fe eife(’tn&é%?re?s}n%cé) GrEaLen aog & &= ﬁ%‘sglucomdase
I edreseleade ofliglicoserdni Bomblsenl t ose. Fig. 2 shows the

amount of gl ucose, |iberate rom pal atinose by a fixed
concentFrl%t:?1 o¥y the ﬁﬂ?@%ﬁg@;"&%@eﬂg‘?}%@t %.paénﬁf)sesi’(y a fixed
S heyaBentrhoresTorandghRbsi@dst oS @inlel ber at ed from vari ous

concentratjons of palatinpse b fixed concentration..

of s 1 arké) L Srcie ambat & Elaodberst Ref Giop goncentations of
| NpadittnbRbyATixdl s6d¢satioR bPYMsglhbiRidagessent i nvention

provi des conpositions fornul ated to overcone

defici encies in carbohydrate-digesting enzymes that
hayaamesbﬂgﬁ&ﬂémamuanaa;l ents with autism In
preferred_enpodi nent s, € conpositions include a

conponet dististediabotse theeRistent BVeRONBREdeetompoBHensclormyfated to

t N eRRAY R ALRAIR! 13&Rohl @IRIIMRE N EdkyRRIRAN 8N Sbdeldlentified in
are believed to overcone deficiencieS in one or nore

erpajinets with|aatisred It prsfarmed empdimgnis.oie icampesifions include a component
'Naa@%ta%sebelm‘i 35 Sverebil AfeieAidl S el By Rk USORIMLASBgether with

ose Is a disaccharide sugar conposéed of one
motospehentothatyire belisved toi avsttomg dafiienvéas inpheelnereshzymes selected

? lhfl’tlérg Ekge r%éf\fpgco;léis?n%g%kM&Qe?‘sL:,%ﬁtapé? Q\gcraswnixﬁ&e q{lxcggﬁ&jaﬂﬁlase.

Maltose is a disaccharide sugar composed of one molecule of glucose joined to

another molecule of glucose by a 1 — 4 glycosidic bond. During digestion, this bond is
broken by the enzyme maltase (also known as a-glucosidase; EC 3.1.1.20) to yield two
molecules of glucose. Isomaltose is a disaccharide sugar composed of one molecule of
glucose joined to another molecule of glucose by a 1—6 glycosidic bond. This | — 6
glycosidic bond is broken during digestion by the enzyme isomaltase (EC3.2.1.10;
dextrin-6-o-D-glucanohydrolase) to give two molecules of glucose. Maltase cannot

substitute for isomaltase. Palatinose (occasionally referred to as isomaltulose) is a
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of one nol ecul e of glucose joined to anot her nol ecul e
of glucose by a |l -(r)6 glycosidic bond. This 1 -(r) 6
gl ycosidic bond is broken durin d%%estiqn_bg t he
er?g%?ﬁ‘i?ap%ﬁ‘hﬂaf &g@p?sE@:@_f 2)_n§__r11@,ecu e of glucose joined to one molecule of
dexicfds& (Bucdstirafbids 8y @y ds @las8dic bond)i ¥BmhRe HRbafkE®is 1—6
of glucose. Ml tase cannot - substitute for isomaltase.

Paioad faigsduce geemeleaHaP glugoss wdrang modscnls of Eugtaset ul ose)

is adi %@Qﬂédgﬁ?g&%&.@%% & DhaQicoBAsE CthBet@ from culture

gl ucose jorlne mol ecul e of fructose ) _
( fhretbs of thedhugne plaply AwengiBisgligarodi i « fded remde | epaymad thakis used in
al s thi -+ 3 .

o AR kR RO i Y NS TRLESH oy htclen
( BC 2. LathoPddraies Ravaarah phid: 19163188k ebleweavet, exkplicib@rtivity 1n
0 s 05, R PR g B Ll 9% e
prv@aRasingpakthetts etk ngilitant rarsghnoidast @ pavetesoniesirable reverse

