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ARSTWCT

To attount to dotermine if sevorely heated whole
milk had retained immunogoniclty, convention:il and gorme
free animnls were sonsitized with wholo eilk cutooclaved
for 30 cinutos at 121 €, Rabbits wore frmmuninod with
one of t.e five antiens 1istod bolows 1) un:eated whole
milk (UilvM), 2) wiolo milk heated for 15 tinutes at
121 ¢ {¥¥13), 3) whole nilk healed for 30 wminutes at
121 ¢ (w230), ) beta luctoslobulin (DLC), and 5) alpha
lactalbumin (ALA)e Conventional and gormfree rats wore
also fmuanizod with W30 with and without Freuand's
adjuvant cr Dordotolla pertussis vacolnes

T™he intorfoeial procipdtation teat, and passive
cutaneous anaphylaxis (PCA} &n guinea plss and rats
wore used to exanino all gora for antibodys It wns
detorninod with bothh tiie intorfaoial and PCA tosts that
W30 had rotalnod Laouinogonicity for rabbltse Antle
bodies wors not deteotod in the rat gera,

Antisera produced to the 3D anti-en reactod
onunily well with tho WH3D, W15, and ULWY entl onse
The W20 antisora reacted positively with DLG, but
nogatively with ALA for both tho interfacial and PCA
tosts, suzsrosting shat DLO 48 a wore hoat stable

antizon than ALA.
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INTRODUCTION

Beocause of ite availability, inexpensiveness,
and nutritive value, bovine milk has become a commonly
used food for the huran newborn, Bovine milk is not
witheut fault, however, and being a foreipgn protein
to human beings 1% e¢an induce the production of anti.
bodies which in turn ean initiate a hypersonsitive
state in the human infant, Following the recognition
of milk hypersensitivity, several discase syndromes
were deseribed in assosciation with serum antibody
titers doveloping in response te bovine milk proteins,
inoluding the anaphylactie *cotedeath® syndrome
described by Parish et al, (1960),

Soon after the clinical resognition of milk
hypersonsitivity, ®heatedonatured® milk products bee
came popular as a substitute for native bovine milk
in the diet of the hypersensitive infant, Yet,
these "heatedenatured® milk products ofton fatled
to alleviate the symptoms of milk allergy. Conside
erable ocontreversy arose concernin: the Lissue of
wvhether milk could actually be heat donatured to the
extens that the protein fraotions wero incapable of

antigonically stimulating the human infant,



It was expected thnt becauso of the relatively
undevelaned gastrointestinal environment of the gerne
free animal, and the absence of intestinal microe
organisms, that the germfree animal would lend ftself
to a study involving the use of whole milk as an
antigen, Therofore, tho experimental work reported
in this thesis was based on the belief that the gorme
free rat misht be a suitable animal to uso for studye

ing orally aduinistered milk as an antizen,



LITT TN Revrny

Mitk Az An Antisen

Typorscnsitivity to bovine wilk proteins in
o:ildren was considernsd a possibility as early as 1916,
wicn Schiloss and Wortihien reported thelr suspicion of
pormoatiosn of the intestinal tractls of cluildren Ly une
digested r:llk protein fractionse Another early conside
eration woa that of Park, who in 1920 describ:d a
clinical case of hypersensitivity to ocow's milk in a
young child,

Anderson and Sohloss (1923) sugrested thant cow's
milk was canphble of iadueing an allersic state that
was in some way assoclated with nutritional disturbe
ances in the human infant, noting t':at t"e blood of
most maras~io infants ecntained precipiting to bavine
milke Marasous in infancy 48 eomplicated by diarrhea,
derangesent of the intestinal bacterial flora, d0e
croasod sceoretion of i ostive ongymes, and othuer
symptors of general chronie gastroentoritise, Condie
tions such as these in the infantile Lntestine would
seuniin::ly facilitate chnormal absarplion of unaltered
proteins {fruskay and Cooko, 1935),

In an atlompt to coorrelcte clintcal mitk



hyocorsanstitivity with tia presmnce of antiholios,
Andorsen, Schloai, and ¥pers (1179) gelacted nine
¢1ildron hetas fod s 2 41r 21! nad known ta hove
besn expns~d tn bovino milt and sabasnentiy a4 those
ehildren bovine il 3a 100 of hu~n ril%, A1l nine
sa0n dovelonad domonatrahlo »reeiniting ta hovine milk,
Lippard, Sclhilasg, and Johwson {1979), using eom~lacont
fixation, €oonstrated the nrogsnze of un'isastol cow's
milk rrotnias in the hlood atracaa of noral Lnfanis
soon cfter a bottle frading, Linmard (1837) si-peatad
that tho individanl Lrvuune resnonse rlgsht ALfLer in
tosa eildron showin® cliniznl syrnte—s of milk
allor-v,

Dulte a wida ranrs of elinleal symtors iave been
reported 4in mszoclation with coe's milk aller~ye Some
of thess arr vorlting, dlarrhea, abdomiaal paln, asthna,
rhlaltis, failure to thrivs, chronic ecou~:, otitis
media, melena, collio, irritabillity, ecgome, homoptysis,
anemia, cranasis, shoek, u-per res~iratory srnautoms,
and death (Dibols, S hloss, and Anderssn, 15251 Cruskey
axt Cooke, 175753 Naclumcn and Does, 195723 Crawlord,
Korrizan, and Arnold, 19333 Canther ot 21,, 19403
Parish et al,, 19523 Meincr, Sears, ~ndl Knilter, 19523
Marntin-ton and Jargynka, 19723 G111 and Coombs, 1963
Gald:zan ot nrl,, 195723 N¥elson, fireene, nnd Stroup,

19933 Relson, 1775; Sowell et ale, 19633 Nuckley and






Doos, 1955},

Numorous investizators have correinted data from
sorolosical tosts with the various symntoms of cow's
Bilk aller-yes Further, spocific dlscases or disocase
conditions such as atoplo dornatitis, ccliie diseaso,
Aldrich's syndromd, Looffler'!s syndrowe, puluonary
hemogidorosis, pneumwonia, lurler's syndromo, conjene
3€a) hoart discase, ulcerative collitis, mon:; osleidism,
and tha cotedonth ayndrowo have boon discussed on the
baslis of clinical and laboratory data cs hoing assoe
ctated with hypersensitivity to wilk {Xrivit and Good,
19593 Cunther ot aly., 1903 Heinor and Soars, 1550%
Hoiner et al,, 1252; Parish et al., 17450§ Truclove,
19613 Huntinzton and Jarzynka, 19623 G111l and Coorbs,
19633 Potorson and Good, 10733 Nolson, 19743 Rothbors
and Farr, 195353 V¥ilken, 19553 Boyd, 192:5), Some of
theso are moro relevant than others with rospoct to
the ourront invostiration, and only a fow will be
roviewvod,

Dubois, Schloss, and Anderson {1923) indicated
an assoclation between cutancous hynersensitivity and
milk procipiting in thoe sera of nornal and maras:io
tafants, Freodman {1951), howevcr, disa~reed that
cow's milk excrts any influonce on tho coarso of ine
fantile oczonn,

Heincr ot 2l.§1952) ond XImmonen (1955) attomptoed



to correlate a hizh incidence of procinitins to cow's
milk and wheat zluten with the malabsorplion zyndrome
of oelino discaso, Sowell ot al, (1273) noted that
withdrawal of milk and all milk products can Do a
valuable thorapoutie measuro fopr troatiront of fntracte
ablo dinrrica associctod with sorme gastrointostinal
disorders, Aftor noting that many uleerative colitis
patients improve considerably wicn cow's milk 13 OXe
cluded from the (iet, Truclove (1701} reintroduced
milk into the diet of soveral of these patients, In
every instance tiiis was followed by a frank attack of
o discoses Acoording to Wilken {(1255), seven times
a8 nany ulcorntive colitis pationts have simnificant
antibody tliters to xllk proteins as ds norunl eontrsi
subjecots. ¥o sizeculation was made ns to whether the
absorption of milk protoins wng a conse or a result

of ulccrative colitis,

Usinz the homagalutination techiniquoe, Peterson

pnd Good {(19453) reported that 674 of 230 patioats
with such conditions as chironic recurrent pnowrania,
Aldrich's syndronme, ilurlor's syadro:se, and eoncenital
hoart discase had a sisnificant antibody titer to cow’s
wilk, Rothberg and Fare (19553) agroed t'\at precipitins
to milk protoins appear more frequontly in the s-ra of
chiildren witih chronie pulsonary digoase than in nsroal

sontrols,



fiolson {(19%4) found an unusually hish incidonce
of homar~lutinins and preciniting to ri’k proteins &n
the nera of ron -0loid cl:iildrones Hon-oloids charactere
fstically havo n hi:h incldonco of pneumonia, unpor
respirateory symutons, asd tron deficlency ancrilae

¥ilson, Mfeinor, ant Lahiey {10°2) detected Ll cher
lovels of ndlk proecipiting in paticnts with fron
dof'ictoncy anemia than An noraa) cssntrol pormlatiangg
It was not possille to stnie whetl.ar theso jrecipitins
were & caitso or result of tho iron defliclceuey anemlia,
althouzh the sugiestion wag sade that one fora of anenia
izt bo of a scoondary nature, depandlng on primary
sensitizatlion with cowls milk,

Tao cotedeathh syndrome &8s one of tho most hizghly
pulbliolsad digcaso slatos to be attribhuied te milk
hyporsonsitivity {CGuutiior et ale, 1279 Perish, Durrett,
and Coowbs, 17703 Parish et alee 1703 2111 a3d Ccombs,
15533 Bovd, 13°6)e The %ora cribedeath, or cotedoath,
fs us2d whea Lho Lufant 18 founl doad after a ni hitts
8leap, witii no apparent syvptouutolony or prior dlscise
conditiong lelthor ti:o parent, puysitiang nor pithelow
cist can find valid voasen Jar Lo doallyy tho caly
cenusbtsgtent lestons being puliscaary cdzza and condsstions
T o putihwolodatls report often citos acuts iL-torslitisld
pacmzonia er achanical aschyxia as Lriaz tiwe ecarso of

death {luntin. ton and Jurzynka, 1732)e Theso cot



dect!is may account for ovor 20% of the mortality in
ohildron under one ycar {(Johnstone and Lawy, 195},
Extensive bLacteriologslical ant virolorical stadies have
been conducted on autopsy samnles of lung tlssae, but
the vast zajority of those attemnts have boen unsuccosse
fuly Jolinstone and Lawy (1975), howover, have reported
sone® success in 1solation attempts, and bellieve that
many of ti:cse dooths are due to lowsr rospliratory tract
infections, Potorson and Good {196G3) fatled to deteod
signilicant levels of preelipitinsg in serum samples
from six coses of the eribsdcath symndrome, indicating
that the hypothosis of Partsh, o3 mentioned in the
introductlon, may not always applys

Beforo further conslderation is given to the
way in wvhich milk ncts to induco hyporscnsitivity, the
composition of milk in recard to its antisenicity will
be briefly ventloneds

Milk con be dofined as tho lacteal sccrotion of
the mammary gland intended for the nourisiviont of younse
To moet this requirecment, milk must be, and indecqd is,
ong of tha most coriplote fools nvallables The general
composition of bovina milk is ns followss watcer 87,209,
fat 3.20%, ecarbolydrates %,95%, protoin 3357, and
minorals 0,70% (Terrinzton, 3943)s Theso fijures vary
considorably witix the breed, spocies, and the timeo

elapsed since tho start of lactation within the



individanl,

From the standpoint of antizonicity in hotrrole
ozous spocics only the protoin frnoction is siznificant,
Kon and Cowie {19/1) broak down the nitro~onous compononts

of bovine milk 4n the manner desoribed in Fi-ure 1,

100 Parts Ritrogenous Compounds

r

954 Protesn(3.18 crams/100 grams 5% Non Protoin Kiltrogen

whole ailk)
78.5% Casein {2,53) 16.5% Milk Serum Proteins
{0s55)
4% feat Stable 12,5% flcat Lohile Proteins
Proteoscepoptono (0.13) (0.12)
9,24 Albumins (0.31) 3275 Globulins (0.31)

Figure 1, Nitrozenous counoncnts of bovine milk,
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The major fraotions of hovine mlilk protains and
somo of thelr characteristics are 1listod according to

Jenness et al, (1755) in Table 1,

Table 16 Xajor fractions of bovine wilk proteins,

Fraction fron Approxe “» of  Molec,
Proteig whish fenlstad cAl crotaing wit,
alpla casoin casoin Lsa.G3
beta casoin cusclin 17«23 23,030
camma casein casein 37
boeta lactoslobulin lactalbumin 7Te12 35,0110
alpha lactalbuiin lactalbhunin 2als 15,120
blood serum clbuawin lactalbumin 0e7wle €5,000
ou-lobulin lactoslobulin Oeml,? 150,000
psoudoeu;lobulin lactolobulin 0.6aled 160,039

