embedded for optical and electron mi-
croscopic examination.

Clusters of lymphocytic cells could
be found surrounding macrophages in
both lymph nodes and spleen from all
animals, but with a greater degree of
frequency in the immunized animals.
These clusters were scattered through-
out the medullary areas of the lymph
nodes and in the red pulp of the spleen,
particularly in those areas of the red
pulp adjacent to the mantle layer and
the cords of the white pulp. It must
be emphasized that the majority of the
lymphocytic cells were not in such an
arrangement. At an optical level, fusion
of the cytoplasm of the macrophages
with the surrounding lymphocytic cells
could not be demonstrated. However,
examination of these cells in the elec-
tron microscope revealed areas of di-
rect communication between the cyto-
plasm of the macrophages and some
of the immediately adjacent lympho-
cytic and plasma cells (Fig. 1). The
cytoplasmic membranes of the two
cells formed a continuous structure.
Within this connecting corridor of cyto-
plasm small particles of the size of
ribosomes could be resolved. There
was no evidence of interchange of any
other structures in these preliminary
examinations. The transfer of antigenic
molecules between macrophages and
lymphocytes was not seen when horse
ferritin was used as an electron-dense
antigen. In fact, heavy-metal, labeled
antigen was not identified in any of
the known antibody-producing cells.

Direct communication between the
macrophage and its satellite lympho-
cytic cells was not a common occur-
rence. Only one or two of the lympho-
cytic cells in the cluster showed this di-
rect physical connection with the macro-
phage. In the immunized animals there
were more
The small number of cytoplasmic con-
nections in any given “clone” may be
the result of poor sampling. Exten-
sive serial or closely adjacent section-
ing has not been satisfactorily accom-
plished. However, these bridges may
last for only a short time, as shown
by Aronson (7) in the case of cyto-
plasmic bridges between phagocytic
cells.

This evidence, added to that of oth-
ers, suggests that there is a transfer
of cytoplasmic content from the ma-
crophage to lymphocytic cells, and that
this exchange may be concerned with
the transfer of ribosomal particles. It
is reasonable to presume that the con-
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cytoplasmic connections.

nections between these cells would al-
low for an easy transfer of such ma-
terial.

At least two morphologically differ-
ent cells can interact with the macro-
phage in lymphoid tissue. It is interest-
ing to speculate on this point, since
there is evidence that morphologically
different types of cells produce 19§ and
7S antibody, a large mononuclear cell
having the features of a cell of the
lymphocytic series and the plasma
cell (10).

M. D. SCHOENBERG, V. R. MuMaw
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Wasting Disease Induced in Young Mice by
Administration of Cortisol Acetate

Abstract. A single injection of cortisol acetate into young mice induced a wasting
syndrome similar to that observed in runt disease and in the post-thymectomy syn-
drome. The course of the disease was less severe if the dose of the drug was de-
creased or if the animals were older at the time of injection.

Wasting syndromes occur in new-
born mice injected with allogeneic (/)
lymphoid cells (runt disease) (2), in Fx
hybrids injected with parental lymphoid
cells (3), in lethally irradiated mice in-
jected with allogeneic bone marrow cells
(secondary disease) (4), and in mice
thymectomized shortly after birth (5).
These syndromes are all characterized
by progressive weight loss, ruffling of
the fur, diarrhea, and death. A patho-
logical finding that is common to all
of these types of wasting is profound
atrophy of the lymphoid organs. It has
been suggested that this lymphoid de-
pletion results in widespread metabolic
dysfunction leading to the fatal wast-
ing (6).

Although adrenal corticosteroids are
known to cause lymphoid depletion (7),
the role of these hormones has not
been delineated with relation to the
wasting diseases. In this study we in-
vestigated the effects of cortisol ace-
tate (hydrocortisone acetate) on mice
of various ages, the conditions under
which a wasting disease can be pro-
duced, and the correlation between this
and other types of wasting disease on
the basis of morphologic criteria.

Mice of various strains, mostly C3H,
were used throughout the experiment.
Cortisol acetate in aqueous suspension
was administered subcutaneously in the

neck region. Animals were either
allowed to pursue the natural course
of the disease or were killed at varying
time intervals after drug administration.

