596

1. Iampietro, P. F.,, Am. J. Physiol.,, 1956, v184,
390.

2. Fiorica, V., Iampietro, P. F., Moses, R., Canad.
J. Physiol. Pharmacol., in press.

3. Adolph, E. F., Barker, J. P, Hoy, P. A,, ibid,,
1954, v178, 538.

IMMUNOGLOBULIN CHANGES FOLLOWING BIRTH

4. Schreiner, G. E., Proc. Soc. Exp. Biol. and
Med., 1950, v74, 117.

5. Adolph, E. F,, Am. J. Physiol., 1956, v184, 18.

6. , in Handbook in Physiology, Sect. 4.
Adaptation to the Enxironment, D. B. Dill, ed,
Am. Physiol. Soc., Washington, 1964, p27.

Received November 30, 1964. P.S.E.B.M,, 1965, v118.

The Immunoglobulins of Mice. 4. Serum Immunoglobulin Changes

Following Birth. (29914)

Jou~ L. Fauey aNp WERNER F. BArTH

Immunology Branch and Metabolism Service, National Cancer Institute, National Institutes
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A characteristic pattern of serum changes
in 3 immunoglobulins, i.e., the IgG (7S y2-
globulin, IgA (yia-globulin) and IgM (yim-
globulin), has been described following birth
of the human infant(1-3). Quantitative
studies of individual immunoglobulin changes
after birth, however, have not been described
in other species. Four major immunoglobu-
lin classes, the 7S ye-globulins, 7S vy;-globu-
lins, y;a-globulins and y;x-globulins were re-
cently identified in mice(4). The present
studies were undertaken to determine the
serum levels of these immunoglobulin com-
ponents in the newborn and to characterize
the immunoglobulin changes following birth
of the normal mouse. Three mouse strains
were studied and found to be similar. Both
similarities and differences between man and
mouse were observed.

Methods. CS57BL/6JN, C3H/HeN, and
GP (general purpose, white Swiss mice main-
tained in a closed colony at the NIH) mice
were obtained from the Animal Production
Section of the NTH at one day of age, one
week of age, or at weekly intervals there-
after. Animals were weaned at 3 weeks of
age. Ten or more animals were bled at each
date to obtain enough serum for the various
experiments, All animals were housed and
fed in a similar manner throughout the study.

Quantitative serum levels of 7S v.-globu-
lin, 7S y;-globulin, y;4-globulin and y;y-glob-
ulin were measured in antibody-agar plates
using essentially the same method described
elsewhere for measuring the human serum

immunoglobulins(5). Briefly, addition of
antigen (mouse immunoglobulin) to wells in
an antibody-containing agar plate results in
antigen-antibody precipitate rings, the diame-
ter of which reflects the concentration of
antigen,

Specific antiserums were prepared from
antiserums produced in rabbits by immuniza-
tion with 7S ye.-myeloma protein (5563), 7S
yi-myeloma protein (MPC-25), v;4-myeloma
protein (MPC-1) and normal +;-macroglob-
ulin(4).

Antibody-agar plates were prepared by
pouring a solution containing 8 ml of diluted
antiserum and 8 ml of 3% Noble agar onto
a 3%4 X 4 inch glass plate. The antiserum
dilution for the individual immunoglobulin
determinations varied from 1:10 to 1:60
depending on the potency of the antiserum.
The highest dilution of antiserum which gave
distinct end points (precipitation rings) was
used. Thirty-six antigen wells were cut in
the antibody-containing agar plates using a
plastic template(5). Six of the wells in each
plate were used for standard reference sam-
ples of known protein concentration. In
practice a single serum sample was used as
a reference on all antibody-agar plate tests.
The level of each immunoglobulin in this
serum was determined by comparison with
the following purified immunoglobulin prepa-
rations: two 7S vy.-myeloma proteins, two
7S yi-myeloma proteins, two yia(B24)-mye-
loma proteins and a preparation of normal
mouse yiy-globulin.
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_ FIG. 1. Immunoelectrophoretic demonstration of
immunoglobulin ehanges in mouse serum at various
ages. A polyvalent antiserum reaecting with the
known classes of mouse immunoglobulin was used
in antiserum troughs. Photographs obtained after
48 hr diffusion at 5°C.