Orisinally the milk protcins were separatod only
on difforences in solubility, and weroe classified ns
caseiny, lactalbuming and laotorslobulin fractions (Jennoss
et ale, 1950)s A fourth fraotion, desirnated "Urotoosoce
pentono,® was fgolated by Rowland (1322),

Cascin i3 the protein fractinn in rilk prociple
tatad by aci ifyins raw sichs i1k to P Belade7e It
coupriscs 827 of the proteins, and consists of o rlie
ture of fivo principal ceanponontsg 1) alnhiaelecasein,
2) alphse2ecascin, 3) heta casein, &) garvea casein,
and 3) delta casoin (Fries, 19359), Those comnoncnts
exist in milk as complox particlos contaihing calcium

and phosphate {Jenncss et als, 195G Nrunnor ot ale, 175503
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Kon and Cowie, 1941),

Approximatoly 174 of the protein fraotion of
skim milk is the whey or milk serum protcinse, As Ope
posed te casoin, this fraotion &s soludble whon milk is
acfdified to pil 4,5al.7¢ An additional one perccnt of
the total protein is present in whole milk only, as the
lipoprotoin designated as fat globule mombrane protein
(Jenness ot al., 175G Fries, 1959; Drunner et al,, 1960),

The milk sorus protoins are dividod inte heat
stable and hoat 1abile fractions on the basis of whether
or not tho protein can be rendered acid procipitable at
pH ¥,6 by previous boiling for 20 minutes, The "proteosee
peptone® fraction is that part that is not renderecd acid
precipitable by prior boiling, and is thus tormrd heat
stable (Jonness ot ale, 19533 Brunner ot nle., 1950}
Kon and Cewlie, 1951)e The hoat lablle group of proteins
which §e rendered precipitable at pR 4,6 by previeus
boiling is further olassifiocd into two fractions, the
albuming and the zlobulins, 1

One group of thoe heat lahile rilk serum proteins,
the albuming, represcnt the most sizsnificant antigens
from the standpoint of the individual who is aller:ic to
milke, The prineipal comgonents of tho albumin fraction
are alpha lactalbumin, bataeslelacto;lobuling botae2e
lactoglobulin, seorum albuming, and poroxidame (Fries,

1959)s The globulins, althourh of major importance



from the stundpolnt of fmmunity within the individual,
are of minor siznifiocance as an antigen, and are repe
resented as thoe gaxma globulins psoudoeuylobulin and
euszlobulin (Jenness ot aly,, 19563 Fries, 1959).

Electrophoretic analyses have revenled at least
twelve distinet antigonio faotors asssoclated with bovine
milk protelnk (ilanson and Johanlon. 1959)s Sixzx of these
are also related to bovine bLlood serum proteins (nahson.
1959).

Due to its antigenio complexity, Fries (1959)
mentions that wilk should not boe treated as a single
allargen, but rother as a comﬁlcx of many allergeonse
The shree proteins thaé aro most significant as allere
gens are alpha ladtalbuu!n. beta lactoglobuling and
casein, Of lesser importance is bo?tn. serum albumin,

Most ﬁodlatricxans agroe that some infants whe
are hypersensitive to oov'i milk can tolerate soat's
milk while others cannot (!1111, 192393 Saperstein, 1960),
One reason for this is that the casein fraotion is |
irmmunoclegiocally almost identical between the species,
but that the alpha lastalbuming, beta lactozlobulin, and
serum albumin are species specifie (wells, 1911 HAiNL,
1939¢ Pries, 1959; Lee, 1955), Thus, thoss individuals
hypersensitive to the caseins of bovine milk ouuld
probably not tolerate goat's oilk, while those individe

uals whe are hyperscnsitive te the heat labile milk






serum proteins would often be able to incorporate goat's
milk into their diet without difficulty,

It i35 gonorally assumed that an antigen nust be
introduced boyond the eplithelial tissues of an animal
before antibody production will be stimulatod (Carpenter,
1965)e Milk has been injected into neonatos for exe
perimental purposss, however, it is obvious that a
more subtle manner of sonsitization must be involvad
in the process of natural induction of hypersonsitivity
{1iodder, 18733 Hodonstadt and Tlet jkensjold, 106G5)e At
1eas8 threo methods for natural scﬁaitiaation to milk
proteins have beeon considercd in the past, and those
will be discussed,

The first possible route for scnsitization,
suggested by Natner (1923), involves the passive transe
fer of milk protein antigen across the rluncenta from
the mother to the fetuse It L8 known thint during prege
nancy many womnen have a psychio eraving for certain
foods, and the excossive consumntion of those foods,

Af they hapen to be milk or milk vroducts, could thus
lead to excessive absorption of milk protein antigens
(Ratner, 1957)e¢ These proteln antigens would then be
transmitted to the fetus via the common ciroulatory

system, and thus antigonically stimulate the fotus te
produce antibody (Ratner and Greenburgh, 19323 Ratner,

Crawford, and Plynn, 1956), It would scem that the



14

validity of tiuls theory would depend on whether the
human fetus could he declarcd immunologically competent,
Passive maternalefetal ciroulatory transmission of
maternally produced antibody has also beon considered
(Gunther et al,, 1950),

Thoe scoond posalble route of scnsitigation is
aspiration of gastrie contents, which in the non«breast
fed infant would usually consist of bovine niik (Parish
ot nl,, 170}, Milk proteins prosscnt in the lung might
then be a:sorbed acrnss the riveolar membrane into the
intorstitial tissue and eirculation witﬁ resulting
antizenic stimulation {(Nelson, 1954)s In support of this
explanation are Petorson and Good's (1953) findings
of suhstantially hisher milk rrotein antibody titers
in children with anatomically defceetive swallowing
mechanisss than in normal childrens

The third and probably predominant route of
sensitizgation to milk proteins §s tntoatinal absorpe
tione BRBarly investigntions by Mendel and Rockwood
{1908) were interprotod as indicating that protoins
could bo abisorboed intact from the fntestine, They tloed
off & scotion of the intestinal traet, and domonatrated
siznificant roduction of a protein substance, odestin,
that had boen placod within the sermont,

Dorzstron et ale {1957} domonstrated that under

normal conditions up to ten peroent of tho dlctary
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protein rcachos the bottom of the small intestine wlthe
out being Jizosted, Wills et al, (1922) and Ratner and
Cruehl {(193%) believo that under normal conditions
absorption of unaltered protein oocurs with great rege
ularity, and that protoins may enter tho blood stream
from any part of the bowel, including the roctum,

Three oritoria have boen proposocd for oral sona
sitigation with milk proteinss 1) the protein fractions
pust be in a native state, soluble, dialyzable, and of
low molecular woizht, 2) the intestinal tract must be
particularly perweable at the time the food 18 insested,
and 3) the quantity ingested must be sufficient for
absorption to take place (Ratner, 1357), Holland et
als (1962) susrested that the tneldenco of rilk precipe
itins in the blood of infants could bo assoclated with
ingreased oxposure to antiren, inerocasod permeability of
the gut to protein, or variations in host response to
physiologio quantities of antizen,

Park {1951) and Welson {19G4) have suggostod'tho
neod for a genetle prodisposition to hypersonsitivenecss
before sonsitisation to milk protoina can occurs

Two lines of defense acalnst transsission of
unaltered proteins corass t:e intestinanl wall ars that
pretein foods are normally hydrolyeed by enzvmatie
digostion in the gastrointestinal tract, and that the

fntestinal wall is usually thousit to bhe imnornmocable to



colloids {mtner, 19357)e¢ Tho fallure of theso dofenses
may result fron alteration of the intestinal mucosa,
permitiing ineronsed absorntion of undiosted prstein
into t''o cirecul:ztion (Nelson, 19%%), Those dcfonsoes may
fail due to patholasie conditions, dorvelorrzontal anome
alies, malnutrition, convalesconce from Adlarrhca, followe
ing pastrointestingl disturdbances, or incrcascd pere
rmeability in onrly infancy (Gruskay and Cooke, 1955¢
Inmonen, 1737°5), With ulocerative colitis patiocnts, ine
eroased absorption ef antigenie protein from the gut
i sht occour for at least two soparate roasonat deprosse
proteolytic activity in the upper rastrointestinal tract,
or more fuocileo absorption of undigosted protoin by the
inflaried colonie mucasa (Taylor and Truelove, 1951),

There &8s reascn to believe that the intestinal
environuent of the gorm froo aningl is vary sinilap
to tho intestinnl tract of tho novborn (Swith, 1965),
This sinilarity 18 lar-ely due to 110 lock of mn ine
tostinal bacteriel flora, which the convontional aninmal
cequires scon aftor birth, This booterinl flora is
probably larrzely resnonsible for stimalatin: histoe
loieal chancos in the snall fntestiuve that disenara;e
tio furthor abgsorntion of larze molecules (Lazorcrants
ot al,, 197353 Smith, 1965},

Clark (19572) idontified orally ingoestaed bovine

carma gloLsulin and ovalbumin in tho apieal cytoplasnm

16
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of tho jejunum and ileum of rats and micoe that had been
fed theso proteinse Ho postulates that the cell takes
in these particles by ninocytosis, a process of invade
ination of tho aplical eell merbrane te form vacuoles
eontaining material from the intestinal lumen, Eizite
eon days after birth, howover, the eolumnar absorptive
cells lost thelpr abllity te ingest proteins and colloids,
this boing the age at whioch rats oand mice lose the
ability to absorb antibodieos from the intestine in an
fimmunologically intact form (Clark, 1959)¢ Anatomiocal
changes in the eolumnar absorptive cells accompany these
cehanges in funection,

Pérticloa absorbed by the epitiielium of the small
intestine can be ploked up by the intestinal lymphatics,
and transported to the blood stream, Ingostion by coe
lumnay absorptive cells appesars o be a noneselective
mechanism for taking in whatever happens to be in the
environment, Laboliod protoina absorbad in this mannep
ean be rocovered in the blood within ninety minutes
from the time of oral ingestion {Clark, 1959).

Farr, Dickenson, and Smith {1960) fed bovine
serum aldbumin to rabbits in the drinking water, and
found that a 0,0025% solution for thirty days, or a
04256 solution for one day was able to eclicit ths proe
duction of a sufficient antibody titer to be detectable

with thie ammonjum sulfate technigue,s Antibody was



detsoted as oarly as sevon days after the firat feeding
of a 0,1¢ solution, Intravenous injoction of a none
antigonio dose of 0,006 mge of bovine serum albumin,
however, resulted in a higher blood level of bovine
sirum albumin after a&vcn days than Adid the foeding of
a 0,253 solution at any time, Thus 4%t is expocted that
imnunisation by the oral route is initiated by lymphoid
tissue associated with the intestinal tract, where
higher concentrations of bovine sorum albumin are availe
able (Farr, Dickenson, and Smnith, 1960). Thess sensie
tized 1lymphoid eolil could then be transferrod teo

other sites of antibody production such as tho spleen
and lymph nodes (Fare and Dickenson, 1961} noilsnd ot
aley 1962), Intestinal permoability &s greator in the
newborn, and immtnolozically competent o»lla.nr the
newborn 1lie ;n the gui wvall, making them quite ace
cislibla to antigens in the gut (litnkle, Hong, and Vest,
19G1).

