SEROTONIN IN Mouse Tissurs

OUTCOME OF SUBCUTANEOUS INFILTRATION OF
LEVOPHED-REGITINE SOLUTIONS IN 36 RABBITS
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FLG. 1. Effect of varying concentrations of phen-

tolamine in prevention of levarterenol necrosis.

the previously reported observations that is-
chemic necrosis uniformly follows slow subcu-
taneous infiltration of 250 cc of levarterenol
solution into the rabbit abdomen. McGinn
and Schluger(4) used a solution equivalent to
16 mg of levarterenol/liter. Similar changes
were produced in our study with solutions con-
taining 8, 16, and 32 mg levarterenol. Size of
sloughs varied directly with concentration of
levarterenol.

Phentolamine given simultaneously with
levarterenol has a potent inhibitory effect on
cutaneous vasoconstriction of the latter (Fig.
1). As little as 0.5 mg counteracted the effect
of 8 mg of levarterenol. A concentration of
1 mg phentolamine diminished the vasocon-
striction produced by 16 and 32 mg levartere-
nol judging by the small size of resultant
slough. The lowest phentolamine dose to
abolish the ischemic effect of all 3 strengths of
levarterenol was 2.5 mg. The same beneficial
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response was obtained with 5 and 10 mg phen-
tolamine,

These experiments were carried out to de-
termine smallest amount of phentolamine that
will abolish the local vasoconstrictor action of
doses of levarterenol usually administered to
patients in shock. If results in normal rab-
bits can be extrapolated to patients in shock,
then mixtures containing 2.5 mg phentolamine
might be free from the ischemic hazard. How-
ever, circulation in extremities of patients in
shock is not comparable to that in the skin of
abdomen of normal rabbits. Intense vasocon-
striction commonly associated with shock may
increase the requirement for phentolamine.

Summary. 1. Subcutaneous infiltration of
250 cc of solutions containing 8, 16, or 32
mg levarterenol/liter for 2 hours regularly
produced slough of skin on abdomen of rab-
bits. 2. All levarterenol-phentolamine mix-
tures that contained 2.5, 5, and 10 mg phen-
tolamine did not produce slough. Those con-
taining 0.5 and 1 mg phentolamine prevented
slough only for mixtures with 8 mg levartere-
nol. Sloughs were reduced with mixtures
containing 16 and 32 mg levarterenol and I
mg phentolamine.
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Anaphylaxis in the mouse apparently dif-
fers from that observed for other species with
respect to difficulty of sensitization and shock
organs and mediators concerned. Since his-
tamine is believed to be of relatively little

importance in this reaction(1), attention has
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TABLE I. Serotonin Content of Mouse Tissues.

Scrotonin values -

Tissue Normal Tumoer® Tumor-anaphylactic shock
Kidney 13+ .1 (4t 0.8 + (4) 9.9 +12.6 (5)
Lungs 2.7+ .8 (2 T 1+ 12,2 (3 35+ 1.3 (6)
Small intestine b+ 0 (1 2.9+ 6.4 (6) 1.1+ .9 ()
Liver 00 (8 N16 & 332 (10) 20.0 = 5.6 (7)
Spleen 3.9 42,0 (3, + 404 (5) 175 =+37.3 (1)
Tumor l(i!’ -+ 36.2 (6) 192 =+ 41.8 (7)
Aseitie fluid HH1 =801 (2)

* Bearing actively growing, palpable mastoevtonia,
t /g = 8.D. No.iu parenthieses = No. of determinations.

been focused on serotonin(2-5). The latter is
of particular interest in this species because
of abundance and widespread presence of
large numbers of mast cells in the loose con-
nective tissue of skin, snout, paws. etc. and
along lymphatic channels, small blood vessels
and nerves of forestomach. tongue, lungs.
mesentery, intestines, etc.(6). The mast cell
is probably responsible for secretion and lih-
eration of serotonin(7). There is no evidence
(4) that serotonin is released from tissues
other than platelets in the anaphylactic reac-
tion. A study of anaphylaxis in presence of a
transplantable mouse mastocytoma, consisting
essentially of mast cells and potentially capa-
ble of secreting large quantities of serotonin.
indicated that neither presence of tumor nor
its secretory products had any effects on the
reaction(8). Serotonin content of tissues of
tumor bearing mice was determined and the
results compared to those obtained from nor-
mal mice. Alteration in serotonin content was
subsequently determined in these mice follow-
ing anaphylactic reaction.

