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relates to a process and product for enhancing i Mmunesoesponse and

I nproving the overall health of conpanion aninmals such as dogs, and 5 nore
particularly, to a process and product which provides beneficial anmounts of
antioxidants in the aninmal's diet. In ctpcent years, there has been
increasing interest in the health benefits of antioxidants. Antioxidants

are nutrients that counteract the effect of reactive oxygen species (also
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Antioxidant nutrients are a classification for a variety of compounds with a
similar role of neutralizing harmful free radicals. They can include such commonly
known vitamins as vitamin A, vitamin C, and vitamin E. See, for example,
EP 845216, which discloses a composition for administration to animals containing
25  vitamin E and other optional antioxidants. Antioxidants also inciude other
compounds that are classified as carotenoids. Examples of carotenoids include B-
carotene, lutein, astaxanthin, canthoxanthin and lycopene. These compounds are
responsible for developing the green, yellow, orange and pink pigmentation found in
fruits, flowers and vegetables. These carotenoids are known to play an important

30 role in modulating the immune system (for example, canthaxanthin has been found
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\ spl ORey . The benefits of i ndi vi dual antioxi dants have al so be
in %hl cRé@fSSee Haq et al /) "Effect of [err]-carotep®) Canthaxant hrg% ?;M?iel n
and Vi t amAMB523 PRonat al | nmunity of Chicks Wen Suppl emented in t8@ Jyy 2003
Broiler Breeder Diets”, 10 9 996 Poultry Science. Al though these conpounds
are all classified as antr oxi dants, it has becone apparent that they do not
all function in the same way. For instance, historical studies |n humans
show t hat popul ati ons consuming diets bp.gh in antioxidants (i.e., high

i ntake of fruits and vegetabl es) have a | ower incidence of cancer t han

other 15 groups of people. However, clinical studies that provide
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for the animal. For “exanple ypi cal canine diet for use In the present
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may b&0bl eanid@-carateng.udhis antioxidant package provides the animal with from about 175

to about 400 U of vitamin E per kilogram of diet, about 1 to about 50 mg/day of
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di @2.052p0bVi de t he benefm al amounts needed. AMENDED SHEET  02' ;08 Guiidl4690
r.. 1AM 0523 PB -4 US 000014690 0 2 J U N 2003 In ((r'EIer t hat the i nvent i on
may be no {&%3 PR understood, reference is made to the fol | ow ng ©&2alihl 2083
whi ch are intended to iIIustrate the invention, but not Iimt the scope
thereof. Exanple 1 5 Vitamn E Twenty young (rrean age 2 years) and 20 old
(mean age 9.2 years) Beagles were fed a standard conmerci al

chi cken/ com based diet fornmulated to celtain 27 | U kg diet of vitamin E
(NRC reconmendation) (control diet) for 1 nonth prior to the comrencenent

of the experinent in order to stabilize the dogs' vitamn E |evels. 10
Young and luteim, dod fromeaboutiido abaut 66img/day ofpredratena.nSuch atdietdmstEieni ng 27

| U kg diet_of,vit diet of vitamn weeks.. Bl ood
was. gol | ocodte (e fybliné Bheyr citbe 2 helips Ist<HReazeing pcogifion

nmeasur eneogef plasma vitamn E |evels and assessrrent of | ynphocyt e
m t ogeni ¢ respqnse to,ConA (,concan I and b ohe I utinin).
Prior to di et af\cordinglyrits affatuce ﬂﬁ\ﬁ? prpge "Pl‘éﬁ"t'% o a ng % e had

si gni f§ caprbobdsTvesniErciHgamMnturiccfizpBnse hAd Fhifroding the Metdnmauﬁwg dogs.
Surprisingly, there Wa?szspofml gni ficant decrease_in plasma vitamn E | evel of

young and COMPamQssanigd \FGP I Ry Prgviding ampflectivig; amount of ?cﬁ?ﬁ'&"’éﬁiw

exhi bi ti n%f%nhbﬂb&stsmw&mdaﬁnﬁasenﬁs?%%uld%haheamreé&% havamag&ofp = 0.
12). Exam nation of the vitam n E content of conmer ci al d to the

st udy dogéh%éfftﬁeét irention, wilhbegame appanent fremffae |f<Pllcwng detalled daserplionon

aver age, chms &0% et of vitamn E. Thus,
decline i n p asrra %/ 'ﬁénd ée:\%gpgh%gﬂpgﬁdéﬁl sﬂt ed to the |l ower |evels of
vitam E in tHFegdlomagfapuloéanﬂhnqyaGMentuamdmm dogsdmg/di) eéralts thggkgediietv.  Bot h

young and @l 1 mented with vitamn E showed a significant
I ncrease | bgﬁ@%@‘%ﬁ?% n E levels, with the young dogs exhibiting a

si gnificantly Fig.l2 igtegrapbillustrating theceffect ohdietary tuteingm yReire necogrdtion 50%
I ncrease muioaag dogs, P = 0.02). The young dogs fed the 27 I U kg di et of
vitanin EQM"%%%d a si gni ficant decrease in ConA and PHA-stinul ated
proliferation de prgséditem&mealprcﬁ\dmh agrmsb@feé&n?mrﬂmf@aammms

obseryed in do u d.with 28Q ka diet, of vita Th | d
Sooe{E S ek 300 B BTG B heiinaioe & SMBsHabis e SRERCSEANRS oot
change in r@a POV arsd infpr baéméd\wmhnsamﬁofahelanfmamr@rbon%ﬁiﬂﬁEbeHEET

' 02- ~5=Q001 1%0523 US. 00001469 UN 2003rj 3- car ot.ene

Fenal e Beditiexigggts W?X%F(P“i‘gd%mwg mab%l&er s %‘RPQ)G'BW edin@ e fed
a basal didfbt fedhe therahintar. Subl@&ﬂsﬁbpr@nelﬂrhaw\bé mha&énﬁbfamm%gsmaea

requirenent for all essential nutrleﬁ | mal s were housed .indoors in

|i ght- (14reat of a bisgyit, of any,pthgr pdible; a'eott- dig meant the foed or gURE. A test
was cgpducig Pdlaﬁ? cohstyied Ib9 thip hailieal P BYfusig & combihatiah of aRkoaddris, itisSsi ngl e

oral dose o err]-carot
belleved that health benef ts are provided to many areas of the immune system,

