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1. Me refiero al auto dictado por ese Despacho notificado mediante fijacién en
lista de 28 de Diciembre de 2006.

2. Dea

cuerdo con el Concepto Técnico No. 1988 se tiene que:

“Como resultado de la biissqueda de anterioridades se encontré que la
solicitud en estudio corresponde con la solicitud europea con nimero
de publicacion EP1213971. En el examen de bisqueda se reportd
como encontrados los documentos:

D1: J.E. BRANAM: "Dietary management of geriatric dogs and
cats” VETERINARY TECHNICIAN, vol. 8, No. 10, 1987, pages 501-
503, XP000978775.

D6: E. KOLB ET AL.: “"Zum Bedarf an vitaminen and an
Ascorbinsidure beim Hund, mit Bemerkungen zur Publikation von
M. Torel, TU 51, 785-790, 1996"” TIERAERZTLICHE UMSCHAU, vol.
52, no. 12, 1997, pages 728-733, XP000978781 KONSTANZ, DE
ISSN: 0049-3864.

D8: KEARNS R ] ET AL: “EFFECT OF AGE, BREED AND DIETARY
OMEGA-6 (N-6) OMEGA-3 (N-3) FATTYACID RATIO ON IMMUNE
FUNCTION, EICOSANOID PRODUCTION, AND LIPID
PEROXIDATION IN YOUNG AND AGED DOGS” VETERINARY
IMMUNOLOGY AND IMMUNOPATHOLOGY, AMSTERDAM, NL, vol.
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69, n . 2/04, 1999, pages 165-183, XP000924834 ISSN: 0165-
2427 US ISSN: 0022-3166.

“Esta oficina requiere que el solicitante proporcione en un plazo que
no excederad de 3 meses, la copia de los documentos mencionad s

anteriormente. Nos permitimos recordarle que si ef solicitante no

3. Para responder a los requerimientos del sefior Examinador de conformidad
con el Articulo 46 de la Decisién 486, anexo me permito presentar a ese Despacho
copia de los siguientes documentos solicitados:

=  D1: ].E. BRANAM: “Dietary management of geriatric dogs and cats”
VETERINARY TECHNICIAN, vol. 8, No. 10, 1987, pages 501-503,
XP000978775.

= D6: E. KOLB ET AL.: “Zum Bedarf an vitaminen and an Ascorbinsdure
beim Hund, mit Bemerkungen zur Publikation von M. Torel, TU 51, 785-
790, 1996” TIERAERZTLICHE UMSCHAU, vol. 52, no. 12, 1997, pages
728-733, XP000978781 KONSTANZ, DE ISSN: 0049-3864.

= DB8: KEARNS R ] ET AL: “EFFECT OF AGE, BREED AND DIETARY OMEGA-
6 (N-6) OMEGA-3 (N-3) FATTYACID RATIO ON IMMUNE FUNCTION,
EICOSANOID PRODUCTION, AND LIPID PEROXIDATION IN YOUNG AND
AGED DOGS” VETERINARY IMMUNOLOGY AND IMMUNOPATHOLOGY,
AMSTERDAM, NL, vol. 69, no. 2/04, 1999, pages 165-183,
XP000924834 ISSN: 0165-2427 US ISSN: 0022-3166.

4. En vista de todo lo anterior, ruego a usted proceder de conformidad y
conceder el privilegio de patente solicitado.

Senor Superintendente,

—

T.P. 37.172
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Dietary Management of Geriatric ., 987
Dogs and Cats

J Edward Branam, DVM, &t Tuch-
« Rical Services Manager for Hill's
Pxt Products, Far West United States,
Dr. Brunam Tecaived his veterinary de-
gree from Michigan State University.
Alter two yearz. of priveie practice, be
completed » smadl animal internal medl-
cine residency at the Veterinary Medical
Teaching Howpital, University of Cal-
fornia, Davis. He remained on stafT a1
Davis For 1wo yssrz conductlag re-
search, tenching, and specisliing in
climical geristric medicine. For three
years. Dr. Branam was associated with
a refercal practics In Sacramento, Call-
fornls, before accapting a position with
TI's Pat Products, Dr. Branam #as m-
thored sclentific papers and consuited
with valerigarisns snd pet owners
throughoul the western Upited States
regarding a wide variety of senall animal
nulritional and medical conditions.

During their aging process. dogs and
" tau experience significant wwratioas in
nutriens wilizatton and develop 3 height-
eoed sensitivity 1o both pourient excesses
and deficiencies as wall as sbeupt dicrary
changes, Al five (0 seven years of age In
eilker specics, these mutritional changes
become cltnically imporant. Largerbreed
dogs typlcally cxpericnce the need for di-
ciary alterations carlicr than do cats snd
smaller dogs. Inadequare considersiion of
these changing reqmirements Iacreases the
Hsk of munritionally relaved disesse in
okder dogs, direcdy reducing quality and
length of life.

Altereg Nutrient Requirements

Curress medical evidenct indicstes that
mutriem requirernents ia older cats approx-
Imate those of their young sdull counter-
pars. Geriatric taws are more sensitve
nutriem imbalances, bowever, sod suffer
from tmany of the tame life-thoniening (-
Desses Omt effect gerimiric dogs. There-
fore, the quality and quantiry of the dict
fed to older cats bave imporunl medical

Several imponam physiologic changes
are responsible for the alicred nurien re-
quircreny that oecur with aging, Reduc-
tions in physical sctivity ‘aud lean body
mass result ip & decreased metabolic rate

-.-.._mﬂﬂ_)_h

and reduce caloric needs for Jasintensnce
by approximaiely 20%. These changes
fepresent the primary reasons that pearly
40% of qur aged pet population Is obesc.
Animals weighing more than (5% sbove
thelr optimuem body weight have been
linked with nartisg increases io the inci-
dence of Life-threatening diseases. One Te-
tent study showed increates of 74% in
cases of heart discase, §7% in cases of
musculosketetal disesse, S0% In rumon

- diagnosed, and 40% Jn 1kin prodlems scen
; In obese dogs.!

o copmast. some older pets have re-
ducod sppethe and redoced digestive-sb-
orptive capaclty, resuliing in inability w
maintais optimal body weight. Smell snd
tste may be diminithed with aging. These
changer reduce b kaimal's desire o eat.
Malntepance of good oral hygiene iy slzo
imporant. Glegival inflummation and re-
cession fren exceasive accumulstion of
plaque &7 well ws oral infections can shso
reduce food inake. Older wnimals tha: ex-
perience a reducion in safiva production
may shoew Ronher decresses {n sppethe
and ora) beslth,

Aging affects the funciioa of virmslly
cvery orgag system. Reductons in diges-
tive secreions, shaorption, and motllity
comTidule 0 constipation, flaruleoce, and
aboormal atimiation of amrients, Reduc-
tions In thyroid, edrenal. and exocrine
pancreatic functioms are also common -
quelae of the waing process. In addition.
kidney, skin, musculoskeletal, heart, tung,
and pervovs disorders increase with age.
Fecdiog geristric animals opeimal Jevels of
critical oytrients can vduce the incidence
and severity of ifinesses retaied 1o dys-
function of these organ systems.

Management of Older Mytz

There are three major cbjecrives o the
oanagement of older animals. They in-
chude:

* To slow or prevent aaset of discase
* To amelioraze existing peoblems
* To maiptain oprimal body weighs.

All three objectves can be achicved by
medical or surghen] Incerventioh, physical
sctivity, and dietary masagemen:, Medical
or purgical imervention or bot can be e3-
sentis] bz may also be invasive xod haz-

*andous and require continual prfessional
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atention, Physical setivity, if propery
handled, majntaine mosele tone,
clrculation, improves elimination of waate,
and reduces obesiry. If medically judi-
clous, one of two 15-minute walks daily
cam be of grear benefis to the older dog:
For cals, punes rtquiring modernte phvyyi-
cal exertion are . b
Proper dierary management can have
sigmificat impact on older pets. Ensiring
mainiedance of oplimal putriem Jevels i
older dogs and cats reduces suess oo ma-
jor boady organs amd cewbolic processes.

“When properly formulaed, diews for pert-

stric peiy courain moderate ﬁ;fu:tﬂv
ity proteln and have essen -
?::,Ivimnim, calcium, tinc, and Bber in
amoapnts greater thas suggesied for your-
ger aduk satmals, These dicu should mot
contaln excessive amounts of phosphorus
and sodium (Table T). In additlon, cats re-
quire reswriction of dietary magnesium.

Protein

Proselns are the major source of Lissue-
bullding elements in the dier. Specifically,
prowine fimelion a3 compantnts of ea-
zymus, hormones, and aptibadics &s well
A% protective sad nructaral tissues and, as
such, are exsential Guroagheut all phases of
an animal’s life, cven oid age. While pro-
teln is an essentinl autrient, fod in excess v
can be deximennl 1o oM older animal,
particularfy as & major organ fuscdon,
such at kidaey or liver, beglng to deterio-
TalS. i .
When fed in cxcess of badily uveeds,
proiein cannot be siored but must be waed
83 cnctgy O coaverted 0 fag for sorge,
Dietary protein is metabolized dy the liver
w 3 sbsunce called wrea OF wrea nitren
gen. Measurement of nres uitrogea n
blood (blood ures altrogen, or BUN) is &

TAPLE 1
Nutrient Requirements
for the OMer Dog

Mainsenarcs Geriarnie
Nurrien (% dry maner} (% dry maser)
Prows 18-25 13-13
Culeivm 0.50.9 0.5-0.3
Phophers 0.4-0.0 0407
Sodium 0.2.0.9 0.2-0.4

I\
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routine procedure. Dogs and Lats undergo-
ing liver fallure may have unusually low
BUN values, while doga and cats with
chropic renal fallure may have unussally

* high BUN values (Figure 1). Feeding high

quantitics of protein to animals with he-

patic disease or renal failuce revales in des

velopmera aof clinical signs and can sei-

;:\fult compromise the quality of a pet's
€.

Becuuse cxts are troe casnlvores. they
require lasgor amounts of dielary protein
than do dngs. As 2 result of the high inci-
dence of lidoey discase in older caw, how-

ever, thair dics chould contain high-quality

prowin at somewhat reduced levels.

Caleivm

Calciam requirements may iacrease
moderately with age lo dogs because of re-
Juced calcium-sbsorplive capabilitles in
the small bowel. Despite the increasad di-
eary cequiremems, calcium deficiencics
are unully oaly seen ln pets fed home-
trade digl, .

Caleium axcesper are typicilly derived
from dicn formulsied for gromh (muld-
purpose diets), diets high in mear and
bont meal, or dietary supplanent. Clini-
cal sighs associated with calciuen excess in
older dogs include 2lne geficicncy, re-
duced thymid funcion, wnd possibly gas-
wic blex and torsion.

Gastrin secretion is increased by exces-

sive ingestion of calclum, readlting in-

thickening of e gastric mutoss and de-
Inyed emiptying of food frorn the stomach,
Recent studies support this hypothesis that
ehronic excessive dietary calchumn may be

" s risk factor for bloat and torsion in isrge-

breed dogs.?

Phaspharus .