Methods. The mice used were of LAF,
strain treated as described previously (8). For
purposes of serotonin determmdtluns, the ani-
mals were divided into 3 groups. Group I
consisted of control animals. Groups II and
IIT consisted of mice bearing transplantable
mast cell tumors. The animals in Group TI1
were those which were sensitized and in which
anaphylactic shock was elicited. Tissues were
frozen immediately in a dry ice-cellosolve bath
after animals were sacrificed or died in ana-
phylactic shock. The 2 kidneys. liver, small
intestine and tumor from individual mice each
provided sufficient tissue for serotonin analy-
sis. It was necessary, however, to pool the
lungs and spleens from several animals to

measure tissue serotonin levels. Serotonin
was assayed by the spectrophotofluorimetric
method of Bogdanski et al.(9).

Results. Tissue serotonin levels of above
3 groups are presented in Table I. Tissue con-
tent of serotonin in mice bearing the trans-
plantable mastocytomas was markedly in-
creased, and most increased in liver and
spleen. A high serotonin content of mast cell
tumors was also found. Ascitic fluid from 2
mice with mastocytomas contained significant
quantities of serotonin.

When tissue serotonin of tumor animals was
compared to that observed in tumor mice sub-
jected to anaphylactic shock, a significant de-
crease, (P<C.01), in serotonin concentration
was noted in kidneys, lungs, small intestine
and liver. Serotonin content of small intes-
tine and lung was reduced to values approach-
ing those observed in control animals. Fol-
lowing anaphylaxis a decrease in serotonin
content was not found in spleen or mast cell
tumor.

Discussion.  Although significant amounts
of serotonin have been found in transplantable
mastocytomas of mice(10), information con-
cerning serotonin levels of various tissues of
mice bearing this tumor has not been previ-
ously available. Our data suggest that a
marked increase in serotonin content may be
cbserved in tissues of such animals. The
highest serotonin levels were found in spleen,
where the amine is probably not being me-
tabolized but is apparently being stored in
platelets.

Previous studies showing a relatlvely hlgh
concentration in the lung have implicated
serotonin in the anaphylactic reaction in the
mousc(3). It is of interest that significant de-
creases in tissue serotonin content were ob-
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served during anaphylaxis in the mast cell tu-
mor mice. Kidneys, lungs, small intestine
and liver are all thought to be capable of me-
tabolizing free serotonin(11), and, in these
organs, anaphylaxis was associated with a
striking decrease in the elevated serotonin
levels. A similar reduction was not noted in
spleen or in mast cell tumors. Presumably in
these tissues serotonin was either not released
or, if released from cells, was not subsequently
metabolized. Reduction in serotonin content
of whole blood is accompanied by a fall in
number of platelets during anaphylaxis in-the
rabbit(4). However, no evidence of release
from tissue has been obtained(5). In tissues
of mice bearing mastocytomas the decreases in
serotonin concentration were striking.

The high serotonin content observed in tis-
sues of mice with mast cell tumors suggest
that such experimental animals might prove
useful in the study of effects of serotonin in a
situation where the amine is chronically pres-
ent in large amounts. The mechanisms by
which serotonin is bound to or released from
tissues remain poorly understood. In view of
the striking changes observed in tissue sero-
tonin content, further studies utilizing organs
of mice with mast cell tumors may help clarify
these mechanisms.
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Summary. Tissues of mice bearing masto-
cytomas are rich in serotonin. A significant
decrease in serotonin content occurred in
kidneys, lungs, small intestine and liver of

" these mice following anaphylactic shock.
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Studies(1,2) using blood cholesterol levels
as an indicator of cholesterol absorption in
chicks and rats have demonstrated that feed-
ing of free cholesterol leads to a higher blood
cholesterol level than feeding of the long chain
fatty acid esters of cholesterol. Vahouny and
Treadwell(3) examined lymph after feeding
of different cholesterol esters and found that
free cholsterol was absorbed more rapidly
than the long chain fatty acid esters of choles-
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terol. They suggested that only free choles-
terol was transferred from the lumen into
the mucosa. Pihl(4) reported that fed cho-
lesterol esters were extensively hydrolyzed in
the intestine and were not absorbed to a
greater extent than free cholesterol. Favarger
and Metzger(5) fed D-cholesterol oleate and
demonstrated hydrolysis of this labeled ester
in the lumen of intestine. They also found
that in the intestinal wall of such animals the
labeled cholesterol was present principally in
the free form. When free D-cholesterol was



