
The nature of immunoglobulin species in passive immunity of neonatal mice
by Richard Adam Wilson

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE in Microbiology
Montana State University
© Copyright by Richard Adam Wilson (1970)

Abstract:
Passive immunity in neonates was studied in conventionally reared and germfree mice, using three
assay methods to determine the immunoglobulin concentrations in neonatal and dam sera and in
colostrum. Female mice were antigenized with one or two injections of DNP-BGG in complete
Freunds adjuvant given by intradermal injection near the mammary chain. The female mice were mated
10 days after the last injection.

At day one and day five post-partum, blood samples were obtained from the females and one half of
their litters were sacrificed. Colostrum was flushed from the neonatal stomachs and neonatal serum was
collected. All specimens were stored in the frozen state until assayed. Mammary glands were excised
from the females after they had been sacrificed on day five post-partum.

Hemolysin and hemmaglutinin titres were performed on sera and some of the polostral samples. A
modification of the radialimmunodiffusion technique of Masseyeff and Zisswiller was employed to
measure the four immunoglobulins, IgA, IgM, IgG1 and IgG2, and the specific antibody concentrations
in colostrum and serum.

The data indicates that neonates acquired IgG2 and IgG1 passively by both placental and lacteal
transmission and IgA and IgM primarily by lacteal transmission. The concentration of the
immunoglobulins and specific antibodies in serum or colostrum of the dams was not an apparent factor
in determining transmission of the immunoglobulins to the neonate. A hierarchy directly related to the
species of immunoglobulin and how well they traverse the placenta or mammary gland barrier was
observed. IgA was associated with "local" gut immunity while IgG1 and IgG2 were found in greatest
concentration in the sera of fhe neonates. 
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ABSTRACT

P a s s iv e  immunity in  n eo n a tes  was s tu d ie d  i#  c o n v e n t io n a lly  
reared  and germ free m ic e , u s in g  th r e e  a ssa y  methods to  d eterm in e the  
im m unoglobulin c o n c e n tr a t io n s  in  n e o n a ta l and dam se r a  and in  
c o lo stru m . Female m ice were aq.tigeni% ed w ith  one or  two in j e c t io n s  
o f  DNP-BGG in  com p lete  Freunds ad ju van t g iv e n  by in trad erm al in je c t io n ,  
n ear th e  mammary c h a in . The fem ale m ice were mated 10 days a f t e r  th e  
l a s t  i n j e c t io n .

At day one and day f i v e  p o st-p a rtu m , b lo o d  sam ples were o b ta in ­
ed from th e  fem a les  and pne h a l f  o f  t h e ir  l i t t e r s  were s a c r i f i c e d .  
C olostrum  was f lu s h e d  fpom th e  n e o n a ta l stom achs and n e o n a ta l serum 
was c o l l e c t e d .  A l l  specim ens were s to r e d  in  th e  fro z e n  s t a t e  u n t i l  
a ssa y e d . Mammary g la n d s were e x c is e d  from th e  fem ales a f t e r  they  
had been  s a c r i f i c e d  on day f iv e  post-vpartum .

H em olysin  and hem m aglutitifn t i t r e s  were perform ed on se r a  and 
some o f  th e  p o lo s t r a l  sam p les. A m o d if ic a t io n  o f  th e  radialimmuno-r- 
d i f fu s io n  tech n iq u e  o f  M a ssey e ff and Z i s s w i l l e r  was em ployed to  
m easure th e  fou r  im m unoglobulins, IgA, IgM, IgG^ and IgGg, and th e  
s p e c i f i c  an tib od y  c o n c e n tr a t io n s  in  co lo stru m  and serum.

■The d a ta  in d ic a t e s  th a t  n eo n a te s  acq u ired  IgGg and IgG^ p a s s iv e ly  
by b o th  p la c e n ta l  and la p t e a l  tr a n sm iss io n  and IgA anh IgM p r im a r ily  
by l a c t e a l  tr a n s m is s io n . The c o n c e n tr a t io n  o f  th e  im m unoglobulins 
and s p e c i f i c  a n t ib o d ie s  in  serum o r  co lo stru m  o f  th e  dams was n o t an 
apparent f a c to r  in  d eterm in in g  tr a n sm iss io n  o f  th e  im m unoglobulins 
to  th e  n e o n a te . A h ie r a r c h y  d i r e c t ly  r e la t e d  to  th e  s p e c ie s  o f  
im m unoglobulin and how w e l l  th ey  t r a v e r s e  th e  p la c e n ta  or mammary 
gland  b a r r ie r  was o b se r v e d . IgA was a s s o c ia t e d  w ith  " lo c a l"  gut 
immunity w h ile  IgG^ and IgGg were found in  g r e a te s t  c o n c e n tr a t io n  in  
th e  se r a  o f  fh e  n e o n a te s .



INTRODUCTION

An abundant l it e r a tu r e ;  c le a r ly  in d ic a t e s  th a t  p a s s iv e  immunity 

a ffo r d s  e a r ly  p r o t e c t io n  a g a in s t  in f e c t io n  fo r  many mammalian n eo n a tes  

(B ra m b ell, 1 9 6 8 ) . Im m unoglobulins e n te r  th e  f e t p l  b lood stream  by 

p la c e n ta l  p a ssa g e  a n d /or  th e  n ep p a ta l b lood stream  v ia  a b so r p tio n  o f  

co lo stru m  through th e  i n t e s t i n e .  R a b b its , gu in ea  p ig s  and human 

n e o n a te s  a q u ire  a m a jo r ity  o f  t h e ir  p a s s iv e  a n t ib o d ie s  a lm ost e x c lu ­

s i v e l y  in  th e  c o lo stru m . D ogs, m ice and r a ts  o b ta in  im m unoglobulins 

in  u te ro  and a q u ire  a n t ib o d ie s  from co lo stru m . The p la c e n ta l  

s tr u c tu r e  as w e l l  as i t s  p e r m e a b ility  p r o p e r t ie s  appear to  d ic t a t e  

f e t a l  a c q u is i t io n  o f  p a s s iv e  a n t ib o d ie s .  •

There have been  e x te n s iv e  and v a r ie d  s tu d ie s  o f  c o lo s t r a !  tr a n s ­

f e r  o f  immune gamma g lo b u l in s .  In  t h i s  regard  th e  v a s t  l i t e r a t u r e  

d e a lin g  w ith  c o lo s t r a !  im m unoglobulin8 in  b o v in e , o v in e  and p o rc in e  

d e se r v e s  some a t t e n t io n  b u t o n ly  th o se  in v e s t ig a t io n s  which w i l l  

em phasize a p a r t ic u la r  p o in t  are in c lu d ed  in  t h i s  d is c u s s io n .

A g e n e r a l stu d y  o f  th e  im m unoglobulin c o n ten t o f  th e  serum o f  

c a lv e s  in  England was r ep o r teh  by Sm ith e t  a l .  (1 9 6 7 ) . As ope m ight 

e x p e c t th e r e  were g r e a t  v a r ia t io n s  in  immpnog lo b u lin  le v e ls -w h ic h  d id  

n o t  r e la t e  to  th e  serum or  c o lo s t r a l  l e v e l s  o f  th e  dam. These i n v e s t i ­

g a to r s  ob served  no r e la t io n s h ip s  betw een  im m unoglobulin c o n ten t o f  

serum and when c a lv in g  o c c u r re d . T h is l a t t e r  o b se r v a tio n  i s  n o t in  

accord  w ith  th e  f in d in g  o f  Gray, F is c h e r  and McEwen (1 9 6 5 ) in  a survey
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o f  c a t t l e  in  S c o tla n d .

Sm ith e t  a l .  (1 9 6 7 ) a t t r ib u t e  th e  v a r ia t io n  In im m unoglobulin  

l e v e l  in  c a lv e s  to  m ethods o f  husbandry in  th e  cou n try  and su g g ested  

a g e n e t ic  v a r ia t io n  amongst o f f s p r in g  i s  in v o lv e d , e s p e c i a l ly  th a t  

which in f lu e n c e s  th e  a b so r p t iv e  c a p a b i l i t i e s  o f  th e  i n t e s t i n e .  The 

•immunoglobulin c o n c e n tr a t io n  was a ssayed  by ahs o r p tio m e tr ic  t e c h n ic s .

C o lo s tr a l  t r a n s f e r  o f  R in d erp est n e u t r a l iz in g  an tib od y  compares 

fa v o ra b ly  betw een F r e is e n  cows and w ater b u f fa lo  ( SIghn e t  a l . , 19670» 

In  t h e ir  s tu d ie s  F r e is e n  dams were v a c c in a te d  w ith  a I a p in iz e d  s t r a in  

and w ater b u ffa lo , were v a c c in a te d  w ith  a v ia n iz e d  and c a p r ia n iz e d  

s t r a in s  o f  R in d erp est v ir u s  6 -7  months pre-p artum . C a lves su ck led  

2 -4  hours post-parturn  and s e q u e n t ia l  an tib od y  a ssa y s  began 4 -5  hours 

l a t e r .  Peak t i t r e s  were seen , a t  8 hours a f t e r  s u c k lin g  and p e r s is t e d  

fo r  21 d a y s . The t i t r e s  s lo w ly  d ecrea sed  to  zero a t  6 -7  months o f  a g e .

The h a l f - r l f f e  was c a lc u la te d  to  be 33 days and 29 days fo r  the  

w ater b u f fa lo  and F r e ls e n  c a l v e s , r e s p e c t iv e ly .  The h a l f - l i f e  

compared fa v o r a b ly  w ith  th e  r e s u l t s  r ep o r ted  by Brown (1 9 5 8 ) who 

examined R in d erp est p e u t r a l iz in g  an tib o d y  in  b o v in e . An in t e r e s t in g  

o b se r v a tio n  was th a t  th e  h a l f - l i f e  exceed ed  th a t  p f  m a te r n a lly  

d e r iv e d  f o o t  and mouth d is e a s e  an tib o d y  as determ ined by Graves (1 9 6 3 ) .  

The p o s s i b i l i t y  o f  d i s s im i la r  ex p er im en ta l p r o to c o l m ust be e n t e r t a in ­

ed , y e t ,  t h i s  speaks to  o th e r  unknown f a c t o r s ,  sueh a s ,  th o se
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in f lu e n c in g  th e  a b so r p tio n  and p a ssa g e  o f  im m unoglobulins in  th e  g u t.

Sm ith (1 9 6 2 ) r ep o r ted  th a t  E s c h e r ic h ia  COI i  s e p tic e m ia  commonly 

o c c u r s  in  co lostrp m -'d ep rived  c a lv e s .  In  o th e r  s t u d ie s ,  hypogamma­

g lo b u lin e m ia  was d e te c te d  in  c o lo s t r a l - f e d  c a lv e s  r e s u l t in g  in  c o l i -  

b a c i l l o s i s  (Fey and M argarant, 1 9 6 1 ) . These w orkers have rep o rted  an 

in c id e n c e  o f  hypogam m aglobulinem ia in  10% o f  "normal c a lv e s"  they  

have s tu d ie d . I t  seems p o s s ib le  th a t  hypogam m aglobulinem ia p reced es  

th e  e s ta b lish m e n t  o f  g u t f lo r a  v fa  in g e s t io n  o f  f e c a l  m a te r ia l  from 

udders o r  en v iron m en ta l fo m ite s . In  a d d it io n , th o se  sm a ll q u a n t i t ie s  

o f  im m unoglobulins th a t  are p a ssed  from dam to  o f f s p r in g  may be 

absorbed by organism s in  or  o f  th e  i n t e s t in e  and n ev er  c o n tr ib u te  to  

p a s s iv e  immunity o f  th e  c a l f .

Data p e r t in e n t  to  t h i s  th eo ry  are  found in  a r e p o r t  by K la u ss , 

B ennet and Jones (1 9 6 9 ) . Three c a lv e s  from a group o f  10 , demon­

s tr a te d  low  IgM and IgG l e v e l s  in  serum b e g in n in g  day I and la s t in g  

u n t i l  day 7 . One o f  th e  dams o f  th e s e  c a lv e s  had normal serum and 

c o lo s t r a l  l e v e l s  o f  IgM and IgG. Two q f  th e  th r e e  c a lv e s  were born . 

o f  dams w ith  an i n f e c t io u s  p r o c e ss ;  one a m a s t i t i s  and th e  o t h e r ? a 

c a se  o f  e n t e r i t i s .  The m a s t i t i s  cow had an in c r e a se d  c o n c e n tr a t io n  

o f  IgM in  h er  serum w hich i s  in d ic a t iv e  o f  an a cu te  r e sp o n se . The 

e t i o l o g i c a l  a g en ts  were n o t  in d ic a te d  nor were th e  s u b c la s s e s  o f  IgG 

r e p o r te d . There w as, how ever, a c o n tr ib u t io n  to  serum im m unoglobulin
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l e v e l s  o f  th e  c a l f  presum ably through th e  co lostru m  o f  th e  dam in  

every  c a s e .

The p r e sen ce  o f  IgG, IgM, and IgA in  serum and co lo stru m  o f  . 

th e  dam and i t s  gradual accu m u lation  in  th e  i n t e s t i p a l  c o n te n ts  

and n e o n a ta l serum in d ic a t e  a t r a n s f e r  fu n c tio n  o f  th e  mammary 

gland  and th e  i n t e s t i n e .

Z u ffa  (1 9 6 4 ) v a c c in a te d  brood sows w ith  m o d ified  v ir u s  o f  

A u jesky* s d is e a s e  in  a stu d y  o f  p la c e n ta l  t r a n s fe r  o f  v ir u s  and 

c o lo s t r a l  tr a n sm iss io n  o f  a n tib o d y . N e ith e r  v ir u s  nor an tib od y  

were tr a n sm itte d  d ia p la c e n t n l ly .  However, 24 hours post-p^ rtum  th e  

p i g l e t  serum t i t r e  was e q u a lly  h ig h  as in  m aternal serum. The h a l f -  

l i f e  o f  th e se  a n t ib o d ie s  was c a lc u la te d  to  be 1 0 .8  d a y s .

P a s s iv e  immunity to  A sc a r js  suum was tr a n s fe r r e d  in  co lostru m  

from sows to  t h e ir  o f f s p r in g  (K e lle y  and Nayah, 1 9 6 5 ) . The humdral 

a n t ib o d ie s  d ir e c te d  a g a in s t  a s c a r j s  la r v a e  co n ferred  immunity by 

im peding th e  m ig r a tio n  o f  th e  la rv a q  to  th e  lu n g s . S p r in t  (1949)  

found th a t  m ig r a tio n  o f  A sc a r is  la r v a e  was stopped  in  th e  l i v e r  o f  

young immune m ic e . S ou lsb y  ( 1 9 6 1 ) ,ob served  a c e l l u la r  r e a c t io n  

about th e  3rd s ta g e  la r v a e  g iv en  in t r a p e r i t o n e a l ly  to  immune an im alsi 

The r e a c t io n  in  th e  l i v e r  and i n t e s t i n e  in c lu d ed  a le u c o c y te  resp on se  

which cou ld  p o s s ib ly  have b lo ck ed  m ig r a tio n .
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The p r e se n c e  o f  absorbed c o lo s t r a l  an tib od y  w i l l  e f f e c t  a 

resp o n se  t o ■E s c h e r ic h ia  c o l i  (6  s p e c ie s )  fn  p o r c in e  n e o n a te s .

Sharpe (1 9 6 6 ) compared an tib od y  resp o n se  in  n orm ally  rea red  p i g l e t s  

p a r t i a l l y  d ep r iv ed  o f  co lo stru m  and n o ted  th a t  th e  d ep r iv ed  p i g l e t s  

produced an tib od y  a t  an e a r l i e r  age and were s t i l l  a b le  to  absorb:, 

b u t to  a l e s s e r  d e g r e e , a n t ib o d ie s  when retu rn ed  to  a sow 26 hours 

p o st-p a r tu m . b o th  a n ti-" 0 "  and anti-"K " an tib od y  t i t r e s  v a r ie d  in  a 

s im ila r  fa s h io n . T it r e s  were n e g a t iv e  a t  b ir t h  as determ ined  by 

th e  te c h n iq u e s  em ployed.

P ie r c e  and Sm ith (1 9 6 7 ) in v e s t ig a te d  hom ologous and h etero^  

lo g o n s  co I o s t r q l  im m unoglobulin t r a n s f e r  in  p o r c in e  n e o n a te s . The 

c o lo s t r a l  im m unoglobulins were absorbed s im i la r i t y  i f  fed  s e p a r a te ly  

in  h ig h  c o n c e n tr a t io n s  I n t e s t in a l  a b so r p tio n  in  p i g l e t s  fed  h e te r o ­

lo g o u s  co lo stru m  o f  b o th  were absorbed r e a d i ly  w ith o u t apparent 

c o m p e t it io n . I n te r n a l  d eg ra d a tio n  o f  im m unoglobulins, how ever, 

made d e f i n i t i v e  in te r p r e ta t io n  d i f f i c u l t .  P o r te r ’ s (1 9 6 9 ) work 

su p p orts th e  f in d in g s  o f  P ie r c e  and F e in s t e in  (1965) and e a r l i e r  

w orkers th a t  th e  i n t e s t i n a l  t r a c t  o f  n e o n a ta l b o v in e  w i l l  absorb  

p r o te in s  in d is c r im in a t e ly .  On the- o th e r  hand, in  v i t r o  s tu d ie s  

(P ie r c e  and Sm ith , 1967b) in d ic a t e  a s e l e c t i v e  mechanism w ith  the  

m ost pronounced im m unoglobulin p a ssa g e  in  th e  m idd le t h ir d  ( ileu m )  

o f  th e  p o r c in e  sm a ll i n t e s t i n e .  A ls o , . H a llid a y  and K eckw ith (1 9 6 0 ) ,
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Locke e t  a l .  (1 9 6 4 ) have showp. th a t  IgG immune g lo b u l in s  are absorbed  

more e f f e c t i v e l y  than IgM In th e  new bqrn r a t  apd p ig .

