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There is now a considerable body of evi-
dence indicating that hormones can exert
multiple influences on the immune system
(1-5). In retrospect this is entirely logical
in view of an established role of hormonal
influence on such basic functions as protein
synthesis, control of gene expression, cell
replication and the allosteric arrangement of
cell membranes, all of which play an essen-
tial role in immune functions. Furthermore,
some hormones function through their ca-
pacity to influence the rate of formation of
cyclic 3, 5 adenosine monophosphate (cyclic
3, 5 AMP) which is also known to affect
strongly lymphoid cells (6-9).

Investigations on the involvement of
hormones in the immune response have
generally involved the parenteral administra-
tion of hormones to experimental animals
and man or the ablation or blockade of
endocrine glands. Numerous reports agree
that hormone administration can lead to
depressed or stimulated immune responses
depending on the kind and dose of the
hormones and the timing of administration.
Thus, these experiments demonstrate that
changes in the level of various hormones can
considerably influence immune performance.

The aforementioned studies attest to
modulation of the immune system by hor-
mone passively administered. However, to
the best of our knowledge the possibility that
the immune response would itself bring
about changes in hormone levels has not
been previously considered. The latter possi-
bility was explored in the study reported

here, and it is shown that during the primary
immune response of rats to a particulate
antigen, sheep red cells (SRBC) or to soluble
antigen Trinitrophenyl-haemocyanin (TNP-
Hae), and of mice to TNP-horse red cells
(TNP-HRBC) corticosterone levels increased
several fold while there occurred a temporal
decline in thyroxine levels in some systems
(rats).

Materials and methods. Female Holtzmann
rats, (Tierfarm Fiillinsdorf) were used for
SRBC or TNP-haemocyanin as antigens.
Two months old rats were immunized by a
single intraperitoneal injection of 5 X 10°
sheep erythrocytes (SRBC). Nonimmunized
rats and animals injected with 5§ X 10°
homologous rat erythrocytes (RRBC) served
as controls. Groups of animals were sacri-
ficed at various intervals after injection of
antigen. The animals were between 9 AM
and 11 am killed by ether inhalation; they
were invariably dead within 2 min. This
procedure does not produce significant
changes of serum corticosterone levels
(10). Animals were kept singly each before
and throughout the experiment. Blood was
taken from the vena cava and the serum of
three rats was pooled. Three different serum
pools for corticosterone and thyroxine de-
terminations for day 1, 3, 5, 6, 7, 8, and 10
after immunization were available.

In other experiments, female 6-8 months
old rats were immunized with a single intra-
peritoneal injection of 224 ug TNP-haemo-
cyanin. This antigen was prepared by cou-
pling keyhole limpet haemocyanin (Calbio-
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chem, San Diego USA) with TNP-sulfonic
acid according to Rittenberg and Amkraut
(11). Individual sera were assayed for hor-
mones.

Female inbred mice (C3H/He) were in-
jected ip with a single dose of TNP-horse
erythrocytes. This antigen was prepared by
coupling horse erythrocytes with TNP-
sulfonic acid (12). Blood was taken from
the retroorbital plexus at various times after
immunization. Hormonal determinations
were made on pools of sera from three or
more animals.

The immune response to SRBC was evalu-
ated by counting the direct plaque forming
cells in the spleen as described by Jerne et al.
(11). The immune response of rats to the
injected TNP-haemocyanin was measured
by counting the direct plaque forming cells
in the spleen to TNP coupled to SRBC as
described by Rittenberg and Pratt (12).

The response in C3H/He mice to TNP-
horse red blood cells was evaluated by the
same method with TNP coupled to SRBC
(12).

Serum corticosterone levels in animals
immunized with SRBC were measured by
a modification (14) of the double isotope
dilution derivative assay of Kliman and
Peterson (15). A similar double isotope
dilution technique as modified by Buus (16)
was used for animals immunized with TNP-
haemocyanin and TNP-horse red cells.