Impraper ratios of calclom to phos
phorug can cause secandary nutritionat by-
perpanathyroldism. Low-calcium, high.
photphonu foods include mest or orgen
tayes (m:iumn-‘qhospham mtlo of &
Teast 1:3), Cliniesl igns of hyperparsthy-
roidistn include Jamencss, tpontaocous
Grattures related t0 calcium reabsorpdon
from booe to offset high serum phos-

phorus tevels, and renal caleification. Ex- |

cess diewary phosphorus prometes kidney
disenss by increasing glomeralar filuation
rate (mcreased biood flow o the glomery-
lus over a sustained petind results in gle-
endlar damage and sclervais) and by pro-
oting calcium and phosphoraa deposition
in the kidney (cesulung from the incresscd
serum levels of these minerls).

Sofum

Many commercial pet foods typically
provide sodlum a1 B0 w 150 mg/kg of
bady weight or from [0 o 20 dmes the
amount required for older coimals. Excess
wdium promotes retetiion of Nuids, hy-
percasion, and cardiovascolar asd renal

BNSDOCID <X 078776A_t_»
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Excreted in urine

occur in cogversion of protein 1o energy.

Figure 1=-Shown is the sormal pathway of coergy production indicating the changes thar

disense. Sodium inmke should de re-
ssictad © required fevels in older ani-
mats. .

Iowestinal absorpion of aisc declines
with age in many doge. Clinical signs of
deficlenciet mon commenly toclode re-
duced sppetite and es in skin and
haircost, Adequate zinc It necescary
normal seumions of Gale and smell
well a3 irsegumencary healih.

Megnarixm skin -

Felina uologic syndrome (FUS) repre-
seoll one of the major medical health care
conceros of cal oWnery. It b cstimired tha
1 of 10 caxs wil) develop the syndrome in
ity lifetime. Excamsive dictary magoesium
is 1 sigpificant factor in the pathogenesis
of felive urologic syndrome. Obesity, re-
duced physical sctivity, and naytering
have been identified as pradisposing fac-
tors that jocrease the incidence of feline
vrelogic syndrome when levels of dieary
mAgnesNm we clevated, Becauso the per-
cenage of cats exhibiting these pradispos-
ing factom Increases with age, dietary
magnesium resuiction more im-
poragt in older cas. The recommended
dletary magnesium cantent should oot ex~
ceed 0.10% oa s dry-mater basis or 20
my/100 kel of diet. (Many commercial
foods conmin one and onc-half o chree
tithes thix amount of maramsiom. )

AN

Fiber

Greater dietary fiber cantest promotes
gasointestinal bealth in older doga, Tn ad-
diton, increased fiber moderutely roduces
weal food digestibility, assisting glucose
tolerance and promoting proper 500l cone
sistency apd maistemancs of body weight

Increased intake of vitmmins A, By, B,,
Bg. and E iy indicard in older aniroaly be-
caue of changes in e digestive symem
and mewbolism associngd with aging.
These vitamizs al»o coumterac cenaim as-
pects of the aging process. SPECIFIC
NUTRIENT ALTERATIONS RE-
QUIRED BY OLDER PETS SHOULD
NOT BE ATTEMPTED BY SUPPLE-
MENTING POOR DIETS.

A diet specifically formmlated to matt .

the mutritional needs of older animals
should be fed. Because of reduetion in di-
geative and absorptive capabilities in older
dogs and cus, & singhe Gxed-formulation
diet is recommendad.

Indoor pets showld be fod tn 2 location
separmts from the family eating area dur-
ing the owner’s morolag and evening
meals. This reduces begging behavior as
well as the desire of family membets ©
feed table scraps. Older wnimals thar are
having difficulty meintining sdequats
body weight or showing dacreased appe-

105
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te should be fed 2 palatable,
"high-caloric diet specifically for-
mulated for older animals and
should de fed fequandy, Mand-
feeding. warming e food, and
adding water to the food will im-
prove palacability. Feedling 3
proper diet and mainaining opti-
mal body weight throughout an
animl's older ycars esn pro-
foundly affect doth quality amd
lengh of life.
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This anicle on clini-
cal nutridon is one
of a regular series
wrirten speciflcaily
for vererinary tech-
picians. The series
is designed for the
practicing technician
as as introduetion to
and tpdate on the
role of putridon in
mapagemeat and
treamment of a vari-
ety of clinical disor-
ders that are com-
monly seen is dogs
and cau
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tum, M. crofuluvenin, M. chelonoe, M.
avium und M, intracellulare (2iL. nach
Stoadrek a,u,, 1994),

in der Slowukei und in RuBland stieg
dic Tuberkulosemurbidith seil 1991
yogar wieder sn (Tabelle 2). !m Ural, in
West- und Qswibirien sowle im Femien
Osten lagen im Juhre 1993 dic durch-
schninlichen  Morbidicitswene  der
Lungentuberkulose bei Menschen tber
dem Landesdurchschnitt von 39,5 Fil-
fcn awr 100000 Einwohner {Moxkva,
1994). So xum Beispiel beirug die TH-
Morbididit in, Tuva 83,1 Fille pro
100000 Einwohner, in Primogje (Vla-
divasiok) 71,3/103000 E., im Chabaro-
ver Gebiet 63,3/100 000 E. und im No-
vosibirsker Gebier $9.0 Fille auf
100000 Einwohner (Abbildung I).
Gilinstiger war die Situation im Mur-

\ mansker, Archangelsker, Vologoduker

und Suviopoler Gebiet sowie in
Balkertostan. Hier lagen die Merbl-
dithswerte unier 30 Filleo/100 000 E.
Eine hohe Erkrankungshdufigkeit wan-
de in elnigen ntrdlichen Landestellen
der Jakutlschen Republik beobachtes.
Die Regionea des Hohen Nordeny
gehtren  hinsichtlich des  vorhenr-
schenden Kiimas 2u Extremgebicten,
Typisch sind lange. ravhe Winter, kur-
z¢, kalie Sommer, c¢in verlinderes
Lichtregime (Polamichie, Polurtage),
krifiige Winde, intensive magnetivche
Einfllste, unbewohnic und cintlinige
Landschaficn sowie ecine ancnarme
Planzen- und Tierwclt (Aveyn u. Kes
aig. 1970). Neben geographischen und
klimatischen Faktoren beeinfNugsen o-
zisle Gegebenheiten dus Krankhelts-

.geschehen der Tuberkulose. Marina

(1970) crwihnte, dabl in der Jaku-
tschen Republik schiechie Wohn- und
Lebensbedinguagen {dic  Unterbrin-
gung mehrerer Fumilion auf kieinem

uwm), gesundheitwidrige Verhal-
tensweisen (UnterkUhlungen) oder die
ungenligende Gesundheisbetrevung
eine Verschlechterung der Immuniats-
lage besonders bei Kindern bewirkien
und die Verbreitung der Tuberkulose
forderten.

Literatur bel der Autorin,
Anschrift der Verfasserin:

Dr. Silke Mitro, Ouo-Behaphel-Sur.
1/D, 35394 Gicley,

- TU21997
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iure beim Hund, mit
en zur Publikation von

Ascorbins
Bemerkung

angaben)
beim Hund

XP-000978781

Vitamin E (40-70 mg/kg) und mit Se
{0.] mg/kg) hemm: dar Aliern, insbe-
sondere die Entwicklmg von Arierio-
sklerose. B-Vitaminprlparase sind bel
Anorexie Uber 10-14 Tage x verabrei-
chen Bei viglen Erironkangen st der
Verbrauch on Ascorbingliure erhdhe.
ohne dof die Biosynthese sunimmt. Zur

Zusammenfassung
Fir den Hund ist ¢in

UV-Bessrahlung kein ieamin D, dil- | Aksivienmg des immunsystems werden
dan. Der Bedarf wird) durch einen | Priparaie mit den Viiamirien A, D, und
Zusorr von 800-1200 LE/&g Futier- | E sowle mil Ascorbinglure angewen-
T™ gedecks Eine gure Wersorging mir | det,

Abstruct 1 Einleltung

Viianin and ascarblc peid require- | Korzlich hat Torel (1996) dic Frage der
ments of dogs Entsichung und VerhGrang der Hufige-

lenksdysplagie beim Hund diskuticrt
und dabei u.3. vine eshdhie Aufnahme
der Vismine A und D, alz méglichen
Hilfs(akior ftr ihre Enutehung angese-
hen. Von diesemn Autor werden ver-
sehiedene nevere emthrungsphysiolo-
gische Eskenninisie zum Bedarf an
Viuminen beim Hund nicht berlck-
sichrgtund Gbeedles dberholte Vorstel-
lungen (x.B. die Eigensynthese von
Vitamin D, in der Haut bei UV-Be-
strahlung) verweten, so dab eine Dar-
stellung der watslichlichen Verhlilinisse
des Bedarls und der Bedeutung der Si-
cherung der Versorgung Rir die Echal-
wng der Gesunaheit und Leisrungs-
fihigkeit von Hunden 2weckmiBig i51.

commended o ensure o
aciivity of rhe immune

on of ascorbic avid Inc

bivsynthatis & 1ot increasyd. Prepora-

tigns continlng vitamin A, D, and £ | 2 Zum Bedarfan Vitamin A

tngether with azcorbiv acilf are indica- | Yon Yorel (1996) wird wkritische bo-
ted for the stindarion of|the immune | merkt, JuB suf dem Marke kaum noch
ylem,

Prujdukie vorkommen. dJie weniger sls

In



, ters ungefiihit, das 18000 J.E./kg cni-
" hiil, Nuch Muinung van Torel (1996) |

WA GINALIE

(O.OR3Y. 1830, 135, 666

mgfke) im Youer von Ki
Schlupl an ouf die Anikiom
wmersught. Am 20, Tay des
wurde als Antigen §-Cuscin { [{my) mit

15080 LE. Vivunin A je kg Funer cni-
lalien. Als »schicchiesas Belspicl wind
dic Zusammenaclwng ¢ines Feniglut- |

. ist ein Gehalt an Vitamin & von 9000 | Zusntz von zerklvinencn Zeflen von

| [.E/xg TM empfohlen. |
‘ Bei der Bemessung des Bedarfs an Vit-

! ser yum Ermeichen einge optimalen

g
g
g
g
2
[
|
3

LE./kg Fuuer ausreichend. Von der Ar-
beitsgemeinschaft fitr Wickwtoffe in der
Tieremahrung (8ehm eral., 1991) wind
fur Hundefuuer cin Zusatz an Vitamla
A in Hhe von 8000 - 12006 I.E/kg TM
bzw. van Mever {1990} - je nach
Leistung ~ ein Gehalt von 8000-24 000

e
&
3
[4]
&
&
™
=
-
-
2
S
>

nahm die Antikdrperbiidung 2 und er-
reichte bei sincm solchen vod 22200
LE/kg den hichiten Went, bei dieser
Zulage war auch die Proliferagon von
T-Lymphoryten bei Zichtunp unter
Zusatz von B-Casein wder von Jntigen
aus M. wberculosis am griBen;
Bei einem andecen Versuch an Kitken
wurde der Einflud ciner dhnlichen Ab-
stufung Iny Gehalt an Vilamig A im
Fumer (5. Tab. 1) auf die Prolifefations-

amin A ist zu berticksichcigen, dafl die-

Funktionsfahigkeit des [mmuasysiems
héher als der fiir gutes Wachsrum liegt.
Das Vimmin A st fir alle Zellypen
dieses Sysiems notwendig (Lit. 5. Kolb,
1995). Als Modell zum Nachweis der
Bedeutung des Vitamins A fir das Im-
munsystem wird besonders hiufig das
Kuken verwendet. Von Skion a1 ol
(1994) wurde der EinfluB cines unter-
schiedlichen Gehalts an Viamin A

geprifi. Dic grisBie Zellverme!
bei einem Gehalt an Viamis A im
Fuiter van 22000 LE./k2 (6.6 g

vor {Halevy et al., 1994). Aus Hiesem

iy
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Grund erscheini dic Emplihlung fiir
cinen Zusatz von NON0-12000 LE A&y
Hundcfucer-T™ durchius berechtigt.