e.g., optimized immune cell activation, increased antibody levels, and improved

~

vaccine recognition.
The diet can be any suitable pet food formula which also provides adequate
25 nutrition for the animal. For example, a typical canine diet for use in the present
invention may contain about 18-40% crude protein, about 4-30% fat, and about 4-
20% total dietary fiber. However. no specific ratios or percentages of these or other
nutrients are required. The combination of antioxidants may be blended with such
diet to provide the beneficial amounts needed.
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- Toa0sgpot he upt ake of qgral f3-carotene in dogs given a single das®00b014690
f3carotene or al Igé dogs(fn = 6/treatnent) were giﬁ'én once perorally 0, 50,
100 or 208Mgd 3-carotene (10% cold water dissolvable; BASF Corpl2 JuN 2gg3
Ludwi gshafen) 10 Germany). The appropriate dose of f3-carotene was

dissolved in 5 mM of water fed orally by using a feeding syringe. In order
to establish appropriate sanpling tinmes) two dogs were used in a
prelimnary study. These dogs were fed4once with 50 ng f3-carotene and

bl ood sanpled at 0 (imediately prior to f3-carotene feeding)) 3, 6) 9) 12,
15, 18, 21 and 24 hr. 15 Blood plasne was separated by centrifugation and

f 3- car ot ene cdnoeddritizdtitios nvention maglb,ezradramad;@y imdgstped freferanceisl i qui d

chromat o HPL as follows. .All re conducted under dim
nt - DpRveIn tedplaias sxrele Sinich arelolred kS ByREAs iR Bvashia sifast .ch

| eukocyt qinsitthecdcopk ertofact i on were extracted with a 1:1 mixture of diethyl
et her and petroleumether in the presence of BHT. The 20 et her phase was
renoved and dried under a stream of nitrogen. The residue was reconstituted
in nmobil e _X%@_j;or the HPLC determ nation of (3-carotene. Sanples (50 ul)
were injected onto a 5 um spherical C 18 reverse-phase colum (3.9 x 150
m RBsolVitamihB el uted with a 47:47:6 (vlv/v) nixture of acetonitrile,

Tranal'e, shgagﬂ}‘le ot 9o niarcadd 24eb3) nd 20 bid(italhde o BydErB eI OM 111 2
hr ploséI ?aenerfgdmsjamdard_conmweiat chitkerijgora-based dist forsulated Itqcomamw was
e f . .
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1
dogs than |n cats (see Xq ow). Al'so) concepntration
(3- car ot eYRuUNGHagse Waa%slwfthe@g\ya%a@rgmfpﬁaamﬁe@#eymma%a ytamin & leveher

t han t hat ﬁmﬁ,{ »hisiting'si ght .
In a secon stgdﬁﬁﬂ 6Iﬁd%&ﬁiﬂﬁlk%@{#?ﬁhﬁgﬁ%w&%ﬁ&? ggdalqsglb at 0%% ﬁr
for 7 conbigbet peréedagg dﬁplteﬁse (39% i ol 5056 inoyoungoP 0-2)- cﬁm@ﬁéon ohe
f3-carote . Bl ood
was sanpl e once'tl ?g‘?ﬁ g-lé)&dh '?‘%r&a otWeT'I‘g 9ftc?ﬁéo$u{!§'ﬁo§]@ﬁ§\’or st ()se) and
subs @&juenatrivabat tbe facility mdncawtthaﬁ o8 |avgr‘c'(g¢a§l'le commersig shay comtainedb®od

shoned pelWRE S b1 FRARAT A, cBBule iy s VRarRi 1B b (R bRRd 1 Lo

dogs v -e?h“??ﬁg'g?:ﬁ?f?’gﬁm%’”ggﬁ?géﬁég“tj’%gm““°‘““:§é ol ."n%“"“b“g‘g °
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. OV Hoki Yoid a9l Spgrsup % %“’%%?8{ L?a% d

? hgls% elegme:mn Wﬁl a vitathain IE/legelsc with tisd young digs@xhibiting(Bsigaificantiye. 0\Iglgak

o ( 2ot oPIaRE” phiee| Boepa b AR Boge oD% kv e BReeahn vorng foRFT o

st udy Coacmo:ey anedysungfdagsdedrthe 27 (kg dinof Gitarain B asolhaata slgnificamts

general ly 5to,4fo r.th hat, observed after t i.fst dose. A
DRI T O St L GPCTRasS HGPOR AR A S HnG PRI AL NG the BoreAIieegogs by
blood . period. No such decrease was observed in dogs supplemented with 280 IU/kg diet

of vitamin E. The old dogs fed 27 or 280 IU/kg diet of vitamin E did not show a
30 significant change in mitogen-stimulated lymphocyte proliferation.
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25 @@obwophocytes. The dogs (n = 8/treatnment) were fed 0, 50 or 10300614690

f3- carotene dal I% for 30 fdays. Blood was sanpled frfmall dogs via t?m

jugul ar vé % s 10, 20 and 30. Bl ood |ynphocytes and neutrophi l w: 2003

separ at ed by density gradient centrifugation. Cell nunbers were enunerat ed.

Lynmphocyt es and neutrophils were resuspended in PBS containing 3% sodi um

ascorbate as an antioxidant. An aliquot of the cell suspension was

soni cated for 30 seconds to disrupt thebeells. The | eukocyte honpgenat es

were extracted for HPLC anal ysis of f3-carotene. AVMENDED SHEET  02-05-2001
~, ~ US 000014690 I AM 0523 PB - 0 2 J U N 2003 _7_ On day 30) a larger

aI I quot off-barmieneas taken and Ieukocyte suspenS| ons prepared as descri bed

above for subs t -subce] | ul cti gnat re di ted by

soni cation for ?:%6133 g8ﬁ9@4 ?5/69 qﬁé’é 'ﬁﬁ ,@C@éﬁgfﬁdygg Sé%or bat e

was added fag att¥sabdiet (PHedans. CJhEeWi@BD@O)H)aNM@ﬁ m‘él@irreb(i:e@ﬁﬂj the00 x g 5 for