A single injection of 0.25 mg of
cortisol acetate into 1-day-old mice re-
sulted in a wasting syndrome strikingly
similar to that developed in runt dis-
ease and in the post-thymectomy syn-

Fig. 1. Littermates (Swiss mice) age 27
days. The two mice with wasting disease
were treated with 0.25 mg of cortisol ace-
tate at 5 days of age; the third mouse

served as an untreated control. Note
thinned skin, ruffled fur, and scarce hair of
treated mice.
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Table 1. The effect of age and dose on the induction of fatal wasting disease by cortisol acetate in

C3H mice.
Dose of cortisol acetate Mice dying of wasting disease
Age at
injection . Mean survival time
(days) Total (mg) Bo?y weight No. of mice* (days after injection)
' me/e) +S.E.
1 0.1 0.06 7/10 124 + 0.4
.25 .16 19/19 10.6 4= 0.7
5 .1 .03 5/8 130+ 1.4
25 .07 21/32 14.0 &= 0.9
7 LS . 12 4/4 9.8
10 5 12 6/6 223 +28
1.0-1.4 25 11/11 8.0 4= 0.4
14 0.5 .08 0/7 .
1.5-1.75 25 5/11 10.6 4= 0.7
21 - 0.5 0.07-0.1 1/13 16
1.25-1.5 25 7/11 14.8 4= 2.7
28-35 2.5-3.25 25 3/12 17.3
>70 4.5-5.5 25 0/11
* Numerators are the number of mice dying of wasting disease; denominators are the number of mice
injected.
drome. The growth of the treated weights of the various organs returned

animals was noticeably impaired in
comparison with noninjected litter-
mates by the 3rd day after drug admin-
istration. The skin was thinned and
wrinkled and hair growth was markedly
impaired with the final appearance of
a ruffled, scarce fur coat. Diarrhea,
often of the hemorrhagic type, appeared
about a week after the injection. All
the animals in this group died within
6 to 15 days of the injection (Table 1).

With decreasing doses or increasing
age of the animals at the time of in-
jection, the course of the disease was
prolonged and less severe (Fig. 1).
There was emaciation and muscular at-
rophy of the animals, associated with a
high-stepping gait. Some of the mice
recovered after a variable period of
stunted growth. The effect of age on
the susceptibility to cortisol acetate was
particularly obvious when the dose was
increased to 0.25 mg/g of body weight.
While this dose resulted in a fatal wast-
ing disease in all of the mice up to 10
days of age at the time of injection,
it had an irregular effect on mice 14 to
21 days old, and failed to produce
a fatal disease in mice that were 10
weeks old at the time of injection
(Table 1).

Pathological changes included marked
reductions in the weights of the thymus
and spleen, accompanied by increases
in the weights of the liver, kidneys, and
heart. Hemorrhages were often present
in the small intestine and foci of cal-
cification were occasionally seen in the
myocardium. In no case did we ob-
serve overt signs of infection that may
have led to the death of the animals.
With remission of the disease, the
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to normal. Adult mice treated with
cortisol showed a profound reduction
in the weight of the thymus similar to
that found in suckling mice. However,
the weight of the spleen in young mice
treated with cortisol was less than one-
fifth that of the controls, whereas the
spleen in adult mice treated in the same
way was approximately one-half that
of the control mice.

The administration of large doses of
adrenal corticosteroids to animals pro-
duces severe metabolic derangements
associated with protein breakdown and
increased gluconeogenesis resulting in a
negative nitrogen balance, cessation of
growth, muscle wasting, and thinning
of the skin (8). The wasting effect is
accentuated in newborn or young ani-
mals, and in these animals a single in-
jection of cortisol acetate is sufficient
to inhibit growth for a prolonged period
and lead to a fatal wasting disease.

Atrophy of the thymus is apparent
within 1 day of injection of cortisol. The
drug-induced wasting process is very
similar to that seen in anmials thymec-
tomized at birth. Therefore, it is possi-
ble that the thymus may have some
form of antagonistic action to the ad-
renal corticosteroids which is lost upon
ablation of the thymus or negated by
large doses of corticosteroids. Dough-
erty et al. have reported an enzyme
system in the thymus of mice which is
capable of inactivating cortisol, and
which is itself stimulated upon admin-
istration of this drug (9). Recent work
has shown that if the thymus of new-
born animals is enclosed within cell-
impermeable chambers and is then im-
planted into mice thymectomized at

birth, the lymphoid population reap-
pears ([0). This effect may be due to
a lymphoid stimulating humoral factor
(10) or possibly to an antagonistic
effect of the thymus tissue to adrenal
cortical hormones.

The destruction of the thymus in
runt disease (2) may be due either to
a graft versus host reaction, or to an in-
creased adrenal cortical hormone level
resulting from a graft-host interaction.
In the absence of the thymus, corti-
costeroids produced by the adrenals
may be sufficient to maintain the runt
disease. Adrenalectomy has been shown
to ameliorate the wasting disease in-
duced by injection of parental lymphoid
cells into irradiated hybrid mice (I11).

The effect of age on the susceptibil-
ity of the animals to cortisol acetate
parallels the susceptibility of nonirra-
diated F: hybrid hosts to wasting dis-
ease resulting from the injection of
parental lymphoid cells (12). It is pos-
sible that this age effect reflects either
a decreased sensitivity of lymphoid
structures to corticosteroids or an in-
creased capacity of the animal to ca-
tabolize adrenal cortical hormones.

MICHAEL SCHLESINGER
RAYMOND MARK
Immunogenetics Research Unit,
Duke University Medical Center,
Durham, North Carolina
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