Aber auth gegen eincn Zusaz von
18000 1.E. 2n Vitamin A je k2 TM cum
Hurdefuttcr bestehen unter Berfick-
sichtigung der genannten Ergebnisse
keine Bedenken. Dic Melaung von
Torel (1996). daB »durch cinen Gehali
von 15000 his 13000 LE. je kg Futter
eine Inwalkation ausgelist werden
kbnnies, ist ndmtich vallig unbegrin-
de1. Beim Hund und bei underen Kami-
voren findet bekanntlich der Transpon
von Vitamin A im Blutplasma in Form
von Viamin-A-Estern - von Vitamin-
A-stearsl und -palmitat - in Bindung in
Lipoprotzinen stant, ohne daB cin miBig
erbShter Gehalt zu einer Schidigung
fUhst (Schweigers, 1990; Schweigert u.
Thomann, 1991). Hunde kdnnen bei
Foterung von Leber von Fischen, Wie-
derkBuern und Schweinen in Leber und
Nieren grofle Mengen an Vitamin A
uad an Viramin-A-Estem ohne Beein-
flussung der Funktion dieser Orgune
anceichern. Nach Kronfeld (1949) wicd

NEU bei Albrecht: Cool fix® -

Das neue Instant-

Kiihl- und Kompressions-System fiir Pferdebeine

Das Prinzlp der Kilteanwandung
bei Traumen verschiedenster Art
Ist so begkannt wie wirksam:
Aufgrund der vasokanstrikiorl-
schen Wirkung der Kiilts wird
sine Odembildung verhindert und
so die Weichtellschwellung
bagranzt. So verkiirs sich die
Heilungsperiode und auch die
Linderung von Schmerzen wird
unterstitzt.
"%

och wirkungsvoller ist die

Kalteanwendung In Kombina.
tlon mit einer Kompression oder mit
Druckverbinden. Vor allem Im
Anschiull an [edes Training und jede
Belastung. Die Kalheanwendung
kann Jedoch nur dann voll zur
Wirkung kommen, wenn sl so zeit-
nah wie mbglich zur Belastung oder
zum Traurna erfolgl,
Ein schnalies und anhaltendes

Handeln schelierte bisher vietlach
an der fehlsnden KihimdgliEhkeit.
Dieses Problem last jetzt dds neu
antwickelle Cool flx KIh§ und

VorkGhiung erforderlich: W
Knopldruck® ki3hit gas Instant-
System ca. 1 Stunde iang aul
C. Die varbdrauchle Kaltemischung
kann umweltfreundiich dber| das

Abwasser oder - mit 10 | Wasser
verdijnnt - auch als Rasendlnger
entsargt werden. Der Folienbeytel
tragt den grinen Punkt.

Zur  Aufnahme der  Instant.
Kuhibeutel dienen 4 verschisdene
anatornisch angepalte und wieder-
varwandbare Kuhl-Bandagen aus
robusiem Neopren, Sle sind auch
einzein erhgilich.

Turnier-Tiatirzte und Plerdebesitzer
werden dlgses schnell und einfach
zu handhzbende System schnell zu
schitzen lomen. Mit der tchnelien
Kilte" Im Praxiswagan von Tisrarzt
und Tierdrztin gilt; Vordeugen ist
besser als helen.

Waeilgre informationen findsn Sie
im Couol fixeinfobiatt,

walches wir thnen parne
2ukommen lgssen.

A. Albrechi « Veterindr-maedizinische Erzeugnisse » 33323 Au

endorf « Tel. 0 75 25/ 20 50
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Tamclbe 15 Cichalt an Vitamin A uiid 31 Rolwdiuree in Tobyapthiresyicn van 3 Wothen alién Hiabaohn
wywic Grdlle dei Ginbaucs vun "H-Tnymidia (in By nach Siimueldcruag mit Amiy
Taufe von 96 Stundgn bel unenchivdlichem Gehalt des Futiers i Viamin A vam|Schiugf un {Muley o

1PCaneingiin Veor-

al. 1994),

Gekattim Funer Gehalrin §0* T-Zelicn, in nonot Vermehnungs.
Inmgh; Vitumin A Retinsgure g4, in Ry
0 Q D.ENx {13 My 42

0.8) 0 0902010 70z %4

150 0 03=0,08 660z 1

] 0 141 30,18 130=24

6.60 0B8] =001 LE220.1) 2036 =409

120 0202004 1212023 13092109

Tabelle I: Guimalt an B-Vitaminen in elnem Fervgluner {Turel, 1996), smplimlensd Zusate ru Hunds-
luster {Dehm ef ul., 1991} vowie Bedarf (Lewis a1 al,, 1900). io meskg.

Gehalim Furar Emplokiener Zowus Bedart
Viamin B, 16 1-4 1
Viumia B, (1 3-4 12
Vimroin B, 64 1-3 1
Niscinamid L] 10-1% 1]
Ponothendiure he d.é 1
Biotin o4? n1-0,24 .1
Folsdure I4 02-08 o.18
0.02-044 0,02

Viamin B '} 0,068

Tabslle J: Genalt an Vivgminen und an Ascerbinsiuce im Blutphums wo Hundenluater physiclogi-
seten Verhdiminsen, bel Mange! sovie hei siaer imoaikation.

Physlotogiicher Gehaly Bai Mengel Bei Inwoxiketicn
Vilumin A plus Ester. Inmgl 1= 3 < 00 M el mehr
25-Hydrovyvimmin Dy, o pgA %N-N <10 J00-600
1 25-Dehydsanyvicomin Dy, i npA 0- 5 <10 3064
YuuminE.inmp? 5-u <3
Viamin B . pg/l 0-110 <50
Viamin By in pg!t 200 -400 <40
Aycorinsaae. in mg/l - 11, <1

ein Gehalt an Viiamin A im Hundefut-
ter bis zu 36600 LE./kg TM twlerier;
aly optimal wird ¢in Gehalt von 5 800-
10800 LEA&g TM beschricben. Bei
tiglicherAufnshme von 15000-30000
LE/kg KM tiber 3 Monate tritt keine
Sirung auf (Meyer, 1990). Erst bei
stark erhdhier Zufuhr von 90 mg Vin-
min A jc kg KM und Tag (= 300000
LE. je kg KM und Tag) Gber einen 14n-
gefen Zeitraum werden Stbrungen det
Funktion des Gehims (in Form von
Ubersrregbarkeit), Abnahme das Fut.
terverzehrs, Hsarmusfall, Entkelkung
der Knochen (mit Frakturen) sowie Ab-
nahme des Gehalts an Thyrosin im
Blutplasma Fesigesiellt (Dumaghne er
al, 1987). Unter physiologischen
Verhdltnissen cnthidlt das Bluplasms
03-1 mg Retinol, 0,8-1 mg Retinyl-
stearat und 0,07 mg Retinylpalmitat je
1. Bei Inionikatiun liegen stark crhdhte
Werte auf einen Gesamtgehult on Vita-
min A und an -Fsern von 20 ma/l und

. TUI 997

mehe vor {Puly, 1954).
Mii steigendemn Qehalt gy Vitamin A
i Futtee nimmt in den Lukozyten die
Bildung der biologisch akliven Formen
- der Retingduren ~ zu; ‘bei demn ge-
nannicn Veruch von Halevy @ al.
(1994) wurde be] cinem sofchen von
22000 LE&g ¢ine Mengp von 1,82 =
0,13 nmol Retinsdure je J0* T-Zellen
erreichr. Bei elner Zulage
von 44 000 {.EJ/kg nahm
Retinglure in den T-Zell
dic Vermehrungsfihigkelt
sich jedoch betrichtlich

schungsrat Jer USA (N
und fiir sdulte Hunde mit 75 (E/kg
KM anpegeben (VRC, 1983), Bei Ana-
Jysen von Fentigfurter (ir Hhnde in Do-
sen wurde bei 8% der Prodikie cin ge-

ringerer Gehalt an Vitamin A - uls vom

1990}, Bei der Prdukiion und Lage-
cung von Trockenfuttermineln kann Jdoer
Gehuli um bis Zu 35%: abnehmen (Hil-
fon, 1049),

Die Sicherung der Virsorguny ma Vi
aminen erfordent hesonders bei kranken
Hunden Aufmerksamkeii, bei denen
der Verbrauch crhbhr und die Aufnahe
me mit der Nahrung hiufig vermindert
at. Durch Verabreichung von Kombi-
nationspripararen mit den Vitaminen
A, D, und E »aowie mit Ascorbinsiure
wird dos Immunsysiem uktiviert und
die Heilung gefordent.

3Zum Bedorf an Vitamin D

2ur Frage des Bedarfs venrit Torel
(1996) die Mcinung, »das Vitamin D,
wird beim Huad bei UV-Bestrahlung
sus Ergofterin (7) und Cholesterol in
den duBersten Schichien der Haut
selbst synthetisiente. Tatstchlich kbo-
acn Hunde vnd Katzen in der Hovt kein
Vitamin Dy bilden und entwickein be!
vitamia-D-freicr Emihrung und UV.
Bestrahfung Rachitis. Die UV-Beymrah-
lung von Hunden ~bei der Torel (1996)
Zurdckhehong cropfiehlt — ist daher
viillig zweckloa! Bei Untersuchung der
Haut von Rawen bellef sich der Gehalt
an 7-Dehydrocholesterol auf 1900 ng
Je cm®, in der Haut voa Hunden und
Katzen war die Verbitdung niehs nach-
weisbar (How et al., 1994), Auf die feh-
lende Bildung ven Vimmin Dy beim
Hund weist auch Mever (1950) hin.
(rigens hanen bereits Wheatley und
Sher (1961) dus Fehlen von T-Dehy-
drocholesterol in den Lipiden der Houe
von Hunden fesipestelit.

Bei Jungkazen hatie der Verzehy cines
vitamin-D-freien Futters bel UV.Be-
sirahlung Ober 6 Srunden 3 Tag eine
ebenso schnelle Abnahme im Gehalt
des Blutplasmas an 25Hydroxyvitamin
D, ~ des ersien Akfiviemagsmolekdils
des Vitaming D; - wie bei Katzen ohne
Besuahlung rar Folge. Bel Vernbrei-
¢hung eines Hemmstofft der 7-Dehy-
drocholesmrol-Redukinse erfoigre dic
Abnshme des Gehales lengsamer. Der
fehlends Gehalt an 7-Dehydrocholeste-
rol in der Hat von Hunden unid Katzett
ist daher die Ursache der nicht vorhan-
denen Eigeasynthese von Viomin Dy
(Morriz eral., 1994),

Einen Gehalt des Hundefutters von
IR00 LE. an Viwmin D bk Torel!