A semilogarithmic plot of the protein con-
centration vs the diameter of the ring pre-
cipitates provided a reference curve(5). Con-
centrations of the immunoglobulin in the test
serums were determined from this curve using
the diameter of the precipitates formed by
the reference and test samples 24 to 48 hours
after antigen addition to the well.

Many sera were also tested for total 7S
v-globulin (7S vs and 7S y;) and for vyia-
globulin levels by an isotopic immune inhibi-
tion test similar to that employed for human
immunoglobulins(6). Comparable values were
obtained by this and the antibody-agar plate
technic, and only values from the latter meas-
urements are recorded.
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Results. Four immunoglobulins (7S ve-,
7S y1-, y1a- and yiy-globulin) were studied
by immunoelectrophoresis (Fig. 1) and quan-
titative immunochemical methods (Fig. 2).
At one day of age all immunoglobulin levels
were low. The subsequent changes in the 3
strains studied (C3H/HeN, C57BL/6JN and
GP) were similar and are considered to-
gether.

yiy-macroglobulins were not found at birth
but became detectable at one week of age
in one strain and by 2 and 3 weeks in the
other 2 strains. Adult levels of yiu-globulins
were present at 8 weeks of age in both
C3H/HeN and C57BL/6]JN strains.

v1a(B24)-globulins were first detectable be-
tween 4 and 6 weeks and levels rose gradu-
ally over the next 4 weeks. Adult levels were
reached between 3 and 4 months of age.

Only 7S yo- and 7S v;-globulins were de-
tectable in newborn mouse serum. The levels
of these globulins were low. By one week,
however, serum levels had risen sharply,
almost to adult levels (Fig. 2). These levels
remained elevated for 1 to 2 weeks, then
rapidly declined (Fig. 2). The 7S y.- and
7S v;-globulins remained at low levels after

IMMUNOGLOBULIN CHANGES WITH AGE
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FIG. 2. Quantitative immunoglobulin changes
after birth. Quantitative determinations were per-
formed by the antibody in agar plate technic.
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FIG. 3. Immunoelectrophoretic demonstration of
immunoglobulins in mouse colostrum. Polyvalent
antiserum reacting with all known categories of
mouse immunoglobulins was used in the top test,
and antiserums specific for immunoglobulin eom-
ponents were used below. Reinforcement with a
dashed white line was used where the precipitin
lines were too weak to reproduce clearly. No iy
globulin was detected, so illustration of the test
using specific antiserum for mouse v;y-globulin is
not included.

weaning was completed. At about 6 weeks
of age the levels began to rise and achieved
adult values between 2 and 3 months of age.

The marked rise in 7S ys- and 7S y;-globu-
lins between 1 and 7 days of age indicated
that these 2 immunoglobulins might be of
maternal origin and pass into the fetus via
the maternal colostrum and the fetal gastro-
intestinal tract. Colostrum was obtained from
C3H/HeN mice* and examined by immuno-
electrophoresis (Fig. 3). Specific antisera
showed the presence of both 7S y;- and 78
ve-globulins. High levels of yi4-globulin were
also present in colostrum but vy;y-macroglob-
ulins were not detectable by immunoelectro-
phoresis.

Discussion. The 7S ys- and 7S y;-globu-
lins are present in low but detectable amounts
in newborn mice. These proteins are pre-
sumed to have been transmitted across the
placenta or yolk sac. The analogous proteins
(7S yo- and 7S yi-globulins) in the guinea
pig(7) and the 7S y-globulins of rabbit(8)
and man(9) also are transmitted from the
maternal to fetal circulation.

The absence of detectable quantities oi
v1a(B24) and yim(Ban)-globulins in newborn

* Colostrum obtained from Dr. William Feller, Nat.
Cancer Inst.
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mice would indicate that these proteins are
not transmitted across the placenta in the
mouse. Similar observations have been made
in man(1-3).