Rotiborg, Kraft, and Fare (1966,1957) showed that
antibodies produced to either orally or parenterally
adninistered bovine serum albumin were gqualitatively
similar when tested by radieimmuncelectrophoresis,
passive homnpgcslutinationg 2emercaptoethanel treatment,
detootion of antibody in suerose density gradient
traetioanot serum, ammoniué sulfate test, anti;on

precipitating capacity, and density gradient

18



ultracontrifuzations

Soon after the ndvont of cormercially prepared
evaporatod miltk, 1t bocamo evident to podiatriclans that
heat denaturation of milk proteins sinificantly reduced
their antignnicttyg. This ioas of antigenicity was
probably due to at least two factorss 1) actual destruce
tion of the antig:nic portion of the molecule by heat
donaturation, and 2) tncreased susceptibility to enzye
matio breakdown in the gfut with consequential reduetion
in protein avallable for intestinal ahserption,

Denaturation or a protein implios any channe 4in
physical and ohoemlcal proporties from the nativeo state
including esnoclally the losas of solublility et tho {i30e
elactric point for that protein, but also changos in
eloctrophoretic mobility, and reduoction of sulfhydryl
groups (Mauror end Hcidelber er, 197513 Larson and
Rolleri, 19553 Saperstein and Andorson, 1962)e These
ohanges can be broﬁght about by a large variety of chenme
1eal and physical asonts fncluding ensymes, irradiatien,
acids, alkalions, alcohol, scetone, salts of hearvy
metals, dyes, heat, light, and pressure (Ratner, 1957}
Grogan and Crawford, 19G61)e Tho stages of donaturation
are not ncecssarily all or none with many protoins, and
so:0 stages of thiernal dennturation are rovorsiblee

Donaturation of native protoins often results

in loss or diminution of spocifie immunologic properties
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hecausey, dune to thelr physical structure, coagulated
proteins aro delayed in thie gastrointestinal tract,
thus giving mora time for enzymatlc dizestion (Lewls
and lfayden, 19323 Natncr, 1957), Also, as evidenced
by the offcots of trypsin on proteina in vitro, digese
tive entymes are sore offective per unit time on
partially donatured protoins than on native proteins
(valloneLawrcnce and Kochy 1930), This rosults in a
rmariied loss of abllity for ti:o milk proteins to antiae
gonically sensitize the individual by thae oral route
(Ratner and Gruchl, 1925},

Penatured uroteins may ect as sirple oy complex
hantensy to block a reaction between antibody and
nativeluntigon without producing a visible rcaction
(Sanerstein and Anderson, 1952), Some donatured
protoins may act as antirons to induce procduction eof
antibodlices to tho denuturs? protein as woll as teo the
unaltered protoin.‘ lHabeeb and Borella (1955) found
that tho denaturation of bovine zerum alburin in which
the disulfide bonds were broken resulted in a loss of
reaetivity botween antibody pro&uced azaiast the doe
natured bovine serum albumin and undenatured bovine
serum albunming

Thero 15 considerable disggension in tho literae
ture regaréing the 4ssus of whether a heatod protedin

antizen has retained sufficicont stfangth and spocificity



to act as an alleprgen whan orally adnministered, In

the case of alleor-y to bovine milk, cuitula rasearchers
fes) that individnals hyperscnsitive to milk could
tolerate a heat denaturoed preduct (Ratner, 13573 Crawford,
19603 Crawford and Grogan, 1961j Hinkle, Hong, and ¥est,
1961)¢ Other investigators, in contrast, bolieve that
denatured nilk s not a safo substitute for milk 4in the
dies of uyporsensitive indiviluals, end that instead
suoh products as scoy nllk and moat base milks shiould be
used (Saporatein and Anderson, 19(2; NHeiner, Sears, and
Kniker, 1962; Lus end Todd, 1%04), Saporstein and
Anderson (1962) have suzcosted that the torm heat doe
natured milk ean be Qbandoned as a designation fmplye
ing noneantigenicity or noneallcerzonicity of the
pr@tolno in thease producta,

Ratner and his associates believe that tlie
majority of children hypersensitive to milk can safoly
consune heat treatod milk, and that less than ons
fourth actually roquire a milk substitute (Ratner,
Crawford, and Flynn, 195G3 Ratner, 1957 Ratner et al,,
1958¢)s According to Ratnor, the lack of a favorable
response to a heat trented milk in this latter 25% is
due to a casein hypersonsitivity, Sanerstein (1300)
believes that no evidence has boen given for cascin
hypersensitivity, and that suspocted cnses wore due

to incorroot diagnoses made with ¢asein thiat was



contarinated with Racto,lobulin or lactalbuming It
oannot he clavated that licompleto purificotion of the
edlk proteln frac¢tions l:as resultad in nany oislonding
eonclusionsa, and carly studies wcro carricd out with
easein fractions contaminated with lactalbumin and
lactoglobulia, and lactalbuxin fractions coutacinated
with xacioglobulln and scrum albumin (Ratnor et al,,
1958a3 Coloa und.bees. 1953} e

It would geewas ti:at tie newly acquirod svecificity
of ino antlgon shieuld Lo considercd as well as the
orizinal quantity of native protsin remaining when
trying to deternine the value of a heat denatured milk
product for use in tlio diet of Lyporsensitive individe
uals, Synthetic polypeotides of low woleculapr weizht
are antigenio In rabbils and gulnoa pirs, sugzesting
tha$ sevorely denatured protelns could still be antle
genie (Maurer, 1962, 19633 Maurer, Gerulat, and Pinchuck,
19633 Levine, 1965a,b)e To be considored also is the
fact thiat the ability of a substanco to act as an antie
gon based on classical serological techniques of antie
body detection is not nocessnrily indicative of the
allersenié pronerties of that sabstance (llanson and
Mansson, 1971),

Furth (1925) noted tiat t:e henting of horso
tarum or erystalline esg albumin to 100 C ercated a

new antigzsonic specificity, Antisora obtainod by



injecting anti-en heated to 107 € prouciipitated stronze
1y the anti-on uscd $a 1ts provetlinn, hut cﬁuaed.only
weak procipitatiou of uihcated proioiu. Cutler {(1229)
found t'.at Loatcd w.oy protelns wore more rexctive in
animals sonsitized with hented milk than in animals
soensitized with ruw milk, Lowis and aydon (1332)
found thot hoatlag altered some antigons so taiat antie
sora procdacad azslagt (0w were wor? or leoss speclfic
for thc heutod autijons, the soecilled coclomantigens,
Includod in t'.13 group was bovine milk ttiat Liad been
heated to 116 € for 15 ninutos,

Hirata and 3Susasdorf (125£) found that the partial
dennturation of bovine serum ~2lbumin creatcd a new
antigenic specificitys Wion tiis partially denatured
bovine scrum allunlin wes fujected inte rablLits, Lt
rosulted in Liizhior antiboly titors and a larser nunbep
of reactors than did native bovine scrum albumin when
orch anticen was testod with 1ts homologous antiserumg
Peters and Coetzl (1955) state that aprrociable confire
urational cranzcs can bo induced in the bovine scrunm
albuinin molecule withiout markedly altering its antigene
ie pro;erties, and that immunolozic dotersinants une
renctive in t'io native molocule may be uncovared by
manipulationg which do not Lreck tho pentide chaing
Crromatosraphy of a tryptic hydrolysate of bheta lactoe

globulin by Binz, Gusdon, .and Giavitsky (1965) ylelded

N
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sevon active peoptide haptensy Theso inhiibited the
heragrlutination, precipitation, and passive cutaneous
anaphylazis recactions in a bota lactolobulin antiebeta
lacto;lobulin systom,

Althoush 4t 1s usually accepntod that casoin is
tis most leat stable protein in whole =ilk, considerable
disasroomont exists concernins the cormparative heat
stability of thoe more heat labile whey éroteins. Larson
and Rollerl {(1933) concluded thet alpha lactalbumin was

10 most hoat stable of the whey preteins, Crawford
and Crogan {1951}, Collins«Williams {1962), and Lus
and Todad (196%) mailntain that alpha lactalbumin &e the
more heat labile, and that beta lactozlobulin is the
most hoat stable of the whey proteinse MHanson (1965)
belicves t:int sorum albumin §s tho most heat stable of
the serum protoins,

Wolls (1908) stated that erystalline e;g albumin
and bovine milk do not logo thelir sensiticing power
for anaphylaxis wien heated to 100 C for 30 minutes,
Attoempts by Ratner ot als (19580) to orally sensitise
or challengoe guinea pigs with hoat donatured milk wore
invariably unsuccessful, Lus and Todd (196%) found
that milk that had been heatod to 245 F for 19 minutes
showed only sli:ht differencos in antigonicity from
unheanted milk wion tested by the Prausnits«Fustnor

technlique, Mloro«OQuchterlony toechniques show that
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hoating 6ausos a loss of procipitebility with the native
protein, but in this ease such a loss 13 not nocessarily
equivalent to a loss of antienicity or allercenielty
(Lus and Todd, 1964),

In 1929, Cutler failod to deteot any significant
differences in the decsree of anaphylaxis elicited with
caseins from pastouriged opr commorcially available
evaporated milk that had been exposed to 220 ¥ for 40
ninutes or 240 P for 20 minutcs, Rowland (1937) believed
that donaturation of alpha lactalbumin and bota lactoe
glébulin was completo in five to ten minutes at 100 C,
Brown, Aurand, and Roberts {1961) found that pasteure
isation eausod negligible milk protoin denaturation,
bu§ autoslaving at 250 ¥ for 15 minates donatured all
the whey proteins, Ascording to Hanson (196S8) ecasein
oan withstand 120 C for at least 135 ninutes, and beta
laotozlobulin 100 € for at 1east 15 minutes, Hanson
and Mansson (1961) using immunoeleotrophoresis could
not demonstrate the presonce of whey nproteins from milk
heated to 120 C for 13 minutes.,

Ragsnor et al, (1958b) on the basis of systemie
anaphylaxis tosts, state that the allercentioity of
alpha lactalbunin was eliminated in a hoat donatured
nilk product, and that even gasoin evidoncoed a dejree
of heat lability, Cole snd Dees (19563) claim that

beta lactoglobulin in milk oxposed to evaporation ts
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only partially denatured and still able to elicit anae
phylaxis when guinea pizs are scnsitized with unheated
beta lactoslobulin,

Saporstein {1960) found that both alpha lacte
albumin and beta lactoglobulin in commercial evaporated
milk products were still antigenically intact, In a
lator study, Saperstein and Anderson (1952) eonoluded
that heat treatinent had some effcet on alpha lactalbumin,
but did not reduce the antigenicity of casein or beta
lactogzlobuline, VWith preoipitation tests, milk products
heated for ten minutce at 110 O or 30 minutes at 99 C
all gave positive precipitates with dbeta lactozlobulin,
alpha jactalbumin and casein, Three hour heating as
99 € did not inactivate the alpha 1lactalbumin, beta
1actozlobulin or casein as tested by passive cutaneous
anaphylazis (Saperstein and Anderson, 19562),

According to Fries (1957, 1959) allergy to cow's
milk is not as frequent as uncritical evaluation would
mako 1t seom, and many distarbances inducoed by milk
should not be catesorized 23 allergle in natures, The
only satisfactory way to diagnose milk allercy is to
show thot symptoms are alleviated with removal of eilk
from the dlety, and that they return when wilk feedin:s
are restored (Gold and Robbinas, 19G5),

Reeorded incidonces of elinical symptoms of

<ow's milk aller-y in randomly selccted children has



varied froo 0.7% to 7.0% (Clein, 193k, 19573 Collinse
wiillnms, 175%; Claser, 175C; Dachean and Doos, 17572}
Dascd on clinicnl symntoms, reportod i:cidences of
sensitivily to cow's =11k in allersie crouns varied
from %5,0% in astmatics to 557 ¢n aller-ic children
under four vears of are {Navidsan, 19%%2; Fries, 1957).
In allerg;io ratlonts undor two years, tho isclidenco

of hypersonsitivity to cow's =1l is hipsh, bLelng
prosent in anproximately one in three infants {PBachman
and Dees, 1957b}4

Ratnor et ale {1953a) and CollinseWillians (1952)
attribate the pgreatest zllersonicity to millk proteins
to the beta lactorlobulin fractione Fries {1977) and
Cole and Noos (1943) state that sensitigation to rmilk
is usaally to the lactalbumin fraction, Gollinan ot al.
(19G3a) orelly ¢hallensed children known to Lo allerrle
to milk with the rmilk protein fraetionse Thas
froquoncies of rcactions to the various fractiona
weres cascin 577, bovine sorum albumin %17, beta Yactoe
£lobulin G557, and alpha lactalbumin 347,

Dotectable antiody titers to bovine -~ilk in
botih henlthy and aller:ioc infants are consid-rably
moro co:xuon than celinical sisns of =ilkk alloar:sye

Tho precipitation test, as norfor-.ed by the rol
diffusion or canpillary tube techinioue, consistontly

detcets only the hirh titercd soras Twontyeflive



percent of 179 normal and sick infants had precipitines
to cow's milk by the gel diffusion tochnique (Peterson
and Good, 1953), Preeipitins are more frequently found
in sera of children with chronie pulmonary disease or
Aron deficiency an;mta than in normal cuontrolss The
fncidence as deterwmined by geol dlffunion in iron
defiocient infants fed cow's milk prior to diaznosis
was 755 te 804 (Wilson, iHelner, ani Lahey, 1962),
Gunther et aly {196G0) found that 96% of 295
serum samples taken from normal infants had hemagi;lue
tinin titers ép to 1000 with a mode of 64e Similar
samples frow healthy adults and newborn infants before
exposure to bovine milk showed titers of mero to four
for the rost party, but samples from infants seven to
97 weeks old had titers of two to 128 with a wean of
16 to 32. Saperstein ot al, (19G3) and Collinse¥Willians
end Salama (1965) found similar pattorns of homagzlue
tining for normal ehildren, children allergic te milk,
and aller:ic cochildren that were not allergie to milk,
These findings disagree with those ctlsunthor et al,
C1962) and Parish ot al, (1964) that hich hemagglutinin
giters to milk proteins are correlated with suseceptie
bility te anaphylaxis in infantse Peterson and Goed
(1963) found that 67% of 233 serum samples from both
healthy and discased ochildron had a milk protein

hemagzlutinin titer of ten or more, The highest titers
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of hemag:;lutinins were obtained froa the scra of

sl nificantly disabled chilédren, A1l sera with hene
egglutination titors over 1,230 had precinitins also,
but most srra shinwing hemasnlutinating activity 4n low
titers only d4i4 not have preclpitins,