[ | t tiyit ) |, Ca h t
SETRLLERS SRt DR et g ol St
acti Vi f¥ctast PHodkioR@SE Bigglecbii@Re;NBS 3Mt.2eRM disaccharidase that

previ ously docunmented and, prior to its use in
nul§aves kstose §@Hb|séﬁaéhl“§? 1§ Hmpgpent t5y8%5% fructose and galactose. The

t rAAREbHEOREERSE HOnRnAVDEANPHIRBAL pRRULE utiIRMESSEY the compositions
reactions had to be ruled out by testing as detailed

betydastess imtRlerst eeople apd incrrates the rpuptrfinatkble galactose.
b- gal aghashdasss 385G 36 2oblained) frbd fadl) 396 RALiHASRe hAtacts on

cl eaves |actose (mlk sugar) into its conponent sugars

f rayenoes éo gl glarese tand dructose 4ndcthafshydrplyves ofer gemplex, sugars that

the inv e > L Ny ¢ ‘

5ol Ry PR PRLARBRRAAL LB WLl G040 ssbinns i

i naceasfethe teheymersunndse,0fs aohail |fodsl-gradpabhmaddge 9f  hulmaw en¢rasseare not

(EC 3.2“%12Q;.8Htained fromyeast) is a disaccharidase

tﬁgﬁmgg?§38ﬁaguc?ose to yield glucose and fructose,

and t hatmjiyer @biaired fodoheegadnippencraatinpasl phadanydase (EG 3.2.1.3;
use

fructo as a.b-D-fructofuranoside. .t is in .

o §ORET Gt iekie BHGHTS TR P TACE B Yh SRSy iee otvsacohardes
S %ﬁ@s&dd%or@ﬁqﬁ itieﬂo Mg aiglﬁas%riablﬁ[@ﬁzt@ifzedlgvmﬂ alﬁg@][taﬁgdrolyze
are not c rcia ayai e. se (obt.ained fro

NS 6S B PP Sk T CAA ke P T e e and
| sghcafi}1abé @iddst dAr@BYJrate rieh &Jday, Pasictlany thoseSabdustdfr6m grains.
down into small er polysaccharides, disaccharides.or

gl ucosdnpfdiipg to Jmleinide coPRRGty GatqvaIcARE &F HGgIep {0 garRohydrate-

abiibdstiMg tedzpmel ahy afveativd @6Rpabndt B also include components that
pol ysacchar] des. This enzyne works synergistically

wi eiErearmpl defisicaries 1 abeafipruive peERSgRh EamBYRSTIRgant in the
Fi §PestiOR B proRatstangMt Bpiliy InNRRSin REPIGARAs | SO GhfHsiSns comprise

at least one component selected from the group consisting of: peptidases; proteases;
cysteine proteases, such as bromelain; phytases; a-galactosidase; cellulase; lipase; and
xylanase.

In one embodiment, a peptidase concentrate component is included that exhibits

both endo- and exo-peptidase activity. In an alternative embodiment, the peptidase
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that overcone deficiencies dn other digestive enzynes,

such as enzynes inportant in the digestion of proteins

and/ or |ipi rt.ai n _enbodi nents, .su

CORPTRIRIP oS uew {165, TBYeTES, OB H%Wén?me@d&me@adm v
f [ OPPIVIEEQTOUP! DORGiSE hitDh&ice pRAfiet FABRS exPHREASRE6n (see, for
cyst ei ne groteases such as bronel ai n; phytases;

a- e@‘é‘l“&‘ét‘é PSR, 7835Vl ase; |ipase; and xyl anase. In
one enbqdifieitive c@mggs%dng PRFerNP 6ANH IR EIER W@sselt&t has high
i

i ncl uded t hat exhibits both endo- and exo- dase
acciddngipr alkplingstagilite prrbfungtiong pbel stamath tOthﬁéro ze large proteins into
pes%aﬁl . HQIC %tcﬁ gl'cgea's&calry g?e@er!ﬂﬂy ﬁéaﬁtédnffcﬁﬂtp'la\‘x% such as kiwi. An
conposition mmc | pept 1 dyl - peptidase IV (DP EC

