ANTIBODY RESPONSE TO HETEROLOGOUS PROTEIN

acids. It would appear that the effect of
epinephrine on mobilization of free fatty acids
is not mediated by a decrease in carbohydrate
availability, but possibly by increased rate of
glyceride breakdown.
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Injection of a variety of heterologous pro-
teins into the neonatal animal induces a state
of immunological tolerance(1,2) which is of
finite duration related to the amount injected
at birth. The period of susceptibility to in-
duction of tolerance to 100 mg bovine serum
albumin in the rabbit has been found to end
by 15-17 days of age(1l). However, a state of
immunological unresponsiveness similar in
many respects to that induced at birth has
been produced by repeated injections of very
large amounts of heterologous proteins into
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adult rabbits(3). Calculations from avail-
able data do not entirely rule out the possi-
bility that the difference in the adult and new-
born response to heterologous protein may be
a quantitative rather than a qualitative one.
The 5-7 fold increase in body weight of rab-
bits during the first three weeks of age could
conceivably reduce the concentration of in-
jected antigen below a critical level. These
experiments were designed to re-examine the
immunological response of rabbits of varying
maturity to weight-adjusted amounts of a
relatively pure heterologous protein. The
data add further evidence that a qualitative
defect in immunological capacity exists in the
neonatal rabbit.

Procedure and wmethods. New Zealand
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TABLE [ Effcet of Weight Adjusted Amounts of BSA on Tmmune Response in Rabbits of
Varving Maturity.”

Anti BSA produced after

Interpretationy

Ageat Aveg wi of \ .
Litter initianl animals at in- Challenging Tolerance Immune
No. inj., days  itialing., g Initinl inj. inj. induced response
1 2 54 0/ : _ .
7 7 NEA (
2 8 141 0/4 /4 7/7 (100%) 0/7
3 14 170 0,8 0/5 o 1= RO o 1
" 14 991 0/ Sy 12/15 (80G) 3/15
5 15 190 : 1/6
B 2] 352 02 09
7 21 220 1/6 2/6 4/15 (27%) 11/15
8 22 170 T/ /4
9 28 126 1/5 +/4 ¢
i , 0/12
10 30 524 /8 8/8 071 12/12

* Litters of rabbits were given 200 mg BSA/kg LLP. at ages indicated and bled serially for
determination of presence of BSA or anti-BSA as precipiting in serum. At 10 wk of age the
challenging inj., 20 mg BSA/kg was given 1.V, followed by similar determinations on serial

serum S]')(‘('ill](‘llh‘.

t Denominator — No. in litter at time of bleeding, Numerator — No. with anti-BSA in

seruni.
1 Not determined or not rechallenged.

§ Toleranee indicated by prolouged clearance of initial and ehallenging inj. end failure to
produce deteetable anti-BSA after antigen cleranee. Immune vesponse indicates production of

detectable precipitating antibody.

white rabbits were used. Litters were kept
with does from birth until weaning at 5 to 6
weeks of age. Procedures for identifving and
handling neonatal rabbits have been previ-
ously described(la). Blood samples were
obtained for precipitin analysis by cardiac
puncture. Crystalline Bovine Albumin (BSA)
was obtained from Armour Labs. dissolved in
1% NaCl, sterilized by passage through Seitz
filter, and analyzed for protein content
by micro-Kjeldahl analvsis. Rabbits were
weighed and then given an injection calcu-
lated to total 200 mg BSA /kilo. Initial injec-
tions in each age group were given intraperi-
toneally. The amount was that known to pro-
duce tolerance lasting over 12 weeks in a ma-
jority of rabbits when given at birth(la).
Challenging injections of BSA were given in-
travenously through an ear vein in a dose of
20 mg/kg of body weight 10 weeks after initial
injection. Following both initial and chal-
lenging injections, animals were bled at 5 day
intervals and the serum assayed qualitatively
for presence of BSA or of anti-BSA antibody
by a capillary tube precipitation method (1a).

Results. Table I presents results in terms
of production of precipitating antibody in
serial bleedings following both first and sec-
ond antigen injections. Litters 1, 2, and 3
had BSA present in their serum for 20 days

or longer following initial injection and for
17 days or longer after the challenging injec-
tion (litters 2 and 3 only). These animals
proved tolerant at the 10 week challenge as
expected from results of previous studies. Of
litters initially injected at 14 and 15 days of
age, in only one litter (number 3) were all
rabbits unresponsive at the challenge. In lit-
ters 4 and 5, 2 of 4 and 1 of 6 respectively,
produced anti-BSA after the 10 week injec-
tion; whereas no antibody production was ob-
served following neonatal injection.

Three litters were injected at 21 and 22
days of age. None of the rabbits in litter 6
but 1 of 6 in litter 7, and 7 of 9 in litter 8
had antibody in their serum following initial
injection. Following the challenging injection,
the majority in litters 6 and 8 produced anti-
body while 14 of litter 7 produced antibody.

Litters 9 and 10, who were initially injected
on day 28 and 30 cleared antigen rapidly from
their serum and 12 of 13 rabbits in both
groups produced antibedy following single ex-
posure to antigen. The single rabbit in litter
9 which {failed to produce antibody initially
did not survive 10 weeks, and was not rein-
jected.

The experimental groups may conveniently
be combined as shown in Table I, into 4
groups which responded to the antigen in a
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similar fashion. Those animals which showed
prolonged clearance time of antigen injected
both in the neonatal period and at 10 weeks
and which showed no precipitating antibody
after either injection, are considered to be tol-
erant(la). Those producing circulating an-
tibody after either injection are considered
immune. By this grouping it is shown clearly
that the amount of antigen injected initially,
even though adjusted in amount for rapid
growth of animals, was adequate to induce
tolerance regularly only during the first 2
weeks of life, as previously shown for a single
quantity of antigen. A marked qualitative
change in animals’ response to this heterolo-
gous protein, therefore, must have occurred
between 14th day of life when 80% of the lit-
ters became tolerant and 21st day when only
27% failed to produce antibodies.

Discussion. Rabbits older than 28 days of
age consistently produced antibodies to a
single injection of BSA, while rabbits under
14 days of age handled this protein with no
evidence of immune response. Rabbits be-
tween these 2 age groups responded variably,
but most injected at 14 days of age were un-
responsive while most 21-day-old animals had
a primary immune response with production
of precipitating antibody. These data again
demonstrate that the period during which un-
responsiveness can be induced is of finite
length. consistent with a qualitative deficiency
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in the immune mechanism. These data also
suggest strongly that different mechanisms
probably underlie the model of unresponsive-
ness which is induced in adults by large
amounts of antigen(3) and the type tolerance
induced during the neonatal period.

Summary. Neonatal rabbits respond to a
single injection of BSA in a dose of 200 mg/
kilo body weight with antibody production
when given at 28 days of age or older and are
unresponsive when this weight-adjusted
amount of BSA is given at 8 days of age or
younger. At 14 and 21 days of age the re-
sponse is varied and the majority injected at
14 days of age are unresponsive while most
formed antibody when injected at 21 days of
age.
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An analogue of glucose, 2-desoxy-D-glucose
(2DG). has been shown to be a competitive
inhibitor of glucose metabolism in yeast(1,2)
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and rat tissues(3-6). It is also known to re-
tard cell-division in chick heart fibroblasts cul-
tured #n vitro(7), and in tumors(8-10), and
budding in yeasts(2). In view of above work,
it appeared to us that it would be of interest
to investigate the action of this inhibitor on
respiration and development of fertilized eggs
of sea-urchins. Both glycolytic and respira-
tory metabolism are required for cleavage of
these eggs, since development is blocked by