Skin testing teciinigques did not corrclate with
elther hemasglutination or precipitin titers, ziving
nozative tests with sera showinz the hi~hest positive
in vitro titers by hemag:lutimation or precipitation,
and sora with lower hema-glutinin or precipitin titors
ocsasionally giving positive skin tosts (Peterson and
Good, 1953)e Antibody spocifie for bovine sorum
albumin by the anmonium sulfate technique was in no
way related to positive sikin tests for milk or bavine
serua albumin (Rothbarz and Farr, 1952). Ratner,
Crawford, and Flynn {1955} ond Goldwan et ale (1963b)
report tuat strongly positive siin tests with purified
milk proteins have considerable dianostic valueoe

Gunthor ot ale (1950}, wsing the hemaggluftnatiou
tochniquey found antibody gpecifie to scasein, alpha
lastalbumin, and bovine serum albumin in the serua of
normal infuantg, Neo untibedf was found spocific te beta
lactoglobulin, In contrast, Petorson and Good (1963)
found precipiting to all milk protein fractlions except
casein in normal and allerzic childrens 1In those studies,

tiie riost comaon antibody to a milk protein fraotion was



shitlebiota lacto "loluling

Uslng tire amzonlum sulfate teat, Nothber: and
Farr (15402) found cireulating antibody to bovine soeprun
albumin in serua samplos from 725 of the e¢:1Ydren and
174 of tho adults tosted, Talrtyesoven percont of the
cliildron and scven percont of tho adulis had antibody
to alpha lac‘ﬁalbw:zin. Thus, althou;a thero 18 conuile
erably more alpha lagtalbumin than bovine serum albumin
in bovine nilk, tho bovince serum alburmin scomed to act
as a moro offioient antigen,e Howevory it shiould also
bo considored that bovine germns albunin would be presont
in any Leef consunod, whereas alpha lactanlibumin wonld
not {Farr, 15359).

Croups of haalthy and digoeosed ohiildren showed
no diffrrences in incidonoce of antibodies to hevine
saorun allbucin or alpha lactalbunin (Tothbers and Farr,
1305)e It was oconcludad that when an larwediate trypo of
hyporsongitivity wos assoclatod with the proscnce of
circulating antibedy, tint antibsdy 43 necessary but
not alone sufflicleont Ta caise syrtoms O TroecX;:0SuUre
to tho antijone OGthur faciors suoh se variation of
tiie type of antlbody produced, end orsnn susceptiblility
and reactivity, perocablility of tho blood ;ut barricr,
aid doso of antijen or roeoxpnosure 2ll detornine vhether
en iadividual will hiave an untowurd reactione

Tho possibility of a cross roaction Listween

a3
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antibody produced a-ainst Lovine milk protein antigzens,
especially bovine serum albuming and other hetorologous
antizens has been considcred by Weigle {1952), Weinle
and McConahey (1962), and Rothberz and Farr (19585),

No sharod antigenicity was detoctsd betwoen bevine

serum albumin and other antigens to whioh t:e population
night be frequently exposcd, suoh as ovalbunin, polile
vaccine, influonza vaccine, tetanus toxoid, diphtheria,
and portussis vaccine, In vive reactions betwoen

rabdbit nnti-bovinq scerum albumin and ten cross reacting
wausalian albumins were gapable of produclag systexic
anaphylaxis, passive ocutansous anaphylaxis, and the
Arthas phenomenon in sensitised pguinea pigse Whon

equal axounts of procipitating rabbit antliebovine sorum
albumin were usod to passively sonsitisze tho animals,
some of the eross reacfing albumins proiiuced as sovere
symptoms as the homolosons bovine serum albunin wvhen

a safflclient amount of anti-en was usoed in tho challen;e
dose {(voigle, 1962),

Saperstein et al, (1963) concluded that the
passive cutanoous anaphylaxis test was more valid than
tanned cell hema;zlutinatioen techniques, doable gel
diffusion, or skin testing teshniques for detorwining
titers of milk protein antibodiesg in the sera of
allerzic ohildren,

Minden, Reid, and Farr (195%) studied the
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relative sconsitivity ef several serologsical tests for
thelr respoctivo oasacity to dotest circulating antie
boldy to bovino serum albunin in human scrae Those
studioed were doublo gel diffusion, homagi:lutination,
Prausnitz<Kustner, passivo cutaneousvanaphylaxls.
systertio anapi:ylaxis, radlolwmunoelectronhoresls,
spontaneous precinlitationg, nad the amvonium sulfate
teste Ti:» only consistently positive tests for
cetection of antibody wore the armonium sulfate and
radilofirmunocelectrophoresis tacliniques, Soventyfive
percent of ti:e gera were positive by heaay;lutination,
and 507 wereo positive Ly spontaneous procipitations
The romaining tests were considzrably less sensitive

in tnhisg studye
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AvgiTly Teadneckl g Ty Tha Pal

Tama rat Livg ¢a ba coansidoroed a »Hoar antiboly nrow
duscor wicn exoselt te camnonly usat antizaag Yy oone
vantionel nothnds {laffol, 1301) Kabat and MNuyor, 1951y
Banovitz an! Trarani, 175%), Althsa~ this wank rasnanse
besornes eznocially evidan® wien troyiny to 1ndis anne
riylaxls in s 2 :clcs, rats ers also relativsly poor
producers of nreecipitins and agzlatinins {Linton, Stane,
and Fround, 15363 Wimebrizht and Pitch, 12023 Cody &nd
Code, 1953)e Ancphylaxzlis iy slso 2ifficult to preduce
in the mouse, olthoush thls speccice L2 usually not as
unrcactive as tho rat {Xind, 19:57)s T.i8 resistance to
anarhiylazias is probably asgsociated with tho fact ¢thas
both the rat and mouse are exiromely tolerant to the
effects of histarine, being unaffocted by a cdoso at least
five hundred times aas larce as thct witch will kill the
cuinea pig (prill, 19s58),

Dospite the difficulties involved, early workers
Parker and Parker (192%), Dellaway (1939), and
Hoohwald and Rackenann (1226} reported succoss in
atterpts to produce anaphylaxis &n rats, llore recontly,
a wide varicty of techniqguos have hoon emslaynd faop
increasin: tho rat's ability to rospond to sonsitiention
and subsequont challenzo with feroisn protoins, Twcso
include hypophysectomy, fastinzg, insalin induced hypoe

Zlycenmia, the adninistration of ascarblie acid, thyroid



hormencs, tyuosan, Brucella nbortus vaccine, Freund's

adjuvant, Dordotella go;tusstg'colln. and Bordetolla
pertussis vacoine (Hochwald and Rackomann, 1945y
Parfentjev and Goodline, 17483 Walkiel and Narsis,
1952a4,bs Dows and Code, 12333 Kind, 19573 Sanyal and
West, 19533 Spencer ani Wost, 13623 Munog, 1953
Adankiewics, Sacra, and Ventura, 19543 Oinaghi and
Bonacerraf, 1964b),

A partial 1list of the protein antirons used in
t.e sucocoessful antigonlo sensitigation of rats includos
human serum, horse soerum, es-g albuming, bovine serum ni.
bumin, human serum albumin, human gamma globulin, bovine
gamma globulin, fibrinegen, the flagollar antigen from
Salwonella 053, and the ooli extract from
Niprostronsylus brasilicnecig (Hochwald and Rackowann,
19463 Sanyal and West, 193533 Winebri: ht and Fitch, 19623
Binaghi and Benacerraf, 195haj ¥Wilson, I3ienenstock, and
Bloch, 196G)s Mota (1964a) found that egg albumin was
a more effoctive antigen than human serum albu-ing rat
camna globuling, horse gamma globulin, human gamma globe
uling or bovine gcamma slobulin for thé pro‘uction of
antibody in the rat as tosteod by the passive ocutancous
anaphylaxis and homas-lutination tochniquos,e

Various routes of antizcen injection have been
employed in the rat, inecluding intraporitonealy, sube

cutaneous, intravenous, and intramuscular routes



(kota, 120%n)}e Usinz ten ricrocram Jdoscs of antizen,
Winebrinl.t and Fitehr (1952) found neslisinlo Aifierences
botween the effectivenesz of intr-reritoncal, intravoe
nous, and subcuatansous routes of injcction for the
primary production of o -lutinins to tho particulate

flagellar entigon of Scluonclla typhosa in normal and

splenectomizod ratse, With a sualler doso of antijen,
00002 mioroc-raxs,; tho &ntruvenous or intraperitoneaal
routes woro more effective than the subcuianncous route,
Nota (1953) ronorted that scnsttization by tho intrae
peritoneal routo is moro effective thnn the suboutaneous
route for producing mast ccll cdisruption and the appeatre
ance of detoectcble blasma histamine, Binas»i and
Benacorraf (1254b), Mota (196%a), and Uinaghi, Oettgen,
and Benacerraf (19G56) report that subcutancous injoction
of antigen inte tho footpnd.-along vith Fround's edjge
vant or Dordetella portissig orcanisus is tho most
offective procedure for the production of rat anaphye
laetic antibtody,

The two zost common methods of sonsiticeing rats
for the production of anaphylactic antibody includes
the injootion of the an'‘izong a) with Dordctella
pertussig orsanisms or vaccine, or b) with cnmplete
Troundtg adjuvant,

fiants immuniged with bovine serum albumin and

complote Freund'g adjuvant proeduce hirh precipitin

(&)
\"
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titers, wiich Ligston, Stone, o Frount (1735) bolieve
to ho correluoled with suscoptihility Lo ystelc acie
phylactic :leath, Mota {(190%a) faunt th:t the rat proe
diced a hish titer of hoamaz Yutinating antibody when
injected with ton pillisrans of esc albumin Wit Come
plote Fround's adjuvant intramuscularly escry waek for
two nanths Dlus tws injections of alunm precipitatod ecg
albuyain intranmuscularly at a two weok intervale This
same procedure rosalted in no Aotoctablo passzive cutane
eo.s anaphylaxis antibody titore Munos {1953} reported
that suscoptibility to fatal ancaphylaxis in nice was
equally enhanced whethor cnmplete Pround's adjuvant or
Bordotella portuszls cells wero used with a largs dosa
of antizeng but with a small dose of antigon, Freund's
adjuvant was more effoectivoe, Bina .4 and Denacorraf
(1965%a) eoncluded that for the production of antiliody
demonstrat:nz activity by the passiveo cutonoous anfe
rhiylaxis tost, the use of portussis vaoclne as an ade
Jurant resultcd in an earlier primary response than
did tho uvse of Freund's adjuvanty By tho eleventh day,
serum titers of antibody, as mcasured by the passive
cutaneons anaphylaxis teout, were essontlally equal,
whether pertussis vaccino or Freund?s adjuvant hnd been
employed,

Probably the most widely mccopted tocinilque for

inducing anaphylazis, or the production of anaphylastte



tyipe of cnititoly Ya thie rat or Locund, s L) adniinlie

tration af “ort {037 roerlag tg cella or vacsline with

theo nanti-oune Yice laj-ctod with rpeortussis vageine are
moro suscepntlble to t'istaning, scrotonin, p5saivo and
active annybylaxids, tho pram nesctive bacterinl vhcclnea.
and infection with living tecteriag althouzsh in these
cases the ncuse is n-t in a debilitatzA contition (Kind,
1957},

Decause histonine and serotanin are the usual
modiators of onaphylaxias in rony spcclea; ti:.is tas 1lcd
to the invalid assumption that increaged sonsitivity t¢
these compounds in the rat ard nouse is responsible for
increased susceptibility to anapi-ylaxis, Acocordins to
Sanyal and West (1933) the poéoatiatlng action of

Bordotolls rort:gsts vaccine in the onhanconont of ande

phylaxis could be cdue tos 1) incroas:-4 antihody formation,
2) ineraased production and relaass of tha anines, or

3) increascd tisgsue sonsitivity to tho asines, Kind
(1953) hos based the aohsi@iting propertioss of [
portussig oh two assumpti»naf 1) that sonsitivity to
histamine, scrotonin, anaphylaxls, and endotoxins is

dus to a defoct in stercid metaholism, aid 2) that ine
geroasod siscenptibility to the lothial effocts of endoe
toxinsg, anaphylaxis, peptonesy, and other asonts is due

to the rolnase of histamine and serotonine Tho actlion

of N, pertussis on sterold rotabolisa say boe enhancement

3?7
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of destruction of these compoindg or the ability to
increa-e tissne remuiroc-ents for th.e sterolids, DB.
pertisais also elther clicits a hynorlycerile response
by the onimal, or nrrevoants the dovelomxient of compene
satory hypo»lyéemia (Pieroni and Levine, 1707).