“J
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(1996} fir crhiti, Van der AG fir
Wickstoffe  in  ger  Tieremiheung

» {Relm e ul., 1991) wird ¢in Zusatz von

200-1200 LEM&g TM  Hundefutter
bzw. van Mcyer {1990) tin Gehaht von
R00- 1 000 1.E Sxg T™M empfohlen, Tored
{1996) hille einen Gehall von 1000
1.E-/kg Furer als gusrelehend. Gegen
cine Zulage von | 800 1.E/kg TM be-
sichen aber nach dem Ergebnin des
nachfolzend aufgefithrten  Versuchs
keineriei Einwinde. Bei diesem Ver-
such fiihrte cine Zulage von Vitamin I,
in einer Menge voa 2470 LE.fkg (60,5
pe/kg) bei Fiinerung von Duutschen
Schiferhunden sowie ven Pointern mit
einer {iblichen Ration aug, Fleisch, Soja.
Reis 'und Knochenmehl - bei einem
Gehultan C3 von 1,4 uadian Pvon 1% —
7v keiner Beeinflussung des Wachs-
wms, der Skelettentwicklung und der
Funeraufnahme: Im Vergleich zu den
Kontrollbunden ohne Zulage waren der
Gehalr an Ca und an Phosphat im Bilul-
playma, die Aktividit der alkalischen
Phosphatase des Blulplasmas sowic der
Geholt an Hydroxyprolin im Ham

eeatdh e -dln.-.ﬁun-—n laraul !

sy v —

I ;Iul.h grol. Mit dem Grundfutter wur-
de dabei olfenbur yentigend Yiamin Dy

dex an Viamin D bei aus
Gehalt des Futters an Ca v

Funer gewissen Schwunkuggen un-
a2 von

det Gehah an Ca und an -Phrpbn im

terwarfen i, 50 ist ein
800- 1200 |.E./kg Hundefw
Falle empfehlenswert, Aus

Mangelnde "Bildung von |,
droxyvitamin frdert +.B. das
und die Ausbreitung einer Tu

rmindert sich,
Als gefihrtich fur den Hand si

(lWh) dic acxirem vilaminisiorie Wel-
penmilche an. und er schreibl scuve
Welpenmilchs, in Anlehnung on die
Wumung un Hiusem im ulen Rom
scave canema, wenn ein Wachhund im
Gelinde war. Da die Welpen mit achr
nicdrigem Gehalt an den Viaminen A,
Dh und E geburen werden, 3o ist eln
hoher Gehult im Kolostrum und in der
Milch bzw, in Milchersazpriparaien
notwendig! In rweckmiBiger Weise
enthalten 1.B. die Milchersatzpraparaic
fiir Welpen der Firma Tiemahrung.
Blaufclten, Mengen an Vilamin A ven
15000 LE., dn Vitamin Dy von 1200
1500 LE. und an 150 mg Viumin E je
kg T™M!

Der Bedasf an Vitamin D beim wach-
senden Huad wind mic 22 L.E. (0,55 ug)
je KM und Tag angegebea. Fir thern-
peutische 2Zwecke wird die Applikation
ven 2000 1.E/kg KM empfohlen. Bei
Welpen uin such nach Verbreichung
von 2000 LE/g KM keine Schidi-
gung auf. Eine Imoxikaton wurde bei
Welpen bel Aufnahme cines Mikcher-
seizpripacats mit cinem Gehalt an Vit

NEU bei Albrecht:

umi-View®

Das erste Binokular-Mikroskop zum Aufsetzen

it Lumi-View bleiben die

Hande frei: Es wird wie alne
Brille oder mit Kopfuand auige-
sezt. Das Mikroskop, das mil-
geht, hat aine binokuiare
Konstruktion und ermaglicht
eine dreidimensionale stereo-
skopische Sicht. Selbst enge
Kbrperdfinungen kdnhen so ein-
gesehen werden. Dlagnose ist
eben Einsichtssache. Lumi-View
ist auf s3miiche Augenabstin.
de anpalbar und sorgt durch
sein geringes Gewicht von etwa
80 Gramm fur einen -optimalen
Tragekomforl. Eine 3,6 V Haio-
genlichiquelle erzeugl wellles
Licht mit hoher Tiefénschirfe.
Das Bild wird 1,5fach ver-
grollert.

Luml-View® erleichtart| bei-
spielsweise Gehdrgangspnter-

qualle und Qptik fir das r4chte
und das linke Auge.

von Fremdkdrpern, Vagino-
skopie und Katheterisierung von
suchungen und die Entfgnung Handinnen,

Unterauchungen
von Mundhéhle und Gebill.
sowie prizise Zahnbe-
handiungen auch bei
Kaninchen und kleinen
Nagetieren.

Weitare Infps finden Sia in den
Welch-Allyn"Unterlagen,

die wir thnen geme

zZusenden,

A. Albrechi « Veterinlir-medizinische Erzeugnisse « 88323 A;Pcndod «Tel. 0 75 28/ 20 50
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: men in Lipuproteinen

wh: sic ging miy Sridrunpen der Ent-

wicklung dos  Skefcus
Nierenfunkiion {durch  Verkalkung)
einher (Kantphues ¢t of.. 1990). Bei
Aufaghme von ctwz 60000 bis 120000
LE. un Vitamin D, je kg KM it bei
Hunden eine akute Vergiftung mit Er-
brechen und Anoreaie aul (Garinck ¢t
al.. 1990}

i Zum Nachweis der Versorgungslage

mit Vitamin D, wird der Gehalt an 25-
Hydroayvitamin D; im Blutptasma
verwendet. Werte von weniger als 10
ng/ml zeigen eincn Mongel, von 28-38
ng/mi eine ausreichende Versorgung
und solche von 300-640 ng/mi cine In-

toxikation an (Puly, 1994). Der Gehalt ;

an dem biologisch besonders stark
wirksamen |,25-Dihydroayvitamin D
im Bluptasma ist bei Mangel Kleiner
als 20 pp/m] (Hazewinkel u. Schoen-
makers, 1995). Vom nationalen For-
schungasrat der USA wird der Bedarf an
Viumin D fiir wichsends Hunde mh
22 und flir aclulte Hunde mic 8 LE/kg
KM angegeben; der Minimalbedarf im
Futter fiir wachsende Hunde beltuft
sich auf 400 IEJk. T™ (Kronfeld,
19R9).

4Zum mﬁln Vitamin E

In dem van Torel {1996} angefithrten
sschlechtene Beispicl der Zusummen-
seizung cines Hundefurers belsufi sich
der Gehalt an Viomin E auf 150

| mg/kg: datu wird bemerkt, daB des

Vitamin E in Hundefuticrmitteln wei-
gentlich unterschwelliz dasiert ista,
Von der AG fir WirkstofFe in der Tiee-
emihrung (Behm et al, 1991) wicd cin
2usarz von 40-70 mg Vitamla E je kg
Hundefuuer-T™M empfohlen. Von Le-
wiy et al. (1990) wird der Bedarf mit 50

; Fulter und von Meyer (1990) min

~100 mg/kg Trockenfutter angege-
ben Ist. Bei Verzehr von Fleisch und
von Fleischprodukien chine Zulsge ist
die Versorgung minelmidig; Rind-
Aeisch enth#fit erwa 4 bis § und Rinder-

leber 6-8 mg/ky. GrisBere Mengen sind
in griinem Gemilse enthalien. Die Si-

und der l

L

cherung der Versorgung mit antioxida- -

; liv wirksamen Vitamigen und micSein -

fir die Verhitung von Altumsvorglin-

gcn von Bedeutuny. Das Se ist for die
Bildung der
{GPx) und andercr Se-hakiger Protelne
actwendig. Vitanin E und GPx hem-

2 . TLURAWT

Glutathionperoxiduse |

DRIGINALIEN !/

.y _‘.Jhl—'—.-

ancrivskleratischer Hepde in den Arte-
tien dic Bitdung von, Peroxidverbin.
dungen aus unpesiliglen Feinduren
und damit Entwicklung und das Fort-
schreiten der degenergiiven Vedinde-
rungen. FUr inen qul mit etwa [5 kg
KM wird die tigliche

fohlen {Moser, 1994).
Eine gute Versorgung

der Gehale im Blutplasrya auf $ bis 24
mp/l. Werte von wenige] ois 4 mpA zei-
gen cinen Mangel an uhd werden be-
sonders bei StSrunzen der Verdamung
und der Resomption inelt (Puls,
1994).
Bei Verabreichung elnes Futters mit ei-

*aem Gehal gn Vitaminl E von fur |

myg/kg und an Se von 0,1 mgskg an §
bis B Wochen alte Hundg bildate sich
nach etwa § Wochen cibe Muskeldy-
strophie aus. Weitere Symplome warcn
degeneradve Verinderupgen an den
glutten Musksifasern, an[Nervenzelien
und an der Retina {WVecr, [975).

S Zum Bedarfan Vitam
In dem von Torel (1996
Beispiel der Zusomme
Industrielt hergestellren
ist eine Zusat2 an Viam
dionbisutfit) von 2 my/k
Von der AQ fir Wirkstof|
emithrung wird einc Zug
mg/kg empfohien (Behm
Mange! an Viiamin K i
bei St0rung der Verdauun
Sekretion von Calle,

Pankreasatrophie) und def Resorplion
(bel Enteropachie) avf. Gute Quellen
fir Vitamin K sind Lebef, Fischmehl
und Gringemiive (Mcyer] 1990). Bej

angegeben.

! Welpen belilvfi sich der) Bedarf guf

5-13 und bei agultcn Hurden auf 0,5
ug/kg KM und Tag (Quick]1962).

6 Zum Bedurf an B-Viuminen

-.;-.... A S
': .

-.u"-\. ...——-.--l-

Dic B-Vitamine sind nueh|Auffaxcung -
von Torel (1906} im Hundplertigfutior |

sunterschwelligs dasiert. Gor von dem

" Gehatt. dex von e AG for WirkualTe
in der Tierernihrung (Behm er al.
191) empiuhlene Zusarz sowie der
von Lewli et al. (199) angegebunc Be-
darf sind in Tabelle 2 aufgefihrt. Aus
Tabelle 2 ist crsichilich, dal dus von
Tarel (1996) in sciner Zusammensel-
zung ongefithrte Hundefulter wei dber
den Bedarf liegende Mengen an B-Vil-
aminen enthil, Dicy wirkt sich gilnig
auf die kSrperfiche Luistungsafhigkeit,
auf die Staffwechselregulation und auf
die Anpassungsfihigkeit aus.

Bei mit Unierbrechung der Fulteraul’
ashme einhorgehenden Krankheicen
{(nfeirionskrankheiren) sowie bei
Stdnmgzen der Verdauung und Rasorp-
tion reichen die Speicher an B-Viumi-
nen nur 2ue Deckung des Bedarfs fir
etwa 10bis 14 Tage aus. [n solchen Fil-
len ist die Anwendung eines Injekdons-
priparmes mil solchen empfehlens-
were Bei einer Infektion findet unier
dem Einflu8 der verstirkeen Bildung
verschiedener Interleukine vortiberge-
hend elae starke Zunahme der Bildung
voa MonoZyten und Makrophagen, von
Gmanulozyten und von T- und B-Lym-
phozyten statt, Rir die cine ausreichen-
dc Bereitstellung ven vitamin-B-hald-
gen Kuenrymen notwendig ist. Sef
Mangel an B-Vitaminen ist die Reaktis
onsfthigkeit des Immunsystems bzw,
die Bildung von Antk3rpern cinge-
schriinkt (Lit. 5. Kolb, 1996). Bel Hun-
den mil Lebeskrankheiten emphichlt
sich die Zufuhr der doppelten Menge
des Beducfi ap B- Vnamlnen von ge-
sunden Handen.

