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Preliminary studies on the in vivo pulps of
young dogs and rats have indicated the pres-
ence of at least 2 of the cell types found in
tissue culture; many scattered cells through-
out the pulp having membrane potentials of
5 to 10 millivolts and a few cells located
along the dentinal border with membrane po-
tentials of 25 to 45 millivolts. Work is con-
tinuing along these lines.

Summary. It has been possible to grow
in tissue culture viable cells from tooth germs
of young mice. Three cell types have been
determined based on morphological and elec-
trophysiological characteristics. The mouse
odontoblast grown in tissue culture possesses
a membrane potential which is considerably
greater than that of the fibroblast and is in
the range reported for smooth muscle and
glandular cells. At present it is not possible
to state if the physiological role of the odon-
toblast is sensory. glandular, or both.

We wish to acknowledge the valuable assistance
of Alfred Goodman and Colonel Wallace.
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During the course of some studies on the
pathogenesis of iodine-induced thyroiditis in
the hamster(1), other tissues, particularly
those which are known to concentrate this
element, have been examined microscopically.
Damage to the submandibular (submaxil-
lary) glands has been found uniformly; in
contrast, the parotid and sublingual glands,
as well as the gastric mucosa, appear to be
normal. This communication presents a
description of the changes in affected glands
together with comparative data on radioio-
dine uptake, which may help to explain the
difference in reaction between the submandi-
bular glands and other structures.

Materials and methods. Histological ob-
servations have been carried out on the sali-

vary glands of approximately 100 normal
male hamsters, each weighing about 125 g,
which had received various quantities of io-
dide as the potassium or sodium salts for
periods lasting several hours to 10 days. The
iodide was administered intraperitoneally in
distilled water. Animals were sacrificed at
intervals from one hour after a single injec-
tion up to after 10 days of multiple doses,
usually once daily. Submandibular, sublin-
gual and parotid glands as well as glandular
portions of the stomach, were studied after
fixation with neutral formalin and staining
with H and E, PAS, and alcian blue technics.
Iodide dosages ranged from 1.0 to 200 mg,
since it was found that smaller amounts were
ineffective.
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TABLE I. Relative Concentration of I'® in Tissues, Expressed as cpm/mg Wet Weight.

Time Parotid  Sublingual Submandibu- .
after I'* gland gland lar gland Stomach Testis Thyroid
1lhr 374 35.8 112.0 31.1 — 2900
2 1 46.3 49.8 263.0 43.3 11.1 3050

2 44.0 41.7 165.0 — 19.1 5730
3 62.3 90.5 620.0 — 37.0 4230
3” 1 67.5 60.0 346.0 54.2 21.4 6060
2 48.6 52.5 166.0 — 224 13100
3 184 18.0 96.0 — 9.6 9450
4" 15.8 15.7 30.6 — — 2800

Normal animals were given 25 uc radio-
active iodine, without carrier, intraperito-
neally and sacrificed from 1 to 3 hours later.
Samples of 3 salivary glands, thyroid, testis,
and glandular portion of stomach were
weighed on a torsion balance, digested in 3N
NaOH and counted with a sodium iodide
crystal scintillation detector.

Results.  The normal submandibular
gland (Fig. 1) of the hamster is composed of
acini whose serous cells contain large num-
bers of small basophilic granules which stain
by the PAS or alcian blue technics. Small,
most proximal, intralobular ducts are lined
by columnar cells with basal nuclei and pale
cytoplasm, with faintly PAS staining gran-
ules. The cells lining the distal ducts are
smaller with eosinophilic cytoplasm. The
cells of the collecting ducts are more squa-
mous in appearance. The following descrip-
tion of glands from treated animals is a com-
posite of observations made after doses of
iodide of various sizes. Obviously changes
develop more rapidly after large than small
amounts of iodide.

Following a large dose, i.e., 10 mg of iodide
or more, changes are seen as early as 2 to 4
hours. The lobules are spread apart by
swelling of the loose interlobular connective
tissue. Inflammatory cells, both polymorph-
onuclear as well as mononuclear types, are
found in these areas. The edema and inflam-
matory cells are related to distinct changes
in the distal portions of ducts. The walls of
these structures are infiltrated with poly-
morphonuclear cells; the lining epithelial
cells may be completely necrotic. In addi-
tion, the duct lumina are filled with leuko-
cytes, basophilic (PAS positive) material,

and desquamated cells. In these early stages,
too, large numbers of leukocytes are found
in and about the walls of blood vessels. No
hemorrhage is seen.