3. example5)f ancadid) istalle apvoiteine reompprany ithié snayube meluded(m i inventive
di e )

OERpHOE: Bt o ATl o NelBh A Tz tind Eanbiif) o, MO)
on@lqmluembmgée offegroteass chingbneat fheit razrydfeoxse@llk ainploged in the inventive
|StaC?)Igbn omgg ns s ggotel'éﬂcg b oA é:*.vgllztquee fr?]&l&'ﬂ?%naéu h%‘? g?méan Swhlch 1s a
arrelxpnebfeatemcb Inyutrat (ahdmkkdlnfermmeqmleaﬂhsdermmmtasbdth wio-peftidase and

exa a I rot ea conmponent that may
beenlgﬁ ‘f}gig?f ﬁcﬂvlﬁ'h‘glth ‘E%gﬁ‘?ols %teé%ﬁ%e Ytion is Protease
3 0, avpe fidthee adsisd ﬁmﬂhpﬂotmﬁ ngEﬁhZ)y,nﬁe Govanany cérﬁlﬁrshiyshsh preferably
. _Anot her .exa ol% g ase .conp onen& P may
bé OHQ’EF%P FYPERHPS “Eesif PR IHRPHY A CBAPBYES £F Bifigineproteases
Pr\omlela&ay ﬁ)echffeaﬂn&@ amgloyablnethé rcempd}mdnenaimﬁewwe preferred over
h is a mxtur cid, Eeutr

al R@H?lf‘ ﬁglt&lzf@g\éeélégattbﬁcg{nelﬂg W % g) Cifjgifyan %l functlon than papain. It

eXias RRP bedgenonbeht@Ngiar REREIHAS @n 3édtive biti-WflahinlAt@f) which may
substrate specificity. To further assist with protein

di edaiannt ip Feiuping St lepley BYnpRREIctrENs Ol B Bdy guals.

conpr | Sy RsCiY preirily RIRUTBSE abm\xﬁfﬂa‘i@ésﬂp%@ aBidP@hibh RAlpfesent in
exanpl es of cyst ei ne proteases

ef Mt purd| 3 Cemrwewhff% Heeas gnp S8t Pe%lé Rbytiqratidicep pegatively

prﬁfe@f NREpANELT RERAINRR ak Elnb ScaR@lnh, &Y ﬁ%eglmt co*ﬁ{a&nﬁhx?gaﬂese and
has a wi der specificit function t papal n.

haisora| e insdusipncdé phyiasert seelsuith mgr@ﬁt%rbmaamhbﬂ@y efifhese mmerals
effecti V%al@&%éhddsg}; eg:%}%&ﬂ&éﬁ belvﬁy a%hl g"z@ 1§ie9mé gt)ﬁa@pk linkages

in reddcrn haracteri
i nigli meldma;b,srafﬁﬂwtt asd stahposef whablaye adtdednl&ofound 2 vegetables and
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Xylanase hydrolyzes xylans, which are indigestible components of plant fibers.

Since humans lack the endogenous enzymes required to digest plant fibers, the inclusion

of xylanase provides an additional source of nutrition. Similarly, the inventive

compositions preferably include cellulase in order to improve the digestion of cellulose

present in plant foods.



