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similar concentration of crystalline insulin.
These differences may represent the presence
in bile of small amounts of ILA not detectable
immunologically. Bile ILA could not be sup-
pressed completely upon incubation with an
excess of AIS. The most likely explanation
for these results seems to be that insulin may
undergo some modification while passing
through the liver.

Our thanks are due to Dr. P. M. Goii for in-
valuable help in all the surgical phases of this work,
We are also indebted to Miss Luisa Maria Fernandez
del Val for efficient technical assistance. This in-
vestigation was supported in part by the Juan
March Foundation, Madrid, Spain.
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Atrophy of the Lymphoid Tissues of Mice Induced by

Extracts of the Submaxillary Gland.

(32404)

Tosuio Takepa, V. Yamasaki, H. Yamagg, Y. Suzuki, H. HAEBARA,
TosH10 IRINO, AND ARTHUR GROLLMAN

Department of Experimental Medicine, University of Texas Southwestern Medical

School, Dallas, and Department of Pathology, Kyoto University, Sakyo-ku, Kyoto

Extracts of the submaxillary gland of the
mouse induce several unique biological effects,
including the stimulation and differentiation
of sympathetic nerve cells, an action on the
growth and keratinization of the epidermis,
the induction of granulocytosis, a renin-like
action, etc.(1). Because of the presence of
the last-named substance(2), we studied the
effect of infarction of the submaxillary gland
on the blood pressure and noted that no
change in blood pressure was induced by
this operation but that the thymus under-

* The work at Texas was carried out under USPHS
grant, 5-ROI—HE-07916-05 from Nat. Heart Inst.
and the Lilien K. Christy Bequest. The work at
Kyoto was carried out under a grant from the
Scientific Fund of Japanese Ministry of Education,

went striking atrophy. The experiments have
been extended to include the effect of intra-
peritoneal injections of saline extracts of
the gland on the lymphoid tissues and blood
counts of A/Jax and C3H strain mice.
Materials and methods. The submaxillary
gland of 60- to 70-day-old A/Jax mice was
infarcted by ligating the artery and salivary
duct of the gland with a silk thread. The
animals were killed 7 days later by disloca-
tion of the cervical vertebra, and their tis-
sues weighed and examined histologically.
Blood obtained from the tail vein was stained
with May-Griinwald and Giemsa solution and
200 cells or more were counted. The data
were analyzed by Student’s “t” test. Extracts
of the submaxillary gland were prepared by
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homogenizing the glands of 2- to 6-month-old
A/Jax and C3H male mice in 5 ml of cold
normal saline per gram of wet tissue and
centrifuging at 10,000 r.p.m. for 10 minutes.
The supernatant fluid was injected intra-
peritoneally into 36-day-old A/Jax and C3H
male mice for 7 days. Female mice respond
to the extract as do males but their salivary
glands contain less of the active principle
than do those of male mice.

Results. Infarction of the submaxillary
gland induced marked atrophy of the lymph-
oid tissues and a significant decrease in the
blood lymphocyte counts of A/Jax mice
(Table I). The neutrophil and red cell
counts showed no constant change. No ef-
fects were noted in the female animals.

The submaxillary gland extract (Table II)
induced changes in A/Jax and C3H mice
comparable to those observed following in-
farction of the gland as well as a decrease
in the size of the submaxillary and parotid
glands and an increase in the size of the
adrenals. There was a marked difference in
the reaction of the two strains, the C3H
mice requiring twice as much extract to in-
duce a comparable effect as compared to the
A/Jax strain. There was a statistically sig-
nificant difference (p<C0.01) between the
effects of the submaxillary gland extract on
the weights of the thymus and spleen com-
pared to extracts of kidney and liver and
saline injections in the A/Jax mice. Similar
results were obtained with the C3H mice ex-
cept for the submaxillary gland extract as
compared to the kidney extract (P<
0.05). There was also a significant decrease
in, the peripheral lymphocytic count and an
increase in the neutrophil count of the A/Jax
mice injected with submaxillary gland -ex-
tract as compared to those receiving saline
or kidney extract (p<C0.01).

Microscopic examination of the atrophic
thymus (Fig. 1) revealed scanty thymocytes
with a dominance of reticuloepithelial ele-
ments but no necrosis. Examination by elec-
tron microscopy revealed no inclusion bodies
or virus-like particles as might be expected
if the observed atrophy were a consequence
of viral infection(3).

To exclude the possibility that the observed

SUBMAXILLARY GLAND AND LyMpHOID TISSUES

FIG. 1. Microscopic appearance of the thymus
of a C3H mouse receiving saline as a control, A,
compared to B, receiving an extract of the sub-
maxillary gland for 7 days. Note scanty thymocytes
and dominance of reticuloepithelial elements in the
treated animal. ( X 240 of 6 u section).

effects were due to a stress reaction, the
experiments were repeated on adrenalecto-
mized mice (Table III), maintained on saline
with and without the implantation of a pellet
of desoxycorticosterone. The results indicate
that the observed atrophy of the lymphoid
tissues is not mediated through the adrenals.
To demonstrate that the observed effects
were not induced by a virus, such as the Molo-
mut-Padnos lymphocytopenic virus(4) which
is known to cause atrophy of the lymphoid
organs in mice, the experiments were repeated
with a filtrate of submaxillary gland extract
through a 100 mp millipore filter membrane.
The thymus glands of animals treated with
the filtrate of the submaxillary gland extract
weighed 148 =+ 0.11 mg as compared to
2.26 =+ 0.13 mg per g final body wt for the
controls (p<<0.001) and histological and
electron microscopic studies revealed the pres-
ence of no necrosis, inclusion bodies, or virus-
like particles. These results indicate that
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the presence of a virus was not responsible
for the observed changes.