A s ie v e - d ik e  fu n c tio n  has been  p o s tu la te d  fo r  thq mammary gland  

o f  th e  r a t  (L ow ell and Morgan, 1 9 6 5 ) . The dominant p r o te in s  demon-, 

s tr a te d  in  r a t  m ilk  are serum album in, t r a n s f e r r in  ,and a lp h a -g lo b u lin ^  

L ip o -p r o te in s  were n o t  found in  th e  m ilk  which a t t e s t s  bo th e  s e l e c t ­

i v i t y  o f  t h i s  g la n d . A ls o , th e  h e a v ie r  m o lecu la r  w e ig h t f r a c t io n  o f  

alpha  g lo b u l in s  were n o t  t r a n s fe r r e d .

D ixon , e t  a l .  (1 9 6 1 ) have shown la r g e  amounts o f  im m unoglobulin  

are tr a n s fe r r e d  from serum to  co lo stru m  in  p r o c in e  due to  a concent 

t r a t in g  mechanism in  a ly e p la r  c e l l s  o f  th e  mammary g la n d . Immuno- 

f lo u r e s c e n t  s tu d ie s  o f  th e  udder showed a few  s p e c i f i c a l l y  s ta in in g  

c e l l s .

P ie r c e  apd F e in s t e in  (1 9 6 5 ) , Lomasi e t  a l .  (1969 ) have shown 

IgG^ " f a s t  moving fr a c t io n "  predom inates in  b o v in e  co lo str u m . I t  i s  

d i s t i n c t  from th e  I lS  s e c r e to r y  IgA r ep o r ted  in  r a b b its  (Cebra' and 

S m a ll, 1964) and humans ( T o u r v ilI e  e t  a l , , 1969) and in  m ice  

(A so fsky and H y lto n , 1 9 6 8 ) .

Mach, Pahud and I s l i k e r  (1969 ) r e p o r t  f in d in g  IgA w ith  " secret, 

to ry  p ie c e "  in  b o v in e  co lo stru m  ^nd s a l in a .  Free "S" p ie c e  was demop^ 

s tr a te d  in  b o v in e  co lo stru m  apd m ilk  b u t n o t  in  serum.
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A s tu d y  £p d e t e c t  p o r c in e  c o lo s t r a l  an tib od y  to  E sc h e r ic h ia  

c o l i  08 and E s c h e r ic h ia  c o l i  0141 was conducted  by Parker ( i9 6 0 ) .

He was u n ab le  to  d e t e c t  IgA in  sow serum or  p o s t - c o l o s t r a l  p i g l e t  

serum; IgM was found to  be th e  main component w ith  a c t i v i t y  in  the  

sow serum o r  p o s t - c o l o s t r a l  p f g l e t  serum; IgM was found to  be the  

main component w ith  a c t i v i t y  in  th e  sow serum. On th e  o th e r  hand, 

th e  a g g lu t in a t in g  a c t i v i t y  found in  c o l o s t r a l  sam ples was low ered  

when tr e a te d  w ith  r a b b it  a n ti^ p o r c ip e  IgA a n tib o d y . The c o n c lu s io n  

was made th e  IgA d oes n o t  p a r t ic ip a t e  in  p a s s iv e  immunity o f  the  

p i g l e t  b eca u se  i t  was n o t  found in  th e  serum. Sephadex f r a c t io n ­

a t io n ,  h ex o se  .assay (10%) and immunochemical .d e term in a tio n s in d ic a te  

th e  Imm unoglobulin found by Mach and co-,w orkers (1 9 6 9 ) may be IgA. 

These w orkers p o s tu la te d  th a t  s y n th e s is  o f  "T p ie c e d  ta k e s  p la c e  in  

s e c r e to r y  e p i t h e l i a l  c e l l s  and IgA s y n t h e s is  in  l o c a l i z e d  plasmor- 

c y t e s .

A so fsk y  and Sm all (1 9 6 7 ) in c o rp o ra te d  r a d io - la b e l le d  amino 

a c id s  in  " in  v itr o "  s tu d ie s  and in d ic a te d  "T p ie ce "  i s  sy n th e s iz e d  

in  th e  r a b b it  mammary glands..

These s tu d ie s  s tr o n g ly  support th e  e a r l i e r  p r o p o sa l by Tomasi
I

e t  a l .  (1 9 5 8 ) th a t  "T p ie c e "  i s  s y n th e s iz e d  by a c e l l  c lo n e  d i s t i n c t  

from th e  IgA c lo n e , m oreover, i t  has been  su g g ested  b o th  may be 

s t im u la te d  'E f f e c t iv e ly  by lo c a l  a n t ig e n a t io n .



8

A h y p o th e t ic a l  model fo r  th e  tr a n sp o r t  o f . IgA and "T p iece"  

a c r o ss  mucous membranes has been  p o s tu la te d  by T o u r v i l le , A d ler , 

B ie n e n sto c k  and Tomasi (1 9 6 9 ) , F ig u re  I .

The s tr u c tu r e  fo r  s e c r e to r y  XgA has beep  proposed  by Cebra 

(1 9 6 9 ) , F ig p re  2 .

S e c r e to r y  IgA i s  n o t  e f f e c t e d  in  th e  u su a l manner by th e  p ro­

t e o l y t i c  enzym es, pap ain  o r  p e p s in , and i s  more r e f r a c t iv e  to  

i n t e s t i n a l  p r o t e o ly t i c  a c t i v i t i e s  than IgG and IgM. T h is in d ic a t e s  a 

p r o t e c t iv e  r o le  fo r  "T p ie ce "  w hich may in c r e a s e  th e  e f f e c t i v e  h a l f -  

l i f e  o f  th e s e  a n t ib o d ie s  in  th e  i n t e s t in e  o r  o th e r  s i t e s  on th e  mucouA 

membrane, ( Tomasi , G alvan ic© , 1 9 6 8 ) . "T p ie ce "  w i l l  n o t  b in d  to  IgG 

or  IgM. There are no known a n t ig e n ic  s i m i l a r i t i e s  betw een  "T p iece"  

and l i g h t  or  heavy ch a in s  d e ter m in a n ts . There i s  e v id e n c e , (Bpandt- 

z a e g , 1969) th a t  "T p ie c e "  o b ta in ed  by r e d u c tiv e  trea tm en t o f  

s e c r e to r y  IgA -has a n t ig e n ic  d eterm in an ts th a t  are n o t  r e co g n iz e d  by 

a n t is e r a  r a is e d  to  "T p ie c e "  s t im u la te d  by th e  H S s e c r e to r y  IgA 

m o le c u le .

Complement f i x a t io n  does n o t  occu r  b ecau se  s e c r e to r y  IgA i s  

u n ab le  to  a c t iv a t e  C^. R ecent s tu d ie s  by Vaerman and Heremans (1969)  

have shown th a t  s c i a l i c  a c id  removed by neuam in idase from th e  s e c r e ­

to r y  IgA m o le c u le , d oes n o t  a l lo ^  complement a c t iv a t io n .  In  the  

p r e se n c e  o f .ly s o z y m e  and complement ( A d ih o l f i ,  1966) b a c t e r i o ly t i c
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F igu re  2 . Proposed model o f  th e  c o lo s t r a l  IgA. T ch a in  i s  r e p re ­
se n te d  by a l in e  o f  lo n g  d a sh e s . (As adapted from John 
J . C ebra, B a c t. Review s V o l. 33 , Number 2 , June 1 9 6 9 .)
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r e a c t io n s  w ith  E s c h e r ic h ia  c o l i  have been  dem on strated . T h is a c t i v i t y  

has n o t  been  ob served  in  o th e r  system s nor confirm ed by o th e r  w orkers.

A lthough  th e  e x a c t  mechanism o f  "T piece*' has n o t  been  f u l l y  

e lu c id a te d  and H S  s e c r e to r y  IgA was n o t  s p e c i f i c a l l y  a ssa y ed  fo r  in  ■ 

many o f  th e  a fo r e  m entioned s tu d ie s  i t  i s  e v id e n t  th a t  s e c r e to r y  IgA 

shou ld  n o t .b e  c o n s id er e d  in  humoral immunity b u t p r im a r ily  in  lo c a l  

i n t e s t i n a l  im m u n ity .• "T p ie c e "  perform s th r ee  b a s ic  fu n c t io n s  in  the  

i n t e s t i n e ; ( I )  a ttach m en t and a b so r p t iv e  d is c r im in a t io n  a t  th e  

e p i t h e l i a l  membrane l e v e l ,  (2 )  im m o b iliza tio n  a g a in s t  f lu s h in g  a c t io n s  

in  th e  g u t and (3 )  to  p r o t e c t  th e  im m unoglobulin from p r o t e o ly t ic  

enzymes in  th e  i n t e s t i n e .

■Introduction to  th e  T h e s is

S e c r e to r y  IgA has been  s tu d ie d  in  r a b b its  by C ebra, R obbins, 

S m a ll, F e in s t e in  and o t h e r s ? in  man by P a tto n  and Pigman, Tom asi, 

Zeiglem an e t  a l - , Lehner e t  ^ l . ,■ Crabbe, Heremans, G elzayd , Rosen e t  

a l . , B ra n d tza eg , J e f f r i e s ,  C hordirker and o th e r s  and in  m ice by Mandel 

and A sofsk y  and o t h e r s .  I t  i s  p o s s ib le  th a t  IgA has been  s tu d ie d  or  

d isc o v e r e d  in  o th e r  s p e c ie s  b u t n o t  en cou n tered  during t h i s  l i t e r a t u r e  

se a r c h .

The e x is t e n c e  o f  s e c r e to r y  IgA and i t s  r e le v a n c e  in  lo c a l iz e d  

immunity and in  p a s s iv e  i n t e s t i n a l  immunity in  n eo n a tes  makes i t  a
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p e r t in e n t  stu d y  b o th  o f  econom ic as w e l l  as academ ic im portance. 

R e a liz in g  f u r th e r , th a t  la r g e  an im als and humans are n o t  amenable 

fo r  in t e n s iv e  r e se a r c h , th e  mouse becom es th e  model o f  ch o ice*  

C on ven tion a l reared  (CR) and germ free (CF) m fce were s e le c t e d  fo r  

t h i s  s tu d y , e s p e c ia l ly  s in c e  IgA has n o t  been  (u n eq p iv o ca b ly )  

dem onstrated  in  th e  germ free m ouse, h en ce , i t  serv e?  a u s e f u l  c o n tr o l  

system .

There are o b v io u s  shortcom in gs in  in te r p o la t in g  and e x tr a ­

p o la t in g  d a ta  from one mammalian system  in to  an o th er , h en ce , t h i s  

stu d y  i s  undertaken  to  "dem onstrate th e  c la s s e s  o f  im m unoglobulins 

s y n th e s iz e d  in  CR and CF m ice s t im u la te d  by a w e ll  d e f in e d  a n tig e n ."  

Emphasis w i l l  be d ir e c te d  toward th e  exam in ation  o f  th e  s e c r e to r y  

immune system  and to  r e la t e  f in d in g s  to  th e  s tu d ie s  o f  o th e r  mammalian 

sy ste m s.

The "modus operand!" o f  exp er im en ts d e a lin g  w ith  s e c r e to r y  IgA 

g r e a t ly  I n f lu e n c e s  th e  f in d in g s .  T hus, Genco and Taubmann (1969)  

e l i c i t e d  a s e c r e to r y  IgA resp on se  by l o c a l l y  a n t ig e n iz ip g  r a b b it  

mammary g lan d s w h ile  Ogra e t  a l .  (1 9 6 0 ) dem onstrated  a s ig n i f i c a n t  

d if f e r e n c e  in  s e c r e to r y  IgA t i t r e s  i f  human s u b je c t s  were a n t ig e n iz e d  

w ith  l i v e  p o l io  v ir u s  r a th e r  than dead v i r u s ; th e  r o u te  o f  in j e c t io n  

and n a tu r e  o f  th e  a n t ig e n  were deemed to  be o f  s ig n a l  im portance.

Panse and D utta  (1 9 6 4 ) ob served  ho p r o t e c t io n  o f  n e o n a ta l r a b b its  i f
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th e  m other had been  a n t ig e n iz e d  w ith  fo r m a lin iz e d  or  in a c t iv a te d  

v a c c in e  even  though m atern al serum t i t r e s  in d ic a te d  a good r e sp o n se . 

S ig n i f i c a n t  p r o t e c t io n  was c o n ferred  i f  th e  m other was a n t ig e n iz e d  

w ith  l i v e  v ib r io  v a c c in e . Panse e t  a l ,  (1 9 6 9 ) dem onstrated  a s im ila r  

phenomenon w ith  p a r e n te r a l a d m in is tr a t io n  o f  p a s s iv e  a n t ib o d ie s  from 

serum o f  a n t ig e n iz e d  fe m a le s i Intramammary i n s t i l l a t i o n  o f  myxp- 

v ir u s  and ad en ov iru s e l i c i t e d  n e u t r a l iz in g  a n t ib o d ie s  in  g o a ts  (immuno­

g lo b u lin s  n o t  s p e c ia te d )  (G u er in , M itc h e ll  and P a s ie k a , 1 9 6 9 ) . In  a 

s im ila r  experim en t p ro p a g a tio n  o,f H erpes s im p lex  f a i l e d  when i n s t i l ­

le d  in  g o a t mammary g land  in  2 o f  3 t e s t  a n im a ls , t h e r e f o r e ,  a 

s ig n i f i c a n t  t i t r e  was n o t  e l i c i t e d .

S tu d ie s  co n cern in g  th e  e f f e c t  o f  th e  serum c o n c e n tr a t io n  o f  IgA 

c ir c u la t in g  or  in fu s e d , on th e  s e c r e to r y  IgA c o n c e n tr a t io n  in  secret- 

to r  y su b sta n c es  are n o t  c o n c lu s iv e .  The d ata  a v a i la b le  i s  l im ite d  

and does n o t  c o n c lu s iv e ly  in d ic a t e  a p o s i t i v e  e f f e c t .

To r e le g a t e  s e c r e to r y  im m unoglobulins to  th e  IgA c la s s  i s  

u n d er sta n d a b le , e s p e c i a l ly  jj ith  th e  f in d in g  o f  "T p ie c e " . In  mammals 

which have n o t  shown s e c r e to r y  IgA in  s a l i v a ,  co lo stru m  and i n t e s t in a l  

w a sh in g s , a d i f f e r e n t  l o c a l  immune mechanism r e q u ir e s  a t t e n t io n s  o r , 

perhaps a more in te n s e  sea rch  fo r  "T p ie c e "  u t i l i z i n g  more s e n s i t iv e  

m ethods and g r e a te r  concern  fo r  th e  te c h n iq u e s  employed fo r  a ssa y in g  

IgA a c t i v i t y .  E s p e c ia l ly  im portant i s  th e  a n t ig e n a t io n  p r o to c o l which
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i s  o b v ia te d  in  th e  in tr o d u c to r y  rem arks. L o c a liz e d  (ju x ta p o se d  to  

th e  mammary g la n d s)  a p t ig e n a t io n  sh ou ld  e l i c i t  C d lo s tr a l IgA in  the  

c o n v e n tio n a l and germ free m opse, IgA p ro d u ctio n  in  some murine 

s t r a in s  d is p la y s  d is p a r i t y  under v a r io u s  en v iron m enta l c o n d it io n s ,  

i . e . , th e  absen ce o f  IgA in  th e  qerum and co lostru m  o f  germ free m ice  

in  c o n tr a s t  to  th e  p r e se n c e  o f  IgA in  th e  serum and qoI o strum  o f  

c o n v e n t io n a lly  r e a r e d , (A so fsky and H y lto n , 1 9 6 8 ). The germ free m ice  

in  t h i s  stu d y  produced a p r o te in  m a te r ia l  th a t  c o p r e c ip ita te d  w ith  

IgA apd had a se d im e n ta tio n  c o e f f i c i e n t  o f  4S^ There was good ev id en ce  

t h i s  m a te r ia l  was "T" p ie c e  s in c e ,  in  th e  p r e sen ce  o f  IgA myeloma 

p r o te in  and r a d io - la b e l l e d  amino a c id s  vyhich were added to  a t i s s u e  

c u ltu r e  o f  germ free mammary g la n d , and I lS  r a d io - la b e l le d  p r o te in  

was form ed, (M urine s p e c ie s  n o t  s p e c i f i e d ) .