Munoz end Bergman {(19G5) and Pieroni, Broderik,
end Levino {1965) have muccessfully chaoractorized the
histarine sensitieing factor of N« pertussis. As a
result, an cntirely now theory has emor;ad rejarcing
the ability of Dy pertiussis to enhance anaphylaxis in
rodents (Lawler ot al., 19653 Keller, 155%)e Kumorous
investizators havo demonstrated that 3, pertussig does
plqy a significant role in blocking adreneric receptors,
thus ininrfering with the action of epinephrine (Gosy
and Kato, 1902a,bg Rercman and Munoz, 19553 Munos and
Pargamng 196083 Keller, 1966), If this thecory 18 aocepted,
the enhancemont of snaphylastie shock by adrenalectomy
could be explained on the basis of loss of tho adrenal
nedulla, rather than the loss of theo adronal cortexe

Sanyal and West (1953) noted tuut foir days after
treatmont with Re portissis vaccino, rats wveoro five
times more sonsitive to histamine, and by the tenth
to twolfth day were thrcee times more scnsitive to soroe
tontne This Inforration led thoese investligsutors to
support the theory that the potentiating action of

pertussis vaccine is due to the induction of increased



tlsmug soa-ftivity to thee2 - diave, Yoauz (157°7) 04
Moty {(129L4), roweverp, dlranran, an? roistalna taat
fol1lawing sonsitigaiisn, Lacroas 1 s Mividly £ rnte
hyluxts Is sti1l sresgont ot a (10 ven Lyarrsotstitivity
to histamine et cerotonin aos dlzannecrots In adlition,
tho ad inistention of antintstarinos vad Aantlaescroatnin
compiuadg ¢21ald not fully oroteet rats from enaphiylactie
daath,

Tecont woark a;yports'the theory that t"a most ime
portant actinn of N, ~ovtnsaise in Sensitlzin; tha rat
to anaphylaxis L3 tho enhance=qocant of anaphiylaetic antle
boly productisng Althozh tha mechianiagm by walih
portussis or-aniana enhance t:o srolustion of cnaplaye
1xctie wi1tibsdy 43 still thoonrized, the fact that passive
transfer of thio indiced hynarsonsitivity 1Is rossible
with: sorun or purifled antibody riales out the pos:ibLility
that nortusscis oranisms wore only modifying the
physiolopicnl resnonse of tho arimals to the modiators
involved in anapuylaxis {Binash1 ani Benacorraf, 19G%a),

Munoz (1767) frols that tae malm mochanism by
which [l¢ portssis dncrcascs susceptibility of nice to
cctively induced ~naphylaxis is by stimulating the antie
body raesponso to the sgcnsitizing antizrn, That portussis
vaccine onhances the.ﬁroduction of a:rlutinins in mioce
has been dcronstrated by Kind (1957), MNowover, uniike

othor phenomena induced with partus:is vacclne, the



arslutinin response eoocurs only whon portussis vacoine
is adninistcroed at tho same time and by the same rbutc
as the antigons Mota (1263a) belioves that B portussis
vacecine in thie rat enhances tho produettan of an antie
body type diffceront from the precipiting having an
affinity for the mast cell, Solliday, Rowloy, and
Fitch (1947) state that Be pertussig vaecine enhances
the antibody reosponse in the pat by inducing proliferation
of the antibody forming cellme rather than by affecting
he antigen or the initial antibody responss by the
immunogompatant colls asiroady presont,

¥ota (19G4b) esencluded that anaphylaxis in rats
is a result of a mized reaction in which both immediate
and delayed hypersonsitivity are present, and that
actively sonsitised rats are fully susceptible only
when both irmmediate and delayed hyporsensitivity are
fully establishods Anaphylaotic shock in tha rat can
usually only bs produced betwecem the tenth and twentye
ftrsf days aftor sonsitisation, Sanyal and West (1953)
found the twolfth day to be the most successful for
producing sovere anaphiylaxise Wion the rcaotion is
fatal, death usually eccurs sevefal hours aftor antigen
injection (Mota, 195kb),

Systemic anaphylaxis in the rat is a progressive
sirculatory collanse with the small 4ntostino as the

target orcan (Sanyal and Wost, 1958), With severe

4o
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anaphylaxls, the firat symptons soon in the rat are
ruffled hair, 1loss of rcaction to painful stimull,
falling of blood pressure, and lowering of body tompore
aturey, These aro followod by weakneoss, cyanasia,'
severe prostration, exophthalmoas, convulsions, and~
often death, 7Ti:is sa:0 goacral syndrom2 is seon in
rats following the injection of.unaphylatoxin. a toxie
principle producad by inoubation of cortain antizene
antibody oconplexos in normal rat sorum (llota, 125%).

Once sonsitisgation has occurrod for tho dovole
opment of systomie anaphylaxis in the rat, t-e
noiority of siock can ﬁe depressed with sach procedures
as splaﬁeotomy, hymoatory, or thio administration of
antihistamiios, antieS=hydroxytryptasines, and glucoe
cortisoids (Sponcer and Wost, 19523 Cody and C.de,
1963)s Thoumpson {195G) repertoed thzt anaphylexis and
histamine shock are depressod during the frll saason,
Althoupgh tiie roason for tiils 18 uninown, t:is PHeNONe
enon is probhai:ly associated witia Ynbalancoes in sulfur
natabolicm (Perera und Yenpgar, 1955),

Active cutunoous anaphylaxis has nlao hoeon proe
duced in the rat, by injoocting bovine serum clbunin
and completo Fround's adjuvant, For producing the
cutaneous type of ananrhiylaxis, shocking dosos of
diluted antison aro ropartedly more effeotivo tiian

hichly concentrated dosos of anti ene The
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histopathological changes in the sites of intonse skin
reactions were sinmilar to those seon in tho Arthus
reaction of the rabbit (Linton, Sto.e, and Freund,
1956},

Both passive cutanoous and passive systerle anaw
phylazls have also been successfully produced in the
rag (Mota, 1752)s Roports on the valus of [, portussig
for use in passgsive anaphylaxis have becn contradictory
and confusing,

Attompts to produce passive systeasie anaphylaxis
tn rats, usinsg sorum from ratg sonsitized with antigen
and Bo pertissis orzanisns have boon larzely unsuccosse
ful (Mota, 1961;‘Blna3h1 and fDenacerraf, 177%a), Coulson
and Stein (1945), however, successfully prodiced passive
systemio anaphylaxis In rats using rat antisora prodaced
by inoculationvot erz alburin emulsificd in Freund's
adjuvant into the footpad with an additional intrae
peritoneal injcction of §, portussig orcanismse Sanyal
and ¥Wost f1958) roport that passive transfer of rabbit
or rat antibody inte rats thiat hind received an injection
of Be pcortussis vaccine twelvo days before resaltod in
susceptibility to anaphylaxis, Mota (1952) disarrees,
stating that pretreoatizont of the acrum reciplent with
Pe portussis does not influenco either passive anaphye
laxis, or ths anaphylactoild reaction induceoed by the

injeetion of soluble antirenea:tiborly comnlexes,
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Passivo cutancoas nnaphylaxis has been proiucod
in rats usinz rat, rabhit, and human antitody (Qvary,
19523 %ota, 1993ag Sonnztam and MMorcus, 19533 Lovett,
Hovat, and Wardlaw, 19757°), While Ovary (1952) reports
that a positivo passive cautinoons anaphylaxls roeaction
can be obtained for only a few hoars after injection of
entibody in tho skin, Rinashi and Penacorraf (19G%a)
report that sonsitization wis maxinal at sixtoen hcurs,
and positive goaotions persisted for rany days without
sisnificant clianre,

Ti0 rat sorum titers of passivo ciutanco:s anaphye
laxis antibody are rarcly very high, althouzh Wilson,
Bienenstock, and Nloch (19456) obtainzsd titers up to one

to one thousand using Ninnostrancovlug bhrasilionsis as

the antisone Connoll and Sherman {1955) report that
the titer of hemag:lutinatin~ antibody in rot sorum is
diroctly corrolated with the ability to induce passive
gutaneons anaphylaxis, but that the titer of skin scne
sitizing antibody bears no rolation to the capoacity of
a scrum sample to induce passive cntaneons anaphylaxise

Octtzon, Pinazhi, and Nenacerraf (1975) resorted
hat treatont of rats with ¢ortisone or diethylstile
besterol resultcd in incroasad serum conconlration of
anaphylactic antibody,

Rocent findings by Mota (1953, 1951, 1902) and

Keller {(1957) have stressed the Liportance of the



mast ccll §n produciang anasiiylaxis in tiie rate, Tissuo
meast cells show quzlitativsly sinmtlar alterations in all
types of siincly sugrostiag thiat Lticse cells and danage
or destruction of thom is assoclated with histamine
liberation (iley, 1953)
lstamnine and scrotoning two conpoundds thous:t to

be fmportant in t(he shock syndromo, are found in Lijhe
est cohcontratlon in the mast cells, an! relzas>d 1ato
the extracellular fluid following the action of a
chymotrypsinelike cnzyue upon the mast coells (Hota,
19533 Keller and ilcoser, 19533 Austen ot al,, 1955),
Thougsh antihistanines protect rats aszainst anaphylactls
shock, tiiey do not provont mast coll disruption and the
releass of listaminee FPlas.a hlsta:slne nor:ally reachos
a maximam flve minutes aftor injcotion of antizen (Hota,
1957)e

| Pinaii and Benacerraf (155%a) found that when
tlssuos from actively sensitisgod rats wore incubatad
with labeled spocilic antigen, the uptako of antizon
was much hizhicr for tissucs froom anixals in which rast
ocell damaze could be induced than for tlssues froa
sanslitieed animals not showinz~ mast cell daraze or from
normal untreated animals, Wiea siesontery (oo normal
rats wias sonsgitized in yitro witi anaphylactic antia

body, sublsecaquont eontast wit) tie antigan prodaced

oxtensive mast coll danere with extrusion of the pranules,
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Rothh passive catencous araylaxig end sonsiiization

N

3

of weszatery gove siollor rosalts fa LU.olr efToel on
mast cells,

Althou:h anapiylaxis fan o woase se 3 si-\ar
in wony respocts to enaplylaxis $it e rat, Zinhinder
{1274) ferls t ot t.2 wast c2ll plays no eszontial role
in mouso nanhiylaxis, Furtiicr, tilasies contalalng the
o3t mast ceells aro not neccasarily the tisz:zues swwing
tie groatest histopntholojical effecis following anae
phylactioc shock,

Accorling to ¥Yora (1773w) scusitization to ance
phiylaxis in tho ret Lnvelves the proliction of two
distinclly diff: rent tyues of antiboulye, Tiue first trpe
1s tho classieal precipiting anxd thia secol ty.e is aan
antibody wita an alffinity for magt colls which 13 teracd
pmast coll lytie antiboly, mast coll sousitizi g antle
body, reaginio antibody, or rat anapaylacliic anlilbiody,
Ia this thosisy thio torm rat rrazin will ba ussd,

The rot precipitating and reazinic typos of antie
bodtes have wnny fmportant contrasting choracteristies
(Boracorraf and Kabat, 19403 Mota, 17013 !ota, 1203a,6}
Binaghd et aley 19533 Ovary, Dloch, and Danasorruf,
15283 Stanworth and Kuinay, 1975)e Tho most Luportant

of thess aro 1listed In Tablae 2,
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Talile 24 Fronerties of vat antiladiles,

1) it Procirtitsn

circul tin: Lyio of wntibody

sedlriontation constant usunlly 7s

unlike huaman giin sensitizing autiboadioa
roadily detectableo with in vitro tocuniques
steble ot 36 © for 20 iinutes

passive cutancous anaphylaxis roactions induced
withy this ontibody lasy oz only a few honrg
antihlstaninoes haove no effcct on ablility to
preduce paessive cultancous anachyloxis

titer Lincreasad aftor multiple antizen
injcections

Fround's adjuvant most eoffective for
production

produce no anpargat mast cell da:zn e and
Lidstaridne release

usunlly a garmae2eslobulin

a cytophillic type of antibody

scdimoentation constant greater than 7s
sizdlar to lLwwman slin sconsitteiong antilody
dotectable only by 1in vivo tecinigues
destroyed by 55 € for J) minutes

passive cutancous anap:ylaxis roactions $nduced
with this anillbody lost for soversl darys
antihistaninaes abolish ability to nroduce
passive catangous niaphylaxis

titer decroascd aftor multiple antigzen
injections

adjuvant Pordatella pertussig most effcctive
for pro:ductiion

produce mast cell darage and histanine
roleasae

probhably & gaminele;;lobulin or a betaele
Llobulin
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Lonzcope (1927) was the first to suspect the
possibility of an antibody othier than the procipitin
as boins responsible for anashyloxis in the rat,
Kellaway (1939) di&agraod. maintaining that the intore
aotion of procipitating antiboly fixod to smooth
cuscle colls and spoesific snaphvlaetie anticen was
rosponsible for anaphylaxis in the rat utorus,