The competitive protein-binding assay of
Murphy et al. (17) was used for thyroxin
determination.

Results and discussion. The results shown
in Fig. 1a, indicate that between days 5 and 7
after immunization with SRBC, the maxi-
mum number of PFC in the spleen were ob-
served.

Figure 1b demonstrates a two- to three-
fold increase in serum corticosterone levels
above normal, at days 5, 6, 7 or 8 after immu-
nization with 5 X 10° SRBC. The maximum
level occurred on day 5. Rats injected with
the same dose of rat red cells showed no
changes in corticosterone levels at any time.
On day 5, the serum corticosterone concen-
tration was 44.5 & 7.3 (means = SD) pg/100
ml serum in rats treated with SRBC, 12.5 +
0.9 pg/100 ml in untreated rats, and 8.6 3
2.3 pg/100 ml in rats treated with RRBC.
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In fact, that no significant changes in the
serum corticosterone level occurred on day 1
and 3 after immunization indicates that the
animals were not stressed by the manipula-
tion or the injected cells. In SRBC-treated
rats, the difference between the serum cor-
ticosterone values of days 5, 6, 7, or 8 and
those of days 0, 1 and 3 were statistically
significant (P < 0.001 according to ¢ tests).
In additional experiments, not recorded in
Fig. 1, rats were treated with a lower dose
(5 X 108) of SRBC; their serum corticos-
terone levels rose to 35.9 & 1.4 and t0 20.3 =&
2.9 ug/100 ml on days 5 and 7, respectively.

A biphasic change in the serum thyroxine
concentration was observed in animals
treated with the higher dose of SRBC
(Fig. 1c). After an initial increase on day 3,
the serum thyroxine decreased by approxi-
mately 30% below normal on day 5-8.
The difference between the values of days 0
and 1 and those of days 5, 6, 7, and 8 was
statistically significant (P < 0.001). No sig-
nificant change was seen on day 1. Treat-
ment of rats with the lower dose (5 X 108)
of SRBC or with RRBC did not result in
any significant alterations in the serum
thyroxine levels.

The above observed hormonal changes in
blood after injection of SRBC led us to test
also a soluble antigen, TNP-haemocyanin,
in rats. The results are summarized in
Table 1.

Again, the blood corticosterone levels were
increased during the immune response, but
in this system, the increase was earlier than
in the SRBC injected rats. Thyroxin blood
levels showed a decrease and then an in-
crease in a way similar to the experiments
with SRBC.

In order to verify whether such results
can be reproduced in another animal species,
C3H/He mice were immunized with TNP
coupled with horse erythrocytes. The results,
which are summarized in Table II show
again a significant increase in blood cor-
ticosterone levels over the uninjected con-
trols and mice injected with the same quan-
tity of homologous red blood cells. This
increase in corticosterone levels lasted
throughout the experiment. No clear pic-
ture emerged as regard changes in thyroxine
levels.
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Fic. 1. Changes in serum corticosterone and thyroxine levels during the immune response to sheep red
cells (SRBC) in rats. (A) Plaque forming cells (PFC) X 10° per spleen. (B) Corticosterone levels in serum:
O—0O animals immunized with SRBC; A—A control injected with rat red blood cells (RRBC) (C) Thyrox-
ine levels in serum: O—O animals immunized with SRBC; A—A control immunized with RRBC.

This study has shown that in the course of
the immune response to three different
antigens in two animals species, major
changes occurred in the blood levels of two
hormones, i.e. corticosterone and thyroxine.
It was already known that hormone ad-
ministration, the ablation or blockade of
endocrine glands influence the tempo and

magnitude of the immune response. The pres-
ent work has far greater implications in that
it makes evident that the immune response
itself affects hormonal levels in the blood.
The corticosterone levels attained at the
peak of the immune response to SRBC in
rats were of the same magnitude as the con-
centrations observed in blood of stressed or
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ACTH-treated mice which inhibited the
capacity of spleen in vitro to respond to
SRBC with plaque formation (18).