10 mn at 4C), and the nucl eg rgﬁellet separated fromth eos?ggernatant The

post nuc| edPadifgraentipnall egzeptia tP?'?tﬁgé’tT"('ﬁ'? vegts houged ind i lighty (1 ﬁ@" to
separage t twotmﬂoﬁddatbnfpre?ahré:ébnmedneéﬁmm PORBORES cBhdwtes i fudyt was

centrifuged (102, 000 ‘X for mn at 4C) to separate the m crosomal from
the cyt osdhedptakedqrota o E&aﬁo@m@@eramgﬁ peal dos@ ofiBcanetengzed f or

f 3- carot ene coRgLghqg ibhé"?dt&e 390@?»%?50@%9{6 séi@erf\% %gpg?ggrood

suppl enent ati on centrations o carotene rn perl
| ynphocyt esarolene aml&edegs o+ 6/treatment) wege glvmmcefmironailwt)eﬁa 100 by2@hocyt es

f d I
contrast . "Ha SF RO Tk T Affer WRSBNARITBARY COBS lihighifef ™ "
f 3car d0eneGgenamy)l The ammpaﬁecdo(sé of ﬂecamteﬁeiwasadmmedjap@ndahwmfaér
Th
concent r at MELBY RoHFiaREADb sYhidk T ormBkic SR hoop i w8 BiGe simseny
]1: 3- c?_r ot emw]zco ddbsomh retused mvg?rdomndfyt siudyabTbesmdbgewuwiedtmceuiaﬂ'el 50 nigar t

ractions 0ocC s ,obt ain r.om S n c .as
f 3- carot en C%ég%) ﬁ%‘xhﬁ’ﬁdﬁ@"}ﬂ' de@hé) EW‘?FP mi?i‘n ’?e |fgegn ggﬁpﬁocyt es
i sol at ed f@.01p,18; ¢8/2f ane24@r.suppl ement ed dogs The cytosol fraction

ted f 2% of the t f3 he | h I

SRS U RS AR A R TR R
m t ochondr \bvére( érfblﬁédﬂs‘iﬁ% FgH p@ﬁﬁﬁéﬁ&@ﬁtﬁd@hﬁna’i@&éaph? (IRPLC) 85 FBIbWAL Al

bet ween the cytosol and nucl ei . The dose of acarotene did not
have a si gﬁ"%’ﬁ@‘é{ﬁﬁ were PQEMSQ)H"QQ' dimy !ﬂhénpuﬂb‘fféﬁ@"ﬁ‘}‘)tﬁIﬁ’ép?ﬁﬂl?elqaﬁhar 25

fractions Pﬂk&?{c B geﬁaedaﬁweaameuks&éfsabéélmmﬁfrh%&.oﬁ%&é@%@&@a\m taken

up by all ubcel Tular fractions. However, f3-carotene was

hi ghest i nfﬂt1 "E’QU@sQfldletNﬂ WQWQWM&“GTHUGMPM@W%%BHJ sihf larly
t ak f 3afhd | d
ake 3p gﬁﬁﬁéfyaé'%dféd aﬁwahé@uhaéweﬁaérﬁ%f n;fﬂegeaﬂ THéesliRiewasl 1 €

by day 10, WI r rncrease In neutro 3-"car ot ene

concent r at r@ngsmuwrm@@pbyﬁ nﬂwe@uf theﬂrﬂ’@ﬂgt%mma;vnmfﬂo@fomm Hamples

3" car of enS0 I WaREIREAd BRY'AS ) Eoherieal €51 icBted. filbe At 0 150

wi t h bl ood nmﬁkmwaleﬁﬂ'eluted wnth a 47:47:6 (vivIv) mixture of acetonitrile, methanol, and
chloroform at a flow rate of 1.0 mi/min.

25 Results from this example showed peak concentrations of R-carotene
occurring between 3 and 6 hr post-dosing and were undetectable by 24 hr.
Subsequently, blood wae sampled from the remaining dogs at the same time
periods. Plasma was similarly separated and analyzed by HPLC.

Concentrations of plasma R3-carotene was undetectable in unsupplemented

30 dogs at all time periods studied. In contrast, there was a dose-dependent increase
(P < 0.01) in plasma B-carotene in dogs given an oral dose of 8-carotene. Peak
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sug%_loig%a?gr fractions, f&-carotene was the hi ghest((‘61 to 68) in tlﬁ%OOOOMGQO
cytosol i c tAMOSR3PEf bl ood neutrophils. No significant dose eff'ecut %S
observed. I'n a fourth study, female Beagles (4 to 5 npo old) were 2 JUN 2003
suppl enmented daily with 0) 25, 50 or 100 ng of fS5-carotene to study the
role of dietary f3-carotene in 5 enhancing the cell-nedi ated and hunor al

i mmune systens of the dog. The foll ow ng-paraneters were assessed in all
the aninmals or in the peripheral blood |ynphocytes: (1 ) delayed-type
hypersensitivity (DTH) against PHA (nonspecific immunity) and vaccine
(specific tomasntrations wéde dbsepledcatBenrpost-tibsingiandweré dondistantinciit

popul ati ons and (4) i mmupogl gbul i n 1 g). :;»-car | enentation -

S 10 ( tene sup
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reflected t response to bot he s (vaccine) and non-specific
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fed 50gg . t AW St f ' 0 f 15
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o esent | ng ERATHC BaR ekl A 8oibaiiafion BF b caRins BTSN, BPLOGEY
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signi ficant changes ,in t sets. ared tq.cqontrols ogs fe
20 or 50 m§oBFeciive days \gﬁﬁBhgggaﬁ&zéleak@d“%@Wan—&P Q{%‘V?g(week
8) . Dogs f egph-dfbsdBd oh the fovdiderag ifthetmbmihgarhesdi tBidod vaB @arphsd ecedf CDB
cells in weeks 2 and 4. The T cells cap be classified accordi r;‘g o the

expr essi on dgily epdayfimmediataly peentashe firgbdess) andsubsequently ahf i on
ol ecul e ange %o%igg(ldér%?mﬁirbt.@w PPR-THEBIBbA !’sambﬁnﬂiﬁéﬁwé éisBnibaséd 6f the

activation. The Ié&na})hocyt es recogni ze antigen In association with

the clHss Iresylisobiained in Bxarapla 1| whigle showerpeatopprnesntiations of feparotenpiat 6
i ncrease i haehbRRkeC Pﬁdsn‘?@ﬁ?@%ia?éd 25y éﬁ%%iygﬁfg S&gdoént%ﬂ%ﬁé(ﬁ rﬁberoiJH’e.

correspondi ng i ncrease In DIH response In 7g 0 50 ngeo
f 3- car ot ene. = AMENBEDosiRgEf dogpwith 8-caralene for 7-days modewssha doge-dependeat ~ 7003

| AM0523 PR crogen o <GURHAILMRT iroldHe, Al @8°phahebr kaGags cased

significantly n dogs i carotene as earl after dietary
suppl enment showed the stespesisneraase)ingdaily cancentratipes atplasmaB-cargtenpe Pagki 0 20
ng of -C : i ln_ ; ' t produce
a fur t%@r ia‘%g'%gﬁgaetp—ﬁ%g“gg“g}gzsgBllargr'ésoﬁ Qérgie(?\%?%rf&e e?g{ C sgé?sjt@gsv @ﬂhad t he
gr eat est amardteds in thipexasaplé wasisimitaritg thabobserved irethedjretrstédyact i ons of the

B R i R LA

t oxi ns, i nrhighérthan thet bhserved efterthgdirstdose. neutral i ze viral activity,

agg_l utinate A third study was designed to study the uptake of R-carotene in dogs by blood.