7 Zum Bedarf un Atcorbinsiiure

Mit Reeht swilt Forel {(1996) fost, daB
die Ascorbinslure fiir den Stoffwechsel
des Hundes von immenser Bedeumng
ist. Neuere Arbeiten zur Verwertung
(Kolb er al, 1993) und zum Gehalt
(Kuba et al,, 1995) fehlen wllerdings im
Literaturverzeichnis.

Gesunde Hunde ohne besondere Bela-
swung und obne Gendefeke haben in der
Rege! cine ausreichend groBe Eigen-
synthese an Ascorbinsluce in der Le-
ber. Dic Ausbildung der Enzyme zur
Synthese und rum Abbau der Ascor-
binsifure ist penetisch festeclegt, Zahl.
reiche Berichic im Schrifium deuren
darauf hin, dafl beim Humd Gendefekie
varkumumen, die Tu ¢iner vermindenen

[
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Bidung von Ascorbinciure und ru
skorbutiihnlichen Symplomen Tahren:
der Gehall an Ascorbingllure im Blui-
plasmo ist dann kleincr ats | mgA. Bei
der Untersuchung von Serum liege der
Gehzlt an Ascorbinsiure aicdriger als
der bei der Analyse von Blutplasma.
Beim Stehenlassen des Blutes bei der
Gurinnung wird Ascorbinslure durch

. dic Leukozyten in betrichlichem Um-
* fang verbraucht; die Wene des Gehalis

—

schwanken unter physiologischen Ver-
halinissen zwischen § und 15 maf
{Tab. 3}. Durch Verabreichung von 2,5
oder 3 g j¢ Tag wurde In snlchen Fillen
von Skorbut cin glinstiger Einflud er-
zielt { Vadndnen u. Wikinan, 1979).

Bei zahlreichen Erkrapkungen des
Hundes ist der Verbrouch an Ascor-
binsdure erhéht und der Gehalr im Blut-
plasma vermindent. So wies Breim
(1963) bei Hunden mil ¢iviges Ohr-
enlzindung, mit Pyomesta vnd mit
Tumotentwicklung eine verminderte
Konzeatrstion imn Bluiplasma asch. Bei
Infekuon durch Parvavirus,. bej
Wephyopathie sowic bei Stérungen der
Leberfunktion ist sle gleichfalis herab-
geset! {Soura, 1985), Von mehreren
Autoren wurde eln ginstger EinfluB
der i.v. Verabreichung von 15bis 2,5 2
Jje Tuy iiber mehrere Tage bei der Bee
handlung der Staupe fesigestell (Lic 5.
Kolb, 1994),

Bei nfekcionskrankheiten, nach Ope.
rationen und Verletzungen, bei Leber-
hrankheiten sowic bei besoncdsren Be-
lastungen wirk: sich ein tiglicher Zu-
satz an Ascorbinsiiure bei Hunden klei-
ner Rassen ven 50 mg und bei solchen
proBer Rassen von 200 mg xum Futter
fordernd auf die Heilung brw. Anpas-
sungsfihigkeit aus. Als Futlerzusmz ist
besondess ROVIMIX® Sy C geeignet,
das subile Ascorbylphosphatester ent-
tilt, Diese werden an der Oberfliche
der Darmepithelzellen zedegt, die As-
corbinsdure wird dann in die Zellen
aufgenommen. Die Ascorbinsiure wird

einer Dusis von 20 mp/kg KM i.v,
abruicht.

8§ SchiuBbetrachtung

Bei Deckung des Bedarfy an
sentielen  Nahrungsfakioren 3ist die
Grolle des Wachsiums hauptsichlich
von der genctischen Konstruktion und
von der Huhe der Aufnahroe vgn Nihr-
stoffen (von umseubarer Energie) end
von Elwei obhingig. Durch Yermio-
derung des Gehalts ap Vitamin A und
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Abstract

The focus of this study was 10 examine the infloence of age and diet on various parameters of
immunc Rmction in young and old Fox Teriers and Labrador Retricvers. Eightesn young and old
dogs were utilized for this study. Young and old dogs were fed a basal diet containing an (n-6) : {n-
J) mtio of 25 ; | for sixty days (Phase T). Half of the dogs were then switched to a diet with an (n-
6): (n-3) ratio of 5 : 1, and ell were maintained on their respective diets for an additionul sixty days
(Phase TT). Results from Ghese studies revenled an age-associsted decline in several immune
parametcrs measered. Both theso breeds demonstrated a reduction in sheep red blood cell titers. as
well as in their ability to respond o different mitogens. Interestingly, this decline was greater in Fox
Terriers. suggesting a decrease in cellular proliferative capacity in Jymphocytes isolated from the
larger breed. Neither cytokine production or DTH respanse was affected by age. Diet and breed
interactions resulted in s significant incresge in T- and B-cell mitogen responsiveness. In contrast,
supplementation with n-} fatty acids did not affect IL-1, IL-6 or TNF.x production.
Supplcmentation with n-3 faity ecids resulted in incressed PGE, production from peritoneal
macrophages bul had no effect on PGE; production from peripheral blood moaonuclear cells or
peritoncal macrophages. The n-3 fatty acid supplementation did not influence a-tocopherol sintus
although ofder dogs had significantly Sower serom a-tocopherol cencentrations. Oxidative status
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of these dogs was assessed by serum fevels of malondisidehyde (MDA} and 4-hydroxynonenal
{4-HNE). Feeding an n-3-coriched diet did not affect 4-HNE levels but significamly decreased
MDA levels in old dogs. In summary, this study indicates that feeding a dict comtaining an {n-
6): (n-3) fatty acid ratio of 5: 1 had a positive, rather than a negztive. cffect on the immune
response of young or geristric dogs © 1999 Elsevier Science B.V. All righs rescrved.

Keywordr: Canine Omega-3; Omegs-6; Prostaglandin; Age; Immune responte; Vieamin E: Lipid peronidation;
Eicnsancids, Cytokine

1. Introduction

The interaction between dietary fat and the immune response has been an area of
growing interest. Omega-3 (n-3) fatty acids have been used in veterinary medicine as
supplements for pruritic patients Lo control the inflammatory response that is associated
with the disease (Miller ct al,, 1993; Paradis et al., 1991; Scoit and Bueger, 1988), The
influence of n-3 fatty acids on inflammalion has becen suggested to be through the
incorporation of these fatty acids into cellular membranes and serving as substrmes for
cicosanoid wmetabolism, resulting in the production of eicosancids with lower
inflammaiory potential than those produced from omega-6 (n-6) faty acids (Reinhari,
1996). Recent studies have demansirated that eicosanoid metabolism can be aliered in the
dog with dietary adjustments of n-6 to n-3 fauty acids (Vaughn et al., 1994), These studies
have led to widespread incorporation of n-3 faity acids in commercial pet foods. '

Increased utilization of n-3 fatty acids has heighiened the interest in the interaction
between these farty acids and the immune response. Studies examining this interaction
have reporied mixed results. While some studies have demenstrated an increase in T-cell
mitogen resporse due lo n-3 feeding (Levy et al., 1932; Payan et al., 1986). others have
reported a decline in T-cell mediated imrunity as well as in the production of intesleukin
(IL)-4, IL-2, IL-6 and tumor necratis factor (TNF)B-a (Meydani M. et al., 1991a; Santoli
and Zurier, 1989). In dogs, it has been demonstrated that feeding diels containing an (n-
6):(n-3) ratio of 1.4:1 results in a decline in delayed type hypersensitivity
responsiveness (DTH) which is an in vivo measure of T-cell immunity (Wander et al.,
1997). Feeding dicts containing n-3 faity acids has been reported lo result in decrensed
serum vilamin E concentrations and Increased serum lipid peroxidation markers
{Meydani et &l., 1991; Wander et al., 1997). These changes have been suggesied to
contribute 1o the decline in T-cell responsiveness in the presence of n-3 faity acids.
Studies have suggested that the negative aspects of n-3 faity acid supplementation may be
negated by vitamin E supplementation (Kramer et al., 1991).

A negative interaction between n-3 fatty scids and the immune response would be of
particular concern for the geriatric population. The negative influence on (he immune
response may be more pronounced in the elderly (Levy et al., 1982). The aging process
has been associaled with a decline in immune responsiveness in a variety of species. The
age-associated changes in the immune response heve mainly been attributed to a decrease
in responsiveness to T-cells (Miller, 1989; Makinidan, 1981). A decline in immunologicul
vigor has been demonstrated in the dog. Laboratory studies have observed o decrease in

11y
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mitogen stimulation (Sheffy et al., 1985; Greeley et al., 1996), chemotaxis and
phagocytesis (Tizard and Wamer, 1987). A recent longitudinal study has reported age-
related changes in clinical immunological parameters, such as decreased numbers of
white blood cells and immature neutrophils and increased numbers of mature neutrophils
and concentration of imumunoglobulin G (Strasser et al., 1993). Together, these data
demonsuate an age-related decline in immuoity in dops that may increase the
susceptibility of the gestatric animal to infection (Mosier, 1989).

Few studies have been conducted to examine the influence of various (n-6) : (n-3)
ratios on the immunt response of young and old dogs (Wander et al., 1997). The purpose
of this study was to examine the influence of diets formulated to contain (n-6) : (n-3)
ratios of 25: 1 or 5: 1 on the immune response and oxidative status of young and old Fox
Terriers and Labrador Retrievers. A secondary objective of this study was 1o determine il
the effect of age on the inumune response differs between different breeds.

2. Materials and methods
2.1. Dier

The formulation of the diet is presented in Table 1. The (n-6) : (n-3) fatty acid ratio of
the diets was 25 : 1 for the control diet and 5 : | for the test diet. The choice of the §5: |
{n-6) : (n-3) ratio was influenced by the fact that this ratio was demonstraied 10 decrease
LTB, synthesis while increasing LTBy synthesis by neutrophils and skin of the dogs
{Vaughn et al., 1994),

Table I
Diet campesition
Ingredient {n-6) : (n-3) falty acid ruio

5:1% 5: 1%
Com 27.00 .00
Rice 2.00 26.00
Chicken protein WA 26.13
Chicken fal .21 6.50
Beet pulp 400 4.0n
Egs . 1% .50
Chicken digewt . TT 200 2
Fish Qil — 188
Yeas 1.00 .00
Mirern) mix® a9 L1
Viumin mis® o7 .27
Gegund flax seed -— 0.24

" Diet was formulsied 10 contain a final conceatration of 11000 ppm Ca, 8000 ppm P 2400 ppem chaline,

MSSMpple. 8000 ppm Mg. 200 ppm Za, 400 ppm Fe, 25 ppm Cu, 3.5 ppm ), B0 ppm Mn. 02 ppe S. and
ppm Se.

® Diet was formulsted 10 contxia s final conoentration of 15 kiUAg Vilamdn A, 100 TU/g, Vitamis E. 1200 JU/

k3 Vilamin D, 13 mg/kg thismine, 50 mg/kg nlacin, 35 mp/Ag panithenste. § rap/ky pyridoxine. 0.3 mp/g

bictin, and 1.0 mpfkg folic acid,

osdonad | .
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2.2, Animals

Eighteen young (9 Labrador Retrievers, mean age 1.5 years; 9 Fox Terriers, meon age - ... ..