iron. The inclusion of phytase thus results in greater
bi oavail ability of these m nerals. a-Gal actosidase is

wW@Ebasaces i zed by its ability to hydrol yze t hepal/phmos/043175

1-6 linkages in nelibiose, Taffnose, and stachyose,
whi ch are commonly found in vegetables and | egunes.
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di sconfort _and provides _a squrce of nutrition not
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Simlarly, the inventive conpositions preferably

i reeherdldy easraspardste thase sraentlytemplense dw sommerciillyeaypilabte piftritional
ce p i T : ..
P FARRESL ifhefid b ARAE mh e IRTRRANIL Fas, put not limited
aviai hebiceystamawelbilede] pagrthien staamtqsvicen divkide price\tireleehd mineral
inip dry form then m xed and encapsul ated to provide

a Tormul ation suitable for oral delivery. The

resul tilmg Gmpyufesdoembaivhet (redereedptoeie FatmufatioakBneach capsule
i LR EQOK NG, 0f 8K da the art will appreci ate

t hat 2ot her cdel T &*Y° MHHNEEE may be utilized without

departi fromthe present invention. T ific
concen§$§??@ﬁ§&%f conponent's i ncl uded iﬂs?%gﬁ?nventive

conposi4 nigastratagluscdidgse but general | y coroesapond to

t hose rrently enployed in commercially il able
nutritﬁ%ﬂ%ﬁm%ﬁ%plenents. Addi ti onal , iné@ﬁ' e,
conpondnttasemay be included such as, but 2000 AlLIUM t ed
to, mcrocrystalline cellul ose, nmagnesi um st earate,
silicon™§f8%i de, rice bran and mineral dPP%5Vn a first
pr ef er rgghigygbodi nent (referred to as Forgyimasion 1),
each capsule contains the follow ng active

i ngredi ents: d ucoanyl ase 100 AGJ A._niger .
{ r ansq eSS dhGH 1 A0Maglivafitese U d3k ~g0ess Rettera¥d = Sumner
2008tsAbY 4 pughitigag URY AT ARthR% 5id @lsd Ao WAGE eially) AGU

= Anyl ogl ucosi dase Units, DP = Diastatic Power, SU =

Sumer
In a second preferred embodiment (referred to as Formulation II), each capsule

contains the following active ingredients:

Peptidase 2500 HUT

A. niger transglucosidase 50 mg

Protease 3.0 50 SAPU
Bromelain 640,000 FCCPU
Papain 1,000,000 FCCPU
a-Galactosidase 25 GalU

Invertase 200 SU

Cellulase « 100 CU

Xylanase 50 XU

Amylase 50 DU



Units, DU = Dextrinizing Units, ALU = Lactase Units
(al so known as LAU). In a second preferred enbodi nent
w@e@bmsued to as Formulation 11), each capsul epCDUSANHNGL3175
the followi ng active ingredients: Peptidase 2500 HUT
A. niger transglucosidase 50 ng Protease 3.0 50 SAPU
Bromsl D, 64 000 FCCPU Papain 1, 000, 00
S a- Gal a?i 3&§ soe(c‘f‘gszGal U I nvertase 200 S%%ﬁgﬁhjl ase .
100 CU Mylt éiaasse 50 XU Anyl ase 50 DUProt eagx 6. 0 (cone)
875 HUT I\/alt jghv@St ase 13 DP n*zi mesPA(tm)* 55 ng
n*2|mss“( 69 ng (*proprietary blend 6’Fgllpase
pr ot easgzmd&ny| ase avail abl e from t he J§akigonal
Enzyne Co. (Forsyth, MJ)) wherein, HUT = Henopgl obin
Units Tyrosine, SAPU = Spectrophotonetric Acid
10 Pr oheasittalyiiémls of a8 protbRe gnﬂ?ﬁﬂhéé%'vaxﬁ@@%rﬁ ﬁﬁlﬁﬁ dtional Enzyme
Units, GalU Gal actosidase Unit (al so known as AGSU),
e EsytHMOY Units, and XU = Xyl anase Units The
pr @B&EﬁleﬁU@L@ﬁaﬁogﬁﬂﬁn gﬂﬁmﬁt)mﬁéﬂ gg@d@sgee{r@;sﬂomtﬁélxaa rotease

to two capsul es he case of Formulation
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P Fofhfah 1B’ KA PigahihUSLERL] BRePOtn Mkl LWrith th
vvay ofoﬁalomt%tlori K?BV@" %‘ m%ﬁla one activity ith the
of despgaeqying with thasize phithe intealnd/or the body welght of the patient. For young
children, half a capsule may be taken with each meal.
The following Examples are offered by way of illustration and not by way of

20  limitation.