25  lymphocytes. The dogs (n = 8/treatment) were fed 0, 50 or 100 mg of &-carotene
daily for 30 days. Blood was sampled from all dogs via the jugular vein on days 10,
20 and 30. Blood lymphocytes and neutrophils were separated by density gradient
centrifugation. Cell numbers were enumerated. Lymphocytes and neutrophils were
resuspended in PBS containing 3% sodium ascorbate as an antioxidant. An aliquot

30  of the cell suspension was sonicated for 30 seconds to disrupt the cells. The

leukocyte homogenates were extracted for HPLC analysis of B-carotene.
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©m cczemgam sms or antigen particles and precipitate sol uble anti getd$ 000D14690
f 3z carot ene_ feedi ng di d/not influence ntogen-i nqu'éd | ynphocyt e

bl astogenééMs BxPPL- 2 production.. Lynphocytes are involved in - 02 JUN 2003
cell-nmedi ated i munity. Upon recogni zing an antigen, |ynphocytes wl|

di vide rapidly, thereby cloning thenselves in preparation for conbating a
potential invasion. In hunoral imrune response) IL-2 stinulates both T

hel per cell's and B cells to proliferate7rn 15 response to antigens. It is
required for the clonal expansion of antigen- or rnitogenactivated T cells.
In cell-nmediated i mune response, IL-2 activates natural killer cells,

sti nul at es t hy@regaye3pralardaraliguohofbidod was taencarndleakoayter swsgensiosi vity.
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for all es; h ef .2 m
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was col | ecte ugu ven| puncture, i ato ar,i ni t ubes on
waeks 0. ©Sstidy. "l catirest ssrotahe St Rttt B p Sy

astse33| ng d:aif roteme mmmea;s_ed (I?etOMW)M{aggth-deﬁ‘?ﬂd‘aitmrmePl ;aﬁm mn?
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et hanol COB@:ﬂpéﬂWd&bsﬁe%Bﬂﬁeﬂs@é ¢00 R@uystenelene (BHT) (Al drich Chem cal
Co., M| waukee The m X ? ><thracted Wit h rrb_eof aq]xlal m Xt ure
5% betr ol oum ot hERlETg BRBS! dBETHe Brihe vanqi Suqaaer
LEE%?SEQS?*;‘*%PS%?? P B B o W ka1
L, N0y - takapairhy alksubialin Tassns o sHIMBhORPE Rotelnd o faaisgone-
conparipng ahysblafheﬁtédruisys the oot frabBseascountdd for 52a6 62% 6k thé QétQFBUSI ng
peak height. The identity of the el ut ed compounds was confirned

conparing camsteneindbe hraphecyteswhile-thainuglel ﬁ‘é’ﬂta@ﬁddbﬁ towas (Ritey &) aB@b‘ﬁhse
Ease by af EAELERoRne, 1 BRSPS cAEARERIG W2y ! e
were intermediate between the cytosol and the nuclei. The dose of dietary -
carotene did not have a significant influence on B-carotene uptake by the subceliular
25 fractions on day 30 of feeding. The results show that B-carotene was taken up by all
lymphocyte subceliular fractions. However, R-carotene was highest in the cytosol.
As with lymphoc;}tes, blood neutrophils similarly take up R-carotene.
However, unlike lymphocytes, maximal uptake occurred by day 10, with no further
increase in neutrophil B-carotene concentrations observed on day 30. The cytosol,
30 mitochondria and microsomes of blood neutrophils also showed significant uptake of

R-carotene. In contrast, R-carotene was not detected in the nuclei. As with blood
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© 20 gpegaafnghi n. Del ayed type hypersensitivi ty response Ski n induratﬂ.@eooo 4690
response ‘was assessed inall dogs on weeks O, aqﬂ'd 12. Dogs were |ruf e

i ntrader neliAM 0623 PBe fl ank area with saline (859 control), an JUN 2003
attenuat ed pol yval ent vaGCi ne contai ni ng cani ne di stenper virus, canine
adenovirus 25 type-2, canine parainfluenza virus and parvovirus (Vanguard

5) Sm thkline Beachan) Wst Chester, PA, specific antigen), and PHA (0.5

glL; nonspecific antigen). The doses of.gvaccine and PHA used were

previously deternined to provide optinmal skin response in Beagl e dogs of
simlar age. The injection site was clipped and w ped with 70 %ethyl

al CothIANI Ogmghﬁbﬁé'@u@ﬁelbuﬁrllmtldﬁeﬁ Rlédtofshe vﬁgtnemﬁia@E(m&UF@ in tH&2, ; 95=2001

.. rati on ur e 48 and 72 h
post -i nj ec?XtB?Pl\‘Ran'P'PIQ %‘PGé Gﬁuﬁg%sf%wgﬁafﬁ dpsg e Retwasobserved.
pressur e- sensi tjh\eforhitf 'shﬁ‘iy, fansdle B%b@fes((Mté S%G’MB?] wEPé%ﬁbpléﬁaBﬁf&i é’eﬂﬂ

response was ex ressed as a per cent age of skin thickness neasured at 0 h.

Lynphocyt ewjth 8 5e5(b9f‘t99'!99ﬂf@cﬁ?f@@ﬂﬁé@§w%|ﬂﬁ (e REdigtary B-carotenghia 12 were
used tg %tﬁ@ r eral bl ood
nononucl earﬁi@cfﬂﬁ@%&%& Q?ang l'00 udrHeé %@fﬁiggh%dogeo-l‘;@]t ommc in
X i \(/(C)Io COR;ZII fallowing paramegtens wersseassessed ph@it tlnleeamgglslmumthe Rdﬂﬁh}aral:bdnm:hna\éal i 3
n m xed an
t hen dil ut @W%gt%&fﬁgdgﬁ&ﬁ&%fﬁ wse(?%gﬁﬂ aﬁ#%&% %'g?n cillin
St udi S's”h)s"”‘"“"“’f"f“ﬂt“é"’“ﬁ? (EHeeTD oL (3 '”"“"“"°‘?“Z)‘”“I"i’aﬁi°%‘@’l g 118
showed opt ﬁ%ﬂ@ gﬁtPP%?g‘[’ ?‘{)é Hg’é’l' "a 1:12 dilution. Triplicate
150 Nygvol urres mmtéwemimdnemtbﬂo@ﬁ\cvedéedrpmm Rajarstene cohesntratidnSth &Nl of
S
and 2.5 Ngbﬁéngésrgd?n‘émuywﬂbdtmn@ mmeesp‘dwg@@@bbmttherspeaﬂ&%&muﬁu(t he
hi gher mitogen concent rat i on) ﬂﬁsubo ptimal (I ower [gﬂ‘n concentration)