1.8 years) and eighteen adult (9 Labrador Retrievers, mean age 9.6 years: 9 Fox Terriers,
mean age 11.5 years) dogs were utilized for this study. During Phase 1, all dogs were fed a
basal diet containing an (n-6) : (n-3) ratio of 25 : 1 for cight weeks. During Phase 11, half
of the dogs were switched to a diet containing an (n-6) : {n-3) ratio of 5: 1 and al) dogs
were fed Lheir respective diets for the following eight weeks. Blood was drawn from each
animal at the end of each respective feeding period.

2.3. Isolation of peripheral blood mononuclear celly

Venous blood was collected into heparinized tubes and dilvted threefold with RPMI
1640 medium (GibcoBRL, Grand Island, NY). Peripheral blood mononuclear cells
(PBMCs) were isolated by centrifugation on Ficoll-Hypaque gradients (Pharmacia
Biotech, Piscataway, NJ). The fraction conteining mononuclear cells was isolaied,
washed twice, and re-suspended in the RPMI 1640 medium. These cells were then used
either to measure mitogen-induced lymphopmoliferative responsiveness or cytokine (IL-1,
IL-6, TNF-a) levels. For cywakine induction, cells were cultured in RPMi- 1640 medivm
in the presence of 10ug/ml of LPS (Sigma, St. Louis, MO} for 24 h. The cultuc
supernatant fluids were collecied and any non-adherent cells pellcied by centrifugation.
The cell-free superatants were frozen at —30°C until analysis and the non-adherent and
adherent cells digested with IN ammonium hydroxide and 0.2% Triton X-100 (Sigma, St
Louis, MO} for total cellular DNA quantification.

2.4. Isolation of peritoneal macrophages

Peritoneal cells were harvested by peritoneal lavage using buffered Hanks balanced salt
solution. Peritoneal macrophages were re-suspended in RPMI 1640 medium containing
5mg/ml bovine serum slbumin (BSA)Sigma), 100 U/mi peniciilin. 100 ug/ml
streptomycin, and 1% vi-glutamine (GibcoBRL, Grand Island, NY) and cultured in
25 ml tissue culture flasks (Coming, Coming, NY) for 2 h at 37°C-and 5% CO,. The non-
adherent cells were washed off with medium, and the remaining ndherent macrophages
cultured for 24 h in a medium containing 10 ug/ml of LPS. Culwre supernatam flutds
were collecied and stored and the cells digested for total DNA as described obove.

2.5. TNF bioassay

Assay for TNF-like activity was performed on L929 murine fibroblasis, L929 cells
were grown in an RPMI 1640 medium supplememed with 1 x 10° UA penicillin,
6.9 x 107> molAl swreptomycin, 2 x 10~ mol/l L-glutamine and 10% fetal call serum
(FCS) (Hyclone, Logan, UT). Dilutions of peritoncal macrophage or PBMC culture
supernaiant fluid {1 : 50 or 1: 100) werc added in octuplicale to 96-well culure plates
containing L929 murine fibroblasis. Medium supplemented with actiromycin-
(3.98 x 10° mol/l) was added 10 each of the wells. After incubation for 20h at 37°C.

BT
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the fluid in the wells was discarded, and 75ul of 7.24 x 1077 molfi (}-|4.5
dimethylthiazol-2yl}-2,5-diphenyl tetrazolium bromide) (MTT) (Sigma. Si. Louis, MO)
in Hanks balanced sait solution added 10 each well. Afier 3h, 100! of a solvtion of
6.9 x 10™" mo\ SDS in 645 moll NN dimethylformamide (pH 4.7) {Sigma, S1. Louis.
MQ) were added to each well and incubated at 37°C overnight (Hansen et al.. 1989). The
absorbency at 550 nm was then determined using a microplate reader. To determine the
amount of TNF-like aclivity, a standard curve was produced for each assay using human
recombinant TNF-a (Genzyme, Boston, MA).

2.6. IL-6 Bioassay

The IL-6 bioassay was performed using B9-cells (Aarden et al., 1987). The cells were
grown in Iscove’'s Modified Dulbecco's medium (GibcoBRL) supplemented with 10%
(RCS). 40 pg/l of mouse recombinant [L-6, end 50 mM 2-mercapioethanol (2-ME) (Sigma,
St. Louis, MO). Dilutions of PBMC or peritoneal-macrophage culture supemaiant fluid
() : 100 or 1 : 200) were added in octuplicate 1o 96-well culiure plates containing B9-cetls.
Alter 72 h of incubation, 20l of 7.24 x 1077 mol? MTT in HBSS were added 1o cach well
and then, 6 h luter, 100l of SDS-DMFE. The absorbency st 550 nm was recorded afier an
overnight incubation at 37°C. A standard curve using recombinant mouse IL-6 (Genzyme,
Boston, MA) was used to determine the amount of L6 bioactivity.

2.7. IL-1 bioassay

A mouse plasmacytoma cell line {T1165.17) that proliferates in response o IL-1 was
used to assay for IL-1 activity. The IL-1 receptor on the T1165.17 cell line was blocked
using a monoclonal antibody (LA 15.6) to the IL-1 receptor. The cell line and amibody
were generously supplied by Dr. Andrew Glasebrook (Eli Lilly, Indianapolis, 1N). The
cells were grown in minimal egsential medivm supplemenied with 10% FCS, 50 mM 2-
ME, and 200 pgA of IL-1B. Cells were sceded in 96-well plates (5 x 10°/ml), and
samples assayed in quadruplicate. Four wells were blocked with aniibody (1 ug/mi)
30 min before addition of samples and four wells were unblocked. Samples dilwied from
1:100 to 1 : 200 were added and incubated a1 37°C for 18 b, and then MTT added as
described for the IL-6 bicassay. Six hours later, SDS-DMF was added and the plaies
incubated and absorbency measured as described for the IL-6 bioassay. The difference in
absorbency belween blocked and unblocked wells, corrected for conwol levels,
determined the amount of IL-1 activity in the cullure medium. A standard curve was
generted for each assay using mouse recombinant IL-If Genzyme, Boston. MA).

2.8. Mitogen-induced lymphocyte proliferation

Peripheral blood mononuclear cells (1 x 10%) were dispensed in quadruplicate into
individual wells of a 96-well microtiler plate (Costar, Corning, N'Y) for culture with three
concentrations of cither Concanavalin A (Con A), Phytohemagglutinin-P {PHA}, or
Pokeweed mitogen (PWMXGibcoBRL), Cells were cultured st 37°C, 5% CO, for 72h.
Eighteen hours prior to termination, cells were pulsed with 1 pCi of tritiated thymidine (ICN

(17
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Radiochemical, Irvine, CA). After being harvested onto glass fiber filters. incorperation of
tritiated thymidine was determined by liquid scintillation speciroscopy using a Beckman
scintillation counter. Results are presented as corrected CPMs (cCPM), which is the average
counts per mitogen-stimulated cultures——average counts of unstimulaled cullures.

2.9. In vivo antibody production

On Day 60 following maintenance on the Phase 11 diet ({n-6) : (n-3) ratio of 5 : 1). dogs
were intramuscularly injected with 5 ml of 10% suspension of sheep red blood cells (S-
RBC)XSigma). Blood samples were taken prior 1c injeclion as well as on days 7. 14 and
2! post-injection. Serum was sepanated by centrifugation and frozen st —20°C uniil
analysis. Serum antibody titers to sheep red blood cells were determined according to the
procedure of Wengman and Smithies (1966). Data was expressed as the log base 3 of the
reciprocal of the titer dilution.

2.10. Oxidative stress markers

Maelondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) concentrations in the serum
were delermined by using a commercial spectrophotometric kit (R&D System,
Minneapolis, MN) according to the manulacturer's insirections.

2.11. Cholesterol and inglyceride analyses

Serum samples were analyzed by a Cobas Mira Analyzer (Roche Dingnostics Systems,
Somerville, NJ).

2.12. Vitamin E analysis

Serum vitamin E was analyzed by the HPLC method described previously (Meydani et
al., 1989). Tocol (gift from Hoffmann-LaRoche, Nutley, NI) was used as an intemnal
standard (Handclman <t al., 1988), and cluted peaks were detected with a Perkin-Elmer
650-15 fluorescence spectrophotometer (Norwalk, CT).

2.13. Prostaglandin analysis

Concentration of PGE; and PGE, in supernatants were analyzed using a modified method
of Reilly and Blair (Reilly et al., 1988; Blair et al., 1993). Unless otherwise stated, chemicals
mentioned were obtained from Sigma. Briefly, 250-300 pl of supematani were spiked wilh
an internal standard (PGE2-D4; Cayman Chem). Afier 15 min. 2001 of methoxyamine
(0.5 g/m}) and 30 p! of 88% formic acid (Fisher Scieniific. Pittsburgh) were added to the
sample and allowed 10 stand for an addilicnal 5 min. During this time o solid-phase
extraction cartridge (Isolute C-18, Jones Chromatography, Lakewood, CO) was prepased by
passing 2 mi of cthanol and 2 m! of distilled water through the cartridge. The sample was
placed on the canridge and washed with 2 ml of distilled water followed by | ml of hexane.
The prostaglandin fraction was collected with | ml of methanol and the collected fraction
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was dried completely under nitrogen. At the completion of drying, the sample is reconstituted
with 100u| acelonitrile, 20p! nn diisopropylethylamine and 20l pentafluorylbenzyl-
bromide. vortexed. and atlowed to react for 15 min. The sample is dried under nitrogen,
reconstituled with 30l methanol and placed on a thin layer chromatography plate
(Whatman LK6D silica gel, 5 x 20 cm 60A, 25 pm; Whatman, Clifton, NJ) preconditioned
by heating at 120°C for 1 h. Plates were developed in a tank with 50 ml 20% heptane/ethyl
aceinte. Regions of inlerest were scraped from each channel. placed in a cemtrifuge tube afier
identification by comparing migration patterns to a thin-layer chromatography plote run with
2 mg of derivitized compounds of interest and visualized by charring with 5% CuSO;. Thinty
microliters of distilled water and 1 ml of ethy] acetate were added to each sample lube,
vonexed, and ethyl acelate was decanted 1o a second tube. Another0.5 mlof ethyl acetate was
added 10 the sample, voriexed, and decanted. The combined ethyl acetaie was dried under N,
and the sample was reconstituled with 20l pyridine and 20ul bis-(trimethylsily)
triflouroactemide. The sample was then vortexed and allowed o react for £S5 min, then
dried under N,. The sample was reconstituted with 20 pul of dodecane, vortexed. and
transferred 1o an autosampler vial. Samples (14 pl) were injected and separated on a HP
5890 Series 11 GC HP 5989B ms engine (Little Falls. DE) with a HPSMS column (30 m,
0.25 mm, 0.25 um) with an H; carrier gas flow mte of 3 mUmin. The mass spectrometer
conditions were set at a squrce emperature of 150°C and quad at 100°C. PGE,, PGE, and
PGE;-D4 peaks were identified under conditions established with known standards (PGE,
524 mass : charge ratio; mv/g), 8.7 min run time; PGE; 522 m/2, 8.5 min run time: and PGE,-
D4 528 m/z, 8.6 min run time).

2.14. Delayed-type hypersensitivity test (DTH)

Hindquarters were shaved from each animal prior to injection with an area #=2,5" x 5",
Injection siles were marked with a felt pen and a paper card with the preset holes,
Injection siles were swabbed with alcohol. One hundred microliters of Con A (0.05%), or
saline were injected intramunscularly. Data was recorded as skinfold thickness ot time
intervals of 24, 48 and 72 h post-injection.