Four im m unoglobulin s p e c ie s ,  IgG^, IgG^, IgM and IgA have been  

shown to  in c r e a s e  in  th e  serum nnd /or co lo stru m  o f  many s t r a in s  o f  

m ice fo llo w in g  a n t ig e n a tfo n  w ith  a v a r ie t y  o f  a n t ig e n s . T h eir  

a b s o lu te  r o le  in  p a s s iv e  immunity and o r ig in  in  th e  serum o f  the  

n eo n a te  i s  s tr o n g ly  d eb a ted . T hus, th e se  s tu d ie s  sought to  id e n t i f y  

s p e c i f i c  immunoiglobulin  s p e c ie s  in  th e  dam and n eo n a tes  u s in g  immun­

iz a t io n  p r o c e d u r e s , s e r o lo g ic  a s s a y s , and, anim als rea red  under 

a n t ig e n  f r e e  environm ents in  ord er  to  t r a c e  th e  o r ig in  and a c t i v i t y  o f  

p a s s iv e ly  a cq u ired  im m unoglobulins in  n eon ates*



MATERIALS AND METHODS

A n im als:

Randomly bred  c o n v e n t io n a lly  reared  (CR) and germ free (GE) m 

Sw is s  Manor m ice , o b ta in e d  in  1964 from Manor Farms (S ta a tsb u r g , New 

York) were u sed  throu gh ou t th e  s tu d y . The CR m ice were m ain ta in ed  • 

on P u rin a  L aboratory Chow and w ater ad l ib itu n i  w ith  o c c a s io n a l  fe e d ­

in g s  o f  Quaker R o lled  O a ts . The GF m ice were housed  in  T r e x ler  germ- 

f r e e  u n i t s ,  fed  s t e r i l e  P urina L aboratory Chow #5QlOC and s t e r i l e  

w ater ad_ l ib itu m  w ith  o c c a s io n a l  fe e d in g s  o f  s t e r i l e  Quaker R o lled  

O ats.

The germ free te c h n iq u e s  u sed  in  th e  stu d y  were th o se  adapted in  

p r e v io u s  work in  g n o t o b io t ic  system s (R eed, 1 9 6 6 ). The germ free  

fee d  was d r ie d  fo r  30 m in u te s , a u to c la v e d  fo r  35 m in u tes a t  120°C and 

18 pounds p r e s s u r e , th en  d r ie d  a g a in  fo r  30 m in u te s . The s t e r i l i z e d  

fe e d s  were c u ltu r e d  in  T h io g ly c o l la te  b r o th  and B rain  H eart L iver  

b r o th  to  in su r e  s t e r i l i t y  b e fo r e  commitment to  th e  germ free en v iro n ­

m ent. F e c a l sam ples from germ free m ice were c u ltu r e d  a t  m onthly  

i n t e r v a l s .

A n tigen  P rep aration ^  ■■

D in itr o p h e n y la te d  b o v in e  gamma g lo b u lin  ( DNP-BGG) was prepared  

a cco rd in g  to  th e  tec h n iq u e  d e sc r ib e d  by E isen  (1 9 6 4 ) . The sodium  

s a l t  o f  2 ,4 -d in it r o b e n z e n e s u lfo n a te  (2,4-D NBS) was c r y s t a l l i z e d  by
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adding 7 ,5  gms o f  2,4-DNBS to  500 ml o f  e th y l  a lc o h o l (95% ). This  

s o lu t io n  was h ea ted  to  70°C in  a doub le b o i l e r  and m a in ta in ed  a t  

t h i s  tem peratu re u n t i l  th e  m a te r ia l was d is s o lv e d .  One and f iv e  

te n th s  grams o f  N o r it  powder was then  added and th e  s o lu t io n  was 

s t i r r e d  fo r  two m in u te s .

N o r it  and im p u r it ie s  were removed from . su sp en sio n  by p a ss in g  

through a doub le la y e r  o f  Whatman #3 f i l t e r  paper in  a D -3 Buchner 

fu n n e l. S u c tio n  was a p p lie d  to  a id  f i l t r a t i o n  f lo w - The f i l t r a t e
»

was r e fr ig e r a t e d  to  h a s te n  c r y s t a l  fo rm a tio n . The c r y s t a l s  were 

a ga in  d is s o lv e d  in  h o t a lc o h o l (95%) and th e  procedure r e p e a te d .  

F in a l ly ,  c r y s t a l s  were formed in  a la r g e  ev a p o ra tin g  d is h  and then  

s to r e d  in  a dark b o t t l e  u n t i l  used  in  th e  s u b s t i t u t io n  p roced u re .

To 50 ml o f  d i s t i l l e d  w ater was added 500 mg o f  th e  sodium  

s a l t  o f  DNBS ( c r y s t a l l i z e d ) ' , .  500 t)g o f  b o v in e  gamma g lo b u lin  (BGG) 

(F r a c t io n  I I ,  Armour L a b o r a to r ie s , K ankakee, I l l i n o i s )  and 500 mg 

anhydrous p o ta ssiu m  c a rb o n a te . The s o lu t io n  was s t i r r e d  fo r  24 h o u rs, 

then  d ia ly z e d  a g a in s t  16 changes o^ d i s t i l l e d  w ater o y er  th e  n e x t  8 

d a y s . The d ia ly s a t e  was k ep t r e fr ig e r a t e d  throughout th e  d i a l y s i s .

A l l  o f  th e  g la ssw a re  was covered  w ith  aluminum f o i l  to  p r o t e c t  the  

l i g h t  s e n s i t i v e  2,4-D N P.

To d eterm in e th e  s u b s t i t u t in g  e f f i c i e n c y  o f  th e  p ro ced u re , 

th e  d ia ly s a t e  was d i lu t e d  I : 100 w ith  d i s t i l l e d  w ater and th e  o p t ic a l
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d e n s ity  m easured a t  360 nanom eters (pm) and 278 ntn in  a Perk in -

Elmer m odel 124 S p ectrop h otom eter . The Molar E x t in c t io n  C o e f f ic ie n t

17
fo r  2,4-DNP used  in  a l l  c a lc u la t io n s  was 1 7 ,4 0 0  and th e  fo r  BGG

was 1 4 .8  (a s  determ in ed  in  our la b o r a to r y ) . C a lc u la t io n s  o f  th e  

amount o f  h a p te p c a r r ie r  s y n th e s iz e d  in d ic a te d  th a t  65 r e s id u e s  o f  

DffP r e a c te d  w ith  each  BGG m o le c u le . , H en ce, th e  a n tig e n  u sed  in  t h i s  

stu d y  i s  r e fe r r e d  to  a s :DNP^^-BGG.

P re p a r a tio n  o f  a n t is e r a  and c o lo str u m :

S ix te e n  fem ale CR S w iss Manor m ice were in je c t e d  in tr a d e r m a lly  

( l . D . ) in  2 s i t e s ; ( I )  th e  m id lin e  betw een th e  m ost p o s t e r io r  mammary 

g la n d s and (2 )  th e  m id lin e  betw een th e  second m ost a n te r io r  mammary 

g la n d s .

The a n tig e n  in j e c t e d  c o n s is t e d  o f  2 3 0 pg, DNP^-BGG e m u ls if ie d  as 

a s a l in e  s o lu t io n  ip  an eq u al volume o f  Freunds com p lete  ad ju ven t  

(CFA). P r io r  to  in j e c t io n  th e  DNP^^-BGG was p a ssed  through a 0 .45  p 

m il l ip o r e  membrane c o n ta in ed  ip  a Swinney a d a p ter . The a n tig e n  was 

handled  a s c e p f i c a l l y  throughout th e  s tu d y . C on trol an im als r e c e iv e d  

0 .2  ml o f  s t e r i l e  s a l in e  in  CFA a d m in istered  in  th e  same fa s h io n .

Ten days l a t e r ,  e ig h t  ex p er im en ta l an im als r e c e iv e d  a secon d  in j e c t io n  

o f  th e  t e s t  a n tig e n  by th e  in trad erm al r o u te . A l l  m ice were mated 

te n  days a f t e r  th e  l a s t  i n j e c t io n .
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At p a r t u r it io n  and a t  5 days p ost-p artu m  th e  fem a les  were b led  

from th e  r e t r o - o r b i t a l  p le x u s  and a t  th e  same tim e , one h a l f  o f  the  

l i t t e r  was p r o c e sse d  in  th e  fo llo w in g  manner: th e  n e o n a te s  were b le d  

v ia  th o r a c ic  i n c i s i o n ,  th e  b lood  c o l l e c t e d  in  n o n -h ep a r in ig ed  hemato­

c r i t  tu b es  (Glay-Adam s) and th e  serum h a r v e ste d  a f t e r  c e n tr ifu g a t io n  

in  a Clay^Adams .m icroh em atocrit c e n tr i fu g e .  The se ra  were s to r e d  in  

th e  fr o z e n  s t a t e  u n t i l  a ssa y ed .

C olostrum  yras. r in se d  from e x t ir p a te d  n e o n a ta l stom achs w ith in  

24 hours o f  b ir t h  and m ature m ilk  Vfas h a r v e s te d  a t  5 days p o s t ­

partum- The stom achs were r in se d  w ith  a spray o f  s t e r i l o  w ater to  

remove r e s id u a l  b lo o d  b e fo r e  b e in g  opened a lon g  th e  g r e e te d  cu rv a tu re . 

The co lo stru m  o r  m ilk  o f  one n eo n a te  was ex p ressed  th fou gh  th e  in c is io n  

and suspended in  I ml s t e r i l e  w a ter . The su sp en sio n  Was washed back  

and f o r th  in  a 5 ml sy r in g e  u n t i l  a smooth su sp en sio n  was o b ta in e d .

The a d d it io n  o f  0 .1  M HCl p r e c ip i t a t e d  th e  c a s e in  a t  pH 4 .8  which was 

su b seq u en tly  c le a r e d  by c e n tr i fu g a t io n  in  a r e fr ig e r a t e d  I n te r n a t io n a l  

HR-2 c e n tr ifu g e  a t  a speed  o f  1 0 ,0 0 0  fpm and a tem perature o f  $°C.

The c le a r  f lu i d  betw een  th e  upper l i p i d  la y e r  and th e  sedim ented  

m a te r ia l  was c a r e f u l ly  removed and th e  pH a d ju sted  to  7 .2  w ith  0 .1  M 

KOH. C la r i f i e d  co lo stru m  or  m ilk  was k ep t fro z e n  u n t i l  a ssa y e d . The 

pH o f  th e  co lo stru m  a t  th e  tim e o f  c o l l e c t i o n  ranged betw een  6 .7  and 

6 .9 .  At th e  tim e o f  a ssa y  th e  c o lo s t r a l  sam ples were co n cen tra ted
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a g a in s t  d i a l y s i s  tu b in g  f i l l e d  w ith  CARBOWAX (F is h e r )  to  a f in a l  

volume o f  0 .2 - 0 .3  m l.

Germfree an im als were g iv en  a s in g le  in j e c t io n  o f  260 ]ig o f  

DNPgJ--BGG in  CFA and mated 10 days l a t e r .  G ravid fem a les  were r e ­

moved from th e  germ free environm ent zero  to  f i v e  days pre-partum  and 

m ain ta in ed  in  s t e r i l e  i s o l e t s  ( Carwerth Farm s). At p a r t u it io n  on e-  

h a l f  o f  th e  l i t t e r  was removed and p r o c e ss e d . The fem a les  were n o t  

b le d  on day zero  in  ord er  to  reduce th e  p o s s i b i l i t y  o f  con tam in atin g  

th e  rem ain ing l i t t e r m a t e s .  C on tro l an im als - CR and GF were in je c te d  

w ith  a s a lin e -a d ju v a n t  su sp en sio n  in  a manner s im ila r  to  th e  DNPg,.-BGG 

adjuvant a n t ig e n a t io n  p ro ced u re . R e s id u a l adjuvant a t  th e  in j e c t io n  

s i t e s  was ob served  post-m ortem  in  a l l  m ice ,

T is su e  sp ec im en s:

A d ult fem ale  5  were b le d  from th e  r e tr o  ̂ -orb ita l p le x u s  and then  

s a c r i f i c e d  by c e r v ic a l  d i s lo c a t io n  f i v e  days p o st-p a rtu m . The sk in  

was opened v e n t r a l ly  by a Y shaped i n c i s i o n  and th e  sk in  f la p s  were 

r e f l e c t e d  u s in g  b lu n t  d i s s e c t io n .

Numbering th e  fo u r  p a ir s  o f  mammpry g la n d s , eephal'id  to  c a u d a l, 

th e  r ig h t  fo u r th  and th e  l e f t  second mammary g lan d s were e x c is e d ,  

and f ix e d  in  10% n e u t r a l iz e d  fo r m a lin . A 4 cm p o r t io n  o f  th e  ileu m ,

5 cm proxim al to  th e  cecum, was e x c is e d  and f ix e d  in  n e u tr a liz e d

fo r m a lin .



V

The t i s s u e s  were s e c t io n e d  a t  5 -7  jn icrons on an I n te r n a t io n a l  

C ry o sta t  a t  2 0 °C and f lo a t e d  on a s l i d e  w ith  a few  drops o f  cp ld  

a b s o lu te  e th y l  a lc o h o l .  The s l i d e s  were s to r e d  a t  4 ° C u n t i l  s tu d ie d  

by f lu o r e s c e n t  an tib od y  te c h n iq u e s .

F lu o r e sc e n t  s t u d ie s :

Goat an ti-m ou se  im m unoglobulins ( a n t i - G ^ A-, ,-M) (MELPAR) was

con ju ga ted  w ith  f lu o r e s c e in  is o th io c y a n a te  on c e l i t e  (C a lb ie c h e m .) by 

p rep a r in g  th e  fo llo w in g  s o lu t io n :

Goat an ti-m o u se  IgG, IgG^, IgA, o r  IgM . . . .  0 .5  ml

Carbonate b u f f e r ,  pH 1 0 .3  ............................................0 .5  ml

F lu o r e s c e in e  is o th io c y a n a te  . . . . . . . . .  1 0 .0  mg

D i s t i l l e d  w ater . . . . . . . . . . . . . . .  1 .2 5  ml
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The s o lu t io n  iyas h e ld  a t  5°C fo r  24 hours b e fo r e  chrom atograph­

in g  in  a 2 .0  x 33 cm g la s s  column packed w ith  Sephadex G-50 (F in e )  

w hich had been  a d ju s te d  to  pH 7 .2  w ith  phosp hate b u ffe r e d  s a l i n e .

The f i r s t  peak o b ta in e d , a t  th e  v o id  volum e, was used  in  th e  stu d y . 

F iv e  ml o f  f lu o r e s c e in - la b e l l e d  a n t is e r a  were absorbed w ith  500 mg 

o f  d r ied  mouse l i v e r  pow der, c e n tr ifu g e d  and d i lu te d  I : 100 b e fo re  

u s e .  A n t is e r a  were s to r e d  in  th e  fro z e n  s t a t e .

T is su e  s e c t io n s  were f lo o d e d  w ith  th e  s p e c i f i c  a n t is e r a  and 

in cu b a ted  in  a m o is t  chamber 4 -6  hours a t  room tem p era tu re . The
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were r in se d  fo r  a t o t a l  o f  8 hours w ith  a change o f  PBS a t  four hours 

and th en  mounted on 1 x 3  in ch  s l i d e s  u s in g  G lycerol-P B S ( 9 :1 )  pH 7 .2  

and 22 x 40 mm c o v e r s l ip s . The s l i d e s  were ob served  fo r  f lu o r e s c e n t  

c e l l s  w ith  a L e itz  f lu o r e s c e n t  m icroscop e equipped w ith  th e  fo llo w in g  

f i l t e r s :  UG-38 h e a t  f i l t e r , UG-12 e x c i t e r  f i l t e r  and a #530 b p r r ie r  

f i l t e r . ■ The in c id e n t  l i g h t  sou rce  was su p p lie d  by an 0sram -200  

mercury vapor lamp. The number o f  f lu o r e s c in g  c e l l s  (Appendix B) 

ob served  in  50 o i l  im m ersion f i e l d s  were record ed .

Q u a n t ita t iv e  Im m unoglobulin A ssa y : (Equipm ent, Appendix C)

A r e c e n t  m o d if ic a t io n  (M a ssey e ff and Z i s s w i l l e r , 1969) o f  th e  

c l a s s i c  M an cin i, C arbonara, Heremans (1 9 6 3 ) procedure fo r  s in g le  

r a d ia l  iitimunod i f f u s io n  was used to  q u a n t ita te  th e  l e v e l  o f  s p e c i f i c  

im m unoglobulins in  se r a  and co lo stru m .

Ten m il l im e te r  d i s c s  were c u t  from 1.07° S p e c ia l  N oble Agar p re­

pared in  0 .2  M V ernal B u f f e r , pH 8 .6 ,  and poured 1 .5  mm in  depth in  

Hyland im m unodiffusion  p l a t e s .  The d i s c s  were exposed  to  a dry ing  

environm ent o f  3 7°C fo r  30 m in u te s . F i f t y  p i  o f  a n t is e r a  (M elpar, 

F a l l s  Church, V ir g in ia )  d i lu te d  1 :5 0  w ith  V em o l b u f f e r ,  0 .0 2  M, pH 

8 . 6 ,  was a p p lie d  to  th e  d i s c s .  A fte r  18 hours a t  22 -25°C , th e  a n t i ­

se r a  had a p p a ren tly  d i f f u s e d  in to  th e  d i s c s  and were s u i t a b le  fo r  

a d d it io n  o f  a n t ig e n . A 2 mm w e ll  was cu t in  th e  c e n te r  o f  each  d is c  

w ith  a b lu n te d  13 gauge hypoderm ic n e e d le .
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Standard cu rves ( F ig .  3 ) fo r  each  im m unoglobulin were prepared  

u s in g  tw o -fo ld  d i lu t io n s  o f  p o o led  norm al mouse se r a  o b ta in e d  from  

r e t r o - o r b i t a l  b le e d in g s  o f  te n  3 -6  month o ld  m ale and fem ale  CR S w iss  

Manor m ic e . S e r ia l  d i lu t io n s  were made in  17= BSA and in  DNPgy-BSA. 