prol i f er at NGR-spesifie (RHHA) ?W’QBFﬁﬂl Seatestr Gﬁﬁ’@?edg iR rﬂf‘ B'PQ} GEMERB simi | ar
ani mal s. TBBsdR&d iH &0 d '50%@6? Efbafréiéng %Ih@réﬁs d%b@ fol ofhEMID & 5(‘) Rig of

i ncubat or under a % CO atnDsp ere. Four hodrs prlor to the
term ri& i oﬁ-wtene srnﬁwaﬁamfﬁap*éf higher DPHNespemse tp thehyancine Delavpdiapevel | )

e caunt efY By P Rei s B BB R O B BRI e

was counte scinti[lation
expr essed whgtlﬁ involing @n antibesty carpreRgnts Antigempeesenting eelissledam of

Sopr . RS o R o RIS
t hr ee ti meseleasenlypiphe, inas.eTbeﬁ kynm!nokmles rastn(mmacmphage; andcCause them t;t i ng
CEY LR BRI Sidas bt e i Aldlors IBAIGN, GO UERHNET
AVENDED SHHREighterigd cgllcmediétbﬂ rbsponsel\thﬂﬁgs fédR-caraténe.
R-carotene feeding also produced significant changes in lymphocyte subsets.
Compared to controls, dogs fed 20 or 50 mg of B-carotene had an elevated
population of CD4+ cells (week 8). Dogs fed 20 mg of B-caratene alsq had elevated
25  population of CD8 cells in weeks 2 and 4. The T cells can be classified according to
the expression of CD4 membrane molecules. The CD4 functions as an adhesion
molecule and as a co-signaling co-receptor. It plays a role in T cell activation. The
CD4+ T lymphocytes recognize antigen in association with the class It MHC
molecules and largely function as helper cells. The increase in T helper cell
30  population in this study can explain the corresponding increase in DTH response in
dogs fed 20 to 50 mg of R-carotene.
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% goat se[,cwnoyzg BR 2 gl L sodium azide. For inmunofl uorescence anal ysd2)JUN 2003
total of 5 x 105 cells were incubated for 30 m nutes on ice with opti nal
concentrations of nouse anti-canine 5 nonoclonal antibody (mAb). The mAb
used were specific for the follow ng | ynphocyte subsets: total T cells
(anti-CD5)) T-helper cells (anti-Ch4)) _g'_cyt ot oxi cl suppressor cells
(anti-CD8), |ynphocytes expressing majof histoconpatability conplex (MIQ
class I'1 antigens (anti-MHC class I1), and B cells {anti-CD21 ). Cells were
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i ssol ve y a et hano ti,ca ens t asure
at 570 nm usi n&d ‘8&’%?"@ i’gee?eo xﬂ?@"ﬂféﬁ%xﬁ?%gagﬁoﬁqﬁ g'g?‘l’a- pecific
| ysis was aiab@mloam@bra&n‘éqwrﬁw diepasd irbﬁsfébﬁmb%éﬂo'téhdl%o thé@Ub¥elfular- ((OD
of target cells and effector cel lpBGECD of effector cells) | (OD of target
I

cel | s39}) |qrganqllesafimmure\rgls and ogydes. gin thessjcell szﬁmrﬂtenprappeewdo
suppl ewentérmdwe&hhé'ﬁmanéagstéﬁa @ﬁhé*élbgtthfbﬁ?ﬁ%ﬁﬁéﬁééh‘?&bﬁ%é iﬁé@mﬁﬁﬁhé‘oo NL

of diluted blood were I nto | ates (Costar) Canbri MA) .
Cel | s wer despenggsPId wsmnwh(ﬁmodymghmyttasgbwmnct;mru@r fespppse asGhour s
at 370C in, @I\{%ﬁ sphere The plates were centrifuged at 200 x g for
10 m nut es an e sup nat ant was frozen at -80C. The IL-2 content of the
culture supernatant was determined in-triplicate by ELI SA 15 (Intergen,

Pur chase, The pol yclonal anti-human IL-2 cross-reacted with canine
IL-2 and r i nant human 1L-2 was used as the standard. Serum|~c ~G and
laM 25 Fifty six female Beagle dogs (17 to 18 months old; average body weight 11.4

1 0.4 kg) were randomly assigned to be supplemented daily with 0, 5, 10 or 20 mg
lutein for 17 weeks. The lutein contained 76.66% lutein and 5.23% zeaxanthin. The
lutein supplement was resuspended in soybean oil to the appropriate concentration
and 1 mbL administered perorally at 0800 h daily. Food (200 g/dog/d) was offered
30 immediately after the lutein supplementation. The basal diet met or exceeded the
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S A ected on weeks 0, 2) 4) 8 and 12 were anal yzed for 1gG

c?iné(‘:%e?r’]??git ions by singlg& radial inmunbdiffusion (§RI D). In addit ilggfbdgp:‘r’hego
dogs wer elAM0628&Bnated with the pol yval entwaccl ne (Vanguani 5) Smi0 hlduinngygs
Beacham) West Chester) PA) on week 13 and again on week 15 to study the
possi bl e anamestic effect of dietary lutein. Blood was col |l ected weekly
fromweek 13 through week 17. Goat antiserumto canine 1gG (10 % whole

nol ecul e) ‘or IgM (7.5 % N chain speci-{g) (ICN) Aurora) pH) was m xed with
nelted agarose ('LOglL in PBS;, Signa 25 Chem Co., St. Louis, M) and the
mxture solidified in SRID plates. Duplicate 5 NL volunes of serumor 1gG

