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Local Resistance to a Lethal Dose of Formalin.*

Gasrier Gasic.t (Introduced by E. C. MacDowell.)

From the Department of Genetiqs, Carnegie Institution of Washington,
Cold Spring Harbor, N.X.

According to Selyel'?® an animal exhibit-
ing an ‘“alarm reaction” in response to a
given chemical is able to resist a lethal dose
of a chemical of different nature because of
a non-specific mechanism of general defense
initiated by this “alarm reaction” and called
“reaction of adaptation.” In repeating cer-
tain of Selye’s experiments, preliminary to
studies on induced immunity to transplant-
able leukemia, evidence was obtained that
questions the general distribution of the
cross resistance between the two chemicals
employed.

The present communication is concerned
with a study of the location of resistance to
formalin and adrenalin induced by formol
treatment when the sites of pretreatment and
lethal doses were varied.

The experimental material consisted of
male and female mice of strain C58,*% whose
ages varied between 5 and 7 weeks and whose
weights varied between 13 and 22 g. These
animals received the standard food and care
of this laboratory.® Solutions of formalin of
4% and 10% (prepared from the commercial
solution) and adrenalin in aqueous solution

of 1:1000 were used as “alarming” stimuli
in subcutaneous injections. The minimum
lethal doses of these substances were found
to vary according to the site of injection
(Table I).

Treatment previous to the lethal dose was
administered within a period of 48 hours,
using 4 injections. The doses used when
all 4 injections were given at the same site
were the following: 0.10, 0.20, 0.30, and
0.40 cc of 4% formalin; 0.05, 0.10, 0.12,
and 0.15 cc of 10% formalin; or 0.06, 0.08,
0.10, and 0.10 cc of adrenalin; in different
experiments the site was the skin of the
abdomen, the dorsolumbar region, or the
ventral surface of the left hind leg. When the
injections were made at different sites in
the same mice, they received either 4 doses of
0.15 or 0.20 cc of 4% formalin, or 4 injections
of 0.06 cc of adrenalin, the sites being: the
extremities, and the abdominal, anterior
thoracic, dorsolumbar, and dorsocervical re-
gions. In a few experiments each dose of the
treatment with progressive amounts of the
chemicals was divided into 4 subdoses, and

TABLE 1.
Minimum Lethal Dose of Formalin and Adrenalin Given Subcutancously in C58 Mice According
to the Sites.
Male weight: 18 to 22 g; female weight: 13 to 20 g.

Chemical and

Anterior Medial surface

concentration Dorsolumbar Abdominal  thoracie hind left leg Dorsocervieal
Formalin  10% 020 020 020 115 0.10
Formalin 49, 0.50 0.50 — — —
Adrenalin 1% 0.15 0.12 _— — —

* The author is deeply indebted to Dr. E. C.
MacDowell for suggestions during the work and for
the valuable critic of this paper.

t Chilean Fellow of John Simon Guggenheim
Foundation, year 1944.
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TABLE III.

Anatomical Findings Soon After Treatment with 10% Formalin.

Group I—4 injections of 0.05, 0.10, 0.12, and 0.15 ce.

Group IT—4 injections of 0.10, 0.15, 0.20 and 0.25 cc.

Orguan wt (mg)

General
hyperemia

Local lesion

Experimental

site inj.

Pancreas

Adrenal

Spleen Thymus

Liver

No. of mice

groups

++

e

14

o~

796
(600-800)

‘#‘.5%,?%_, ‘

+++

814
(700-950)
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(60-155)

(10-35)  (4.0-5.2)

(38-68)

141
(90-179)

81 7 41
(41-60)  (3.8-4.5)

(64-127)

802
(720-880)

Normal (controls)

cortex pink and slightly transparent; pale medulla, serous membrane edema doubtful in Groups I and

One spontancous death in Group T and 3 in Group II.

* Most of the animals showed adrenal changes:

IT after treatment.

of untreated controls injected with the same
dose (2 out of 35, line 13). The animals
treated with adrenalin did not show cross-
resistance to formalin, whether the Ilethal
dose was injected at the same or at a different
site (lines 10 and 11).

Autopsy was made on various #nimals in
order to investigate the anatomical symp-
toms of the alarm reaction and the reaction of
the skin at the site of treatment (Table III).
At the termination of the treatment, in-
volution of the thymus was evident. Changes
in the suprarenal and pancreas were less
conspicuous, with a few exceptions. General
hyperemia was present, and digestive hemor-
rhages were frequently observed in animals
treated with adrenalin.