By 24 hours the alterations in the ducts
are more severe. The lumina of the more
proximal ducts are dilated but their lining
cells do not appear damaged, save that they
may be smaller. Leukocytes are found be-
tween the acinar elements, which even by
this time have become atrophic and have be-
gun to lose their basophilic (PAS and alcian
blue positive) contents. With increasing
time, regeneration of the duct epithelium be-
gins even though administration of iodide
continues; the lining elements have a squa-
mous appearance, more like the cells of the
collecting ducts than the normal distal duct
cells. The duct system is conspicuously di-
lated.

These alterations are usually diffuse.
Sometimes, however, especially with lower
dosage of iodine, single lobules will be in-
volved, while neighboring ones remain nor-
mal in appearance.

If the process is followed into a more sub-
acute phase, the regeneration of duct epi-
thelium elements becomes more conspicuous,
while the acinar elements exhibit atrophy.

No difference was found between sodium
or potassium salts of iodide.

Studies of the sublingual and parotid
glands as well as the glandular portions of
the stomach failed to reveal any lesions.

Studies of radioactive iodine uptake of 3
salivary glands, glandular portion of the
stomach, thyroid, and testis are presented in
Table I. It will be noted that the concen-
tration of iodide in the submandibular gland
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is 3 to 5 times that of the other salivary
glands in the first few hours after adminis-
tration. Concentrations in thyroid and tes-
tis are high and low respectively as expected.

Discussion. Since the 1830’s when iodides
came to be used extensively in treatment of
syphilis, clinicians have known that these
compounds affect the salivary glands. Their
presence in saliva(2) and the fact that pain-
ful swelling of the parotid glands (“iodine
mumps”) might develop when excessive
amounts of potassium iodide are adminis-
tered are well known(3,4). That a true siala-
denitis may result from administration of
large amounts of iodine to hamsters is of
great interest with respect to these physio-
logical and clinical experiences.

The distal portions of the submandibular
duct system appear to suffer initial damage
when iodide is administered in sufficient
amounts. The other alterations described
above are interpreted as secondary to the
changes in the ducts. This site of injury is
of great interest in view of the autoradio-
graphic studies of Cohen et al.(5) who have
demonstrated that radioactive iodide is local-
ized to the proximal ducts of the submandi-
bular glands of the hamster and is not found
in the acinar portions or in the epithelial ele-
ments of the distal and collecting ducts. To
explain this difference in localization between
proximal portions, where presumably uptake
and secretion occur, and distal portions,
where injury is found, one may presume that
the proximal duct cells remove the iodide
from the blood and are not damaged in so
doing, but that the concentration of iodide is
high enough in the saliva further on to dam-
age the lining cells of the distal portions of
the ducts.

It is of interest to recall that in the ther-
apy of syphilis with iodides patients might
receive 10 to 30 g of potassium iodide each
day(4). A dose of 12 g is equivalent to about
9 g of iodide, or 120 mg per kilo for a 75 kg
individual. Such a dose is comparable to 10
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mg for a 125 g hamster, an amount of iodide
which produces marked changes in the sub-
mandibular gland.

The comparative studies of uptake of I'3!
by the 3 salivary glands of the hamster, re-
ported above, confirm those of Myant and
coworkers(5,6,7). The relative activity of
the submandibular glands with respect to
the others, which was found by these work-
ers, is of the same order of magnitude, i.e.,
about 5 times that for the parotids, as was
observed here. The concentrating activity of
the gastric mucosa is of the same order as
that of the parotid and sublingual glands.
Autoradiographic studies had previously
demonstrated the uptake of iodine by glandu-
lar gastric mucosa of the hamster(8). That
the submandibular glands, in contrast to the
parotid and sublingual glands and glandular
gastric mucosa, are the only structures in-
volved when iodide is administered would ap-
pear to warrant the hypothesis that the con-
centrating ability and damage are causally
related. That a certain dosage level must be
reached before the alterations will appear fur-
ther strengthens this hypothesis, one which
could, of course, be further enhanced by
studies in other species. In the rat, which
does not concentrate iodine to any degree, no
inflammatory change has been produced by
excess iodine (unpublished observations).
The species differences already reported by
Cohen and Myant(7) provide data which
may guide such studies.

Naturally, the production of damage in
salivary gland which can best concentrate
iodine is of great interest with respect to the
iodine-induced thyroiditis studied in this
laboratory (1). That a critical amount of io-
dide must be administered to produce this
change in the thyroid(9) and that a high
concentration of iodine must be reached in
the gland if the change is to occur (unpub-
lished observations) make most plausible the
hypothesis that the inflammation is the re-
sponse of a direct toxic effect of iodide on

FIG. 1. A. Submandibular salivary gland, normal hamster (H-532) (X 125). B. Submandibn-

lar gland (H-516) 3 days after administration of 20 mg iodide (X 125).
gland (H-528) 10 days after 200 mg iodide (X 125). D.