(0, 2.88)repquirbments for amessbtial Attients (NRCO t985)0 AllGogb wele houdedirppig 22. 0
ngl M) standard _were loig}eﬁ,d into the wells. After iIncubating for 24 hours

at room t BrRANed2dogsipenying iaraperaiie (4hions ) and Yokl At lighd) eenteliadasur ed

using a i ' SERK K n Arbor, M). AMENDED
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Dupl i cat eindnétespopsesma sanpl es were pipetted into 15 m, glass tubes and
3 nmL of 10 glL phosphoric acid and 1 m of 6 glL TEA sol ution were added.
The m xture was boiled in a water bath for 45 m nutes. Tubes were all owed

t o cool ' aggtradtion Entt WPXCapalysisx was extracted with 4 ml of n-butanol. The
but anol | ayer s separated, by, centyifugation at 1,000 fqr 10 m nutes
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TEARS act totobhieioRSBRSY, pRisath protekiiiae phdipitateéd B§ aBdinglantddiial ¢SluRRi 6F Wer e

| db it plot A A [ the Ge [ 1 Model of SAS. Th
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consi der e@thoranhydrousdiefhd ethers i cant when P < 0. 05. esults as a ' 20

c A0NBIPLR AN PTG P < 0. 05 esul 0
nor oased 1 api S Oapy eige W) oslsBERIGHR thotile et PofladiRg LraTaTiars oos

concentr a(v:vm)smb@mqfl!rtﬂ-cf-eradeoamtﬁlehmébamcdmhlqpfqm@isheb&iegﬁiﬁqual ly,
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e ot b agrit e i
did not intluéence concenmpl ons o? plasma ré/t&r@? aﬁ a-?o%g'g erol .
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20  zeaxanthin. g

ayed type hypersensitivity response
Skin induration response was assessed in all dogs on weeks 0, 6, and 12.
Dogs were injected intradermally in the flank area with saline (8.5 g/L.; controf), an
attenuated polyvalent vaccine containing canine distemper virus, canine adenovirus
25 type-2, canine parainfluenza virus and parvovirus (Vanguard 5§, Smithkline

Beacham, West Chester, PA; specific antigen), and PHA (0.5 g/L; nonspecific
antigen). The doses of vaccine and PHA used were previously determined to
provide optimal skin respanse in Beagle dogs of similar age. The injection site was
clipped and wiped with 70 % ethyl alcohol. The injection volume was 100 pL.. Skin
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014690 0 2 J U N 2pp3 Del ayed- ne hypersensitivity res
Durqzﬁgégaﬁﬁpperl ods studig€d, DTH response to salin s low (3 to 1@§%%014690

i ncrease ijANBH5IB PBI ckness) and did not differ significantly anong 0 N 2003
treatment groups. Prior to lutein feeding (week 0), DTH responses to %HW

and vaccine were simlar 5 across alt dietary groups. Irrespective of
treatnment period, maxi mal DTH response to PHA was observed around 24 h

post -i nj ecti on whereas maxi mal responseq{.0 vacci ne occurred between 48 and
72 h. Al so, skin thickness response to was approximately two tines

hi gher than to vacci ne. On week 6, there was a dose-rel ated DTH response to

PHA at 24 iy Sﬁén% ‘e %l?fT 4@%&7&%8@%&%@@6({?@&#%@ Hfg2nd 72 h
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proliferat n a e was no significa 0
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25 Lymphocyte subsets

Blood leukocytes were separated using Histopaque-1119 (Sigma, St. Louls,
MO). Cells were washed three times with phosphate-buffered saline (PBS, pH 7.4)
and contaminating erythrocytes were lysed in NH,CI (8.4 g/L). Lymphocyte subsets
were determined by flow cytometry (FACScan, Becton Dickinson, San Jose, CA).
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Canine thyroid adenocarcinoma cells were used as target cells in assessing
NK cell cytotoxic activity. This cell line was previously shown to be susceptible to
20 killing by canine NK cell. Target cells were cultured in a T75 flask with 20 mL
minimum essential medium (MEM; Sigma Chem. Co., St. Louis, MO) supplemented
with 10 % fetal calf serum (FC 8), 100 U/mL of penicillin and 100 pg/mL of
streptomycin. When confluent, target cells were trypsinized, washed 3 times and
resuspended to 5 x 10° cells/mL in complete medium (RPMI- 1640 + 10 % FCS +
25 100 U/mL of penicillin + 100 pg/mL of streptomycin). Triplicate 100 pL aliquots of

the target celis were pipetted into 96-well U-bottom plates (Costar, Cambridge, MA)
and incubated for 8 hours to allow cell adherence. Lymphocytes (effector cells; 100
pL) isolated by percoll separation (as described above) were then added to the
target cells to provide an effector:target cell (E:T) ratio of 10:1. After 10 hours of
30 incubation at 37°C, 20 pl of a substrate containing 5 ug of 3-(4,5-dimethylthiazol-2-
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SHEET  .02r0~~2001 . IAM 0523 PB r~ "' -19 US 000014690 0 2 J U N 2003 This
provi des t tle2drgdudtion an i nproved response to vaccinations for additional

protection fromgh&E9%od was diluted 1:2 with RPMI-1640 supplemented with Hepes and

10  antibiotics (described earlier) and 400 pL of diluted blood were pipetted into 48-well
plates (Costar, Cambridge, MA). Cells were stimulated with PHA (400 pL of a 5
pg/mL solution) for 48 hours at 370°C in a 5 % C0, atmosphere. The plates were
centrifuged at 200 x g for 10 minutes and the supematant was frozen at -80°C. The
IL-2 content of the culture supernatant was determined in triplicate by ELISA

15  (Intergen, Purchase, NY). The polyclonal anti-human IL-2 cross-reacted with canine
IL-2 and recombinant human IL-2 was used as the standard.

Serum lgG and igM
Serum collected on weeks 0, 2, 4, 8 and 12 were analyzed for IgG and igM

concentrations by single radial immunodiffusion (SRID). In addition, all dogs were

20 vaccinated with the polyvalent vaccine (Vanguard 5, Smithkiine Beacham, West
Chester, PA) on week 13 and again on week 15 to study the possible anamnestic
effect of dietary lutein. Blood was collected weekly from week 13 through week 17.
Goat antiserum to canine igG (10 %, whole molecule) or igM (7.5 %, u chain
specific) (ICN, Aurora, QH) was mixed with melted agarose (10 g/L in PBS; Sigma

25 Chem. Co., St. Louis, MO) and the mixture solidified in SRID plates. Duplicate 5 yL
volumes of serum or IgG (0, 2.88, 5.75, 11.5 and 23.0 mg/ml) or igM (0, 0.25, 0.5,
1.0 and 2.0 mg/ml) standard were loaded into the wells. After incubating for 24
hours at room temperature in a humidified chamber, ring diameters were measured
using a SRID reader (Transidyne General Corp., Ann Arbor, Ml).