EXAMPLE 1

Determination of activity of transglucosidase in vitro

It is known that A. niger transglucosidase has some isomaltase activity. However,
25  in order for transglucosidase to be appropriate for treatment of isomaltase deficiency in,
for example, autistic individuals, it must have the following functional properties:
(a) it must be able to split one molecule of isomaltose into two molecules of
glucose;
) it must be able to split one molecule of palatinose into one molecule of
30 glucose and one molecule of fructose;
(c) it must not activate the reverse of either (a) or (b) when only glucose, or
glucose and fructose, are present; and

(D it must not convert maltose to isomaltose.

35 In order to test these properties, various amounts of 4. niger transglucosidase
(TG) were reacted with isomaltose in a broth at near body temperature to confirm that
isomaltose is indeed converted to glucose and to determine what concentrations of
transglucosidase are needed for the conversion. The results of this study are shown in

Fig. 1. These results indicate that TG does convert isomaltose to glucose, with



It is known that A niger transglucosi dase has sone
i sonal tase activity. However, in order for
w0 pa@nsgl4iucosi dase to be appropriate for treat neat/usfoos043175
i somal tase deficiency in, for exanple, autistic
i ndividuals, it nust have the follow ng functi onal
pr oper t .be split on
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20 T@SSRIOSE AN, OF ARt O EmST SeiEodb o wapE Bsiogrersion of
of mpiedsatd REBEItdsE &ﬂthfm awfevcﬁhednﬁﬁndhﬁ of TGredtdda@p to F2Wug/mt), no
2 shows, thg@l | beratio %ogd e from pal ati nose
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3 shows the percent a%e conversion of pal atinose

gl 4tod ‘é‘fa@‘QFS G lIRtINEH 98 ATuPTitNE ERAYH febﬁe@m%ﬁ%ﬁgl 10. As

25 Of pal{dinostGs Wagnf AiHAe disfecaiNéSompPRin@bi HRiBCant Vel AIQS Burther tests
and fructose, although conversion was slower than tor

i supREIPEBR@eddo determgaehowcenyersingtof pelatinase yaries ity i oRcentration.

betnig ek %ﬁiddekegm;]ré@ tSThd e lnBhtratidh-GopBEdchfYRith She lgétdaﬁgnose the
the conversion of glucose back to isonaltose with

nohigkes sthe feograseiens éo wisoseoartl fuetor tf%egltvgsmw@rqﬁwns of TG and
I ndigatibhgmthat there was no formation of

30 These studies indicate that A. niger transglucosidase has satisfactory activity as a
digestive enzyme for isomaltose as determined by in vitro testing. While A niger TG has

less activity for palatinose, palatinose is a very minor sugar in carbohydrate foods, and

thus dietary supplementation with TG may be satisfactory even though conversion rates

are slower.

35



I somal tose, maltose or any other conplex sugar. In
studies testing the conversion of naltose to

wo soembéiiose Wwith TG at the concentrati ons of A@/UsS®OITOH3175

15

20

(up to 120 ng/m ), no conveesion of maltose to

I somal tose coul d be detected. Based on the above
tests, it was determ ned that A niger

transgl ucosi dase, EC 2. 4. EXAMPKEAl ifies qualitatively
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satistfactory activity as a digestive enzyne for
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eyen ! hough conversion rates are sl ower. EXAMPLE 2

ACL vity of conpositions containing transglucosidase )

i n vi vBedults ondiextedt that $weBermulnsions fuster el riglsrtedf byt patients, with
inyentive .co Lt1ons i : e AU di ived fr
i }d(??fl d ﬁaﬁdgerggrjgevf%o&g’l %/nddighgéﬁrgélé% ggéoﬁ rl)tzgllut [ gm \/\/élir?ge]}ecelve om
praséntked Wi t h capsul es of either Formulation | or