C. Submandibular
Submandibular duets (H-578) 4 hr

after 200 mg iodide showing inflammatory reaction about and in walls of ducts (X 80). E. Sub-
mandibular duct showing neerosis wall and periductal inflammation 6 hr after 200 mg iodide
(X 80).
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the thyroid epithelial cells. Whether this
hypothesis can be established with certainty
remains for continuing studies to disclose.

The occurrence of spontaneous sialadenitis
has been described in various species(10,11).
The hamster is no exception(12). Salivary
gland disease in this species is characterized
by prominent intranuclear inclusions. These
have not been observed in the salivary glands
of any animals studied in this laboratory.
Furthermore, no inflammatory changes have
been observed in a large number of animals
which had not received iodide. The possi-
bility must, of course, be considered that io-
dide may activate a latent viral agent. If
s0, and such seems most unlikely, this agent
is unaccompanied by inclusions and must be
activated with great rapidity, i.e., within 4
hours.

The sexual dimorphism of the submaxil-
lary glands of the rat and mouse is well rec-
ognized(10). All of the observations re-
ported herein have been in males. Whether
such a change occurs in females remains to
be studied. So, too, the effects of prolonged
administration of iodide as well as the pos-
sible production of chronic sialadenitis are
worthy of further investigation.

Summarxy. Administration of large

CANCER RESISTANCE ESTABLISHMENT IN MICE

amounts of potassium iodide to the hamster
leads to an inflammatory reaction in the sub-
mandibular glands, but not in the parotid or
sublingual structures. The primary site of
damage is the distal duct system. Such selec-
tive damage by this agent may be related to
the greater concentrating ability of iodine by
the submandibular glands in contrast to the
parotids and sublinguals.

1. Follis, R. H., Jr, Proc. Soc. Exp. B1oL. AND
MEep., 1959, v102, 425.

2. Wallace, W., Lancet, 1836, v2, 5.

3. Ramonet, A. L., L’iodisme et les glandes saliv-
aires, Paris, 1899.

4. Moore, J. E., The Modern Treatment of Syphi-
lis, C. C. Thomas, Springfield 1944, 2nd ed.

5. Cohen, B., Logothetopoulos, J. H., Myant,
N. B., Nature, 1955, v176, 1268.

6. Logothetopoulos, J. H., Myant, N. B,, J. Phys-
iol.,, 1956, v134, 189.

7. Cohen, B., Myant, N. B,, ibid., 1959, v145, 595.

8. Logothetopoulos, J. H., Myant, N. B., ibid,,
1956, v133, 213.

9. Follis, R. H., Jr., Fed. Proc., 1960, v19, 172.

10. Seifert, G., Beitr. path. Anat., 1960, v123, 299.

11. Innes, J. R. M., Stanton, M. G., Am. J. Path.,
1961, v38, 455.

12. Kuttner, A. G.,, Wang, S. H., J. Exp. Med,
1934, v60, 773.

Received July 14, 1961. PS.EBM, 1961, v108.

Establishment of Resistance to Gardner Lymphosarcoma (6C 3HED) and

L+#2 Lymphoma in C3H and A/He Mice.*

(26872)

WiLriam M. LarsoN, Jr., CHARLES R. SLATER AND RaLpH W. McKEE
Department of Physiological Chemistry, School of Medicine, University of California, Los Angels

The production of resistance to growth of
Ehrlich carcinoma in C57 BL mice(1,2) and
in Swiss mice(3) by intraperitoneal injections
of X-irradiated Ehrlich carcinoma cells has
been reported. Furthermore, Revesz(4,5)

* This investigation was made possible by grants-
in-aid from Am. Cancer Soc, Jane Coffin Childs
Memorial Fund for Medical Research and Tobacco
Industries Research Comm. The authors thank Miss
Mary Ellen Parks and Mrs. Margaret Dixon for ex-
cellent technical assistance and Mrs. Aida Warnick,
Laboratory of Nuclear Medicine and Radiation
Biology, for performing the X-irradiations.

has found that if X-irradiated Ehrlich cells
are mixed with non-irradiated cells in appro-
priate quantities there is inhibition of can-
cer cell growth and immunity is produced in
the injected mice. However, if too few X-
irradiated cells are present in the mixture
there may even be an enhanced growth with-
out immunity being produced.

We are reporting here the production of
complete resistance in C3H mice to Gardner
lymphosarcoma (6C 3HED) and L#2 lymph-
oma, and in A/He mice to Gardner tumor.