AMENDED SHEET



I T :shal be noted that no one anti oxi dant provi ded benefits to al|l
ofwoéalgyé%r}une system efanmi ned. For exanpl e) whil g both vitamin E atﬁ%%?@?g%igo
5 optimn zedMiosR3eBcel |l activation, vitamin E worked on the T cetl s0andun 2003
| utein worked on the B-cells. The inproved T-cell function is inportant for
fighting against viral infections and cancer, while the inproved B-cell
function is inportant for bacterial infections. Therefore, a conbination of
anti oxi dants provides synergistic effegfgs on the i nmune systemt hat

out wei gh the benefits of increasing the | evel of any one 10 anti oxi dant.
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N 2003 1. LT:%]G P@@iﬁﬁgﬁ (PBARBY@ds£PMPOSI ti on containing a conbination of
vitamin E~Tutern and ~T-carotene in the manufacture of a pet food product
for use in enhitirsma lipichperxidatiopactity was detempinaddyy mepswing 2. A use as
clainmed i " ' I cGSHPPRS ki | r about 175 to
about 400%%Bg¢'m\#p2€n§weﬂz)éﬁd%ﬁogran?%@gﬁlé(f@ﬁ%sgbﬁgpl to about 50
ngl day of teinamethoxypropane dME) (Sigma CherabCot, SE0Loujs,dQ).oDuplicatas®qile. 3. A
use as.clainmed in claim1l wherei.n said,c nLon_ani,nal i dog. 4. A use
e o o8 e seple? e AR M 2 A SRR RS aB e Bl o 3B 35 1o 0w
crude pr otghosphaiadid 4ntd MO6HE gL TBASokition wefe bdded."Themiktute atasroiled ber .

5. Th f t,f ' t aj ni mbi, nat | itamn E,
Cutern andn avaaf B8 45 MBS PR bar Al oo Biu R BRdoRy " "
opti m zi nGoniplewas @xiracted withdoil ofn-blimoliSThe butandelaybPRds separiéd bpn

containing a ,¢conbination of vitamn E, lutein and (3-carotene . in the

manuf act u r‘@"&?fu%at&‘tatﬂo&p %8 éguﬁn"\"&ﬁe% gog ﬁbi?%@nﬁﬂ‘@sﬁ'@eﬁ’%ﬁﬁg Aated2i n a
dog. 1o A mR{BEAeHar,FUNERLR,ICN). fTHe TBARS ALY Wal RRpFRSES itF Amole MODRQPaNI on
animal conmprising a conbination of vitamn E) lutein and ~i-carotene. 8. A
pet food d#@YB8ition as clained in claim7 wherein said conmposition

i ncludes from about 175 to about 400 11U of vitam n E per kil ogram of diet,
fromabout 1 to about 50 nglday of lutein, and fromabout 1 to about 50

ng/ day of $tatistiesot ene. 9. A pet food conposition as clained in claim7

wherein sai d CQiRaRE aRBIEL bY SpR-FIAIANOVA using the General Linear Model of
SAS. The statistical model was Y, = i + Diet, + Dog{Dlet) (error term used to test

16  the effects of Diet) + Period, + Diet, *Period, + e,. Differences among treatment
means were compared using orthogonal contrast and were considered statistically
significant when P < 0. 05.

Results
Plasma
20 Plasma concentrations of lutein + zeaxanthin in lutein-supplemented dogs
increased rapidly after 2 weeks of feeding (Figure 1). Plasma concentrations
continued to increase thereafter, although more gradually, in dogs fed 10 and 20 mg
lutein. In contrast, plasma lutein + zeaxanthin was not detectable in
unsupplemented dogs. Concentrations of plasma lutein + zeaxanthin on weeks 2
25  through 12 was significantly higher (P < 0.05) in dogs fed lutein than in
unsupplemented animals. Lutein supplementation did not influence concentrations
of plasma retinol and a-tocopherol. Concentrations of these vitamins across all
treatments and all periods averaged 3.63 1 0.14 and 37 + 2 ymol/L, respectively.
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10, #=2 10%y{ Jich-induced PBMC proliferation :
Dietary lutein did not significantly influence spontaneous proliferation by
unstimulated PBMC. There was no significant effect of dietary lutein on PHA-
20 stimulated PBMC response on weeks 0'and 4. However, proliferative response was
enhanced (P < 0. 01) on weeks 8 (10 pg/mL PHA) and 12 (2 and 10 pg/mL PHA) in

dogs fed 20 mg lutein compared to unsupplemented dogs. Dogs fed 5 and 10 mg

lutein also had higher PBMC proliferation on week 8 in response to 10 pg/mi PHA.
The effects of dietary lutein on Con A-stimulated PBMC proliferative response
25  were generally similar to those observed with PHA-induced proliferation. On weeks
8 and 12, dogs fed 20 mg lutein had higher PBMC proliferation in response to both
concentrations of Con A. Dogs fed 10 mg lutein also showed higher PBMC
proliferation on weeks 8 and 12 in response to 5 pg/mL Con A. Generally, PBMC
proliferation was higher with 5 pg/mL than with 1 yg/mL Con A.
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1090v&’ () - orsergachwitiPHA and Eongd.0BRos fed %0 mg menn/&aq)siggzlf oaﬂﬂmblspeEg\ e
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T ) ERUE A e TS sl o Al P o
$1094HH& (yomparedsmmlemented srdrgkscsrigse fed*10 mg Iuteln also had higher
5  proliferative response on week 8. Again, no significant treatment difference was
observed at weeks 0 and 4.

Natural killer cell cytotoxic activity
Dietary lutein supplementation did not significantly influence NK cell cytotoxic
activity. Specific lysis of target cells by PBMC averaged 49.1 £ 1.1 % across all
10 treatments and sampling periods. '

ocyte subpopulations
Prior to dietary lutein supplementation (week 0), there were no significant
differences in the percentages of any of the lymphocyte markers. On week 12, %
CD4+ cells was higher in dogs fed 5 and 10 mg lutein whereas the CD8+ population
15  was not influenced by the diet. On the other hand, dogs fed 20 mg lutein had
significantly higher % CD8+ T cytotoxic cells on week 8 compared to control. The
ratio of CD4:CD8 was similar among treatments on weeks 0, 4 and 8 but tended to
be higher (P < 0. 08) in dogs fed 10 mg (2.5 0 £ 0.16) compared to control (2.10
0.16).
20 On weeks 4 and 8, dogs fed lutein generally had higher percentages of CD5+
cells than unsupplemented controls and was statistically significant with dogs fed 5
and 20 mg lutein. Dogs fed 20 mg lutein also had elevated % MHC class 11 cell .
populations on week 8 and 12 compared to unsupplemented dogs. Dogs fed lower
~ amount of lutein had MHC class 11 populations similar to control.
25 In contrast to other lymphocyte subpopulations, dietary lutein did not
significantly influence the CD21+ B cell population.
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Concentrations of iL-2 in culture medium averaged 15.7 + 0.4 ng/mL throughout the
5  study.