Formul ation |1, as descri be ! . bodiments of
For mul 3{% H’elf(’fgﬁcan%grwﬁﬁlbgtap grr‘l3 9;:2{3%{ ?hgrtf ?fﬁ?%%h:gg%ctlgcder{l _oo lmen.s ©
t ake itvehtiompisavt ebeeni tibscebah heedn | foPapurpests afnalustration, various
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overall tolerance to foods, stinmmng, hyperactivity,
nood, attention, sleep, eye contact, speech,
soci ali zation and conpul si ons, together with

i nformati on regardi ng any undesirable side effects or
sensitivity type reactions, such as allergic reactions
or rashes. Results indicated that the Fornul ations
were well tolerated by patients, with al nost no
adverse reactions, and encouragi ng reports on benefit
bei ng received frompatients. Fromthe foregoing it

w || be appreciated that, although specific

enbodi nent s of



the invention have been descri bed herein for purposes

of illustration, various nodifications may be nade
wowdoboes1devi ating fromthe spirit and scope ofCT/U82005/043175

i nvention. CLAIMS W claim 11L. A conposition conprising

transgl ucosi dase and at | east one additi onal

car bohydr at e-di gesti ng enzyne. 2. The conposition of

claim1, wherein the transdli&lds dase is from

A%@ee.crgiml_l us niger. 3. The conposition of claim1l,

vvherél n"the conposition is effective in conpensating

for a deficiency of isonaltase or palatinase in an

i ndi vi duabmpékitichheompfifiogi tramsplucdsidabai amd1 at Whest eione t &iditional

at Laeast one additional carbohydratedi gesting enzyne

i Sl EP BRI T yr oup consi sting of :

gl ucoanyl ase; maltase; malt diastase; |actase;

| pver t ape compiditRAydfasdm b. widieinchepandgticosidst ici@mddpergilius

further conprising at |east one

ndtg€€ar bohydr at edi gesti ng enzyne. 6. The conposition

of claimb5, wherein the non-carbohydrate-digesting

enzy e Thecon§JoSiEib£ f S15idM , WiRretH @b BorGfddRiohlid Eecaile in compensating

pepti dases; proteases; cysteine proteases; phytases;

aferal deficienaycpd domaligsiejog palatinasq ingRdndividiad xyl anase. 7.

The conposition of claim®6, wherein the peptidase is

digpept iy LRaRstRASE ddfm B- wild¥en GREBORLIt 2B Aafitieha A¥Bhydrate-

wherein the cysteine protease is selected fromthe

grdiaeptingomeyme isrrgleted figrothe BEduR coBTIWng &b a Blycoagylage; maltase; malt

CQERASI. §d.R8%: § LdeS] gml{#agﬁ_sgl ucosi dase and at | east

one enzynme Selected fromthe group consisting of:

gl ucoanyl ase; maltase; malt diastase; |actase;

i fver t 3be compatitmmydfadam 1L Ofurthérecoownipiogiat lesst @fe nongiappohydrate-

9,.wherein e conposition conpri ses:

trdé%‘%térfgue(rzlczxg{t’%ase, gl ucoanyl ase, nalt diastase,
| act ase, invertase and anylase. 11. A conposition
canpr i Thagompasjtionr dndainus; ogtietkars dhe( ton-atbohpdrste-digesting enzyme is
CPERSRE 36! E5F b A St sRABSE H A ot phyaes
| el ASRias Delludd¥y] 1388, adde)14rage. at | east one conponent
selected fromthe group consisting of: peptidases;

7. The composition of claim 6, wherein the peptidase is dipeptidylpeptidase IV.

8. The composition of claim 6, wherein the cysteine protease is selected from the

group consisting of: bromelain; and papain.