Vhile many investipzators have reported that rat
antiserum is ineffoctive for passi-e sensitization of
rat tissues, otiers have successfully produced this
- readotiones Muoh of the discrepancy is due to the proe
dominant type of antiboly present in the sora used for
passive scensitigation, wirtich in turn depeonds on the
type of adjuvant and method of antigen injection used
for production of the antisorum, Thus, rats receiving
mualtiple injections of the antizon emulsificd in
complets Fround's adjuvant would bo expectod to have
a high titor of precipitinsg but a lowor titor of
reasins, Conversoly, rats rocoivin: a sinslo injection
of aﬁtigon plus Be portussig vaccine or orzanisma would
be expoctod to have a hish titer of reaging, and a
low titer of precipitins, For some unknown reason,
cultiple injoctions of antigon results in the appoare
ance of a factor in scrun th-t is able to reverse an
alroady establishod sensitization for the proiluction

of roaginie antihody (Mota, 1943b)e Also, mast coll



damage and histaminoe releuse enn be expooted to ocour
only when rats have beon sensitiszed with a sincle
injection of antigen plus Be pertusstis (Hota, 1961).
Mota (150%) usos three criteria to ostimate the
content of rat reagin {n a givon serum samples
1) histamine index « the pereentage of histamine ree
leased in a givon asystem of rat mesontery and anticTen
following addition of the antisorum to be tested,
2) mast e¢oll inlox « the persentnze of mast cells
danaged aftor the addition of antigen following incue
bation of rat mesontery with the unknowm antiserum,
and J) passive ocutaneous anaphylaxis titer « the hirhe
est dilution of antiserum able teo induce passive
cutancous anaphylaxis in rats soventy-two hours aftor
antiscrum injoction, Sinoe precipitating antibody

does not induce passive cutancous anaphiylaxis after

seventyetwo hours, this reaction is considered specifio

for rearzinic antibody,

Binaghi and Denacerraf (194ha,b) concluded that
only a minor fraction of the ecirculating antibody of
the rat possesses anaphylaetie¢ properties, but that
the very low sorum titer of the rearin can't bo taken
as an indication of tho lecvel of 1ts synthesis 4f one
considors that this antibody probably has a hizh
affinity for certain rat tissuos, Sorum titers of

siznificance may only be found after these tissuos
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are saturated,

Sensitization to rat reaginie antibody can be
doteated ono minute after incubation of the tissue
with antiserum, Reazins can persist in skin for at
least one month, the time of persistence being related
direotly to the amount of antibody injoctod, Nonspecifioc
gammn globulinsg have an inhibitory offeot on paasive
sensitization induced with rat roagin, but considerably
wor® gamna globulin is necessary to produco thls offoct
than is neoded for passive cutanecus anaphylaxis &n
the guinea pig with rabbit antibody (Btogsi, Halpern,
and Binaghl, 1959)¢ Ra¢ reaginie antibody ie unstable
in serumg; beocause exposure at room tomporature for a
few hours, or at § O for several days rosultod in a
oomplete loss of anaphylaetie activity, As with most
typos of antibody, gertain individual rats aro conside
erably more prone to producing roazins than otiiers,

Reagzinio antibodies in rats were shown to be
intermediate in molecular size, sodi esting between
the 78 and 19s globuling in sera from bothi singly and
nultiply injooted animals (Jones and Ozilvie, 1957),

It L8 possible that the rat reagin may oxist as a
polymer of 7s components (Binashi ot ale, 19G4),
Eleotrophoretically, rat reasin nigrates with tis fast
immunoglobuline, but does not soom to be rolated te

either the IsG or thio IjA rat fnmuno;lobulins (Jones



50

ond Ozilvie, 1957).

tota (1565) noted thct althou;h splonnctomized
rats respondod with vory much dizianlsglied production of
othor types of antibody, their prosduction of reasinie
antibo-ly wrs aimilar to that of non-splencctomized
animals, This sus-tcsted that the spleen plavs 1little
or no role in thio rrotuction of rat reainic antibody,

The rat reagin appoars to have proertics sinilar
to the huran reasln and to the skiia sansitiein? antie
bedy produced by the doz (2dettson, inasni, and Benacerraf,
197563 Schwurtzmana and Rockoy, 1756)sy All are prosont
in soaram in only trace smounts as comparcd with the
conoentration of caumneleantibody, all appear to remain
attaciicd to tis:uos for extonded periods without loss
of sensitieling proporties, and all are heat labile,
These roaginic antibodlos also pradluce thelr reactions
in their ovt speclies onlys It hies not baen possible
to passively sonsitiegs tiwe skin of rats with human
reasins (Cina;hy et ol., 19G%; Ovary, Bloch, and
Bonacerraf, 195%)e T1ie rat and huran reasins bLoth
have saodimentation constants greater than 7s,

In contrast with tnoArat reacinie antibody, tue
gulnea pils anaphylaotic antidody exists in hizh cone
contrations in sorum, is heat stabloy and has a
sodimentation constant of 7se The gulnea pig antidodly

does not attach to tissues for as lon; a period of
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tine as rat or hunan reaginie antibody (DNinashi ot al,.,
196h),

flat antiscrum haos boon fneffactiva in passively
sensitiging guinsa pig tissaes for soneral ananhylaxis,
passive cutancous acapiylaxis, tha SchiultzeNNalte reaction,
and mast cell dejranulation in vitro {Tumphrey and
Mota, 19393 “inag'id and Neuaecsrraf, 19%4%a)e, Anticgen
labolod witi X171 ghownd thnt antibody adzorbed on
guinca plg mesontery could corbine squally well with
antigzong whoether the antibiody oxme from rabbit or rat,
althousnhr the anaphiylactio rosponse failed to ronult
{lumphrey and Mota, 1759%). Mota (170ha) has renorted
suocessful passivo transsission of rat roastinie

antibody to the mouse,



T™e Corfrea Rat

Tho historical aspects of gnotobloloszy have been
adequately rovioved by Noyniors (1232) and Luckey (1501).
Tho geoernfreo anbiaal may bo defined as an aninal reared
in the abscnce eof domon:ztrable 1livin: bacterial, mycoe
losie, protuzooan, and macroparasgitic assocl:tes accorde
inz to L9 tost procedires routinoly oniclored., Suffie
clont stulies have not beon conducted with plource
pnouronia-likceorsanisns, riokettsia, ant viruses to
decide wicthor they shoull bo includod in the list of
orzanisms knoun to te absont from the oenviron-—ont of

he gernfroe anical {Wostimann and Gardong 12750)e Now
causo of thie many varled and cunborsoo techwniqies
necded for 1solation and 1dentificaiion of tho mony
known groups of virusog, and the possibility of the
rresenco of as yot unidontificd virusesy, germfroo
animcls are not likely to :o proven viruse~frece for
a long poriod of tiso,

Altbou i some animals, such as cidclens, rrow
Just as woll undor gorsfreo conditions as undor ConNe
vontional conditionas, this 3 not so with the rat,
Normal pgrowth 1s sll htly ratérdcd in this sracies
when rearcd under gersfree condltions (Zordan, 12:5%).

Anlnmals raised aader gemnfreoo conditinsng can be
considered to tave ruch less contnct with antirenie

materinls than animals reisced in a noroal environment,



altron-h a comnleto lack of contset with nntl~eniec
materinls sveh as food ennstituonts, Jdead bacteria,
dust constitoeents, and virases cannct bo exeluded
(Thorbeeks, 1257),

Lagererantz et ale {(1955) found iat entirenle
material of dletary erfsin 4n the gastrointostianl
tract of man an! onnventional rots wans capable of ine
Pibitine tho passive homarslutinntion repetinn betwoen
tho anti-ente inteatinal rmoaterinl in gor-froe prats and
the homoloaus antiscrum to thisg materinle Yn contrast,
the inte«tinal entigonice natarinl fron rormfraoc rats
was not easatle of inkilbitins the reaction botwoon
dietary antinen from convontlonal rats or mon and
homolorous antiscra fram those sare eanveontianal rats
or ran, thas indicating that althourh antlisenic matorie
21 1is present in the gut of gurnfreo ratsg, thore is
still additional antizenlie matertal prosent in tho
intostinal onntents of cnuventional rats or ran,

Lodinave, Jouja, and Lane (12G7?) ronort that
nowbarn human infants recalve moternally prodicod ahti.

bodics azainst Tachinricia 601t and ot :snr intestinal

bacteria across the placonta, Y thlsg 1s tho consoe
with lower animalsg, thoso ecsarean derivod cornfreo
anlinals would he exnectod to hinve hizher lovols of
antibody asainzst tho intostinel bacteria than woild

those goarmfroe animals born to gornfreo paronis,
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Rxeluding the cecuua, t::e intestinal tissue in
gorufree animule weihs less than a comparable section
in conventional animals (Gordong 1939; Smith, 1965),
This is largely due to a decrease of lymphoid tissue
and molsture content of the intestinal tissue in cere
free animalse In sond instances the liver wol;hs less
in gerufrce animals than in conventional animals, but
the adrenal glands are often heavior in zZormfree prats
than in convontional retaes The ergans normally f(ree
from bacteria in normal 1life are similar in sl:o‘in
gerafree or conventional animals, whereas the organs
norsally in eontact with baeteria are reduced in siso
in germfree animals, with the exception of the ceoum
wirich is enlarged in germfree rodents, althouzh not in
cernfree ohickens (Gordon, 1959),

Adult germfree rats have a five to seven fold
inereaxe in coecal weight over oconventional rats
{(Wostmann and Bruokner«-Kardoss, 1959)s Cecal enlargee
ment in gernfree rats starts during the soco:td wook of
1ife, and reaches the degroe of distension seen in
adult germfree rats by tho twontyefifth daye Upon eZe
posure of the germfree rat to & normal mieroflera, the
cecur shrinks to normal sise within a fow weeks (Gordon,
1959)¢ Wostmann and Bruokner-Kardoss {1959) suspect
the onlargesent ef the cecum to he due to the absence

of stimulation by the normal intestinal organisms



rather than duo to a nutritional iuwbalance, In other
species, especcially the guinea pig and rabbity, &t is
suspoected that the enlar_ed cecum has an advorse
effect on reproduction due to ovarian dezeneration and
paysical obstruction,

In all species investipated, an underdovelo.ed
L.ozunological defonse system 48 present under germfrce
conditions (Yiyakawa, 19593 ¥Vost:ann and Gordon, 1570),
The germfree state 18 characterised by a low nunbepr of
roticulooendothelial cells, and a decrease in lymphoid
tiss.e, 03 ccially in sich orpang that in conventional
anlmals harbor or are in close nssoéiation with an
abundant bacterial flora, such as the iatestinal tract
(sostmann and Gordony, 19450),

In conventional aniwmals, lymphoid tissue actively
concernod with defense azalnst invading bactoria or
other antisens glves rise to secondary nodulese The
¢ells in the secoonndary nodules probably do not produce
any antibody, but give rise to rcactive nodules, which
are arcas of basophiliec blast cells or plasmacytie
oclls, Tie basopiillic blast cuils or plasmacytic cells
adjaoont to tiae lymphold nodules probably produce the
antibody (Thorbecke et al,, 1957 Thorbncke, 19593
Gordon and Wostmann, 19503 Soll and Fahey, 195d),
Althrouzh rarely soen in gerafr:e animals, reactive

nodules hhave been o¥served in tho lymphatio tissue of
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germfree rats (Smith, 1966),.

Plasma cells are found in the spleen, mesenteric
lymph nodes, and the mucosal lining of the intestine
of gormfroe ratsy, but usually only in small numbrrs as
comparcd to oonventional or ex-cer:free rats (Thorbecke,
1959)¢ Conventional miece reportedly have three times
as many blast colls and potential antibody forsing cells
as gerufroe mice (Olson and Wostmann, 1945, 1%:5a).