Transfer of immunoglobulins via the colos-
trum and newborn gastrointestinal tract also
appears to be a selective process. The rapid
rise in serum levels of 7S y.- and 7S y;-globu-
lins following onset of nursing and the identi-
fication of these proteins in colostrum indi-
cates that these proteins were transferred
from mother to newborn vie the colostrum
and gastrointestinal tract. Plentiful amounts
of yia-globulin were also identified in the
colostrum but there was no rise in the neo-
natal serum level of this protein, indicating
that +y;a-globulins were not transferred or
were digested or were very rapidly catabo-
lized after transfer.

Selectivity in placental transfer and in gas-
trointestinal transfer of the 7S yo- and 7S
v1-globulins and the absence of y14- and yiu-
globulin transfer reflects structural differences
in these proteins. In studies in the rabbit
Brambell and associates(10) showed that
piece III (Fc fragment) of 7S vy-globulin is
needed for selective gastrointestinal transfer
of this protein. Recent studies(11) have
show that the difference between mouse 7S
y-globulin and v, 4-globulin is based on prop-
erties of the Fc fragment (i.e., the F frag-
ment obtained by papain digestion which is
analogous to piece III of rabbit y-globulin).
The present experiments are consistent with
the hypothesis that the Fc fragment of mouse,
as well as of rabbit, y-globulin is responsible
for the active placental transfer of these
molecules. Direct experiments to test this
hypothesis are indicated. It also will be of
interest to determine whether 7S vy,- and 7S
vi-globulins share the same chemical config-
uration and are transferred by the same
mechanism or whether they are transferred
by different mechanisms based on different
molecular specificities.

The rapid fall in serum 7S y.- and 7S
yi-globulin levels after 2 weeks of age raises
the possibility that these proteins were no
longer present in the mother’s milk or that
they were no longer able to pass from the
gastrointestinal tract into the nursing mouse.
The mouse gut has been shown to decrease
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markedly its permeability to mouse antibody
between 14 and 17 days of age(12,13)., The
low serum 7S immunoglobulin levels at age
3 and 4 weeks are probably due to an absence
of maternal supply vie the colostrum and gut
plus a poorly developed capacity for endo-
genous 7S vy-globulin synthesis.

The possibility that markedly increased
rates of catabolism of 7S vs- and 7S yy-globu-
lins at age 3 and 4 weeks caused the low
levels must be considered. Other studies with
labeled 7S y-globulin, however, have showed
that catabolism is decreased (not increased)
in mice with low 7S y-globulin levels(14).
These studies included 4-5-week-old mice
with low 7S y-globulin levels and rule out
the possibility that increased catabolism is
responsible for the hypogammaglobulinemia
at this age.

The serum immunoglobulin levels in the
newborn mouse differ from the human new-
born in several respects. The human fetus
has received abundant quantities of 7S
y-globulin vig the placenta and the serum
7S y-globulin (IgG) levels at birth are near
the normal adult levels(1-3). In contrast,
mouse 7S y-globulins (7S ys- and 7S y;-) are
very low at birth. Transfer of 7S vy-globulin
from the mother to the newborn via the colos-
trum and gastrointestinal tract soon bring the
mouse abreast of his human counterpart.
After 2 weeks of age similar changes occur
to the immunoglobulins of mice and man.
The 7S y-globulin levels fall in both species
(placental and colostrum sources no longer
being available) until increasing endogenous
synthesis of 7S y-globulins gradually raises
serum levels toward normal adult levels.
Meanwhile, in both species, increased serum
levels of yiy-globulins (IgM) and then yia-
globulins (IgA) become evident.

Brambell(15) has recently pointed out that
a similar mechanism may be involved in skin
sensitization for passive cutaneous anaphy-
laxis and in transmission of 7S y-globulin
across the gut wall. The present studies and
investigations of passive cutaneous anaphy-
laxis with mouse immunoglobulins(16-18) are
relevant to this hypothesis. (It will be as-
sumed that serum levels of several immuno-
globulins at 2 weeks of age reflect gut trans-
fer, although additional study of this matter
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is needed.) The colostrum y;a-globulins do
not pass through the gut wall and serum
yi1a-globulins do not sensitize homologous
(¢.e., mouse) skin(16-18), in accord with
Brambell’s hypothesis. The 7S y;-globulins
do sensitize homologous skin and do pass
through the gut wall, also in accord with
Brambell. A possible difficulty may exist,
however, in the correlations with mouse 7S
ye-globulin. These proteins have little or no
capacity to sensitize homologous skin(16-18)
but do appear to be transferred across the
gut. Additional data on rate of gut transfer
of 7S vye-globulin, especially data relative to
7S v;-globulin, would be helpful in this com-
parison. More specific studies, also, will be
needed to establish whether the same part
of the molecule is responsible for passive
anaphylactic sensitization and for transmis-
sion of immunoglobulin from mother to
young.