The skin showed changes only when form-
alin was used, and edema and congestion
were apparent during the treatment; several
days after the last injection, formation of a
necrotic scar became evident.

Histological examination of animals treated
with formalin, kindly made by Dr. Richard
Miller, revealed the changes of the thymus
mentijoned under the description of the alarm
reaction, increase of mitosis of the cortical
cells of the suprarenal, and a necrotic and
inflammatory type of skin alteration.

It appears that the induction of resistance
to a lethal dose depends upon the nature of
the chemical used and upon the site. The
animals pretreated with adrenalin evinced
resistance to the lethal dose of adrenalin of
general character, at least in the one small
experiment, but showed no cross-resistance
to formalin, either local or general. On the
contrary, the animals pretreated with forma-
lin showed only a local resistance, whether
they were subjected to a lethal dose of
formalin or one of adrenalin. Although no
general resistance was observed, the formalin-
treatment produced the principal anatomical
signs of Selye’s “alarm reaction.”

These differences observed in mice treated
with formalin and adrenalin appear to have
their explanation in the differing capacities
of these substances to induce local lesions.
While the first caused intense manifestations
at the site of the injection, culminating in
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the formation of a necrotic lesion of the skin,
the second, on the other hand, did not pro-
duce macroscopically wvisible local lesions.
Nothing definitive can be said about the
possible mechanism of the local resistance
observed. It is quite possible that the inflam-
matory state provoked by the formalin dimin-
ished the absorption of the lethal dose.?-$?

Although local resistance is not frequently
encountered, it is not a new phenomenon.
Rosenthal, Tabor, and Lillie observed that
mice surviving tourniquet shock because of
salt treatment would survive a repetition of
the same shock without salt, if given in the
same leg, but would die if it was given in a
different leg.'® Similarly, according to a re-

7 Favilli, Giovanni, and McClean, D., J. Path.
and Bact., 1937, 45, 661.

8 Duran-Reynals, F., Bact. Rev., 1942, 6, 197,

9 Menkin, Valy, Dynamics of Inflemmation, New
York, The Maemillan Co., 1940, p. 165.

RENAL REABSORPTION OF METHIONINE

view by J. Levy, animals in which resistance
to arsenic has been built up per os do not
tolerate a toxic dose administered subcutan-
eously.*

Summary. When mice were pretreated with
adrenalin they showed general resistance to
a lethal dose of this substance but not cross
resistance to formalin, either local or general.
On the contrary, animals pretreated with
formalin revealed only a local resistance,
whether they were subjected to a lethal dose
of formalin or of adrenalin. These observa-
tions seem to question Selye’s interpretation
of some of his experiments on general adapta-
tion to the same or different “alarming” stim-
uli.

10 Rosenthal, S. M., Tabor, Herbert, and Lillie,
R. D., Am. J. Physiol., 1945, 143, 402,

11 Levy, Jeannc, Bull. de la Soc. de Chimie Biol-
ogique, 1934, 16, 631.
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Renal Reabsorption of Methionine in Normal Dogs.*

Freperick P. FErcUsoN,! A. G. EatoN,! aND JANET S. ASHMAN,
(Introduced by Richard Ashman.)
From the Department of Physiology, Louisiana State University School of Medicine,
New Orleans, La.

It is known that at normal plasma con-
centrations, reabsorption of amino acids from
the glomerular filtrate is practically complete.
Experiments in which the plasma concentra-
tion has been raised above normal levels have
shown, however, that there are differences
in the efficiency with which individual amino
acids are reabsorbed. These differences are
manifested in the rates of reabsorption of
the various acids prior to the attainment of
the maximal rate (Tm), and also in the levels
at which the Tm is reached.s

* This work was aided by a grant from the
Rockefeller Foundation.

t Present address: Department of Biology, Wes-
leyan University, Middletown, Conn.

t Deceased.

The experiments to be described were de-
signed to study the renal reabsorption of
methionine. Shortly after they were con-
cluded, experiments utilizing the microbiolog-
ical method of analysis were reported® which
indicated that the reabsorption of methionine
is practically complete at plasma levels up
to 115 mg % (equivalent to about 10.8 mg

1 Pitts, R. F., Am. J. Physiol., 1943, 140, 156.
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Fed. Proc., 1945, 4, 20.
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Am. J. Physiol., 1946, 145, 491.

5 Wright, L. D., Russo, H, ¥., Skeggs, H. R,
Pateh, E. A., and Byer, K. H., 4m. J. Physiol,,
1947, 149, 130.