2.15. Siatistical analysis

Suatistical analysis was conducted using the SAS statistical program (Release 6.03,
1988, SAS Institnte, Cary, NC). Data was mnalyzed by a 2 x 2 factorial two-tailed
analysis of variance with individual differences analyzed by single degree-of-freedom

comparison using Fischer's least significant difference procedure and are reported as
mean - standard error. Significance was set 8t p < 0.05.

3. Results
3.1. Age and breed imteractions

Data presented in Fig. 1 illustrates thm PBMCs oblained from Fox Temiers and
Labrador Retrievers exhibit an age-associated decline in their ability to proliferate in
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Fig. |. Effect of breed and age on mitogen respoune of peripheral blood mononnclcar celly from dogs.
Peripheral Blood monomuciear cells were isolated from hepwrinized venous blood via density gradient
centrifogation over Ficoll-Hypaque gradienta. 1 x 10 cells were culmed in quadruplicae in 96-well plutes in
the presence of media: {(A) Con A (0.1: 0.25 and 0.5 ug/ml), (B) PHA (1 :10. 1 : 3 or L : 100 dilinion); or (C)
PWM (1: 10, 1: 50 or 1 : 100 diluion). Resulls are presented as corrected CPMs (¢cCPM). which is the average
counts per milogen-stimulated cultures—average counts of unstimulsted culiures. Datn are expressed us the
means = SE. Means within the same miitogen concentmtion thal do not share the same supencript are
significantly different (p < 0.05).
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Fig. 2. Effect of broed and age on antibody production (o sheep red boud celh. All dogs were adminisicred a §-
ml intrarrrscular injoction of a 10% solution of sheep red biood cells. Blood was collecied from these dogs on
days 0 (background) 7. 14 and 2) post-injection. Scrum Liters were determined via a hemagglulinaion sssay.
Data is expressed as mean + SE of the log base 3 of the inverse of the titer. Means within the same day that do
not share the same superscript are significantly different { < 0.05).

response 10 Con A (Fig. 1(A)), PHA-P (Fig. 1(B)), and PWM (Fig. 1(C)). It is interesting
1o note that the degree of decline was greater for Fox Terriers than Labrador Retrievers,
Also, thymidine incorporation was greater in lymphocyles isofated from Fox Terriers than
Labrador Retrievers.

The humoral immune response, measured as antibody titer to S-RBCs, was also
affecied by age. There was a significant reduction in antibody titer in old vs. young Fox
Temier dogs &t 7, 14 and 21 days post-immunization (Fig. 2). In contrast, although eld
Labrador Retrievers demonstrated lower antibody concentration at each time interval,
significance was observed only on Day 7 (Fig. 2). The DTH skin response 1 PHA, used
a3 an indicator of chanpes in cellular immunity, revealed no significant age diflferences
(data not shown).

Pro-inflammatory cylokines, such as IL-1, IL-6. and TNF-a, mediate the response of
the host to inflammation. Stimulation of either peripheral blood monenuciear cells or
peritoneal macrophages obtained from young and old Fox Terriers and Labrador
Retrievers with lipopolysaccharide (10 pg/ml) resulted in no significant differences in
TNF-a. IL-1 or IL-6 bioactivity {(data not shown).

3.2. Diet and breed irteractions

Data presented in Fig. 3 illustrates that switching the diet to an (n-6) : (n-3) fany acid
ratio of 5 : | resulted in a significant increase in mitogenic response to Con A, PHA and
PWM in young Fox Temiers and Labrador Retrievers. This was a consistent inding
independent of mitogen concentration. Older animals, however, exhibited no significam
change to any of the mitogens evaluated subsequent to swilching these animals 10 the
5: 1 diet. Interestingly, older dogs exhibited significantly lower mitogenic responses than
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Fig. 3, Effeci of o-&; n-3 falry acid ratio in the diet 0o milogen respoese of peripheral blood mononuciear cells
from dogs. Peripheral blood monoemaciesr cells wexre isoluted from heparinized venous blood vis demity pradient
centrifugation over Ficoll-Hypuques gradieats. 1 x 10° cells were cultured in quadruplicace in 96-well plues in
the presence of media: (A) Con A (0L1; 025 and 0.5 pg/mi); (B) PHA (1 : 10, 1 : 30 or 1 : 100 dilutiaa): or (C)
PWM {1 : 10, 1: 50 or 1 : 100 dilption). Cells were cultored st 37°C, in 5% €O, for 34 b, Cells were then pulsed
with | pCi of witiated thymidine snd incahated for s additiona) 18 h. PBMCy were then harvesied on fiberghsy
filters and thymidine Incorporetion into the DINA was determined vin stintillation spectroscopy. Results wie
presenied as corrected CPMs (¢CPM), which is the sverage counts per milogen-siimulned culiures—overage
counts of unatimulated cnitares, Dats wo expressed a9 the means = SE. Means within the aame mitogen
concentration that do not share the same seperscript are significandy different (p < 0.05).
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Fig. 4. Effect of n<6 : n-3 ralic in the diet oo IL-1, IL-6 snd TNF-a production from peritonesl cells (A) or
PBMs (B) from dogs. Twe million adherest poritonest etlls of 5 » 10* PBMCs were cultured at 17°C, 3% CO:
in RPMI 1640 containing 10 pg/ml LPS. Cells were cultured for 24 b a1 which (ime sapematant was collected
and stored st —S0°C until unalysiy. Cells were digested with 1 N smmania hydrexide and 0.2% Triton x- 100 for
DNA quantitatioa. IL-1, TL-6 snd TNF-a sctivity in the superasiant was messured by binusay, Daw is
cxpressed a3 mean 3+ SB

young dogs to both, T- and B-cell mitogens, & facl that was nol aflected by switching
from a low to a high n-3 diet.

The effect of n-3 fatty acid supplementation on the production of pro-inflammaiory
cytokines is shown in Fig. 4. Peediag a diet containing an (n-6) : (n-3) ratio of 5 : | had
no significant efiect on IL-1, IL-6 or TNF-a production by peritoneal macrophages
(Fig. 4A)) or peripheral blood mononuclear cells (Fig. 4B)). In addition. omega-3
supplementation also did not influence cheep red blood cell antibody tiler response
(Fig. 5).

In order to determine if feeding a 5 : 1 ratio affects eicosanoid production, peritoneal
macrephages and peripheral blood monenuclear cells were stimulated with LPS (10 pg)
to stimulate prostaglandin production. Neither age nor diet affected PGE; production
from ecither macrophages or PBMC (Tuble 2). Interestingly, there was a significant
difference observed in PGEy production in PBMCs of young and aged dogs fed the high
n-3 diet (Table 2).

There was a significant increase in serom cholesterol, triglycerides, and total lipids
observed in aged dogs fed a diet containing an (n-6): (n-3) fatty acid ratio of 5:1

GI4MRALA =
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Day 7 Day 14 Day 21

Fig. 5. Effect of n-8: p-3 fatty acid ratio in the diet on sntibody production (o sheep red blood cells. All dogs
were a3minisiered a 5-ml intramoscular injection of 2 10% solution of shecp red blood celb. Blond win
collected fram these dogs on doys O (background) 7, 14 and 2) post-injection. Serum titers were determined via
4 hemagghulination sssay. Dala is expremed as mean & SE of the log buse 3 of the inverse of the titer. Meuns
within the same day that do not share the same siperseript are dpnificantly different (p < 0.05).

Table 2
Effect of omege-&: omega-3 fally acid ratio on collular eicaosanoid productian, serum cholesicrol. triplyceriden,
a- and y-locopheral. MDA and HNE levels in the young und old dogs**

Measurement Young 25:1 Youmg §: | Ol 25:) Old5:1

FBMC PGE: (ng/mg DNAY® 16000 £ 16248 15988+ 14.23s  25.55:4 16240  118.31 = 14,330
PEMC PGE, (pg/mg DNA)  94.53 4 13828a 347.29 + 146.6Tb  59.04 2+ 156.80a 78275 & 1}8.26b
Mé PGE; (ng/mg DNAP® 19621287 132292 1151 114472 1287 (0801 :£121)
M} PGE, (pg/mg DNA) 19755+ 7877 WS35 7046 33061 £78YT 24104 £7427

Cholesieral (mp/dl) 23444 L 4. 7ab 24211 24740 266022503  299.00 474
Triglycerides {mg/dl) 3311+ 230 40.17+ 2320 52351 2247 76,72 £ 2.3
Total lipid {mg/dl)* 9136+ 640 2822836402 IDEIE6M 372 x 6k
a-Tocopheyol 8.27 £ 0.¥9ab 9.07 £ 0.3 138 £ 0.42b 7.40 2 0.300
{(umol/mg total Jipid)

v-Tocopherol 027+ 0.0 029+ 002 032400 0.21 = 0.02b

(umol/mpg tokal Jipid)
MDA (umol/mg total lipid} 043 £ 0.02a 045+ 0.0 0.37 £ 0.02b 0.29 & 0.02c
HNE (umol/mg total lipid) 035+ 008 033+ 0.7 037 £0.09 037 009

"Vahues are means + SE s 9,

* Mecans within the same row that do not share the same Jenicrs are significantly different {p < 0.05).

| x 10* PAMCa were cuhured in RPMI-1640 In the presence of 10 pg/mi LPS far 24 h at 37 € in 3% CO.
Supermaianis were collected and frozen ot —70°C.

42 x 10° Peritoncal cells were adhered wo plastic Perri dishes for 90 min, Adberent cells were cultures n RPMI-
1640 in the presence of 10 pg/ml LPS for 24 h at 37°C in 5% CQ,, Supernamms were collecied and frozen ot
-10°C.

* Tota! lipid was calculated o3 the s of cholesterol phus iriglycerides.

(Table 2). The concentration of cholesterol was 10% higher than dogs who were fed an
(n-6) : (n-3) falty acid ratio of 25 : 1; whercas iglyceride and total lipids were 33% and
15% higher, respectively, in aged dogs fed the high n-3 diet.
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Feeding dictary n-3 fatty ecids have been sugpested 1o increase the oxidative stress of
the animal, possibly by decreasing vitamin E levels in the blood and tissue (Tappel,
1972). In our study, oxidative stress was assessed by measuring MDA and HNE. Both of
these compounds are by-products of arachidonic acid metabolism and serve as markers
for oxidative sutus of animals (Yu, 1993). There was no difference in HNE levels in
young or ald animals fed a high n-3 diet, but there was a significant difference in MDA in
old dogs maintained on the 5 ; 1 dict (Thble 2). No significant difference in a-tocopherol
levels was seen in young or aged dogs fed the high n-3 diet (Table 2). However, there was
a M% decrease in a-tocopherol levels (0.32  0.03 vs. 0.21 3 0.02; p < 0.05) in aged
dogs fed the high n-3 diet (Table 2). It should be noted that these parameters were
comected for total lipid concentrations (triglycerides + cholesterol) since iofal serum
lipids were observed to be higher in older dogs.