Yot aftor stinulation with the antigens human garma
g§lobulin and Salmonella ty-hosa vacocine, gerufree mice
show a proportionally greater increase in the production
of plasnmacytio cclls, blast cells, ani larze lymphooytes
than do convontional mice, indicating that these cells
are probably less committad in goarmfree animals due to

a lack of provious antigenie stimulation (01lson and
Vostmann, 1956a),

Although irmunologic activity may ba retarded in
gerufree animals as compared to conventional animals,
the produstion of aspecifie antibody following antigenio
stimulation is still evident {(Olson and Wostmann, 1965).
Bosma, HMakinodan, and wWalburz {(1966) claim that growth
of the spleen and the primary antibody forming potene
tial of spleen colls 4is thie same in conventional and
cermfree animalse They concluded tast exposure to
naturally ocecurring anticensy excluding those such as

food thot germfree animals would have contact with,
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is not a prereoquisito for narmal development of the
irmzune potential, Lerner (1903} reported that followe
inyg ihjection of gormfree ant conventlonal guineca pigs
with ovalbuming the gorufree animals produced high
levols of circulating antibody, and showed cnnsiderable
hypertrophy of lymphoid tissue,

Altliouzh the sarum of gerufree rats contains the
same major antigzentie components as thie seram of convene
tional rats, certain constituonts, especially tiose of
low mobility, are present in such amall amounis that
detection of them is difflicult, even with tho most
sonsitive preciplitation methodsey Gorrnfreo rat ga'ma
rlobulins shiow a relatively hi-h mobility, and fnjection
of gornufroe pat sorum inte rabbits causes produétion
of te ontire spectrum of anti«.grma antibody otherwise
found in rabbit anti~eonventional rat serum {Grabar,
Courcon, and Wostmann, 1962).

In pgermfroe animals, especlially tie rat, the
serum fractions alphae2eglobuling beta globulin, and
gamma globulin are lower than in the conventional
animal, Therefore, all three of these fractions eould
be rejardnd as possibly harboring antibacterial antie
bodiess Waien ths gormfree rat is expesed to a convene
tional flora, an antibody titer to wany of the intese
tinal orgsanisms occours in about two weeks, and this

is roushly paralleled by a riso in beta zlobulin.
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The lower content of immunn slobulins in the sorum of
germfras aninals 4s comrensatad for with a hisher
albumin eoatent, resultin: in a similar total sorum
proteln contant for permfree ani conventlonul animals
(Wostuann und Gorlon, 19503 Asofsky, 1945: Asofsky,
Ikari, and Hyltan, 1396),

Wostmann (1957) reported thut hi~hep loevels of
seruam sanma :lohuling are presont in reornfree rats
faod milk than in garmfreo rats fod other dlets, Saith
(1905) has noted that cormfres laclhs and roats immince
losically respond to orally ad=inistered sterile hovine
milk,

Coates and 7%Donoghue (1957) found that infant
gernfree rabbits siven bovine milk in the Ji-t often
manifestcd an anaphylaetiec type of allorcic reaction
shortly after cach fcedinge The diet was steriliged
by ultra LWigh temperatura ncat treatment for short
periods, a process which resulted in little loss of
nautrient value, and prabably also a nn:lizible loss
of the milk's ablility to function as an antizons This
allergic condition seemed similar ¢t the"cot.death"

syndrome described in human infants,



FATORTALS AND MUTICUS

The antlizens caployed wore whole pasiouriged
howogenlzed wilk, Leta lactoglobulin' (1LG), and
alpha 1acta1humin2 (ALA)s AlY the anticons were of
bovine ori-in, The whole wilk was used a8 an antizen
without Neating bayond tue original pasteurisation
process (uUilwM), aand afier autoolaving at 121 C for
15 minutes (WM135) and 30 minutes (WXI0) at 15 pounds
pressure in rlass tvo 1liter Square Pak f1a8k93.

Incomplete Freundts u‘!,juvanth and Bordetellg
pertusats vucoluc’ wors used te enhance the effectives

ness of the whole milk &3 an antigen,

le¢ HKNutritional Blochemioals Corpe., Cleveland, Ohio
2, Nutritional Bilochomlcnls Corpe., Clevoland, 0110
3. American Storilizer Co., Erie, Ponnsylvania

4¢ Difco Laboratories, Dotroit, Michigan

S« Michigan Department of lHealth, Lansing, Michigan

59



Angma;g

Adult convantlional Xow Zealand white rabbits, and
alult conventional and wdalt gersfroo rats of the
Fischor strain were used in this study,

The rabbits wore alleted into siz grouns of two
cach, groups RI-NVI, aud the raLbibits were treated at
three to four day intervals in the folloving’manncrc

froan Ria gﬁgxintramusculur injeotions of 3.0 ml

Group RII- Ten intraruscular injections of 3,0 wl
vls

Group WYITI. Ten intramuscul.r fnjecticnyg of 3,0 ml
¥339

Group NIVe Eight intramsuscular injections of
150 wr RLO suspended in 3,0 m)l sterilae
physiclozlcal saline solution
Group RVe Soven intracusoular fnjections of
150 mg ALA suspendod dn 3.0 ml sterile
physiological saline solution
Group RVIe Controlse no treatment
The gcrmfree rats were purchased as weanltngus.
and reared in plastic 1soclators until a weizht of 200
to 300 gm wes roached, at which time they wore used for
the experimsnt, The gcrmfree rats were fed Purina
50-!037. a spesial diet designed to eontain additional

heat lablle {agredients, so that aftor sterilization

6+ The Charles River Srecding Laboratoriss, Brookline,
 Massachusetta
7+ Purlna Laboratories, 5t. Louls, Missouri
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he resulting diet will be nutritionally the snme as
Purina Laboratory Chow, The principal protein ussd to
supply the amino acids is soybean neal,

The gormfroe rats were alloted into groups

VI«MIV according to thie troatmont receiveadg

Croup Nle Seven gormfree rats fed WM3) as the
only source of fluid for a pertiod of
62 days, at whioh time the cxperiment
wag torminated

Group MIle Sovon gormfree rats given subcutaneous
injeotions of 1,0 w1 ¥M30 at four to
six day intorvals, with each receiving
a total of eiz1it to ten injoctions

firoup MIT1le Sizx gormfroes eontrol rats receiving
no trentnent

Group MIVe Tour germfree ratsj each given a
single intraneritoneal i{njection of
1¢0 ml WM30, and at the same time a
sincle intraporitoneal injoction of
1.0 m1 Bordetella pertussiy vaocine

The conventional rats used for the experiment
wore born and raisecd in a conventional snvironment,
bu¢ wore second and third genoration descendants eof
oxegormfres parents originally obtained from the same
source as the wﬁnnling rermfree ratse Tﬁooo rats were
fed Purina Laboratory Chowa. The conventinnal rats

were alloted into six grouns MV-MX3

——

8¢ Purina Lahoratories, St, Louis, issouri
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Group MVe Six conventional rats sabjectoed to
the same troatment as t'io grormfree
rats in group ¥I

Group MVIw Seven conventional rats subjreted to
thhe same treatuwent as the germfree
rats in group XI{I

Group }MVIIe Fourteen conventional eontrol rats
recelving no troatnont

Group MVIIX. Five conventional rats receliving the
: samo treatment as the gerwmfires rats
in group HIY

Group MIYae Five convontional rats receiving a
sinrle $tntromuscular injection of
1,0 m1 %30, end a sin:le
intraperitoneal injoection of 1,0 ml

ggrQQtellg gursuggig vacoeine

Group Me Five conventional rats recelving a
» sincloe intraperitoneal injection of
1,0 m1 ¥Wi30 enulsifiod in 1,0 ml
incomplcste Freund's edjuvant
In every instancey the only siilk preparation
used for all studics, with both conventional and gerne

free rats, was WM30,



Germfree Procedureg

The gensral proceduros as desorihod by Allen
(1963) and bDarcdes (19CY%) wore used for establishmont
and maintenance of the isolators. Plastis film
isolators, sizilar to thuse doscribed by Trexler and
Reynolds (1957), measuring 20 4n X 2% 4n X 36 4n were
used, Each tsolator cnntained two or throe plastie
cages with two to four rats per caze, Water, dleS,
bodding, and other suppliecs were sterilized by autoe
claving in atainlosé steel dr#ma at 121 € and 15 pounds
pressure before beinz tranaferred into tie isolators,
An agqueous solution of 2,0 peracetio ac1d9 and 0,14
Ruoconollo. an alkyi aryl sulfonate, was used as the
disinfectant for steoriligation of tio plastic transfor
chambers used to connect thio stainless steel supplying
drums with thé‘germtreo isolatorse, Drinking waterp
was sterilized in two 1itor volumes by autoclaving
at 121 ¢ and 15 pounds pressures for 30 minutos,

The general procelure used for determination
of germfroo status was that of Warner (1959). Anlisals
were checked for bacterial eoantamination each time
the Lsolator system was supplied, whio: was every twe

to four woeks, and agaln just prior to tormination of

o

9, Beooo Cherical Co,., Buffalo, Xew York
10, National Aniline Tliivision of Allied Chemieal Corpe,
Rew York, Xow York



the oxierimrnt, Tubes of liquid tioglycollate medium
825611 wore inovulated with fecal samples end then
incubauted at 25 C, 37 C4 and 55 C for tiiree wookse
Glass slidos were gmocared withy tiie focal s»ecixens

and stainod by Gram's techiniquee Tiesc slides were
then thorou-hly examined for the presence of bacteria

using the o1l L:mersion lens of a 1i-ht microscopee

Moeding Jeehniguos And Collectlon Of Scrunm

The rabbits were bled by incising the dorsomadial

artory of the ear no less than throe days after the .
last previous in)ection of antizen, Each rabbit
received sovon to ten antigen injections at intervals
of several dayse Fros each rabbit, 25«50 ml of blood
woere colloctod a minimum of six times, 2t asproxtuately
four day intorvalss Tho blood was allowed to clot, and
the roesulting sorum was oclarificd by low speed centrie
fuzations The sorum was then stored at «13 C,

All rats were bled from tho venous plexus locatsd
caulal to the eye by puncturing the medlal canthus of
the orbit with a Pasteur pipette, From the ori;inal
tochnique describcd by Riley (1560) for hlooding mice,
sevoral rodifications wore usod to facilit:ite the

bleeding of gcrmfree rats in isolators and cosventional

e

1l Difco Laboratories, Detroit, }ichizan



rats outsicde of isolutors.

Sovaeral minutes hofere the hleading procedure,
the rota wore civen a traneuilizins dose of 23 mn/kg
sodium npentobarbital intrnpnr!tnnoa?lylz. NTuring the
bleodin; process the rat wos hetd tn tla Yef't hand
with the hoad of tho rat toward the flonr, and with
the thumb and index €irrcer of the left brnd Lolrg
positionod to pinch off the ju~ular wein, The rats
were held in this rorttion to tnercane venous preossure
in the arca of the ordbit, Sarples of fo:ir to six ol
of blood ocouald be taken from adult rats without undue
risk for the 1ife of tho animal, Usin~ this tecnlque,
up to soven sertal "locd gohecimens were taken from
sach rat,

The rats roceivinzg antlran woro blad at Jeast
five days after tﬁo‘previauz antigon injectinn,

Table 3 1lists ti» days when adtitlonal injestions of
.ant!gon were given and whon bland was collaontead for

sach group.

aead

12 ilalatals JonseonaSalebery Lotoratories, Kansas City,

Fisasouri
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Table 3, Days for feedinz or injeetinn antirzen and
for collection of sorum in gercfroe and
coavontional rats, First antl;on was given
on day 1,

Group Antizen Injestion {(day) Serum Collection {(day)

3 4 oral antigen onlye 13, 23, 30, 35, U5,
continuous 53, G4
”II l' !" 7' 10. 17' 21' 2!” 29. 330 500
MIIX control 2e 7 13, 20, 31,43
NIV 1 7e 12
1 144 oral antizen onlya. 18, 23, 23, 33, u4s,
continuous 37, 59
nVX 1, &, 74 20, 2%, 13, 23, 23, 33, b5,
35, 51 57+ 5%
HVIX control 1. 6 1‘. 16. 23.
39, ks
MVIIX 1 70 12
MIX 1 7. 12
X 1 7e 12

1n§o£faogg; Tost

At loast one serum sample from each animal was
soreened for precipiting with the interfacial test,
Tﬁo procedure according te Campboell et al, (156%) was
followed, Tho antigens omployed were Uilyy, wM15, WM30,
unheated ALG, and unheated ALA, For use in the intere

faocial tost the antigens UIIWM, Wi1l5, and WNJ0O wore

sdjusted to ocontain 0,033 mg/rl protein antiren and
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ELG and ALA were adjusted to contain 0,0033 mz/el
protein antigon,

