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Virus-Induced Corticosterone in Hypophysectomized Mice:
A Possible Lymphoid Adrenal Axis

Abstract. Infection of hypophysectomized mice with Newcastle disease virus
caused a time-dependent increase in corticosterone and interferon production. Prior
treatment with dexamethasone completely inhibited the virus-induced elevation in
corticosterone concentration, but did not significantly alter the interferon response.
Lymphocytes appear to be the most likely source of an adrenocorticotropin-like
substance that is responsible for the increased corticosterone, since spleen cells from
the virus-infected, but not from control or dexamethasone-treated, hypophysecto-
mized mice showed positive immunofluorescence with antibody to adrenocorticotro-
pin-(1-13 amide). Thus the adrenocorticotropin-like material and interferon appear
to be coordinately induced and differentially controlled products of different genes.
These findings strongly suggest the existence of a lymphoid-adrenal axis.

Increases in corticosteroid concentra-
tions are usually considered to be medi-
ated by the pituitary-adrenal axis and to
result from increased release of adreno-
corticotropin (ACTH) from the pituitary
gland (/). Recently, we demonstrated in
vitro that substances that induce inter-
feron (IFN)-a, such as viruses, cause
production of an ACTH-like substance
from human lymphocytes (2) that is
strongly associated with IFN-a. The
ACTH-like substance and IFN-a were
dissociated by acid (pH 2) and were
never associated if lymphocytes were
induced in the presence of tunicamycin
(2). These findings strongly suggest that

the ACTH-like substance and IFN-a
are coordinately induced products of dif-
ferent genes and become associated
through a carbohydrate interaction.
These findings imply that certain stimuli,
which effect lymphocyte production of
IFN, should not require the participation
of the pituitary gland for ann ACTH-
mediated increase in corticosteroids.
Furthermore, they suggest that lympho-
cyte production of ACTH in vivo might
be dissociable from IFN production.
These concepts were tested by determin-
ing (i) whether virus-infected hypophy-
sectomized mice would have an increase
in ACTH-like activity, thus showing an

elevated corticosterone concentration
and (ii) whether this putative response is
dissociable from IFN production.

Hypophysectomized, female Swiss
Webster mice were infected with New-
castle disease virus (NDV) (3, 4). These
mice showed a time-dependent increase
in corticosterone production (Fig. 1A).
Peak steroid concentrations occurred at
8 hours after infection and thereafter
declined. Serum IFN increased coor-
dinately with corticosterone (data not
shown). Thus the production of cortico-
sterone was related to the induction of
IFN and, by inference, induction of the
ACTH-like substance. Corticosterone
concentrations at 8 hours (10 = 2.6,
mean * standard error, N = 13) differed
from those at 0 hour (2.76 = 0.11,
N = 19) at a probability of < .01 (two-
tailed Student’s f-test). Whereas hy-
pophysectomized animals did not re-
spond to a classical “‘stressor’” (cold
water) they did respond to ACTH (Fig.
1B). The response to a pharmacologic
dose of ACTH was not maximal since
there was probably some adrenal atro-
phy in the 5 days between the hypophy-
sectomy and the experiment (4). This
suggests that under optimal conditions
the adrenal response to virus might be
even higher than the 3.5-fold increase
that was observed.

The production of ACTH by the pitu-
itary gland, and thus the production of
steroid by the adrenal glands, is con-
trolled by negative feedback via adrenal
corticosteroids (). The virus-induced in-
creases in corticosterone concentration
in hypophysectomized mice appear to
be similarly controlled, because prior
treatment with the synthetic steroid
dexamethasone completely inhibited the
increase in corticosterone at 8 hours
after NDV infection (Fig. 1B). That lym-
phocytes are a likely source of an

Fig. I. (A) The kinetics of corticosterone production after NDV infec-
20 ) tion of hypophysectomized mice. Mice were injected intraperitoneally
A B with 800 hemagglutination (HA) units of NDV in 0.2 ml. At the indi-
cated times, the mice were decapitated and trunk blood was collected
for corticosterone determination by radioimmunoassay (7). Mouse
heads were dissected and examined under a dissecting microscope, and
animals with any remnant of the pituitary gland were discarded. The
numbers of mice for 0, 2, 4, 6, 8, 10, and 12 hours were 19, 2,9, 16, 13,
12, and 5, respectively. (B) Dexamethasone (dex.) suppression of
corticosterone production by NDV-infected hypophysectomized mice.
The mice were given free access to water with or without dexametha-
sone (20 wg/ml) for approximately 24 hours. Control (NDV, N = 13) or
dexamethasone-treated (NDV + dex, N = 5) mice were then injected,
as before, with NDV. Eight hours after infection the mice were killed
and treated as in (A). Other controls without dexamethasone included:
controls (N = 19), in which saline (0.2 ml) was injected intraperitoneal-
ly and the mice were killed 8 hours later; cold stress (N = 5), in which
the mice were placed in ice water for 45 seconds and killed 20 minutes
later, and ACTH (N = 9), in which the mice received an intramuscular
injection of 25 pg of Cortrosyn (Organon, Inc., West Orange, New
Jersey) in 0.2 ml and were killed 2 hours later. Corticosterone concen-
trations are expressed as means = standard error.
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ACTH-like material that causes the vi-
rus-induced increases in corticosterone
concentration is suggested by our find-
ings that spleen cells from NDV-infect-
ed, but not from control or dexametha-
sone-treated, hypophysectomized mice
show positive immunofluorescence with
antibody to ACTH-(1-13 amide) (Fig. 2),
and that lymphocyte production of the
ACTH:-like material is controlled both in
vivo (Fig. 1B and Fig. 2) and in vitro (5)
by dexamethasone. However, the con-
comitant production of extrapituitary
ACTH by sources in addition to lympho-
cytes has not been eliminated.