F iv e  p i  o f  a 1:2  and 1:16  d i lu t io n  were added to  th e  w e l ls  o f  th e  

d is c s  c o n ta in in g , r e s p e c t iv e ly ,  a n t i- I g A  and anti-IgM ; 5 p i  o f  a 1:32  

and 1 :6 4  d i lu t io n  were added to  w e l ls  o f  d i s c s  c o n ta in in g  anti-IgG ^  

and a n t i - IgGg. The a n t ig e n  (mouse serum) was added to  th e  w e l ls  w ith  

a f i n e l y  drawn c a p i l l a r y . tu b e con n ected  to  an o i l  f i l l e d  tygon  tu b in g , 

1 .7 5  mm (GD) d ia m e te r , a tta c h e d  to  an o i l  f i l l e d  s y r in g e , adapted to  

p Beckman Spinco m ic r o t i t r a t o r .  The p r e c ip i t in  r e a c t io n  p ro g ressed  

fo r  36-48  hours and th e  u n p r e c ip ita te d  p r o te in s  were removed by wash­

in g  w ith  2 changes p f  5 ml norm al s a l in e  fo r  24  h o u rs . The d is c s  were 

s ta ip e d  w ith  *0.6% B u ffa lo  B lack  in  77» a c e t i c  a c id  fo r  20 m inutes and 

th en  d e c o lo r iz e d  w ith  co p iu s  amounts o f  107= a c e t i c  a c id  in  m ethanol.

* The s t a in  was prepared  in  th e  fo llo w in g  manner:

B u ffa lo  B lack  NBR . . . . . . . .  6 gm

M ethanol . . . . . . . . . . . . . . . .  405 ml .

D i s t i l l e d  HgO ................................................  405 ml

A c e t ic  A c i d ........................ ....................... ....  90 ml

The s o lu t io n  was f i l t e r e d  through 2 la y e r s  o f  gauze  

and s to r e d  a t  room tem p eratu re .



22

WU/ C/ uo/j_z>v&y  / o  Jay.auj'ty  /(J

F igu re  3 Standard cu rves d eve lop ed  from r a d ia l  im m unodiffusion
r e a c t io n s  w ith  v a r io u s  s p e c i f i c  go a t an ti-m ou se  immuno­
g lo b u lin  serum and d i lu t io n  o f  a p o o l o f  norm al S w iss  
serum.
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2:3.

The d ia m eters  o f  th e  p r e c ip i t in  r in g s  (Appendix C) were measured  

w ith  a G aevert m easuring m icro sco p e . The d ia m eter , in  m il l im e t e r s ,  

was p lo t t e d  on s e m i- lo g r ith m ic  paper as a fu n c tio n  o f  th e  r e c ip r o c a l  

d i lu t io n  o f  th e  a n t ig e n .

To determ in e th e  q u a n tity  o f  immune g lo b u lin  r e a c t in g  s p e c i f i c ­

a l l y  w ith  th e  DNP d eterm in an t in  each p r e p a r a tio n  an oth er  s e t  o f  

a n tig e n  ( serum o r  co lo stru m ) which had been  absorbed w ith  h e a t de­

n atu red  DNP^y-BSA were a p p lie d  to  a d u p lic a te  s e t  o f  d i s c s .  The 

d if f e r e n c e  in  th e  d iam eter  o f  th e  r a d ia l  d i f f u s io n  p a t te r n  betw een  

nonabsorbed and absorbed serum o f  co lo stru m  was e s ta b l is h e d  to  be 

an tib od y  s p e c i f i c  fo r  th e  DNP d eterm in a n t.

The d i s c s ,  c o n ta in ed  in  Hyland immune d i f f u s io n  p la t e s  and se a le d  

w ith  v a s e l i n e ■, were in cu b ated  in  a m o is t  environm ent a t  room tem per­

a tu re  fo r  24 h o u rs . The d iam eter  o f  th e  p r e c ip i t in  r in g s  th a t  formed 

vferq m easured in  th e  same manner as th e  standard p r e c ip i t in  r in g s  

formed by norm al mouse serum and were r ep o r ted  as a p e r c e n t  o f  the  

normal m ouse■serum.

P a s s iv e  H em a g g lu tin a tio n :

A m o d if ic a t io n  o f  th e  method o f  B u llo c k  and K an tor, (1965 ) wqs 

fo llo w e d  u s in g  2 ,4 -d in itr o f lu o p o b e n z e n e  (DNFB) (Sigm a Chem ical 

Company, S t .  L o u is , M is s o u r i) .  To a s o lu t io n  o f  20 ml o f  e th y Ie n e -  

d ia m in te tr a a c e t ic  a c id  (EDTA) pH 8 .4 ,  p lu s  0 .3  ml o f  2% DNFB in
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a c e to n e  was added 10 ml o f  10% su sp e n s io n  o f  r a b b it  red b lo o d  c e l l s  

w hich had been  c o l l e c t e d  in  s t e r i l e  A ls e v e r * s s o lu t io n  and washed 

th r e e  tim es  w ith  p h y s io lo g ic a l  s a l in e  b e fo r e  u s e .

The h a p te n -KRBC m ix tu re  was in cu b a ted  fo r  15 m in u tes a t  37°C. 

F o llo w in g  in c u b a t io n ? th e  m ixtu re  was d i lu te d  in  180 ml EDTA b u f f e r , 

pH 7 .5 ,  c o n ta in in g  1% g lu c o s e .  The c e l l s  were c e n tr ifu g e d  a t  a low  

sp eed , ap p rox im ate ly  1800 rpm (500G) fo r  10 m in u tes . The c e l l s  were 

washed th r e e  tim es  w ith  EDTA-17» D ex tro se  b u f f e r ,  pH 7 .5 ,  and d i lu te d  

to  a f i n a l  c o n c e n tr a t io n  o f  10%.

Mouse se r a  o b ta in e d  from -DNPf. ^-BGG a n t ig e n iz e d  S w iss Manor Mice 

(CR) was u sed  to  t e s t  th e  hapten-KRBC system  in  a p a s s iv e  hem agglut­

in a t io n  p roced u re em ploying a d o u b lin g  d i lu t io n  o f  a n t is e r a  in  0 ,1  

ml to  w hich was added 0 .0 5  ml o f  a 27» su sp en sio n  o f  h a p te n e te d -r a b b it  

red b lo o d  c e l l s .  The r e a c t io n  proceed ed  a t  37°C fo r  3-5  hours a f t e r  

which th e  tu b es  were c e n tr ifu g e d  fo r  I m inute and ob served  fo r  

a g g lu t in a t io n .  Guinea p ig  complement d i lu te d  1 :10  was added to  th e  

system  and th e  tu b es  were returnee), to  th e  w ater b a th  (37°C ) fo r  an 

a d d it io n a l  h ou r. The l a s t  tube showing a g g lu t in a t io n  or  h em o ly sis  

was c o n s id er e d  th e  end p o in t  fo r  d eterm in in g  th e  t i t r e  o f  hem agglut- 

in a t in g  and h e m o ly tic  a n t ib o d ie s ,  r e s p e c t iv e ly .



Mammary g land  p laq u e  form ing c e l l  a s s a y ;

Many m o d if ic a t io n s  o f  th e  h e m o ly tic  p la q u e - in - g e l  tech n iq u e  

d evelop ed  by Jern e and N ordin (1 9 6 3 ) are r e p o r te d . The p r o to c o l  

b e in g  d ev e lo p ed  fo r  th e  a ssa y  o f  mammary g la n d -d e r iv e d  p laq u e  form ing  

c e l l s  fo l lo w s  m ethods d e sc r ib e d  by Ingraham and B ussard (1 9 7 0 ) and 

in c lu d e s  m a te r ia ls  qnd m ethods d e sc r ib e d  by D a n ie ls  and W eig le  (1968)  

and dem onstrated  in  our la b o r a to r y  by C h il le r  (1 9 7 0 ) .

Two e x c is e d  mammary g lan d s xyere forcqd  through 8 0 -9 0  mesh s t a in ­

l e s s  s t e e l  o r  b r a ss  sc re e n  to  e f f e c t  a c e l l u la r  su sp en sio n  in  W e ig le 1s 

b a lan ced  s a l t  s o lu t io n  (WBSS). L ip id s  and strom a were sep a ra ted  from 

th e  t i s s u e  fragm ents and c e l l s  a f t e r  a 15 m inute in c u b a tio n  in  an 

ic e b a th . The c e l l s  suspended betw een  th e  l i p i d  la y e r  and th e  

sed im ented  strom a were c o l l e c t e d  and washed th r ee  tim es w ith  WBSS.

F in a f  ", c e l l  su sp e n s io n s  were a d ju ste d  to  10^ to  10^ c e l l s  p er ml 

and determ ined  by hemocytom eter  c o u n ts .

Mammary gland  c e l l  su sp e n s io n s  were m ixed w ith  0 .0 5  ml o f  a 1:15  

su sp e n s io n  o f  D N P ^y-B S A -G o a t RBC in  0 ,5  ml o f  1% agarose  in  WBSS. The 

m ixtu re  was e v e n ly  d is t r ib u t e d  o v er  a g la s s  m icroscop e s l i d e  p r e v io u s ­

ly  co a ted  w ith  0.1% a g a r o se . The s l i d e s  were in cu b a ted  3 -4  hours a t  

37°C in  a m o is t  atm osphere. D ir e c t  p la q u es  were d eve lop ed  by adding  

g u in ea  p ig  complement (absorb ed  w ith  g o a t r b c 's )  d i lu te d  1 :1 0 .
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I n d ir e c t  p la q u es  were d eve lop ed  by a d d it io n  o f  g o a t an ti-m ouse  

an tiseru m  a t  a f in a l  c o n c e n tr a t io n  o f  I : 100 in  complement (1 :1 0 )  

absorbed w ith  g o a t red b lo o d  c e l l s .  P laq u es were ob served  w ith  a 40X 

m agn ify in g  g la s s  and in d ir e c t  i l lu m in a t io n .



RESULTS

Im m unoglobulin l e v e l s  in  CR dams fo llo w in g  a s in g le  in j e c t io n  o f  

230 ugs DNlc 7-BGG in  CFA.

Fem ale m ice g iv e n  a s in g le  dcpse o f  DNP-BGG were b le d  I and 5 

days post-parturn  fo r  serum a ssa y s  o f  im m unoglobulin c o n c e n tr a t io n  and 

s p e c i f i c  an tib od y  t i t r e s .  These d a ta  arc p r e se n te d  in  T able I .  Data 

o b ta in e d  from fem ale  ex p er im en ta l an im als appears in  gra p h ic  form in  

th e  bar grap h , in  F igu re  & a . C on tro l d a ta  are r e p r e se n te d  in, F igure  

4 b . The v a lu e s  are av era g es o f  day I and day 5 post-parturn  sera  

l e v e l s ,  how ever, n o t  in c lu d ed  in  th e s e  v a lu e s  are n e g a t iv e  serum  

l e v e l s  w hich may have occu rred  as a r e s u l t  o f  t e c h n ic a l  e r r o r s . For 

exam ple: a n e g a t iv e  f in d in g  in  a dam se r a  o b ta in e d  one day p o s t ­

partum i s  n o t  in c lu d e d  in  th e  com putation  o f  th e  average i f  a sample 

from th e  same an im al, taken  f iv e  days l a t e r  dem onstrated  d e te c ta b le  

l e v e l s  o f  immune g lo b u l in s .

IgA. Two o f  5 m ice t e s t e d  I day p ost-p artu m  had c o n c e n tr a t io n s  

o f  IgA eq u a l to  171% (a v e r a g e )  o f  c o n tr o l serum v a lu es', w h ile  5 o f  th e  

7 an im als t e s t e d  5 days p ost-p artu m  (T ab le  I )  showed IgA l e v e l s  equal 

to  117 (a v e r a g e )  o f  serum c o n tr o l l e v e l s .  A lthough b o th  (2 )  I day

p ost-p artu m  m ice had s p e c i f i c  an tib od y  l e v e l s  which exceed ed  15% o f
:

th e  im m unoglobulin c o n c e n tr a t io n ,, the. serum o f  o n ly  I o f  5 showing 

IgA a t  day 5 p ost-p artu m  co n ta in ed  d e t e c t a b le  l e v e l s  o f  s p e c i f i c



T able I . Inm unoglobulin  l e v e l s  a t  day I and day 5 p ost-p artu m  in  dams a n t i -  
g e n ize d  w ith  a s in g le  in j e c t io n  o f  DNP^^-BGG.

Day from  
l a s t
in j e c t io n

IgA

Day p ost-p artu m  
I 5

IgM

Day p ost-p artu m  
I 5

1SG1
Day p ost-p artu m  

I 5

IgGg
Day post-p artu m  

I 5

■39 - 0 ( 0 ) - / 0 (0 ) 119 (24 ) 7 1 (2 ) 10 0 (2 5 ) — — — 9 1 (9 ) 200(17).

40' 76 (16 ) - - - - 112 (10 ) - - - - 1 0 0 (0 ) — 1 3 3 (0 )

41 . 19 2 (3 1 ) 1 3 2 (0 ) 119 (24 ) 138 (34 ) 104(22) 125(25) 9 0 (3 0 )

44 0 (0 ) 0 (0 ) — — — ™ 0 (0 ) — — — — 156(69 ) ---- - ” 1 1 9 (5 )

44 8 (0 ) 133 (0 ) 1 2 3 (4 ) 112 (12 ) 107 (22 ) 9 0 (1 0 ) 125(25) 168(18)

60 0 (0 ) 1 2 3 (0 ) 161 (61 ) 138 (41 ) 9 1 (1 7 ) 9 7 (1 3 ) 138(18) 1 0 5 (0 )

83 150 (15 ) 1 2 5 (0 ) 100 (15 ) 100 (25 ) 6 0 (0 ) 150(15) 150(15) 173 (5 )

Mean 171(23 ) 1 1 7 (3 ) 12 4 (2 5 ) 112 (20 ) 8 9 (1 6 ) 116(25) 126(18) 141(13)

.a/

W

F ig u r e s  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  r e a c te d  
s p e c i f i c a l l y  w ith  DNP.

The im m unoglobulin d a ta  from one dam i s  record ed  fo r  each tim e p e r io d .

M
Od



29

U Single injection CR 
I l I l  Two injections CR

140-

o_
2
O 120 

8$

3  IOO
CO

to
O
Z
z>

60 -

O

UJ

^  4 0

z
<
Ul
2

2 0 -

I

Single injection GF 
Specific antibody level

I g  A I g  M I g  G |  I g  G g

F ig u re  4 (a ) L e v e ls  o f  im m unoglobulin in  the serum o f  fem ale  
ex p er im en ta l a n im a ls .
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F ig u re  4 (b) Im m unoglobulin l e v e l s  in  c o n tr o l a n im a ls .
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a n tib o d y .

IgM. A l l  o f  th e  m ice t e s t e d  fo r  IgM had normal or  s l i g h t l y  

e le v a te d  l e v e l s  o f  t h i s  im m unoglobulin c la s s  avera g in g  104 and 967= 

on days I and 5 r e s p e c t iv e ly .  E ig h t o f  11 an im als (T ab le  I )  demon­

s tr a te d  s p e c i f i c  an tib od y  in  e x c e s s  o f  127. o f  th e  t o t a l  IgM concen­

t r a t io n .  There appeared to  be no d e c l in e  in  th e  l e v e l s  o f  s p e c i f i c  

an tib od y  o v er  an 83 day p e r io d .

IgG^. The IgG^ l e v e l  was norm al in  a group o f  9 o f  th e  10

m ice t e s t e d .  S p e c i f i c  an tib od y  l e v e l s  were 10 and 717, (a v er a g e ) o f  

t o t a l  IgG^ in  dam serum I and 5 days p ost-p artu m  and p e r s is t e d  a t  

h ig h  l e v e l s  throughout th e  83 day s tu d y .

IgG^. Serum IgG^ l e v e l s  o f  th e  12 exp er im en ta l an im als w ere, 

on th e  a v era g e , s l i g h t l y  h ig h e r  than in  th e  c o n tr o l s e r a . E igh t  

o f  th e  12 dams had d eve lop ed  s p e c i f i c  an tib od y  t i t r e s  o f  107. or  

more o f  th e  t o t a l  IgGg im m unoglobulin l e v e l s ,  A d e c l in e  in  a n t i -  

DNP an tib od y  was n o t  e v id e n t  a t  83 days p o s t  im m unization .
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Im m unoglobulin l e v e l s  in  n eo n a tes  born to  dams g iv en  a s in g le  

in j e c t io n  o f  DNP^r-BGG.

Data o b ta in e d  from serum o f  n e o n a te s  appears in  gra p h ic  form in  

F ig u r e s  5 ,  6- and ITY- S p e c i f i c  an tib od y  l e v e l s  (a v e r a g e ) and l e v e l s  

o f  im m unoglobulins (a v e r a g e ) found in  n e o n a ta l serum a t  day I and 

day 5 p ost-p artu m  are shown.