9. A composition comprising transglucosidase and at least one enzyme selected from
the group consisting of: glucoamylase; maltase; malt diastase; lactase; invertase; and

amylase.

10. The composition of claim 9, wherein the composition comprises:

transglucosidase, glucoamylase, malt diastase, lactase, invertase and amylase.

11. A composition comprising:

(a) transglucosidase;



pr ot eases; cysteine proteases; phytases;
a- gal act osi dase; cellul ase; |ipase; and xyl anase. 12.
wO bweoeaposi tion of claim1l, wherein the conpecI/U$N5/043175
conprises: transgl ucosi dase2 anyl ase, nalt diastase,
| act ase, invertase, anylase, a peptidase, a protease,
a cystei ne protease, a-gal actosidase, cellul ase, and
xyl anagk). 18 ledt nmnpmﬂntf@tectdhértmr émtgreupt capbistingdofs ghdeamylase;
char,acteriz by.,a. deficienc h.sommltase in a
su J]%C ll ﬁasrasglacmse dweﬁ?sgt%’fjla%’ %6 e subject a
corrp03|(t)| onatcle:mpbmes¢darg>ohérarsslg¢tetbﬁsmdﬂsgmuﬁdonsiﬁh&g of: peptidases;
nmet hod of cl.aim 13, erein the transgl ci05| dase i
f rRIAERED SYYFiPe UQte?ﬁ"'& ylases, o éC‘ﬁsé‘H%B&e‘g‘f asg] lpapg; gnd xylanase.
wherein the di sorder characterized by a def|C|ency of
| spmal tiage dofmpsSi@RCt §d SikigM (1e GRUR Qﬁeﬂsb d;sdagioef ‘comprises:
autism inflamatory bowel disease; Crohn's disease;
i riFansglpgasidpsswamy by dmelhsliastapy la¢tessr amvertesec @mylapeg a peptidase, a
T n
{ UFeREr 5sni LR KRR R LA kL
car bohydr at e-di gesting enzyne. 17. The nethod of claim
1613. whex engthddhéor athe |teeatmientd o€ aad'dbltdbDIOMracterized by a deficiency of
car bo %/ldrat d%)gqst ng .enzyne ne.is. s ?tﬁlﬁ % %
gr SUR EShEi* SR C8f"p RS R TR éa C‘H%‘f‘ls‘ on comprising
di eskgsasidhct ase; i nvertase; and anyl ase. 18. The
met hod of cl ai m 13, wherein the conpositi on further
conpri ses at st one non:carbohydra e
en 4yme &e thﬁ;}@ dw(})'LFre& sr-mnféluc { Fee1§ﬁro pgrglllus niger.
non- car bohydr at e- d| gesting enzyne is selected fromthe
group CeShéthddeF i 135 RéHefbRS B1%; digdiddr RBSRGeriAY Yyed eficiency of
pr.ot eases; ph ta a- gal act osi dase; . cel | ul ase;
li ‘E)%{E"étas"aﬁ d° iif?daé% dhe ZPuP emusisting Hoptitism: &ﬂﬁ’f“ﬁ%aﬂy bowel disease;

Wherosh’B disbReNaRiIdRwR1 byndfinRe Rid EydrteRichbsase | V.

16.  The method of claim 13, wherein the composition further comprises at least one

additional carbohydrate-digesting enzyme.

17. The method of claim 16, wherein the at least one additional carbohydrate-
digesting enzyme is selected from the group consisting of: glucoamylase; maltase; malt

diastase; lactase; invertase; and amylase.

18.  The method of claim 13, wherein the composition further comprises at least one

non-carbohydrate-digesting enzyme.

19.  The method of claim 18, wherein the non-carbohydrate-digesting enzyme is
selected from the group consisting of: peptidases; proteases; cysteine proteases; phytases;

a-galactosidase; cellulase; lipase; and xylanase.

20.  The method of claim 19, wherein the peptidase is dipeptidylpeptidase IV.