In contrast, serum IFN levels at 8
hours after NDV infection were similar
in both control (10° U/ml) and dexameth-
asone-treated hypophysectomized mice
(10> U/ml). Thus, whereas dexametha-
sone suppressed the corticosterone re-
sponse (Fig. 1B) and spleen cell produc-
tion of the ACTH-like material (Fig. 2), it
did not significantly alter the IFN re-
sponse. Similar findings have been ob-
served in vitro. Following NDV infec-
tion, control and dexamethasone-treated
human lymphocytes produced the same
amount of IFN whereas only the con-
trols produced the ACTH-like material
(2). These data show that both in vitro
and in vivo the ACTH-like material and
IFN are coordinately induced but differ-
entially controlled. Furthermore, they
support the idea that these two sub-
stances are products of different genes.

These findings strongly suggest that a
lymphoid-adrenal axis functions through
a lymphocyte-derived substance that
may be related to or identical with
ACTH. In contrast to the pituitary-adre-
nal axis, the putative lymphoid-adrenal
axis would be stimulated by noncogni-
tive factors recognized not by the central
nervous system but by lymphocytes.
These might include substances that in-
duce IFN-a, such as viruses, bacteria
and their products, and tumor cells. Fur-
ther, they may be one cause of the well-
known increases in steroid concentra-
tions observed during infections. Thus,
the immune system may serve a sensory
function.

Amniong clinicians there seems to be a
consensus that patients who lack ACTH
in the pituitary or who have generalized
hypopituitarism have less requirement
for cortisol replacement than patients
who lack the entire adrenal (/). In spite
of this, clinical examples of an extrapi-
tuitary source of ACTH being stimulated
in times of acute stress are rather indefi-
nite. Investigators examining the corti-
costeroid response of patients with hy-
popituitarism to stress generally measure
the response for only 2 hours after the

1312

stress. A response that was mediated
through the lymphocytes would there-
fore be missed. A more appropriate time
course for study would be between 2 and
8 hours after stress. Perhaps a more
crucial variable is the stimulus for the
corticosteroid response. Only those
stimuli which effect lymphocyte produc-
tion of the ACTH-like substance might
be expected to cause the response. That
humans may have an extra pituitary
source of ACTH for stimulation of adre-
nal secretion is indicated by studies with
bacterial polysaccharide, a possible lym-
phocyte stimulator. Van Wyk et al. (6)
observed significant corticosteroid re-
sponses in seven out of eight hypophy-
sectomized patients treated with bacteri-
al polysaccharide (Piromen). The re-
sponse in one of these subjects peaked at
8 hours. In view of these data from the
clinical literature, the experiments de-
scribed herein indicate the need for fur-
ther study of the corticosteroid response
in the hypophysectomized individual.
The present results and previous data (2)
also provide evidence of intriguing asso-
ciations between the immune and neuro-
endocrine systems. Such direct interac-
tions between these two systems may be
important for understanding the symp-
tomatology of infectious diseases, tu-

Fig. 2. Immunofluorescent detection of an
ACTHe-like substance in spleen cells from
NDV-infected hypophysectomized mice (8).
(A) Spleen cells 8 hours after infection stained
with antiserum to ACTH-(1-13 amide) or (B)
with normal rabbit serum; (C) spleen cells
from dexamethasone-treated mice 8 hours af-
ter infection, stained with antiserum to
ACTH-(1-13 amide); and (D) spleen cells
from noninfected mice stained with antiserum
to ACTH-(1-13 amide).

mors, and neuroendocrine disorders.
Furthermore, if it could be shown that,
as with many other immunologic re-
sponses, the lymphocyte production of a
neuroendocrine hormone was controlled
by the major histocompatibility com-
plex, this would provide a possible etio-
logic site for putative histocompatibility-
linked neuroendocrine diseases.
Eric M. SMITH
WALTER J. MEYER
J. EDWIN BLALOCK
Department of Microbiology and
Department of Pediatrics,
University of Texas Medical Branch,
Galveston 77550
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