IgA. Serum l e v e l s  o f  IgA f a i l e d  to  r e f l e c t  th e  serum IgA 

c o n c e n tr a t io n  o f  th e  dams (T ab le  I I ) .  T hus, 2 o f  th e  7 n eo n a tes  had 

p a r t i a l l y  a d u lt  l e v e l s ,  one o f  which p o s s e s s e d  s p e c i f i c  an tib od y  5 

days p o st-p a rtu m . These d a ta  su g g e s t  th a t  IgA does n o t  c o n tr ib u te  

to  c ir c u la t in g  sepum a n tib o d y  l e v e l s  o r ,  i f  i t  d o e s , o n ly  in  minimal 

am ounts. The s p e c i f i c  an tib od y  in  th e  serum o f  5 day o ld  n eon ates  

born o f  fem a les  v a c c in a te d  41 days p r e v io u s ly  may have been  tr a n s ­

m itte d  from s i t e s  o f  s y n t h e s is  in  th e  mammary gland  and to  th e  neo­

n a te  v ia  l a c t e a l  s e c r e t io n s  s in c e  IgA in  th e  serum in  th e . dam were 

u n d e te c ta b le .

IgM. I t  was ob served  th a t  w hereas th e  dams showed h ig h  IgM 

l e v e l s  and s p e c i f i c  an tib o d y  t i t r e s  th e  n eo n a tes  e x h ib ite d  low  l e v e l s  

o f  IgM in  serum o f  6 o f  th e  7 an im als t e s t e d  a t  I day p o st-p artu m . 

T h is p r o b a b ly ■in d ic a t e s  poor p la c e n ta l  tr a n sm iss io n  o f  IgM to  .the  

n e o n a te s . S in c e  3 o f  7 n e o n a ta l s e r a  had a d u lt  l e v e l s  o f  IgM w ith  

s p e c i f i c  an tib od y  a t  day 5 p o st-p a ttu m  (55% o f  a d u lt  l e v e l s  w ith  11%
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Figure 5 Im m unoglobulin l e v e l s  in  th e  serum o f  CR n eon ates  
(Dams -  s in g le  i n j e c t i o n ) .
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(Dams -  two i n j e c t io n s ) .



Im m unoglobulin l e v e l s  in  th e  serum o f  GF n eo n a tes  
(Dams -  s in g le  i n j e c t i o n ) .

F igu re  7



Table I I . Imm unoglobulin l e v e l s  in  th e  serum o f  n eo n a tes  born  to  dams a n t i -  
g en ized  w ith  a s in g le  in j e c t io n  o f  DNP 7-BGG.

Ig A  Ig M  Ig G 1 Ig G 2

l a s t
in j e c t io n

Day post-parturn  
I 5

Day post-p artu m  
I 5

Day p ost-p artu m  
I 5

Day p ost-p artu m  
I 5

39 - 0 (0 )  0 (0 ) 0 ( 0 ) 0 (0 ) 100 (13 ) 161 (33 ) 9 1 (9 ) 190(30)

40 0 (0 ) 132 (30 ) — ™ —— 0 ( 0 ) —  ™  — — 100(20)

41 0 ( 0 ) 2 0 2 ( 2 9 ) 0 ( 0 ) ' 145(16) 8 3 ( 0 ) 1 0 6 (6 ) 9 5 (2 0 ) 126 (4 )

44 6 8 ( 1 ) 0 ( 0 ) 0 (0 ) 0 ( 0 ) 0 ( 0 ) 147 (29 ) — — — — 120(0 )

44 9 0 (0 ) 0 (0 ) 0 (0 ) 107(36) 0 (0 ) 100 (0 ) 143(43)

60 0 (0 ) 0 (0 ) 11 1 (2 4 ) 0 (0 ) 0 (0 ) 116 (16 ) 8 0 ( 2 0 ) 104 (2 ) •

8 3 0 (0 ) 0 ( 0 ) 0 (0 ) 0 (0 ) 5 0 (0 ) 8 3 ( 0 ) 100(23) 9 5 (2 0 )

. Mean 2 9 ( 1 ) 2 8 ( 4 ) 1 8 (4 ) 5 5 (1 1 ) 4 0 (2 ) 8 6 (1 6 ) 9 3 (1 4 ) 111(17)

a /

b /

The im m unoglobulin d a ta  fo r  each tim e p e r io d  was o b ta in ed  from n eo n a ta l p oo led  
se r a  from  one h a l f  o f  th e  l i t e r .  Average l i t t e r  s i z e  i s  8 .

F ig u r e s  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  r e a c te d  
s p e c i f i c a l l y  w ith  DNP.
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s p e c i f i c  a n tib o d y ) m aternal IgM was p a ssed  in i' .la c te a l s e c r e t io n s  and 

in  n e a r ly  507= o f  th e  c a s e s  was tr a n sm itte d  through th e  i n t e s t i n a l  

mucosa in to  th e  b lo o d  stream  o f  th e  n e o n a te .

IgG^. As w ith  IgM, IgG^ was a ls o  tr a n sm itte d  to  th e  n eonate  

p r im a r ily  through l a c t e a l  s e c r e t io n s .  There were a d u lt  l e v e l s  o f  

IgG^ in  th e  se r a  o f  a l l  b u t one n eo n a te  a t  day 5 . The IgG^ f r a c t io n  

fpom 5 day o ld  n e o n a te s  a ls o  c o n ta in ed  s p e c i f i c  an tib od y  averag in g  

137= (0-337=) o f  th e  IgG^ l e v e l s  in  c o n tr a s t  to  an average o f  27= 

s p e c i f i c  an tib od y  in  th e  serum o f  I day o ld  n eo n a tes  (T ab le  I I ) .

IgG^. The d a ta  show th a t  IgGg was acq u ired  by th e  n eon ate  b o th  

t r a n s p la c e n t a l ly  and to  come e x te n t  through l a c t e a l  s e c r e t io n s .  A ll  

o f  '.the n e o n a te s  s tu d ie d  had a d u lt  l e v e l s  o f  IgGg and s p e c i f i c  a n t i ­

body in  th e  serum a t  th e  on e-d ay  a ssa y  p e r io d . H en ce, th ey  must 

have acq u ired  t h i s  IgG^ from th e  dam. Imm unoglobulin IgGg l e v e l s  

were r e l a t i v e l y  unchanged and th e  s p e c i f i c  an tib od y  t i t r e s  remained  

s ta b le  throughout th e  stu d y  p e r io d .

Im m unoglobulin l e v e l s  in  th e  serum o f  CR fem ales  fo llo w in g  two
. — ' ■ ,.V- !

in j e c t io n s  o f  230 pgs DNP .̂-,-BGG.,

The r e s u l t s  o f  s tu d ie s  on im m unoglobulin l e v e l s  fo llo w in g  2 

in j e c t io n s  o f  ENfP^-BGG are p r e se n te d  in  T ab les I I I  and IV.



Table I I I . Im m unoglobulin l e v e l s  in  dams a n t ig e n iz e d  w ith  two in j e c t io n s  o f  
DNP6 7 -BGG.

Day from  
l a s t
in j e c t io n

IgA

Day p ost-p artu m  
I 5

IgM

Day p ost-p artu m  
I ‘ 5

IgGl
Day p ost-p artu m  

I  5

IgG2
Day post-partum  

I 5

47 1 0 0 (0 ) — ----- 100(35) 9 7 (0 ) 8 9 (0 ) 0 (0 ) 108 (8 ) '

60 153(10) 18 3 (1 6 ) 1 2 5 (5 ) 110 (17 ) 166 (32 ) 2 2 8 ( 0 ) 137(0 )

80 1 2 7 (9 ) 15 0 (4 0 ) 9 0 (0 ) 141 (13 ) 150 (10 ) 7 4 (9 ) 8 0 (2 0 ) 104(17)

115 160 (2 0 ) 105 (10 ) ~ — - 150(20 ) 0 (0 ) — —— —

145 8 3 (1 4 ) 119 (12 ) 122 (12 ) d'(o) 8 3 (1 4 ) 6 7 ( 0 ) 76(16)

150 9 0 (0 ) 141 (31 ) 8 7 ( 0 ) 133 (33 ) 167(0 )

Mean 130(15 ) 138 (23 ) 1 0 6 (6 ) 12 3 (2 4 ) 129 (15 ) 1 1 9 (4 ) 9 3 ( 2 6 ) 118(13)

54 0 (0 )
N o n -s p e c if i c a l Iy  

------  1 6 9 (3 )
immune m ice

9 0 ( 8 ) — ™ —— 116(0)

61 108 (8 ) 9 7 (0 ) 7 9 ( 0 ) — -----

99 2 4 0 (4 0 ) 112 (12 ) - ---- 0 (0 )

Mean 174(24 ) 0 (0 ) 1 0 4 (6 ) 1 6 9 (3 ) ------- 9 0 (8 ) 7 9 (0 ) 1 1 6 (0 )

a / ' i— The im m unoglobulin d a ta  from one dam i s  recorded  fo r  each tim e p e r io d .
W  F ig u r e s  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  r e a cted  

s p e c i f i c a l l y  w ith  DNP»



Table IV. Immunog lo b u lin  l e v e l s  in  th e  se r a  o f  th e  n eo n a te s  born to  dams a n t i ­
gen ! zed w ith  two i n j e c t io n s  o f  DNP^y-BGG.

Day from  
l a s t
in j e c t io n

IgA
Day p ost-p artu m  

I  5

IgM
Day p ost-p artu m  

I  ' 5
Day p ost-p artu m  

I 5

IgG2
Day post-partum  

I 5

47 - / — — — — ™ —— — =  — — — ™ —— -----

60 0 (0 ) 0 (0 ) 0 (0 ) 8 5 (1 0 ) 133 (0 ) 0 (0 )  . 1 0 0 (0 ) 100(0)

80 0 (0 ) 0 (0 ) 0 (0 ) 0 (0 ) 9 7 (0 ) 8 9 (0 ) 0 (0 ) 108(8)

115 0 (0 ) _ _ _ _ 0 (0 ) 9 0 (1 5 ) G --- 113(26) —

145 7 2 (0 ) 0 (0 ) 12 2 (1 2 ) 0 (0 ) 7 0 (2 ) 9 5 (1 5 ) 6 7 (0 ) 113(26)

Mean 1 8 (0 ) 3 0 (3 ) 2 8 (3 ) 9 7 (4 ) 6 1 (5 ) 7 0 (6 ) 107(11)

5.4
N o n -s p e c if i c a l l y  immune m ice .

. . . .

61 1 0 0 (0 ) 8 3 (0 ) 0 (0 ) 0 (0 ) ---- -

99

sJ
b / '

The im m unoglobulin d a ta  from one dam i s  recorded  fo r  each  tim e p e r io d .
F ig u r e s  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  rea cted  
s p e c i f i c a l l y  w ith  DNP.
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I rA. An in t e r e s t in g  f in d in g  was th a t  IgA l e v e l s  were h ig h er  a t  

I and 5 days p o s t - p a r t u r i t io n , fo llo w in g  2 a n t ig e n a t io n s ,  than th o se  

found a f t e r  a s in g le  in j e c t io n  o f  DNP^^-BGG. M oreover, 7 o f  the 8 

fem ale  se r a  a ssa y ed  dem onstrated  s p e c i f i c  an tib od y  a t  s ig n i f i c a n t  

l e v e l s ,  th a t  i s ,  above 8% o f  th e  t o t a l  im m unoglobulin c o n c e n tr a t io n .

IgM. A l l  b u t 7 o f  th e  an im als d ev e lo p ed  normal or  n ear  normal 

l e v e l s  o f  IgM r e g a r d le s s  o f  th e  la p s e  o f  tim e s in c e  a n tig e n ,a tio n .

More than one h a l f  (557=) o f  th e se  se r a  co n ta in ed  s ig n i f i c a n t  l e v e l s  

o f  s p e c i f i c  ^htibody  o v er  a 1 5 0 'day p e r io d .

IgG  ̂ and IgG^. The IgG^ was found in  th e  se r a  o f  a l l  anim als  

t i t r e d .  F i f t y - f i v e  p e r c e n t  o f  th e  group had l e v e l s  o f  s p e c i f i c  a n t i ­

body th a t  exceed ed  87=7,o f  th e  IgG^ c o n c e n tr a t io n . U n ex p ec te d ly , th e  

resp o n se  o f  IgG^ was l e s s  dram atic than th a t  ob served  fo llo w in g  s in g le  

a n t ig e n a t ib n . S p e c i f i c  an tib od y  t i t r e s  were n o t  as predom inant in  . 

th e  IgGg im m unoglobulin s p e c ie s  (T ab le  I I I )  w hich i s  in  c o n tr a s t  to  

th e  t i t r e s  fo llo w in g  a s in g le  exp osu re to  th e  a n tig e n  (T ab le  I ) .

Im m unoglobulins in  n e o n a te s  born to  dams g iv en  two in j e c t io n  o f  UNP^-,-_ ■ T-T-? : : 0 /

BGG.

In  s p i t e  o f  th e  e le v a te d  l e v e l s  o f  IgA in  th e  dams, th e r e  was 

n o t a com parable e le v a t io n  o f  t h i s  im m unoglobulin in  n e o n a ta l serum 

a t  I  day p o st-p a r tu m , (T a b le s  I I I  and IV) . .  M oreover, l i t t l e  o r  no
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IgA was d e te c te d  in  n e o n a ta l s e r a  5 days p ost-p artu m  (T ab le  IV) .

IgM. A d u lt l e v e l s  o f  IgM were found in  2 o f  7 n e o n a te s  a t  I day 

and 5 days p o s t - i n j e c t io n .  The s p e c i f i c  an tib od y  t i t r e s  were p r e se n t  

a t  low  l e v e l s  in  b o th  n e o n a te s .

IgG^. T h r e e -fo u r th s  o f  th e  n e o n a te s  had a d u lt  l e v e l s  o f  IgG^

b u t had low  t i t r e s  o f  s p e c i f i c  a n tib o d y . Four o f  5 n e o n a te s  had IgG^ 

im m unoglobulins in  t h e ir  s e r a  a t  I day p ost-p artu m  which in d ic a te s  

s u b s t a n t ia l  p la c e n ta l  p a ssa g e  o f  IgG^ (T ab le  IV ). There was very  

l i t t l e  IgG^ c o n tr ib u te d  to  th e  n e o n a ta l serum p o o l v ia  l a t e a l  s e c r e ­

t io n  d u rin g  th e  n e x t  5 d a y s.

IgGp. IgGg was a t  a d u lt  l e v e l s  in  6 o f  7 o f  th e  n eo n a tes  sera  

assayed  a t  I day and 5 day p o st-p a rtu m . W hile 42% o f  th e s e  sera  

dem onstrated  s p e c i f i c  a n tib o d y  th e r e  was no apparent in c r e a s e  o f  IgGg 

a f t e r  in g e s t io n  o f  co lo stru m  o r  m ature m ilk;' H ence, as w ith  anim als  

r e c e iv in g  s in g le  a n t ig e n a t io n s  s u f f i c i e n t  IgGg was a cq u ired  p a s s iv e ly  

by p la c e n ta l  tr a n sm iss io n .

P a s s iv e  an tib od y  acq u ired  through l a c t e a l  and p la c e n ta l  tr a n s ­

m is s io n  o f  b o th  IgG^ and IgGg s p e c i f i c  an tib od y  appeared to  be r e ­

la te d  to  th e  r e s p e c t iv e  c o n c e n tr a t io n  o f  IgG^ and IgGg found in  th e

dam.
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Im m unoglobulin l e v e l s  in  germ free m ice a f t e r  r e c e iv in g  a s in g le  a n t i -  

g e n a tio n  o f  DNP^-,-BGG.

Germ free m ice g iv e n  a s in g le  d ose o f  s t e r i l e  DNP^y-BGG were b le d  

I and 5 days post-parturn  fo r  t o t a l  and s p e c i f i c  im m unoglobulin  

d e te r m in a tio n s . The d a ta  from th e s e  s tu d ie s  are p r e se n te d  in  T ab les  

V and V I. i

IgA. Ten se r a  from fem ale  germ free m ice were a ssa y ed  fo r  IgA 

im m unoglobulin . S ix  o f  ten  co n ta in ed  imm unoglobulin, l e v e l s  (40  and 

837» r e s p e c t iv e ly  a t  I and 5 days p ost-p artu m ) s im ila r  to  t h e ir  

c o n v e n tio n a l c o u n te rp a r ts  (T a b les  I and V ), S p e c i f i c  a n tib o d y  was 

d e te c te d  in  3 o f  th e  10 se r a  t e s t e d .  None o f  th e  c o n tr o l anim als  

d is p la y e d  a IgA l e v e l s  a t  day one o r  day 5 p ost-p artu m .

IgM. The l e v e l s  o f  IgM in  serum o f  m ost immune GF m ice were 

com parable to  th a t  in  immune CR q iic e . Four o f  th e  14 an im als d i s ­

p la y ed  IgM s p e c i f i c  an tib od y  b u t m ost t i t r e s ,  on th e  average. (87»), 

were low er than in  th e  se r a  o f  CR m ic e . S u r p r is in g ly ,  c o n tr o l m ice  

(GF) had norm al serum l e v e l s  o f  IgM.

IgG . F iv e  o f  8 ex p er im en ta l an im als had c o n c e n tr a t io n s  o f

IgG^ s im i la r  to  immune CR m ice . A ls o , th e  se r a  o f  3 o f . t h e  respond­

in g  m ice c o n ta in ed  s p e c i f i c  a n tib o d y .



Table V Im m unoglobulin l e v e l s  in  germ free m ice a n t'igen ized  w ith  a s in g le  
in j e c t io n  o f  DNP^y-BGG.