The present studies show that during the
immune response hormonal changes occur
that could regulate at least in part by a feed-
back mechanism the duration and possibly
even the magnitude of the immune response.
These findings may also be relevant to a dif-
ferent interpretation of antigenic competi-
tion, experiments where the antigens are

TABLE 1. SeruM CORTICOSTERONE AND
THYROXINE LEVELS, PFC IN SPLEENS OF FEMALE
RaTts IMMUNIZED ip witH 224 ug oF TNP-
HAEMOCYANIN.

Day
after
immuni- PFC Corticosterone Thyroxine
zation per spleen (ug\100 ml)>  (#mole\liter)
0 13.0 £ 3.9¢ 71.0 & 2.4
1 5097 24.5 £ 11.3  51.66 + 4.6
3 576260 51.0 &= 7.0 60.00 + 7.4
4 529611 25.7 £ 9.1 66.5 + 6.5
6 85119 36.06 = 9.3 91.6 + 7.4
a Corticosterone (Student’s ¢ test): Day 0

vsday 3, P < 0.001; Day O vs days4 + 6, P < 0.05.
® Thyroxine (Student’s 7 test): Day 0 vs day 1,
P < 0.001; Day O vs days 3 + 4, P < 0.05; Day 0
vsday 6 P < 0.05.
° All results are expressed as mean = standard
error.
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administered sequentially. This report does
not provide information about other possible
endocrine changes and the manner in which
the immune response may influence the
endocrine glands or how the lymphoid cells
change their hormone consumption. It is
conceivable that chemical mediators are
released by the transformed T-lymphocytes
or by the antibody-producing B-cells during
proliferation, and that these in turn may in-
fluence the target glands either directly or
via hypothalamus — hypophysis - adrenals
or thyroid. Also immune complexes, via
activation of plasma constituents or cells
could initiate a similar sequence of events.

The evidence, that a single injection of
nontoxic and nonreplicating foreign cells or
soluble antigen can produce important endo-
crine changes, whereas homologous red
cells are ineffective and since, e.g. hormones
affect the rate of tumour development it
seems logical to suppose that endocrine
changes during any immune response that
may be aroused by cancer cells may deter-
mine at least in part their further fate
(19-22).

Summary. Injection of three different an-
tigens into rats or mice led in the course of
several days to about a threefold increase in
serum corticosterone levels and concom-
mitantly to a decrease in thyroxine (rats).
In view of the known immuno-suppressive

TABLE II. SERUM CORTICOSTERONE AND THYROXINE LEVELS, PFC IN SPLEENS OF FEMaLE C3H MICE
IMmUNIZED ip wITH 4 X 108 TNP-Horse ReEp CELLS.

Day after immunization  PFC per spleen

Corticosterone®:¢ ug/100 ml

Thyroxine® # mol/l

550
3401
7435
3597
2443
1514
2817
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¢ Corticosterone and thyroxine determination were made in serum pools of at least three mice.

b Mice injected with 4 X 108 homologous mice red cells.

¢ Corticosterone (Student’s 7 test): Day 0 vs day 1, P < 0.05; day 0 vs day 3, P < 0.05. Day 0 vs
days 5 + 6, P < 0.01; day 0 vs day 7, P < 0.001; Day O vs day 8, P < 0.01. Homologous mice red
cells on days 5 4+ 7 vs TNP-horse red cells on days 5 + 7 P < 0.01.

4 All results are expressed as mean =+ standard error.
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effect of the glucocorticoids the possibility is
considered that the endocrine changes in-
duced during the immune response could sig-
nificantly modulate the subsequent char-
acter of the immune response, e.i. magni-
tude, duration and lymphoid cell prolifera-
tion, however, a more complete pattern of
hormonal variations and their cause needs
to be established.

These findings while admittedly prelimi-
nary, suffice to provide an indication of a
temporal pattern of hormonal change during
the immune response which could be im-
portant in immunoregulation.
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