4, Discussion

The mammalian ‘immme system can be zignificamly impacted by both, the aping
process and nutritional factors such as dietary lipids (Bradley and Xu, 1996; Chandra and
Kumari, 1994; Hannigan, 1994; Miller, 1989; Wick and Grubeck-Loebenstein, 1997).
Aging has been demonsirated to influence both, the humoral end cellular immune
function, as well as cytokinc production (Greeley ct al., 1996; Hobbs et al., 1993;
Makinidan, 1981). Consequently, the aging immune system may contribute 10 the
increased incidence of infectious disease and cancer. Dietary lipids have been reported 10
medulate the immune system either through repulating cytokines or eicosanoids {Blok
et al.. 1996; Calder, 1996, 1997; Miles and Calder, 1998: Yaqoob and Calder, 1995).

Interestingly, results of thess studies are equivocal, depending on the form of fatty acid -

used (n-6 vs. n-3), concentration added 1o ihe diet, and the species studied. To date, most
research addressing the impect of aging and/or diewary lipids on immune function has
been done in humans and rodents (Meydani S.N. ct al., 199]; Payan et al., 1986). Liule
information is available regarding the effects of cither of these variables on the canine
immune system (Wander et al., 1997). The purpose of the present study was twolold;
first, to determine whether the effect of age on immune function differs between different
breeds, and second, what impact does feeding a dict supplemented with differcnt ratios of
n-6 to n-3 fatty acids have on the immune function, eicésanoid production, and lipid
peroxidation. ’

QOur resulis indicate that the mitogenic response of PBMCs obtained from aged Fox
Terriers and Labrador Retricvers was significantly suppressed foliowing stimulation with
Con A, PHA and PWM when compared with young dogs. These findings are consistent
with those presented in previous studies using Beagle or Labrador Retriever dogs (Davila
et al., 1992; Greeley el al., 1996). In Beagles, however, suppression of lymphoprolifera-
tive responses was observed only with PHA, and not Con A (Davila ei al., 1992). A key
difference noted in our study was that the magnitude of this decline was greater in Fox
Terriers as compared o Labrador Retrievers. Moreover, increased thymidine incorpora-
tion was the greatest in lymphocytes igolated from the small breed dog. This observed
age-associated decline in mitogen response could reflect either a change in the patien of
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cylokines produced by CD4* T-cells (Habbs et al., 1993), or 2 shift in the balance of
naive cells to memory cells in aged animals (Nijhuis and Nagelkerken, 1992),

Cell-mediated immunity in Fox Terriers or Labeador Retrievers, detected as the DTH
response to Con A, was not affected by age. Likewise, stimulation of peritoneal
macrophages or adherent PBMCs with lipopolysaccharide resulted in no significant
change in the levels of IL-1, IL-6 or TNF-a in these same dogs. There was, however, an
sge-associated decline in humoral immunity when expressed as a change in antibody titer
10 sheep red blood cells in young and aged dogs. This is in contrast to datn presemced in o
previous study. in which no difference in anlibody titer to keyhole limpet hemocyanin
{KLH) was observed between young and old Labrador Retrievers (Greeley et al., 1996).
Although the mean titer in old (9.4 years) dogs was less than that in young dogs. it did not
represent a significant difference. These contradiclory observations may simply reflect
differences in the experimental prolocols used, ie. antigen dose, roule of anligen
administration, or sensitivity of the assay.

The results from our study indicate that supplementing the diet with an (n-6) : (n-3)
fatty acid ratio of 5 : 1 had a significant effect on several indexes of the immune fanction,
Mitogen responses to Con A, PHA and PWM were enhanced significantly in young dogs
maintained on the high n-3 dict for sixty days. Older dogs exhibit a significanily lower
mitogen-induced proliferative response, and although there was a trend 1oward incrensed
lymphoproliferative responses when these animals were switched to the high n-3 diet,
these differences were not significant. Our data does not agree with the previous studies
in which subjects maintained on s diet supplemented with n-3 exhibit suppressed
blastogenesis of mitogen-stimulated PBMCa (Meydani S.N. et al, 1991). These
differences may be attributed to reduced levels of a-tocopherol brought on by the
long-term administration of n-3 fatty acids (Meydani et al., 1991). Increased imake of
vilamin E has been reporied to restare n-3-induced suppressed blastogenic responses
(Kramer et al.. 1991). It is imporiant to note that in our study, the vitamin E contenl in the
diet was high enough 10 maintain plasma levels of vitamin E.

The effect of diet and breed interactions on the humoral immune response was nol as
evident as the age x breed interactions. The antibody titer against SRBCs in young dogs.,
when switched to an (n-6) : (n-3) ratio of 5: 1 diet, increased on Day 7, 14 and 21 post-
immunization. There were, however, no significant differences at any Lime poimt when
compared wilh animals maintained on the (n-6) : (n-3) ratio of 25: 1. Aged dogs had
reduced antibody titers compared to youag dogs when maintained on different diets with
varying ratios of n~6 : n-3 fatty acids. In contrast to young dogs, aged animals exhibit a
decrease in antibody titer when maintained on the high n-3 diet, with significance being
observed on Day 7 post-immunization. The absence of any sigrificant change in aniibody
titer in young animals maintained on a high n-3 diet might reflect a temporal change in
the activity of antigen presenting cells. In a previous study, rats fed » high n-3 diet
expressed diminithed antigen presentation activity in the dendritic cell population
(Sanderson et al., 1997). Dendritic cells are a principal cell type not only involved in T-
cell activation, both in vivo and in vitro, but they are also required for T-celi-dependent
antibody responses.

Pro-inflammatory cytokines, such as IL-!, TNF-a and IL-6, play a critical role in
mediating the host response to infection and inflammation (Dinarelo, 1992), It has been
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proposed that supplementation of the diet with -3 faity acids may have therapeutic value
in reducing inflammation associated with chronic debilitating illnesses, such as
theumatold anthritis, colitis and psoriasis (Blok et al., 1996). The proposed mechanism
for the mediation of this suppressive effect by dictary fatty acids is attributed to decreased
production of pro-inflammatory cytokines. In our study, no differences were detecied in
IL-1, TNF-a, or [L-§ activity produced by either peritoneal macrophages or PBMC.
These results contradict previously published reports evaluating the potential for dicts
rich in n-3 faity acids to elter cytokine activity. For example, studies in humans have
shown that the use of n-3 fatty acids in the diet decrease the production of pro-

inflammatory cylokines (Endres et al., 1989; Meydani et al.. 1991). In contrast, mice -

maintained on a diet high in n-3 fatty acids expressed increased cywokine activity
(Hardardottir et al., 1992k Lokesh et al., 1990). It is possiblc that these paradaxical
respenses observed in rodents and humans can, in pant, be explained by the utilization of
different experimental protocols as weil as different cell types (Blok et al., [996: Calder,
1997). In the canine model, it is possible that the dietary ratio of 5: 1 is insufficient to
alier cytokine activity. Many of the animal studies addressing the effects of dietary n-3
falty acids on cytokines have used lower ratios of (n-6) : (n-3) 10 achieve the alteration in
cylokine production (Hardardottir and Kinsella, 1991; Lokesh et 2l., 1990; Turek et al.,
1991).

An altemative explanation for dietary lipids not altering cytokine activity in the canine
modet could be found in levels of eicosancids produced by PBMC or peritoneal
macrophages. It is known that eicosanoids regulate cytokine production by macrophages,
and that supplementing the diet with fish oil results in decreased production of
arachidonic acid-derived eicosanoids (Lokesh ct al., [986; Hardardottir and Kinsella,
1991, 1992a). In this study, there was no difference in PGE; levels detected in PBMCs or
peritoneal macvophages. These data sre consistent with those presented in a previous
study in which no significant differences were detected in the concentration of PGE; in
stimulated mononuclear cells obisined from geriatric beapgles maintained on a low
(33 : 1) or medium (5.4 : 1) fatty acid diet (Wander &t al., 1997). There was a significant
difference, however, in dogs fed a high (1.4 : 1) diet, as evidenced by a 52% reduction in
PGE;. This is in contrast to data on leukotriens production from neutrophil and skin in
beagles in which feeding a diet with an (n-6) : (n-3) ratio of 10:1 or 5: 1 resulted in
decreased leukotriene B, production #nd increased LTBs production (Vaughn el al.,
1994). This difference may be sttributed to the examination of different eicosanoids or
differences in tissues and/or cells examined. It should be noted that the reduction in PGE;
synthesis from PBMCs of beagles fed a 1.4 1 fauy acid diet was associaled with 2
decrease in DTH response signifying a depression in cefl-mediated immune response.

Although there was no delectable difference in PGE; levels in young and old dogs
maintained on the high n-3 diet, there was a significant diffcrence in the PGE, levels
observed in PBMCs of young and old dogs fed the high n-3 diets. This increase in PGE,
production was not observed in the peritoneal macrophages isolated from dogs fed the
high n-3 dict. This may be explained by the fact that PBMCs represent a heterogenous
population of T- and B-celis as well as macrophages. In this papulation, macrophages are
the main source for prostaglandin production (Goldyne and Stobo, 1982; Goldyne. 1986).
However, it has been demonstrated that arachidonic scid (AA) released from lymphocyies
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can be used to synthesize cyelo-oxygenase prmducts (Samuclson, 1995). Feeding a diet
high in n-3 fatty acids increases membrane compasition of eicosapentanoic acid (EPA)
{Hwang et al., 1988) which promotes the generation of 3-series PG (Knapp. 1990). I is
possible that the increase in PGE, synthesis observed in PBMCs is duc to the release of
EPA instead of AA and subsequent milization by the macrophages.

The beneficial effects of dietary’ n-3 fauy acids in the trestment of chronic
inflammatory diseases, such as riumatoid arthritis, psoriasis, and colitis, as well as
heart discase are well documented (Blok et al., 1996; Heruld and Kinsella, 1986;
Glomsel, 1985). Additionally, the therapeutic benefits derived from theee diels have been
attributed 10 an impact on immunc function. Ironically, a potential harmful effect of these
diets rich in n-3 fauy écids may be increased levels of lipid peroxidation, the products of
which may contribute to the onset and development of ape-associated diseases. In this
study, the leve] of lipid peraxidation in young dogs was unaffected by diet. In contrast,
aged animals demonstraled a decresse in MDA levels afier being switched 10 the high n-3
dict. These results are not consistent with previously reported data. In a study conducted
with young and older women, it was shown that supplernentation of the diet with n-3 fauy
acids resulted in an increase in MDA levels, and this increase was greater in clder women
(Meydzni ot al., 1991). Mose reeently, it was reported thal aged beagle dogs. maintained
on a n-3 fauy acid diet of 1.4 : 1, exhibited & significant increase in plasma and urine
TBARS associoted with a decrease in plasma a-tocopherol levels (Wander et al.. 1997).
We did not see a decrease in a-tocopherol in our study which may explain this
discrepancy.

‘The main conclusion from this study was that feeding a diel containing an (n-6) : (n-3)
rutio of 5: 1 did not bave a negative effect on the immune response of young or geriatric
dogs. If anything there was an increase in T- and B-cel] activation in the cells isolated
from the dogs fed an (n-6): (n-3) ratio of 5: 1. Severul interesting breed and age
differences were observed in thia study. First, the metabolism of n-3 fatty acids appears (o
be differentinlly reguisted by breed and age in the dog. These breed-associaled
differences in faty acid metabolism may explain why not all atopic dogs respond to falty
acid therapy. This suggests that consideration of specific dictary fatfy-acid profiles may
be warranied for different breeds and stages of Jife, Sccondly, T- and B-ccll proliferative
ability appears 0 be lower in Labrador Retrievers than in Fox Terriers. How this effects
the health of these iwo breeds will require further study.
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