Summary. The changes in 7S yo-, 7S v1-,
v1a- and y;y-immunoglobulin components fol-
lowing birth were studied in 3 mouse strains.
Evidence for transfer of immunoglobulins via
the placenta or yolk sac and wvia the colos-
trum and neonatal gastrointestinal tract were
evaluated. Low levels of 7S yo- and 7S y3-
globulins were found in the newborn indicat-
ing transplacental or yolk sac transfer of
these proteins. Marked increase (to adult
levels) of these 2 immunoglobulins occurred
at 1 and 2 weeks of age. Both 7S y»- and
7S yi-globulins were present in the colostrum
and appeared to be supplied vie the gastro-
intestinal tract until 2 weeks of age. Subse-
quently, serum 7S ye- and 7S y;-globulin
levels fell until age 4 weeks, when neonatal
synthesis began to produce an increased se-
rum level of these proteins. The yiy (IgM)-
globulins were detected in the serum at 1-3
weeks of age. The yia (IgA, Baa)-globulins
were not detected in the serum until 4-6
weeks of age. Although vqa-globulins are
present in the colostrum, little or no yy4- (or
yin-) globulin appeared to be supplied vie
the colostrum and neonatal gastrointestinal
tract. Adult levels of the 4 immunoglobulins
are reached at 2-3 months of age.

The authors are grateful to Mrs. M. E. Moss and
Miss C. L. McLaughlin for expert assistance.
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Blood Volume in Relation to Body Weight of the Male Rat Using
Radio-Iodinated Serum Albumin.* (29915)

ALEXANDER P. OrRMOND, Jr. AND JosE M. RIVERA-VELEZ
(Introduced by Simon Koletsky)
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Cleveland, Ohio

An accurate means of estimating total
blood volume in the rat is useful in labora-
tory investigation. This report is the result
of blood volume determinations in 122 nor-
mal male albino rats of varying body size.
The method described is simple and the re-
sults provide a constant means of estimating
total blood volume in relation to body weight.

Method. One hundred twenty-two white
male rats ranging in weight from 140 to 294
g were used. The animals were anesthetized
with 29 sodium pentobarbital given intra-
peritoneally in dosage of 0.2 cc per 100 g
body weight and the femoral artery was then
cannulated with a no. 50 polyethylene cathe-
ter. Radio-iodinated serum albumin (RISA)
was used to determine blood volume. Ap-
proximately 1.0 microcurie of RISA in a vol-
ume of 0.25 to 0.5 cc was injected into the
femoral artery, then the cannula was flushed
with 0.4 to 0.5 cc of heparinized saline to
insure complete injection of RISA. Initially

* Supported by Grant H-06304 from Nat. Inst.
Health, US.P.H.S.

a few animals received the RISA intraven-
ously, but it was soon found that intraarterial
injection gave equal values and satisfactory
curves, Arterial injections eliminated the
additional step of cannulating a vein. Samples
of blood of 0.2 cc each were obtained from
the femoral artery at 5, 10 and 15 minute
intervals following injection. Before each
sample was collected the arterial cannula was
drained of its heparinized saline and after
each collection the tube was flushed with 0.2
cc of saline. The blood samples were pipet-
ted into test tubes containing 1 cc of saline
and counted in a well-type scintillation
counter. Standards for each determination
were prepared by injecting from the same
syringe used in the rat, an equal amount of
RISA in a dilution of 100 ml into a volu-
metric flask. After thorough mixing of this
standard, 2 cc was pipetted into a test tube
and this was counted in the well counter.
The counts per minute of the 3 blood samples
were plotted on linear graph paper. The curve
was extrapolated to zero time and this zero