Day from  
l a s t
in j e c t io n

IgA
Day post-parturn  

I 5

IgM
Day post-parturn  

I 5

IgG 
Day p o s t  

I
-partum

5

IgG2
Day post-parturn  

I 5

34 — 0 (0 )  —̂  — — - 1 0 6 (4 ) 5 0 (0 ) “ “ “ 9 0 (0 ) — — — —

47 8 6 (9 )  — — 12 0 (2 0 ) — — — — 0 (0 ) 5 4 (0 ) - - - -

54 6 4 (0 )  — - 143(24) 8 0 (1 6 ) — — — — 1 0 0 (0 ) —

58 1 0 0 (0 ) 1 0 7 (7 ) 1 3 7 (2 ) — — — —

77 5 8 (0 ) 166 (56 ) 1 6 6 (0 ) 8 6 (0 ) 7 5 (0 ) . 75 (12 ) 9 1 (2 5 ) 7 3 (0 )

78 75 (13 ) 0 (0 ) 0 (0 ) T T ------ 51 CO) 117 (55 ) .6 5 (2 ) . 6 0 (1 0 )

82 0 (0 )  — — 0 (0 ) 6 1 (0 ) 1 1 6 (0 ) 8 2 (2 ) 100(0 )

90 0 (0 )  — — 7 1 (4 ) — — 1 1 4 (0 ) —

106 5 0 (0 )  — — 114(14 ) — — — — 104(14) 1 0 0 (0 ) 100 (0 ) —

Mean 6 6 (1 1 ) 16 6 (5 6 ) 11 7 (2 9 ) 8 1 (0 ) 7 5 (8 ) 102(20) 9 8 (2 3 ) 77 (3 )

33 0 (0 )
N o n - s p e c i f i c a l ly  immune m ice 
1 0 5 (0 )  — — 0 (0 ) D e = - - 7 2 ( 0 ) — — — —

92 0 (0 )  — - 1 0 7 (0 ) — — — — 0 (0 ) — — — —

106 0 (0 )  — — 1 4 2 (2 ) 0 (0 ) 6 7 ( 0 )



Table V. Continued.

Day from IgA IgM IgG^ IgG2
l a s t Day post-parturn Day post-parturn Day post-p artu m Day post-partum
in j e c t io n ' I 5 I 5 I 5 I 5

Mean 0 (0 )  ———— 1 1 8 (I ) ——— — 0 (0 )  — —— 7 0 (0 ) ------

a /— The im m unoglobulin d a ta  from one dam was record ed  fo r  each  tim e p e r io d .

—̂  F ig u res  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  reacted  
s p e c i f i c a l l y  w ith  th e  DNP. £



Table VI Im m unoglobulin l e v e l s  in  serum o f  n e o n a te s  born  to  germ free fem ales  
a n t ig e n iz e d  w ith  a s in g le  in j e c t io n  o f  DNP^^-BGG.

Day from  
l a s t
in j e c t io n

IgA
Day p ost-p artu m  

I 5

IgM
Day p ost-p artu m  

I 5

IgG^
Day p ost-p artu m  

I 5

IgGg
Day p o s t-  

I
•par turn 

5

34 0 (0 )  — — 0 (0 ) 0 (0 ) — — — — 0 (0 ) “ “ “ —

47 0 (0 )  — — 0 (0 ) — ™ —™ 0 (0 ) 125(36) — -----

58 10 0 (1 8 ) - 11 7 (1 7 ) — — — — ------

77 0 (0 )  — — 0 (0 ) 0 (0 ) 7 5 (0 ) 6 7 (0 ) 71(8 ) 8 8 ( 2 8 )

78 0 (0 )  — — 0 (0 ) — 0 (0 ) — — — — 0 (0 ) 0 (0 )

82 0 (0 )  — — 1 3 2 (7 ) 1 1 2 (0 ) , 6 0 (0 ) — — —

90 0 (0 )  — — 0 (0 ) 0 (0 ) 127(37) —---—

98 0 (0 )  — 0 (0 ) 0 (0 ) 0 (0 ) 0 (0 ) 73 (0 ) 9 0 (5 )

106 0 (0 )  0 (0 ) — ---- - 0 (0 ) - - - - 0 (0 ) ---- —

Mean 1 1 (2 )  ———— 3 1 (3 ) 0 (0 ) 2 3 (0 ) 2 2 (0 ) 4 8 ( 9 ) 5 9 (1 1 )

33 o (o )  — — 0 (0 ) —- - - 0 (0 ) r ' - 0 (0 ) — — — —

92 0 (0 )  — — 0 (0 ) 0 (0 ) ” ----- 2 5 (0 ) — — — —

— The im m unoglobulin d a ta  fo r  each  tim e p e r io d  was o b ta in ed  from n eo n a ta l p oo led  sera  
T0 I from one h a l f  o f  th e  l i t t e r .  Average l i t t e r  s i z e  was 8 .
— F ig u res  in  p a r e n th e s is  in d ic a t e  th e  p e r c e n t  o f  th e  im m unoglobulin th a t  r e a c te d  

s p e c i f i c a l l y  w ith  DNP.



46

IgG„. IgG^ was p r e s e n t  in  a l l  m ice , in c lu d in g  th e  c o n tr o l . 

a n im a ls , a t  l e v e l s o s l i g h t l y  b elow  th o s e  o b ta in ed  in  norm al co n v en tio n ­

a l l y  rea red  p o o led  s e r a . S p e c i f i c  an tib od y  appeared in  2 apim als a t  

l e v e l s  eq u a l to  o r  e x c e e d in g  87° o f  th e  serum c o n c e n tr a t io n s . One 

c o n tr o l anim al d id  n o t  d is p la y  a m easurable q u a n tity  o f  IgG^ w h ile  

th e  rem ain ing 2 had m oderate l e v e l s  o f  t h i s  im m unoglobulin s p e c ie s .

Im m unoglobulin l e v e l s  in  th e  n e o n a te s  born to  GF dams g iv e n  a s in g le  

in j e c t io n  o f  DNP^ y-BGG w ith  CFA.

IgA. One o f  8 n e o n a te s  (T ab le  V I) had IgA as w e l l  as s p e c i f i c  

an tib od y  in  d e t e c t a b le  q u a n t i t ie s  in  th e  serum. The n e o n a ta l se ra  

w ith  IgA was o b ta in ed  from young born 58 days fo llo w in g  a n t ig e n a t io n  

o f  th e  dam. Sera  o f  2 n e o n a ta l c o n tr o l l i t t e r s  were w ith o u t d e te c ta b le  

q u a n t i t ie s  o f  IgA im m unoglobulin .

IgM. Only 2 o f  8 n e o n a ta l groups d isp la y e d  IgM o r  s p e c i f i c  

a n tib o d y  a t  I day post-p artu rn . S p e c i f i c  an tib od y  p r e s e n t  a t  I day 

averaged  2% o f  th e  t o t a l  IgM. None o f  th e  c o n tr o l s e r a  d isp la y e d  IgM.

IgG^. Three o f  8 n e o n a ta l s e r a  had IgG^ in  n e a r ly  normal con­

c e n tr a t io n s .  The I n e o n a ta l group which was assayed  a t  day I and a t  

day 5 post-parturn  fo r  IgG^ had near a d u lt  l e v e l s  a t  day I ,  b u t showed 

an 117° d e c r ea se  d u rin g  th e  fo llo w in g  4 d a y s. There was no s p e c i f i c  

an tib od y  d e te c te d  in  th e  IgG^ c la s s  in  th e s e  n e o n a ta l s e r a .
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IgG^. Four o f  ^the 8 ex p er im en ta l n e o n a ta l groups dem onstrated  

IgGg eq u a l to  m oderate l e v e l s  in  a d u lt  l e v e l s  (a v era g e  48%) compared 

to  an average l e v e l  o f  58% in  th e  nonimmune GF c o n tr o l g rou p s. Four 

se r a  c o n ta in e d  s p e c i f i c  a n tib o d y  g r e a te r  than 8%. N ea r ly  a 4 - f o ld  

in c r e a s e  was ob served  in  th e  s p e c i f i c  an tib od y  c o n c e n tr a t io n  in  one  

group o f  n e o n a ta l s e r a . T h is in c r e a s e  occu rred  in  th e  group borp 77 

days a f t e r  th e  dam had b een  a n t ig e n iz e d  (T ab le  V I) .  One o f  3 c o n tr o l  

se r a  had a d u lt  (90%) l e v e l s  o f  IgGg w h ile  s p e c i f i c  a n t ib o d ie s  were 

n o t d e t e c t a b le  in  th e  s e r a  o f  nopimmune GF n e o n a te s .

IgGg was th e  predom inate c la s s  o f  im m unoglobulins in  germ free  

n e o n a ta l serum.. A ls o , s p e c i f i c  a n tib o d y  was found m ost fr e q u e n tly  

in  IgGg (F ig u re  10) c la s s  and a t  h ig h e r  l e v e l s  than in  IgA , IgM, or  

IgG^ c la s s e s  o f  im m u n oglob u lin ..

A sy n o p s is  o f  th e  s p e c i f i c  an tib od y  resp o n se  (F ig u r e s  8 ,  9 and 1 0 ).

These f ig u r e s  i l l u s t r a t e  tfye number o f  an im als th a t  responded to  

th e  h ap ten  as w e l l  as th e  number o f  n e o n a ta l se r a  t h a t  co n ta in ed  

s p e c i f i c  an tib od y  to  DNP, R ea c tin g  th e  se r a  w ith  h e a t - t r e a t e d  DNPgy- 

BSA was presumed to  d e c r ea se  th e  c o n c e n tr a t io n  o f  th e  im m unoglobulin  

p r o p o r tio n  I- to  th e  c o n c e n tr a t io n  o f  s p e c i f i c  a n tib o d y . S in ce  a n t i ­

body a v id i t y  w i l l  in f lu e n c e  tb e  r e s u l t s  o f  p r e c ip i t in  a s s a y s ,  the  

c o n c e n tr a t io n  o f  s p e c i f i c  an tib od y  determ ined  i s  a r e l a t i v e  m easure­

ment and sh ou ld  n o t  be m is in te r p r e te d  as an a b so lu te  v a lu e .
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I I Dam
3  Neonate

I g A  I g  M I g G j  I g  G g

Frequency o f  s p e c i f i c  antibody in  the sera o f  CR female
and neonates fo llo w in g  a s in g le  in j e c t io n  o f  DNP^-BGG.

Figure 8
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PU Neonate 

i l l  Dam

1 5  1 5  1 5  1 5

IgA  Ig M IgGj I g G2

Frequency o f  s p e c i f i c  antibody in  the sera of CR females
and neonates fo llo w in g  two in je c t io n s  of DNP̂ . ^-BGG.

Figure 9
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Dam
Neonate

Ig A Ig M Ig Gj Ig Gg

Frequency o f  s p e c i f i c  antibody in  the sera  of GF females
and neonates fo llo w in g  a s in g le  in j e c t io n  o f  DNP^-BGG.

Figure 10
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As seen  in  F ig u re  S more an im als responded to  th e  h a p te n ic  

a n t ig e n  w ith  an tib od y  p ro d u c tio n  in  c la s s e s  IgM, IgG^ and IgG2  

s p e c ie s .  Many n e o n a te s  acq u ired  m atern al an tib od y  to  DNP v ia  p la c e n t ­

a l  tr a n sm iss io n  which was m a n ife s te d  by h ig h  l e v e l s  o f  s p e c i f i c  a n t i ­

body a t  day I .  The s p e c i f i c a l l y  immune IgM and IgG^ were found in  

few  n e o n a te s  a t  day I b u t a t  day 5 n e a r ly  h a l f  o f  th e  an im als p o s s e s s  

s p e c i f i c  a n tib o d y . T h is  can be in te r p r e te d  as p a s s iv e  tr a n s fe r  o f  

im m unoglobulin v ia  th e  co lo stru m  o f  th e  dam.

I n t e r e s t in g ly ,  th e  number o f  dam s e r a  w ith  s p e c i f i c a l l y  immune 

IgG^ d e c rea sed  a t  day 5 which ig  in  accord  w ith  th e  o b s e r v a tio n s  o f  

o th e r  w ork ers. F o llo w in g  2 in j e c t io n s  o f  a n tig e n  th e r e  was a h e ig h te n ­

ed resp o n se  on th e  IgA and IgM f r a c t io n s  b u t a d e p ressed  resp o n se  in  

IgG and IgG0 as th e  second d ose  seemed to  su p p ress th e s e  immuno­

g lo b u l in s .  A gain , IgA was n o t tr a n sm itte d  to  th e  o f f s p r in g .  IgM was 

tr a n sm itte d  w eakly v ia  p la c e n ta l  and l a c t e a l  r o u te s ;  IgG^ was tr a n s ­

m itte d  s tr o n g ly  v ia  th e  l a c t e a l  r o u te  and IgGg s tr o n g ly  v ia  p la c e n ta l  

r o u te . The predom inant im m unoglobulin in  th e  GF dam se r a  was IgM, 

fo llo w e d  by IgG^ and th en  IgGg. L a c te a l s e c r e t io n s  were r e sp o n s ib le  

in  p a r t  fo r  d o n a tin g  IgG^ to  n e o n a ta l c ir c u la t io n .  IgA and IgGg were 

in fr e q u e n t ly  tr a n s fe r r e d  p la c e n t a l ly  w hich was in d ic a te d  by a low  

in c id e n c e  o f  th e s e  s p e c ie s  a t  day. I p ost-p artu m .



P a s s iv e  h e m a g g lu tin a tio n  t i t r a t i o n s ^(T able .VII)

A t o t a l  o f  32 serum specim ens from immunized dams and n eo n a tes  

were t e s t e d  fo r  hemaggI u t in a t in g  or. .h em oly tic  an tib od y  a c t i v i t y .

Both a d u lt  ( fem a le) and n e o n a ta l se r a  were t e s t e d .  ' Of th e  32 

specim ens a n a ly z ed , 12 gave p o s i t i v e  r e a c t io n s ,  a l l  o f  w hich were 

se r a  from ’.'the dams. There were no t i t r e s  found in  th e  n e o n a ta l  

serum o f  in  th e  few  c o lo s t r a l  sam ples t e s t e d .

Three o f  7 fem a les  frpm th e  ex p er im en ta l group th a t  had r e c e iv e d  

2 a n t ig e n a t io n s  dem onstrated  h e m a g g lu tin a tio n  t i t r e s  ran g in g  from 1:8  

to  1 :3 2 . A q u e s t io n a b le  h em olysin  t i t r e  was ob served  in  o n ly  I o f  

th e  s e r a .

One o u t  o f  5 s e r a  from fem a les  r e c e iv in g  a s in g le  a n t ig e n a t io n  

dem onstrated  a p o s i t i v e  r e a c t io n .  H em agg lu tin atin g  and h e m o ly tic  

t i t r e s  were 1 :128 and 1 :16  r e s p e c t iv e ly .

Of p a r t ic u la r  i n t e r e s t  was th e  resp o n se  to  th e  hap ten  e l i c i t e d  

by th e  germ free fe m a le s . E ig h t o f  th e  11 se r a  t e s t e d  gave s tro n g  

r e a c t io n s  w ith  th e  PHA te c h n iq u e . The t i t r e s  were h ig h e r  (ran ge 1:128  

to  1 :5 1 2 ) in  th e  se r a  o b ta in e d  from fem a les  s a c r i f ic e d  l e s s  than 55 

days p o s t - i n j e c t io n .  The t i t r e s  o f  s e r a  fo llo w in g  t h i s  p e r io d  were 

low er ( 1 :4  to  1 :6 4 )  w hich in c lu d ed  specim ens from 55 to  106 days 

p o s t - i n j e c t io n .  H em olysin  t i t r e s  were o f  low  m agnitude and were 

found in  serum c o l l e c t e d  a f t e r  77 d a y s .
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a /T able '.VII. H em m agglutinating and h em olysin  t i t r e s  — in  serum
o b ta in ed  from fem ales  in je c t e d  one or  two tim es in tr a -  
d erm ally  w ith  DNPf, ^-BGG.

Day from  
l a s t
in j e c t io n

Code b ,
number —

H em agglu tin atin
t i t r e

H em olysin
t i t r e

60 IA -5 1:8

69 ID-5 1:32 (1 :8 ? )

82 IE -I 1:32 -------

60 2H-5 1:128 1:16

33 GFB-5 1:512

47 GFC-rl 1:128 — — — —

54 GFD-I 1 : 1 2 8 -T--—

77 GFH-I 1 :64 1:8

78 GFJ-I 1 :4 1 :4

82 GFK-I 1 :64 — — — —

90 GFL-I 1 :4 1:8

106 GFQ-L 1:64 1:8

a /— N ine n e o n a ta l s e r a  were a ssayed  and none o f  th e  se r a  dem onstrated  
d e t e c t a b le  a c t i v i t y  th e r e fo r e  th ey  are n o t in c lu d ed  i n . t h e  t a b le .

—/  D e f in i t io n  o f  code: The number p r e c ed in g  th e  l e t t e r  in d ic a te s
th e  number o f  in j e c t io n s  g iv en  to  th e  dam, 1 = 2  in j e c t io n s .
The l e t t e r  in d ic a t e s  th e  sequence in  which th e  anim al was 
p r o c e s s e d . The l a s t .number in d ic a t e s  th e  day p o st-p a rtu m .
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D e te c t io n  o f  im m unoglobulin s p e c ie s  in  th e  co lo stru m .