Immunoglobulin production
Plasma IgG concentrations tended to increase (P > 0. 05) throughout the 17-
week sampling period. Concentrations were similar among dietary treatments
during the first 12 weeks of dietary supp]ementation. However, after revaccination
10  onweek 15, plasma IgG was higher (P < 0. 05) on week 16 in dogs fed 5 mg lutein
(P < 0. 05) and on week 17 in dogs fed 20 mg lutein whereas the concentration of
plasma IgM was not changed.

Lipid peraxidation
Lutein supplementation did not significantly affect plasma TBARS activity
15  which averaged 95.8 £ 0.1 nmol MDA/L across all treatments and periods.

Discussion

The results show that dietary lutein significantly enhances cell-mediated
immune response in the dog. Lutein supplementation stimulated the proliferative
response of PBMC to PHA, Con A and PWM. There was a marked increase in

20 PBMC proliferation in response to PHA and Con A at week 12 in dogs fed 20 mg
lutein. . .

The data shows that enhanced mitogenesis by dietary lutein is likely
attributed to increased p‘opulation of lymphocytes. Dogs supplemented with lutein
had higher populations of CD5+ and CD4+ cells. Dietary lutein may specifically act

25 on T lymphocytes because no changes in B cell population were observed with
lutein supplementation.

The data also showed that lutein supplementation significantly increased
PWM-induced PBMC proliferation at weeks 8 and 12.
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reexposure to the antigen, plasma 1gG concentrations increased in lutein fed dogs,
suggesting an anamnestic effect of dietary lutein in increasing the memory B cells’
ability to secrete IgG.

10 In summary, dietary lutein enhanced canine T-helper cell population and the
expression of MHC class |l molecules, resulting in increased mitogen-induced
canine PBMC proliferation and DTH response. Also, lutein is believed to increase Ig
production.

A summary of the results from each of the studies are summarized in Table

15 1.

Table 1
Benefit Vitamin E g-carotene Lutein

Optimize immune v v
cell activity (T-cells) (B-cells)

20 Optimize types of v
cells present in the
blood

Increase antibody v
levels in the blood

25 Optimize vaccine v v
recognition by the
dog -

Fig. 1 illustrates a 20% increase in antibody levels in the blood with the
addition of B-carotene to the diet.

30 Fig. 2 demonstrates the ability of the dog to recognize a vaccine. As shown,
recognition is improved by as much as 32% with the addition of lutein to the diet.
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$10% & () - Z' 10®ufd be noted that no one antioxidant provided benefits to all aspects of

the immune system examined. For example, while both vitamin E and lutein
5  optimized immune cell activation, vitamin E worked on the T cells and lutein worked
on the B-cells. The improved T-cell function is important for fighting against viral
infections and cancer, while the improved B-cell function is important for bacterial
infections. Therefore, a combination of antioxidants provides synergistic effects on
the immune system that outweigh the benefits of increasing the level of any one
10  antioxidant.

AMENDED SHEET




| REARUR-BDO1 109 ()- , YI0%&' ()-S310%& ()- ay,z{ |py}}xV5{\: 0I _
xL%lO%& (KA G #1009 H- 172#10% & ()-1n"F ~$10%K0V& ()-2° US 000014690
> $109R8&' (A @5?3FPB$10%& ()-Z} GUWWKco{\ =0"! x&@0% & () - FlO%& () - mpL0,49
10: 109%&’ ()-!\ L' t $109%V& ()-G V' L' t $109%4H& () - Got } [ 9{\ =0" ! 2003
1D 1 1$10%N-N& ()-!yl | $109BB& ()-!'F 10%:& ()-F 10% & ()-!F

109& () - &F10% & ()-$G/WB{\=0"!1! W 9$&$10%& () -G " 9$&$10%& () -G 9$&$10% () -G
11 $109%& (3-)INT1$10% : & ()-10 11 $10%R0¢)-. ~{Y80"!! r 0*10% & ()- 'A
T*109& ()- !'#'0*10%!; #>1; #& ()- 10 10: 10:;

0%&()-'a9$&$10% & ()-G-fdB{Y80"!! r

01" 110% & ()-110% & ()-10% & () -1 4" ICRARIS ) - 10% & ()-!10% 0& () - zu*={ Y80"!
1" $109 & () 11" #10%& ()-29!110% & ()-1° 10% Y Y& ()- 10% & ()-Y
10%&'()-!"#$Z[PE:O"!! 100 10" 107;10% & ()-!L.#10%& ()-!.#10%& ()- -

10% & () -4Q | (‘The Y& of goént*od ﬁdrﬂ&&n(g)a combittafisf8t \itamin E,
* & 109& S) S & 10%& ) S) ! & 10%

&* 109%& () ngmqg),%p@ ena |n mugpc(tytegof aa/gq_t(f%q grodyctjfor use in enhancmg

“IBL0%& Gherfll ;?&n@eu& a(dompani@WEdinfal - ! | #10%& ()- D+ z[<1:0 10°
10% & () - 7910 -\ V0$10%35& ()- 1V VO$109%& () - ! VO$S10%~& () -

2. A use as claimed in claim 1 wherein said composition includes from about 175

to about 400 1U of vitamin E per kilogram of diet, from about 1 to about 50 mg/day of
lutein, and from about 1 to about 50 mg/day of B-carotene.

3. A use as claimed in claim 1 wherein said companion animal is a dog.

4, A use as claimed in claim 1 wherein said composition comprises about 18 to
40% crude protein, about 4 to 30% fat, and about 4 to 20% total dietary fiber.

5. The use of a pet food composition containing a combination of vitamin E,
lutein and B-carotene in the manufacture of a pet food product for optimizing immune
cells in a dog.

6. The use of a pet food composition containing a combination of vitamin E,
lutein and B-carotene in the manufacture of a pet food product for optimizing vaccine
recognition in a dog.

7. A pet food composition for enhancing immune response in a companion
animal comprising a combination of vitamin E, lutein and B-carotene.

8. A pet food compoéition as claimed in claim 7 wherein said composition
includes from about 175 to about 400 1U of vitamin E per kilogram of diet, from about
1 to about 50 mg/day of lutein, and from about 1 to about 50 mg/day of B-carotene.

9. A pet food composition as claimed in claim 7 wherein said companion animal
is a dog.
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