Discussion. Our results suggest that the
submaxillary gland of the male mouse con-
tains a substance which induces generalized
atrophy of lymphoid tissues, particularly of
the thymus, and a moderate degree of lym-
phopenia. Bueker and Schenkein(5) have
also noted that the stimulating protein of
nerve growth prepared from the submaxillary
glands of mice induces moderate atrophy of
the lymphoid organs after 49 days of treat-
ment. Although this atrophy, as suggested
by Bueker and Schenkein, may have been due
to the stress evoked by the long administra-
tion of the protein, it also, in part, may have
been due to the presence of an inhibitor of
lymphoid tissues. The nature of the sub-
stance responsible for this action is unknown
but appears to be a protein-like material.
The active principle loses its biological ac-
tivity on boiling for 10 minutes, is non-dialyz-
able, and is precipitated at 40 to 60% satu-
ration with ammonium sulfate. Most of the
activity remains in the supernatant fluid after
one hour centrifugation at 105,000 g. Its
relationship to the immune process and to
the lymphocytosis-stimulating factor of Met-
calf(6) as well as its role in the homeostasis
of the lymphoid tissues remain to be deter-
mined. The observed increases in neutrophil
count confirm the recently reported results
of Angeletti et al(7).

Summary. Infarction of the submaxillary
glands of male A/Jax mice or the adminis-
tration intraperitoneally of an extract of
these glands induced atrophy of the thymus,
spleen and mesenteric lymph node and
a moderate degree of lymphopenia of
A/Jax and C3H mice. The observed re-
sponse was also noted following adrenalec-
tomy and following ultrafiltration or ultra-
centrifugation of the extract and is not attri-
butable, therefore, to a stress reaction or viral
infection, but rather to the presence of a
factor which inhibits lymphoid tissues.
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Buphthalmia in the Rabbit: Effect of Age and Repeated Testing on the

Cornified Cell Count Diagnostic Technique.*

(32405)

E. J. BaBiNo, Jr. AND R. R. Fox (Introduced by N. Kaliss)
The Jackson Laboratory, Bar Harbor, Maine

Buphthalmia in the rabbit is believed to
be an autosomal recessive mutation (bu) (1)
with incomplete penetrance(2). It is of great
interest because of its resemblance to con-
genital glaucoma in humans. Fox and Babino
(3) reported a technique for the early identi-
fication of buphthalmic rabbits (bu/bu) based
on the degree of corneal cornification. Their
procedure involved the enumeration of cells
removed from the intact anesthetized rabbit
eye. From their data they concluded that
in the normal (4-/-) eye an increase in the
number of cornified cells was observed at
puberty. The number then declined and
stabilized. They also reported that testing
the same eye at one-week intervals resulted
in an increasing number of cells counted with
each successive test. Both of these observa-
tions, however, were based on limited data.
The present study was made to determine
more accurately the effect during the first
vear of age and the effect of repeated test-
ing on the cornified cell counts, using the
normal (+/-) rabbit eye.

Materials and methods. One hundred forty-
two normal (+/+) rabbits from The Jack-
son Laboratory rabbit colony were used.
These were all from Strain III, a partially
inbred population of New Zealand White ori-
gin. Cell counts were made by the procedure
of Fox and Babino(3). In brief, this pro-
cedure consists of swabbing the anesthetized
eye to remove the cornified cells, placing

* This investigation was supported by USPHS
Research Grants HD-01496 from Nat. Inst. of
Child Health & Human Development, and FR-00251
from Division of Research Facilities & Resources.

these cells on a clean glass slide, staining the
cells with Giemsa, and counting the number
and type of cells present in a given micros-
copic field. The individual eye was used
as the unit of observation. Only healthy
appearing eyes were used. Two studies were
made. In the first study on the effect of age
on the cornified cell count, observations were
made on 262 eyes at 24 different ages rang-
ing from 22 to 360 days of age. Each eye
was assayed only once. In the second study
on the effect of repeated testing on the corni-
fied cell count the 22 eyes used were assayed
4 times with one week between each assay.
The repeated measurements were made dur-
ing a stable prepuberal period, from 50-80
days of age [see Fig. 1 and (3)].

Results and discussion. The mean number
of cornified cells per eye at ages up to one
year is shown in Fig. 1. The overall mean
was 22.4. This compares well with the mean
of 20.6 previously reported(3). The picture
in general is one of stability from 35 to 100
days of age, an unstable period of higher
counts at puberty, followed by subsequent
stability with the exception of one eye with
a count of 100 at 245 days. The cause of
this high count is unknown. Beginning infec-
tion of the lacrimal duct or other factors
might be involved.

The effect of repeated measurements on
the cornified cell count is shown in Table I.
From the data and the statistical analysis it
may be seen clearly that repeated testing
at one-week intervals has no observable effect
on the cornified cell count when taken dur-
ing this stable prepuberal period.