S p e c i f i c  an tib od y  l e v e l s  in  co lo stru m  ranged from 0-2% o f  the  

t o t a l  im m unoglobulin' c o n c e n tr a t io n s . T h is f s  below  th e  l im i t s  o f  

e r r o r , a t  th e s e  l e v e l s . h e n c e  th e  s p e c i f i c  an tib od y  c o n c e n tr a t io n s  

are n o t  in c lu d e d  in  th e  t a b le s .

High l e v e l s  o f  IgA (a v era g e  427=) were found in  3 o f  th e  7 

c o lo s t r a l  sam ples from Stomachs o f  n e o n a te s  born to  dams g iv en  a 

s in g le  d ose  o f  DNP^^-BGG. Of s ig n i f i c a n c e ,  IgM was n o t d e te c te d  in  

th e  co l o s t r a l  sam ples o f  t h i s  group. IgG^ was p r e s e n t  a t  m oderately  

h ig h  l e v e l s  (a v era g e  257=) in  6 o f  th e  co l o s t r a l  sam p les. IgGg was 

a ls o  found in  m oderate l e v e l s  b u t in  o n ly  4 o f  th e  7 c o lo s t r a l  sam ples 

a ssa y e d .

A fte r  2 i n j e c t io n s  th e  c o lo s t r a l  specim ens from uneonatal stom achs 

dem onstrated  h ig h  l e v e l s  o f  IgA, a v era g in g  457=, and w ith  a h ig h  (837=) 

in c id e n c e . A gain , IgM was n o t  d e te c te d  in  any c o lo s t r a l  sam p les.

IgG^ was p r e s e n t  in  I o f  6 sam ples a t  an average l e v e l  o f  237=. IgGg 

was n o t  as h ig h  as IgA b u t was d e te c te d  w ith  n e a r ly  th e  same 

freq u en cy  (667=). The IgA and IgG^ l e v e l s  c o r r e la te  w e l l  w ith  the  

serum l e v e l s  in  th e  dams (T ab le  I I I ) .  The frequ en cy  o f  IgGg in  

co lo stru m  r e la t e s  w e l l  to  th e  in c r e a s in g  frequ en cy o f  IgGg in  n eon at­

a l  serums from day I to  day 5 post-parturn  (F ig u re  10).
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C o lo s tr a l  specim ens from n eo n a tes  born to  germ free fem ales  

fo llo w in g  a s in g le  in j e c t io n  d is p la y e d  com parable l e v e l s  o f  IgA 

(a v era g e  45%) b u t a t  a l e s s e r  freq u en cy  (37%) than th o s e  seen  in  the  

c o n v e n tio n a l reared  c o u n te r p a r ts . A g a in , the s in g u la r  fe a tu r e  o f  

th e se  s tu d ie s  was a la c k  o f  d e t e c t a b le  l e v e l s  o f  IgM.

The c o n c e n tr a t io n  o f  IgG^ was somewhat low er (20%) than l e v e l s  

in  th e  CR c o u n te rp a r ts  and was found in  o n ly  37% o f  th e  sp ecim en s. 

T h is compares to  an average l e v e l  o f  25% and a freq u en cy  o f  85% in  

th e  c o n v e n tio n a l group. IgGg l e v e l s  in  co lo stru m  in  th e  germ free  

group averaged  24% o f  norm al serum c o n c e n tr a t io n s  and were found in  

o n ly  2 o f  th e  6 n e o n a ta l groups exam ined. The o ccu rren ce  o f  IgGg 

in  co lo stru m  and th e  m od era te ly  h ig h  l e v e l s  r e f l e c t  th e  n oted  

in c id e n c e  and d e c r e a s in g  c o n c e n tr a t io n  found in  th e  se r a  o f  th e  dam 

(T ab le  V I) .

The c o r r e la t io n  betw een th e  numbers o f  c e l l s  in  mammary g lands  

o f  dams a s s o c ia t e d  w ith  im m unoglobulins w ith  th e  l e v e l s  o f  th e  ■ 

im m unoglobulins m easured in  co lo stru m  from n e o n a ta l stom achs i s  

p r e se n te d  in  F ig u re  11 (a  bar graph d e r iv e d  from d a ta  shown in  T ab les  

V III and IX ). A d ir e c t  r e la t io n s h ip  i s  apparent fo r  IgG^ and IgGg 

and to  a l e s s e r  e x te n t  to  th e  IgA c o n c e n tr a t io n .
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T able V IlX . The number o f  c e l l s  p er  50 m ic r o sco p ic  f i e l d s  ( o i l
im m ersion) e x h ib it in g  f lu o r e s c e n c e  in  mammary t i s s u e  
s e c t io n s  tr e a te d  w ith  f lu o r e s c e n t  a n t i-h e a v y  chain  
se r a  (IgA , IgM, IgGj., IgG g).

Days from  
l a s t
in j e c t io n Ig A . IgM H OQ Q IgGg

(a )  CR fem a les  th a t  r e c e iv e d  a s in g le  a n t ig e n a t io n .

39 18 - / 5 17 12
A ''
40 3 3 5 18

41 9 5 14 17

44 4 8 19 9

60 12 8 10 3

83 13 8 4 20

Mean v a lu e ■ 9 6 11 13

(b )  CR fem ales  th a t  r e c e iv e d  two i n j e c t io n s .

47 17 4 12 13

80 0 12 0 18

1-15 16 8 24 14 '

145 4 40 5 4

Mean v a lu e 9 16 13 12
N o n - s p e c i f i c a l ly  immune m ice .

54 16 25 . 33 14

61 9 MO 56 14

Mean 12 17 44 14

( c ) GF fem ales  th a t  r e c e iv e d  a s in g le  in j e c t io n  o f  DNP.

34 16 13 14 19

47 2 9 4 4

54. 4 0 25 13

58 I 0 I 0

77 n t n t n t n t
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T able 'VrXJJ. C ontinued .

Days from  
l a s t  .
in j e c t io n IgA.- IgM • IgG1 IgG2

78 4 2 3 0

87 60 20 2 11

99 I .0 0 0

106 4 0 3 0

Mean v a lu e 12 8 6 6

N e g a tiv e  c o n tr o l W 7 3 5 ' 2

E xp erim ental , 
c o n tr o l  — 6 0 3 0

a/

b /

SlI

The f ig u r e s  r e p r e s e n t  th e  t o t a l  number o f  c e l l s / t w o  mammary 
g la n d s .

N e g a tiv e  c o n tr o l anim al was a n o n -in j  e c te d  anim al from th e  GE 
u n i t .

E xp erim enta l c o n tr o l anim al had been  in je c t e d  w ith  s a l in e  and OFA.

n t  = no t i s s u e  specim en

N ote: T able V II (b ) -  Both c o n tr o l an im als c a n n a b iliz e d  a p o r t io n
o f  t h e ir  l i t t e r s .
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T able IX.-- Im m unoglobulin l e v e l s  in  co lo stru m  h a r v e s te d  from
stom achs o f  n e o n a te s .

Day from  
l a s t
in j e c t io n

Code ,
number —

C on cen tra tion  e x p ressed  as 
normal serum p o o l

7o o f

IgA IgM IgG1 IgG2

(a ) Im m unoglobulin l e v e l s  in  co lo stru m  h a r v e ste d  from
stom achs o f  n e o n a te s  born to  CR dams g iv en  a s in g le  dose
o f  DNPz-- -̂BGG.

39 2B-1 0 0 22 0

39 2B-5 39 0 17 0

40 2C-5 ■ 43 0 25 31

44 2E-5 0 0 0 ■ 31

44 - 2F-1 43 0 17 25

44 2F-5 0 0 28 28

60 2H-5 0 0 19 0

(b ) Im m unoglobulin l e v e l s  in  co lo stru m  h a r v e ste d  from stom achs
o f  n eo n a tes  born to CR dams g iv en  two in j e c t io n s o f  DNP^y-
■BGG.

59 IE -I 41 0 23 19

60 IA -I 43 0 0 22 -

60 IA -5 43 0 0 24

80 ID -I 41 0 0 28

115 IE -I 57 0 0 0
N o n -s p e c if i c a l l y  immune m ice .

61 1C-5 0 0 0 0
( c ) Im m unoglobulin l e v e l s  in  co lo stru m  h a r v e ste d  from. stom achs

o f  n e o n a te s  born to germ free dams g iv en  a s in g le  a n t i -
g e n a tio n  'w itlf DNP67 —BGG •

33 GF2B-1 42 0 0 0

33 GF2B-5 0 0 22 25

44 GF2D-1 43 0 ' 0 0

58 GF2E-1 0 0 0 0

77 GF2H-1 0 0 0 ■- 0
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T able IZ.'! , C ontinued .

Day from  
l a s t
in j e c t io n

Code
number

C on cen tra tio n  e x p ressed  as % o f  
norm al serum p o o l

IgA IgM IgG1 IgG2

78 GF2I-1 51 0 19 0

92 GF2L-1 0 0 19 23
N o n - s p e c i f i c a l ly immune m ice •

33 GF2A-1 0 0 0 0

a /— D e f in i t io n  o f  c o d e : The number p r e c ed in g  th e  l e t t e r  in d ic a te s
th e  number o f  in j e c t io n s  g iv en  to th e  dam, 1 = 2  i n j e c t io n s .  
The l e t t e r  in d ic a t e s  th e  sequence ihow hich  th e  anim al was 
p r o c e ss e d . The l a s t  number in d ic a t e s  th e  day p ost-p artu m .



DISCUSSION

The r e s u l t s  o f  th e se  s tu d ie s  in d ic a t e  th a t  th e  im m unoglobulin  

l e v e l s  in  se r a  o f  th e  dams were in f lu e n c e d  by th e  a n t ig e n ic  regim ens 

used  in  th e  v a r io u s  ex p er im en ta l grou p s. In CR m ice in j e c t e d  w ith  a 

s in g le  d ose  o f  DNP^y-BGG, IgA and IgG^ were found in  h ig h e r  concen­

t r a t io n  than IgM or  IgG^. On th e  o th e r  hand, h ig h e r  s p e c i f i c  a n t i ­

body l e v e l s  were pred om in an tly  found in  th e  IgM and IgG^ c la s s e s  o.. 

than in  IgA and IgGg im m unoglobulins. The l e v e l s  o f  a l l  fou r  immuno­

g lo b u lin  . c la s s e s  were in  e x c e s s  o f  100% o f  th e  normal serum p o o l and 

were m a in ta in ed  throughout th e  83 day stu d y .

F o llo w in g  two i n j e c t io n s  in  CR fe m a le s , IgA and IgG^ immuno­

g lo b u l in s ,  o b ta in ed  th e  h ig h e s t  serum c o n c e n tr a t io n s . There were no 

a p p r e c ia b le  d i f f e r e n c e s  ob served  in  s p e c i f i c  an tib od y  l e v e l s  in  th e  

fou r  im m unoglobulins.

Of p a r t ic u la r  i n t e r e s t  were th e  n o t ic e a b le  low er l e v e l s  o f  

th r e e  (IgA , IgG^ and IgGg) o f  fou r  im m unoglobulins in  germ free fem ale  

se ra  fo llo w in g  a s in g le  in j e c t io n  o f  DNP^y-BGG. F in d in g  normal l e v e l s  

o f  IgM was n o t  s u r p r is in g  s in c e  s im ila r  l e v e l s  fo r  t h i s  im m unoglobulin  

in  th e  serum o f  GF an im als have been  rep o r ted  in  th e  l i t e r a t u r e  by 

A so fsk y , H ylton  and Ik ara  (1968 ) and more r e c e n t ly  by Nash e t  a l  

(1 9 6 9 ) . S p e c i f i c  an tib od y  l e v e l s  were found to  vary  w ith in  the  

im m unoglobulin c la s s e s  gp ev id en ced  by th e  predom inance o f  s p e c i f i c  

an tib od y  in  IgA fo llo w e d  by low er l e v e l s  o f  s p e c i f i c  an tib od y  in
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IgG^, IgGg, and IgM im m unoglobulins. The l e v e l s  o f  s p e c i f i c  a n t i ­

body ob served  in  GF fem a les  were s im ila r  in  m agnitude to  th e  serum 

l e v e l s  o f  s p e c i f i c  an tib od y  seen  in  th e  CR fe m a le s . In f a c t ,  the  

l e v e l  o f  s p e c i f i c  IgA an tib od y  in  GF fem a les  was on th e  average  

th e  h ig h e s t  ob served  in  any a d u lt  fem ale serum. An in t e r e s t in g  

f in d in g  was th e  la c k  o f  a c o r r e la t io n  betw een th e  t o t a l  immuno­

g lo b u lin  c o n c e n tr a t io n  and th e  s p e c i f i c  an tib od y  l e v e l s  in  m ost o f  

th e  a d u lt  fem ale s e r a .

N eon ates born to  dams th a t  had r e c e iv e d  a s in g le  in j e c t io n  

dem onstrated  a d u lt  l e v e l s  o f  IgG^ a t  b i r t h .  T h is in d ic a t e s  adequate  

p la c e n ta l  tr a n sm iss io n  to  c o n s t i t u t e  th e  n e o n a ta l serum w ith  t h is  

c la s s '  o f  im m unoglobulin a t  b i r t h .  There was good e v id e n c e  th a t  the  

n e o n a te s  were a b le  to  supplem ent t h e ir  l e v e l s  o f  c ir c u la t in g  IgGg, 

from l a c t e a l  s e c r e t io n s  and, h en ce , presum ably o b ta in ed  by tr a n s ­

p la c e n ta l  p a ssa g e  p o s s e s s e d  a d u lt  l e v e l s  by day f iv e  p o st-p artu m . 

A lthough  generous q u a n t i t ie s  o f  IgM appeared to  be a cq u ired  l a c t e a l l y  

(o r  perhaps from de novo s y n th e s is  in  th e  n eo n a te ) th e  amounts were 

n o t  s u f f i c i e n t  to  e s t a b l i s h  a d u lt  serum l e v e l s .  In g e n e r a l,  n eo n a ta l  

a c q u is i t io n  o f  IgA la g g ed  beh ind  th e  o th e r  th ree  im m unoglobulin  

c la s s e s  in  n e o n a ta l serum . The l e v e l s  o f  s p e c i f i c  a n tib o d y  and th e  

in c r e a s e s  which occu rred  from .day I to  day 5 p ost-p artu m  mimic the  

r i s e  seen  in  th e  t o t a l  im m unoglobulin c o n c e n tr a t io n s . The predom inant
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l e v e l s  o f  s p e c i f i c  a n t ib o d ie s  a t  b oth  day I an d ■day 5 were observed  

in  th e  IgGg c l a s s .  A h ie r a r c h y  in  p la c e n ta l  and l a c t e a l  tr a n sm iss io n  

o f  c e r t a in  im m unoglobulins s p e c ie s  was se e n . The h ie r a r c h y  appears 

to  be r e la t e d  to  the:'.im m unoglobulin c la s s  r a th e r  than to  th e  concen­

t r a t io n  o f  im m unoglobulins in  se r a  o f  th e  dams. For exam p le, the  

low  IgA c o n c e n tr a t io n  and low s p e c i f i c  an tib od y  l e v e l s  in  n eon ata l 

serum a t  day I and day 5 d id  n o t r e f l e c t , t h e  e le v a te d  l e v e l s  ob served  

in  th e  dam s e r a .

In  th e  ex p er im en ta l group r e c e iv in g  two in j e c t io n s  th e  h ie ra rch y  

i s  fu r th e r  supported  by th e  f a c t  th a t  two im m unoglobulin c la s s e s  

p a ssed  w e l l  p l a c e n t a l ly ,  in  f a c t  in  co p io u s am ounts, s in c e  o n ly  IgG^ 

and IgGg are p r e s e n t  a t  day I and day 5 p o st-p a rtu m . A ls o , very  

l i t t l e  IgG^ was p assaged  l a c t e a l l y , e s p e c ia l ly  s p e c i f i c  IgG^ a n t i ­

body. T h is i s  in  c o n tr a s t  to  IgGg w hich was acq u ired  from l a c t e a l  

s e c r e t io n s  d uring  p ost-p q rtu m  f e e d in g s .  A fte r  f i v e  days o f  fe e d in g ,  

IgA d id  n o t  appear in  th e  se r a  o f  th e  n eo n a tes  even though th e  dams 

had h ig h  IgA l e v e l s  in  t h e ir  s e r a . C u r io u s ly , IgA serum l e v e l s  in  

th e  dams were n o t ic e a b ly  h ig h e r  than th e  o th e r  im m unoglobulins in  

t h i s  and o th e r  ex p er im en ta l grou p s. A lthough th e  h ie r a r c h y  fo r  

l a c t e a l  t r a n s m is s io n .o f  im m unoglobulins to  n e o n a ta l s e r a  i s  

in d ic a te d  i t  was n o t  as c le a r ly  d e f in e d  in  t h i s  ex p er im en ta l group.
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Of p a r t ic u la r  i n t e r e s t  was th e  low  l e v e l s  o f  th r e e  o f  th e  four  

im m unoglobulin c la s s e s  in  GE n e o n a te s . Not u n lik e  th e  CR co u n ter ­

p a r ts  , IgG^ was th e  predom inant im m unoglobulin a t  day I .  L ev e ls  o f  

IgGg were in c r e a se d  fo llo w in g  fe e d in g s  during  th e  5 day post-partum  

p e r io d . Of s in g le  im portance was a com p lete  la ck  o f  s p e c i f i c  IgG^ 

an tib od y  in  n e o n a ta l serum though th e  dams had responded w e ll  to  

a n t ig e n a t io n  and had normal l e v e l s  o f  IgG^ were ob served  in  serums 

o f  th e  dam. There was a con sp icu ou s la c k  o f  IgA and IgM in  th e  se ra  

o f  th e  GE n e o n a te s  a t  day I p ost-p artu m  n e i th e r  o f  which in crea sed  

w ith  l a c t e a l  in g e s t io n .