Undiluted and tenfold dilutions of rabbit antile
sora from at loast ono of the last t:reo bLleecdings
were testod with thoe intoerfaclial test, Undiluted
samples of tho last scora proparad from thoe last bleoede
ings of rats in groups MIMIIX and sroups NV-MVIX
were also testeds For rats in groups NIV, MVIIXI, MIX,
and MX, samples takon on days soven and twelvo were

testoed,

Passive Cutancous Anaophylax
For tho passive cutaneous anaphylaxis (PCA)

tests, tie procedurocs desoribed by Ovary (1958), and
Ovary and Biey (1953) wore followed with minor wmodie

fiocations,

lgl.iﬂ tho Qu;ncg ng Four huyndreod to five hundred

gram albino pguinea pirs woro used fer testing at least

one serum specimon from overy rabblit and rat used in
he experiiionts One day before tho PCA test, the halr

on the entire back of the guinea pig was olipned, and

a depilatory agontlj was appliode A total volume of

n——

13+ Sursexe Crookes-BDarncs Co., ¥ayno, Now Jorscy



0605 1l of uniiliunted antisornm was injectoed intrae
cutancously in enor of six sites on thoe back of the
animal with a 27 gause needles For challenze, 5,0 mp

Evans blue dya‘“

and 3343 mz of protein antigon in a
sinsle 2,0 =1 volume were siven intravenously in the
saphenous vein, Tho roactions were read 15 minutes
after challenga,

At lcast one of the lust throe sora collected
from eaoch of the rabhits in groups RI-2VI was tested
with five undjluted antigons (UllWM, wMN1S§, WN30, ALG,
and ALA)s For the guineca pig PCA tests using rabbit
sera, a tiiree hour incubation period was employods

The last serum sample takon from each of the
rats in groups RISNIII and NVaMVII, snd samnles taken
on days seven and twslve from groups MIV and MVIIRe
HX was tosted for PCA activity in ruinea pizs, All
sera wore usod undiluted, and only tio antigons UIWM
and ¥MJ0 wero usod for challenges Inoubation poriods

of three hours and 16 hours were usod,

FCA in Lho ot Conventional rats of tho Fischer strain
welching 200 gm were also usod fer the PCA test, Tao
procedure for PCA as doescribed for the gjuinca nig was

followod with thase exceptionss 1) t:e rot wns subjocted

N

1b, Matheson Scientific Inc., Detroit, Miculsan
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te 1i: 4t pontobarbital anestiicsia, a dose of 29 m:/kg,
whtle tho intracutancous injections of antiscra wore
glvon, 2) for cnallange. a doso of 3,75 mg Evans blue
dye and 16,5 m: milk protein anntigon wore givon intrae
vonously in the tail wein, 3) only a throe hour
incubation period wos used, and %) only UHYM and WMI0
wore uned as ciallense anti~ensg,

Rabbit scra from each rebbit in groups RI and
RIIZ (those rabbits which receivod UilW4 and ¥330) were
testod by tie PCA test in the rats Only the rabbit
antigera that had elrcady glivon positive rcactlons on
the interfacial test and the PCA test &in the puinna
pigs were usod,

Sora from ters=inal bloedings of at lecast two rats
in each of the groups ¥le¥X wnore also tested for PCA

activity in tho rat,



RESULTS

Interfacoial Te=t

The results of the interfacial tests with rabbit
antisera are shown in Table &,
Table 4, Interfacial tests with rabhit antisera proe

duced against antigens UllWM, WN1S, WM30,
m_ﬂ. ‘nd AL&.

Antisersa Antigens
Greup Dilution UIWd WN1S WN30 BLG ALA
3 4 UNe * * * . .
(antia 10 * . . * .
UitWM)

RIZ UN * * * * .
(antie 10 . * ® e -
¥ s)

RIXIX 4] ¢ * * ¢ -
(antia 10 * . * - -
WN30)

RIV UN 'Y . . * -
{antie 10 . . * . -
BLOG)

RY UN ¢ . . - *
(antie 10 . - - - *
ALA)

SUndiluted

In a fow instancos only one of the two rabbits
within the group reacted positively whon the s-orum
was dilutoed tenfold, althousgh both recacted positively
_ _ ’0
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wvhen the scrum was undiluted, In thoese casocs a positive
reaction for that group is recorded in Table 4 for
the tenfold dilution,

It ahould be noted in Table U4 that WM3D retainod
sufficient antizsenicity to sensitize rabbits for the
production of precipitins, Further, these precipitins
reacted with eithor WM30, wmj, or UNWM antigen in witro,
Antisera produocd’by injecoting WNJ3J had no detectahile
antibody to ALA antizen in the interfacial test, Tene
fold diluticns of WM3) antisera did not react with
BLG antigony, but undiluted W30 antisera dide

The rat oantiscra were invariably negative for

- precipiting with the intorfaclial test,

Passive gutanaou! Ananhz!a;*:
in the Guinea Pig

The results of the PCA teost in puinea pi s using
rabbit antisera are shown in Table S, Only those
reactions showing a well differentiated deposition
of the blue dye with a dianeter of at least /16 in

were considered positives.
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Table S. PCA activity in suinea pizs using rabbit
antisera,

Antisera Antigens

Group UitwN wM1S w30 nLa ALA
RI ¢ * ¢ . *
lan tie

UTIWN)

RIX * ¢+ * * -
(antl.

w11 5)

RIXIX * . * ¢ -
(antt.

¥M30)
RIVY * * . * -
(‘ﬂtt.

BLC)
RY * * - - ¢
‘Rﬂtlo

ALA)

Table 5 shows that sufficlert acotivity remained
in VIf15 ant WN3) antigeans to sensitize ralbits for
antibocdy production, These results coincide with the
results obtaincd with {he interfacial test, The alpha
lactalbumin eontained in tho ¥M30 antigen see:s te be
severely altoretl by the thirty minute heat treatment
as ovidonced by failure of the WM3D antigen to produce
detectzhlo antibody to thils component when tested with
the ALA antigen,

As with the intorfaeial test, the rat antisera

wero invariably negativo for I'CA activity in puinca pigs,
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sts;va Catanescuse gngwhzlmxgg
Lg the Rai

Only the rabbit antisera from group R, tho antie
UlTWN sera, showod any possibility of reactinz positively,
and this reaction was quite diffuse and indistinet when
eomparcd wlith the clearly iatcrpretable PUA rcactions
obtained when using the same gora in guilnea pigs,

All the rat sora tosted were arain necativeg



DISCUSSICHE

The results of this study clearly siow that
whole milk sudbjected to severe heat troatnent remalns
antizenic, iis was deronstratod in rabblts using
whole milk that had bheen autoclaved for 30 minutes
at a tempcrature of 121 Co, Tuese results are in agrece
ment with those of Lus and Todd (1954) and Saperstein
and Anderson (1952), bu¢ do not support the results
of Ratnor et al., {1959b,0) and Crawford (1997), It
is diffioult to compare those publications with the
rosults presentod here, because most of the work ine
volvin: the antigeniolty af heated milk is based on
systoemic anaphylaxis in guinea pigs or clirical skin
tosts in hyporsénsltlvs human patiocnts,

The results presentod hiere offer no support te
the hypothesis originated by Furth (1925) tLat the
heating of a milk protein ereatoi a new antigenic
spooiflicliy wiilch in turn will produce antibody
specifieo for tho hcated antlgone iy results indicate
that antiewi430 sora reacted at least as well with
the Uﬂﬁﬂ‘antlgon as with the W30 antigon.

It 4s realized that elthioush tho two liter
volumes of milk were hoated in an autoclave for

7%



15 or 30 minutes at 121 C and 15 pounds pressure, thae
actual termncrature in the coenter of the flaxk prohably
did not rcach 121 € for the entire 15 or 30 minute
tine poriocd, This is esncoted bocause sterility checks
showe? the two 1it-r volumes of milk wﬁrevnat sterile
until Seatad for 25 « 39 minutes at this tomporature
aﬁd pres<ire, Since smaller volumes of nil¥% could be
sterilized by autoclavin~ for only eig:t to tan
minutes at 121 € and 13 pounds prossurce, it is expoetea
od tlhiat tho aotuzl effcetive heat itroat:wrnt on the
wilk pratein antiscns was conslderably less than 121

€ for 15 or 39 cinutos,

It must also be consldored thaot if §t took lcnger
for the two litcr wolume of eilk to roench and maintain
a texpsruture of 121 €, then lopically it must alse
take long~r for this volume to cool down to room
tenmporature after romoval from the autooclave, Addie
tional denaturation of the pretein antisen would then
take place during the cooling period,

It is exnpectoed that the antigenicity of at
least two of the milk proteins, beta lactogzlobulin
and alpha lactalbumin was consideralhily reoduced as
indicated by the interfacial tests, The anti«WM30
sorun from only one rebhit reactod positively with
BLG, and ncithor of the WM20 aatisera geactoed with

ALA¢
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Both tho intorfacial test and the FCA test
indicate tiiat the antlia¥W430 sora possessed more
activity for tho BLG antigen than for AlLLA, These
results arree with those of Crawford and Gro_.an (19(1),
Collinse¥Williams (1952), and Lug and Todd {19{4) 4n
that PLG 4s more hoat atable than ALA, It is expecte
ed that the moro hoat stable ecasein would play a
significant part in ti::e total amount of undenatured
protein reraining in the W¥30 antigen,

Fallure to dotect antibody &in tho convontional
and gorafres rats exposed to W¥30 could be explained
on the basis of one or several possibilitiess 1) that
the WN30 did net retaln sufficient antigenicity for
the rats to elicit the production of antibodys 2} that
preciplitating antibody was produced but was pregent
in such low quantities that thoe antibody could not be
detected with tlie relatively insensitive interfacial
and PCA tociinlques, whoreas if a more sonaittvo
technique such as radioimmunoelectrophoresis or tanned
cell homa_glutination hal been employed, antibody
would have been detocted; and 3) that a re-:inte type
of antibody was produced, bLut bocause of ity cytoe
philie neture was not dotectable with the in vitro
or paxsive reoipiantvtosts. If the first aentioned
possibility was rosponsible for the absonce of

deteatable antibody in rats, it must bo assumed that
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thie rat would requirse a larsor doss of effoctive
antizen for antibody stirulation than did the ra™bit,
since the rabbit roadily produced procipitins to the
W30,

The fact that severely hoated milk (¥WM30) is
8til) antironio suzgosts that heat denaturcd milk prode
uets for uso in tho diet of milk hyporsonsitive infants
18 highly questionoblo, Dospite the probability that
considorableo donaturation of the milk protoins may
take place upon heating, 4t &8 evident that a slight
degree of antisonieity remnins, This antigonicity oould
be orucial in circumatances where the shocking dose of
~antizon is provided to a rilk hypersensitive human
infant potontially susasptible to the "cotedeath®
syndrome,

Gormf'ree nnirals offor many advantaces over
oonventional ant:rals for cortain typoes of L:munoe
lozical investigation, and in some instances tY:0 germe
froe animal §is alnost a necessity for ohtaining valid
resultss Unfortunatoly, the rat and mounse, which are
relatively easlily rearod undor gor—free conditions, are
poor subjects from tho standpoint of humoral antibody
production, In contrast, the rabhit s a gcod producer
of precinitins, and the guinca piz an excellent choice
for anapiiylaxis testings, but both of these animals

are vory Jdifficult to reay under germfree conditions,



Thus, thoe question consoralag tho intestinal absorption
of antizen, and antigonlelity of milk 4n gorafrce

arninals re alas largely unanswored,
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SUNMALRY

Fivo groups of conventionnl rabbits were inmmuniged

with five antigenst 1) unheated whole milk (UitwM),

2) wholoe milk hoated for 15 ntnutea'at 121 ¢ (wM1s),

3) whole milk heated for 30 minutes at 121 C (wM30),

4) beta lactoslobulin (BLGB), and S) alpha lactalbumin
(ALA)e Each group reoceived only one of the five anticons,

After sevoral anticen injections, 211 groups had
spocifio serum antibodies to tﬁo antigen injected,
when tested with the interfacial and passive cutaneous
anaphylaxis testss In addition, the WM1S and WM3D
antigsens crosseprecipitated the UHWM antisora, and the
UllwX antizen also erosseprecipitated the WM1S5 and WM
antisera,

The BLO protoin was less sovorely danatured by
heat than the ALA antigen, because the ¥WM30 antisera
reaetod posltlvély with BLG, but negati;oly with ALA
for both the interfaciai and passive cutaneous anaphye
laxis tosts,

Pareslve scnsitization of the conventional rat
with rabbit anti«.¥WM30 sera and rabbit antlUll¥M sera
was unsuccossful, Aotive sensitization of tho gerwfree
or conventional rat using WH30 was aleso unsuccossful,

79
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sovoral miotho:ds were expleoyed in attenpting to scnsiticze
the ratse These iacluded varying tiie route of antiren

injzction as well ng t':ie uso of Fraundts iacomplete

adjuvant and Por?ofella partussis vaccine,
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