L e v e ls  o f  im m unoglobulins were m easured in  co lo stru m  o b ta in ed  

from th e  stom achs o f  th e  n e o n a te s . I n t e r e s t in g ly ,  th e r e  was very  

l i t t l e  d i f f e r e n c e  d>ri th e  c o n c e n tr a t io n  o f  th e  v a r io u s  im m unoglobulin  

c la s s e s  from one n e o n a ta l group to  th e  o t h e r .  The average v a lu e s  fo r  

th e  v a r io u s ' im m unoglobulins in  co lo stru m  were as f o l l o w s : IgA 46%,

IgM n o t  d e t e c t e d , IgG^ 23%, IgGg 27%. I t  i s  apparent from t h i s  d ata  

th a t  IgA was th e  predom inate im m unoglobulin found:".in co lostru m  

o b ta in e d  from th e  stom achs o f  th e  n e o n a te s . Except fo r  th e  la ck  o f  

IgM in  co lo stru m  th e  l e v e l s  o f  th e  o th e r  im m unoglobulins were in  

g e n e r a l r e la t e d  to  th e  l e v e l s  found in  th e  se r a  o f  th e  dams. I t  i s  

p rob ab le  th a t  th e  la c k  o f  IgM ccould be a t tr ib u te d  to  th e  p roced u re. 

IgM may have been  bound w ith  l i p i d  m a te r ia l  during  th e  p r o c e ss in g
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s te p s  and would have been  removed from th e  co lo stru m  w ith  th e  l ip i d  

f r a c t io n .  A s im ila r  f in d in g ,  a la c k  o f  IgM in  co lo stru m , has been  

r ep o r ted  by S te c h s c h u lte  and A u stin  (1 9 7 0 ) in  th e  co lo stru m  o f  r a t s .  

The p roced u res th ey  employed in  p r o c e s s in g  co lostru m  were very  

s im ila r  to  th o se  u sed  in  t h i s  s tu d y .

In GF an im als th e  r e la t io n s h ip  o f  c o lo s t r a !  l e v e l s  to  th e  l e v e l s  

o f  im m unoglobulins in  th e  se r a  o f  th e  dams was n o t  as d i r e c t  as th a t  

ob served  in  th e  CR fe m a le s . C o lo s tr a l  l e v e l s  o f  IgG^ and IgGg, 

a lth o u g h  h o t  to o  d i f f e r e n t  in  m agn itu d e, were in  r e v e r s e  ord er  o f  

th e  l e v e l s  seen  in  th e  se r a  o f  th e  dams. These d a ta  b e t t e r  c o r r e la te  

w ith  th e  d a ta  o b ta in ed  from th e  ex p er im en ta l group r e c e iv in g  two 

i n j e c t io n s  than to  th e  CR group th a t  had r e c e iv e  a s in g le  a n t i -  

g e n a t io n .

The im m unoglobulin in v o lv e d  in  gu t immunity was i d e n t i f i e d  in  

th e se  s t u d ie s .  When c o lo s t r a l  l e v e l s  o f  im m unoglobulin compare 

fa v o ra b ly  w ith  th o se  found in  th e  serum o f  th e  dam b u t n o t  th e  n eon ate  

th e  i n t e s t i n a l  mucosa and i t s  a b so r p t iv e  c a p a b i l i t i e s  undoubtedly  

c o n tr ib u te  to  s e l e c t i v e  sc r e e n in g  and r e te n t io n  o f  c e r t a in  immuno­

g lo b u lin s  to  prom ote th e  so c a l l e d  gu t im m unity. M orris (1965)  

dem onstrated  a s e l e c t i v e  mechanism e x i s t s  in  th e  i n t e s t i n a l  t r a c t  o f  

th e  mouse which was. a ls o  found in  r a t s  ( H a ll id a y , 1954 , 1957)

(B ram bell e t  a l  1 9 5 8 ) . A r e c e n t  stu d y  by P o r te r  (1 9 6 9 ) in d ic a te d
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th a t  p r e c o lo s t r a l  p i g l e t  serum was a lm ost e n t ir e ly  d i f i c i e n t  o f  

im m unoglobu lin s, how ever, p o s t - c o l o s t r a l  serum c o n c e n tr a t io n s  o f  IgG 

and IgM were s im ila r  to  a d u lt  l e v e l s  w h ile  IgA g e n e r a lly  exceeded  

a d u lt  l e v e l s  3 -4  t im e s . T h er e fo re , th e  im m unoglobulins p a ssed  v ia  

c o lo s tr u m .to  n e o n a ta l s e r a , and some more r e a d ily  than o t h e r s .  Thus, 

a d is c r im in a t in g  mechanism has been  e lu c id a te d  in  c e r t a in  rod en ts  

and in  la r g e  a n im a ls . Those im m unoglobulin c la s s e s  th a t  are n o t  

found in  th e  serum o f  th e  n eo n a te s  may be r e ta in e d  by th e  i n t e s t i n a l  

t r a c t  fo r  " in  s itu "  p r o t e c t io n .  Thus, i t  i s  m is le a d in g  to  measure 

th e  acq u ired  immunity o f  th e  n eon ate  and th e  immunol o g i c a l  s ta tu s  o f  

newborns by im m unoglobulin a ssa y s  perform ed o n ly  on n e o n a ta l serum. 

IgA i s  found very  in fr e q u e n t ly  in  serum o f  newborns as i l l u s t r a t e d  

in  th e s e  s tu d ie s  even though IgA may be th e  predom inant immuno­

g lo b u lin  in  co lo stru m .

The freq u en cy  o f  th e  o ccu rren ce  o f  s p e c i f i c  an tib od y  in  n e o n a ta l  

serum does n o t  n e c e s s a r i ly  r e la t e  to  th e  freq u en cy  o f  th e  s p e c i f i c  

a n tib o d y  l e v e l s  in  th e  serum o f  th e  dam, nor i s  l a c t e a l  tra n sm iss io n  

in f lu e n c e d  by th e  freq u en cy  o f  s p e c i f i c  an tib od y  found in  dam se r a .  

The im m unoglobulin c la s s e s  m ost f r e q u e n t ly  p assed  p la c e n t a l Iy  as 

in d ic a te d  by h ig h  in c id e n c e  o f  s p e c i f i c  an tib od y  a t  day one in  

n e o n a ta l s e r a  are as fo l lo w s :  IgG^, IgG^, then  IgM, in  n eo n a te s  born  

to  dams th a t  had r e c e iv e d  a s in g le  in j e c t io n  o f  a n t ig e n ;  IgGg, IgG^
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fo llo w e d  by IgM appear a t  th e  same freq u en cy  in  n eo n a tes  born to  dams 

th a t  had r e c e iv e d  two in j e c t io n s  which i s  in  c o n tr a s t  to  th e  f in d in g s  

in  th e  GF n eo n a te s  where th e  ord er  o f  o ccu rren ce  was IgGg, IgM and 

th en  IgA fo llo w e d  by a com p lete  la ck  o f  IgG^ s p e c i f i c  a n t ib o d ie s .

There i s  a s im i la r i t y  in  th e  o ccu rren ce  o f  th e  IgGg c la s s  in  both  

grou p s. The GF n e o n a te s  d i f f e r  from th e  CR co u n te rp a rts  o n ly  in  th a t  

th ey  d id  n o t  r e c e iv e  IgG^ s p e c i f i c  a n t ib o d ie s  w ith  th e  same frequency  

a t  day I .

The in c r e a se d  freq u en cy  o f  s p e c i f i c  an tib od y  from day I to  day 

5 post-parturn  are compared; In n eo n a tes  born to  dams th a t  r e c e iv e d  

a s in g le  in j e c t io n  th e  m ost dem onstrab le  in c r e a s e  i s  seen  in  th e  IgM 

c la s s  fo llo w e d  by in c r e a s in g  freq u en cy  o f  IgGg th en  IgA immuno­

g lo b u l in s .  In  th e  n e o n a te s  born to  dams in je c t e d  tw ic e  w ith  a n tig e n  

th e  g r e a t e s t  in c r e a s e  in  freq u en cy  was seen  in  IgGg fo llo w e d  by IgG^ 

th en  IgM. GF n e o n a te s  dem onstrated  l a c t e a l  t r a n s f e r  o n ly  in  one 

c la s s  o f  im m unoglobu lin s, th e  IgGg c l a s s .

IgGg appears to  be th e  s p e c i f i c  an tib od y  c la s s  p a s s in g  l a c t e a l l y  

w ith  th e  g r e a t e s t  freq u en cy  which i s  n o t  u n lik e  th e  freq u en cy  

p a t te r n s  seen  fo r  p la c e n ta l  tr a n sm iss io n .

T h er e fo re , th e  m ost e f f i c i e n t  im m unoglobulin fo r  sy s te m ic  p a s s iv e  

immunity o f  n e o n a ta l m ice would be IgGg fo llo w e d  by IgG^, w h ereas, th e  

im m unoglobulins prom oting lo c a l  gu t immunity would be IgA and IgM.



SUMMARY

F o llo w in g  in trad erm al i n j e c t io n s  o f  DNP-BGG in  c o n v e n t io n a lly  

reared  and germ free S w iss  Manor m ic e , a d u lt  serum and n e o n a ta l serum 

as w e l l  as co lo stru m  from n e o n a ta l stom achs were a ssayed  fo r  DNP-BGG 

an tib od y  and l e v e l s  o f  IgA, IgM, IgG^ and IgGg.

A fte r  a s in g le  a n t ig e n a t io n , CR fem a les  dem onstrated  serum  

im m unoglobulin l e v e l s  in  th e  fo l lo w in g  d escen d in g  ord er  o f  m agn itude: 

IgG g, IgA, IgM fo llo w e d  by IgG^. S p e c i f i c  a n t ib o d ie s  were predom in­

an t in  IgM fo llo w e d  by IgG^, IgA, and IgGg. In  se r a  o f  fem a les  that- 

had r e c e iv e d  two a n t ig e n a t io n s , im m unoglobulin c o n c e n tr a t io n s  were 

h ig h e s t  in  th e  IgA f r a c t io n  fo llo w e d  by IgG^, IgM and IgGg w h ile  

s p e c i f i c  an tib od y  l e v e l s  were h ig h e s t  in  IgM and IgG^ fo llo w e d  by 

IgA and IgGg.

Germfree fem ale se r a  d isp la y e d  a h ig h e r  c o n c e n tr a t io n  o f  IgM 

im m unoglobulin than IgA, IgG^ or  IgGg. S p e c i f i c  an tib od y  was found 

a t  h ig h e s t  l e v e l s  in  IgA w ith  d e c r e a s in g  l e v e l s  in  th e  fo llo w in g  

o r d e r , IgG^, IgM and IgGg.

P la c e n ta l  t r a n s f e r  o f  IgGg and IgG^ was in d ic a te d  when near  

normal l e v e l s  o f  t h e s e  im m unoglobulins were found in  n e o n a ta l serum 

a t  day I p ost-parturn . In crea sed  l e v e l s  o f  IgGg and IgG^ a t  day 5 

post-parturn  in d ic a te d  a c q u is i t io n  from l a c t e a l  s e c r e t io n s .  ' In  o n ly  

one ex p er im en ta l grou p , th o se  n eo n a te s  b o m  to  dams th a t  had r e c e iv e d  

a s in g le  i n j e c t io n ,  d id  th e  serum l e v e l s  o f  IgM in c r e a s e  during th e



69

5 day p o s t-p a r tu m ■s u c k lin g  p e r io d .

E xcept fo r  IgM th e r e  was a d ir e c tr .c o r r e la t io n  betw een  th e  number 

o f  c e l l s  in  mammary g land  t i s s u e  r e a c t in g  w ith  f lu o r e s c e in a te d  a n t i ­

heavy ch a in  se r a  and th e  c o n c e n tr a t io n  o f  th e  im m unoglobulins in  

co lo stru m .

A ssays o f  c o lo s t r a l  sam ples dem onstrated  a la ck  o f  IgM and a 

predom inance o f  IgA. I n t e r e s t i n g l y , IgA d id  n o t  appear in  n eo n a ta l  

serum e x c e p t  in  v ery  low  c o n c e n tr a t io n s  a t  e i t h e r  day I or  day 5 

p o st-p a r tu m . T h er e fo re , IgA i s  r e le g a te d  to  " lo c a l"  gu t immunity 

s in c e  i t  does n o t  r e a d i ly  p a ss  th e  n e o n a ta l i n t e s t i n e .

A h ie r a r c h y  fo r  th e  tr a n sm iss io n  o f  im m unoglobulins, r e la te d  

to  th e  s p e c ie s  r a th e r  than to  serum or  c o lo s t r a l  im m unoglobulin  

c o n c e n tr a t io n s , was o b se r v ed . IgA and IgM were p o o r ly  tra n sm itte d  

a c r o ss  th e  p la c e n ta  w h ile  IgA was p o o r ly  tr a n sm itte d  a c r o ss  th e  

• in t e s t in a l  mucosa o f  th e  n e o n a te . IgG^ and IgG^ r e a d i ly  p a ss  through  

b o th  th e  p la c e n ta l  and th e  h y p o th e t ic a l  mammary gland  b a r r ie r s .
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Appendix A

The d iam eter  o f  p r e c ip i t in  r in g s  in  th e  m o d ified  M a sse y e ff-  
Z is s w i l l e r  tech n iq u e  o f  im m u n orad ia ld iffu s io n  u s in g  known a n ti-h e a v y  
ch ain  and p o o led  normal mouse serum are record ed  in  th e  t a b le  below . 
The serum d i lu t io n s  t h a t  gave th e  maximum r e a c t io n s  are shown in  
p a r e n t h e s is .  Mean v a lu e s  and standard  d e v ia t io n s  fo r  th e  v a r io u s  
im m unoglobulin m easurem ents were c a lc u la te d  and recorded  a t  th e  bottom  
o f  th e  t a b le ;  F ig u re  3 , in  th e  t e x t ,  d em on strates th e  l i n e a r i t y  o f  
th e  r e a c t io n  u s in g  s e r i a l l y  d i lu te d  norm al p o o led  serum and an appro­
p r ia t e  s in g le  d i lu t io n  o f  a n t i-h e a v y  ch a in  s e r a .

IgA IgM IgGi IgG2
UNAB-/ ABS-/ UNAB-/ ABS-/ UNAB- ABS-/ UNAB- ABS-/

3 .9 3 .9 3 .4 3 .3 6 .6 6 .1 4 .5
4 .0 4 .0 3 .2 3 .2 6 .6 6 .1 4 .5 4 .5
3 .5 3 .5 2 .8 2 .7 6 .0 ™  ™  ™ 4 .0 —  ■  —

4 .0 — — 4 .0 4 .0 3 .0 3 .4 4 .0 4 .4 .
3.2 3 .2 4 .6 ™ 6«o —  —  ™ —  —  *1 5 .1
4 .3 <— —  — 3 .2 3.2 3 .5 4 .0 5 .0 —

3 .9 4 .0 3 .3 3 .1 . 4 .8 ™  —  — 6 .0 6 .0
5 .5 5 .4 4 .0 —  ™ 5 .0 —  —  — 4 .0 3 .6
5 .2 4 .7 4 .2 4 .2 4 .0 5 .5 5 .2
5 .0 4 .9 4 .6 4 .7 ™  ™  ™ —  —  — —  —  — *  —  —

4 .2 4 .1 4 .2 4 .2 4 .6 4 .0 4 .2
X 4 .0 . 4 .2 3.8 3 .6 5 .0 4 .4 4 .0 4 .6

=0.9.. 0 .6 0 .8 0 .7 0 .5 0 .5 0 .3 0 .6
250=1.8 ./. 1.2 1 .6 1 .4 1 .0 1 .0 0.9 1 .2

UNAB = unabsorbed p o o le d  norm al serum  
ABS = absorbed p o o led  norm al serum

a./ F in a l  d i lu t io n  o f  serum i s  1 :4 .
b / F in a l d i lu t io n  o f  serum i s  1 :3 2 .

N ote: The a n t is e r a  were o b ta in ed  from Mel=-Par ( F a l l s  Church,
V ir g in ia )  and d i lu te d  in  s a l in e  in  th e  fo llo w in g  manner: 
A n ti-Ig A  1 /4 0 ,  A nti-IgM  1 /4 0 , A n ti-IgG  1 /5 0 , A n ti-IgG 0 
1 /5 0 . 1 2
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Appendix B

(a )  A s in g le  f lu o r e s c in g  c e l l  i s  seen  in  a t i s s u e  s e c t io n  r e a cted  
w ith  f lu o r e s c in a t e d  g o a t an ti-m ou se  IgA.

(b ) A group o f  f lu o r e s c in g  c e l l s  i s  ob served  in  a t i s s u e  s e c t io n  
r e a c te d  w ith  f lu o r e s c e in a t e d  g o a t an ti-m ou se  IgA.
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(a )

Appendix C

Equipment la y o u t .

(b )  P r e c ip i t in  r in g s  in  agar d is c s
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