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epinephrine to adrenalectomized rats, shown
to augment muscle AIB accumulation after
insulin, significantly reduces the elevated
plasma |K*| of adrenalectomized rats to
4.50 & 0.28 (n = 4), but 6 hr pretreat-
ment with either DOC or cortisol, which
had no effect on muscle AIB response
to insulin, did not reduce plasma K concen-
tration. Values for other treatments were
not obtained, but these preliminary observa-
tions indicate that the relationship of plasma
| K*] to the insulin-induced increase in mus-
cle AIB accumulation merits further study.

Independent of the foregoing. the results
of this study suggest that epinephrine and
corticoids may play a “permissive” or “sup-
portive” role, in the sense proposed by Ingle
(8), in the response of muscle to insulin
with respect to AIB transport.

Summary. The distribution of AIB in
vivo in diaphragm and gastrocnemius muscle
of intact, hypophysectomized. and adrenalec-
tomized rats has been examined with respect
to the effect of insulin and epinephrine and
corticoids. Adrenalectomy, but not hypo-
physectomy, impairs the ability of insulin to
increase the accumulation of AIB in muscle
to the level observed after insulin in intact
rats. Epinephrine alone has slight effect on
muscle AIB in adrenalectomized rats, but
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concurrent administration of epinephrine and
insulin to adrenalectomized rats restores AIB
distribution nearly to the level observed in
adrenal-intact rats receiving insulin. Mainte-
nance treatment of adrenalectomized rats with
either DOC or cortisol resulted in normal
AIB distributions in diaphragm and both cor-
ticoids, especially DOC, also enhance the
AIB accumulation response to insulin. The
suggestion emerges that these hormonal ef-
fects on AIB accumulation may be related to
alterations in electrolyte metabolism.
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Effect of External Cooling of the Leg on Muscle Intracellular Water

and Potassium.*

(26474)
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Children’s Hospital of Pittsburgh and Depariment of Pediatrics, University of Pittsburgh Medical
School

Patients with the hyperkalemic form of
familial periodic paralysis become paralyzed
upon exposure to a cold environment(1,2).
Localized paralysis of the arm has been pro-
duced in experiments with these same pa-
tients by swathing the forearm in ice packs
for 4 hour(3.4). We have postulated that
in this disease there is an exaggeration of the
normal flux of potassium from the intracellu-

* This work was supported by Grant from Nat.
Inst. Health, US.P.HS.

lar into the extracellular fluid and an inhibi-
tion of the normal return of potassium into
the intracellular fluid. Muscle biopsies from
one of these patients demonstrated an ele-
vated intracellular water concentration and
a depression of intracellular potassium con-
centration, but no direct evidence was ob-
tained that potassium moved out of the mus-
cle when paralysis was produced by external
application of cold. The present studies were
carried out to test the hypothesis that intra-
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TABLE I. Water and Na, K, Cl Content of Leg Muscles after External Cooling of Leg.

H.On, Na K C1 Na K
ml p meq N —— meq/1 (H,0)1—
—————100 g of dry fat-free solids-————
CGontrol (38 rats) 276.0 + 2.72* 9.5 +.29 48,0 .31 5.0 x=.11 94 +.86 1734 +1.85
Bxp. (30 rats) 984.6 + 238  10.1 £.26 46.7 +.36 5.4 +.16 9.4 +.66 1643 + 2,19
Significance of p <.01 p>.1 p <.01 p <.05 p>.1 p <.01

difference

* + stand. error of mean.

cellular potassium concentration diminishes

in the muscle of a locally cooled leg of the

intact animal.

Methods. White, male rats were anesthe-
tized with intraperitoneal pentobarbital, and
the right hand leg was held immersed in a
Petri dish containing acetone and ice for 30
minutes. Control rats were similarly anes-
thetized and immobilized, but the leg was
immersed in a Petri dish containing only
tepid water. The tests were carried out on
groups of 6 to 8 control, and 6 treated ani-
mals. After 30 minutes of cold immersion,
the middle portion of the rectus femoris mus-
cle was removed, dried on filter paper and
placed in tared crucibles for weighing. After
the wet weights had been obtained, the mus-
cles were dried in an oven at 105°C until
constant dry weights were obtained. The dry
muscle was pulverized. The fat of the dried
muscle was then extracted with petroleum
and ethyl ether. The ether was discarded
and the muscle residue once more dried in
the oven at 105°C. The muscle was re-
weighed to obtain the weight of the fat re-
moved and the residue then dissolved in 2 ml
of 0.75 N nitric acid. From this, aliquots
were taken for sodium, potassium and chlor-
ide analysis. Sodium and potassium deter-
minations were performed using a flame pho-
tometer with an internal lithium standard.
Chloride determinations were made with the
Cotlove Chloridometer. Muscles from con-
trol animals were treated in the same fashion.
Muscles were also removed for analysis from
the left hind limbs of 19 of the animals whose
right hind limb was chilled. No exact meas-
urements of muscle temperature were made.
At the end of experiment the temperature of
the cold bath with the immersed right hind
limb was 0-3°C. When exposed, the cold

muscles were of normal color and appearance
and of normal contractility when cut.

Chloride in the tissue was used as an indi-
cator of extracellular water in our computa-
tions. The hazards of this calculation are
recognized. However, any increase in intra-
cellular chloride in the cooled muscles would
accentuate the differences.

Results. The data recorded in Table I
show that the muscles from the 38 control
animals contained an average of 276.0 =+
2.72 ml (SEM) of intracellular water per
100 g of dry fat free solid. Mean intracellu-
lar water content of muscles from the chilled
legs was 284.6 = 2.38 ml (SEM) per 100 g
of dry fat free solid. This difference was sig-
nificant at the 99% level of confidence. Mean
potassium concentration in control muscles
was 1734 =+ 1.85 meq/l of intracellular
water, whereas in the 30 muscles from limbs
exposed to cold, mean potassium concentra-
tion per liter of intracellular water was 164.3
=+ 2.19 meq. This difference and that be-
tween potassium concentrations per 100 g of
dry fat free solids were also significant at the
999% level of confidence. The sodium per
100 g of dry fat free solids was insignificantly
lower in control muscles than in muscles ex-
posed to cold. Concentration of sodium in
intracellular water in the 2 groups of muscles
did not differ. Intracellular water concen-
tration and concentration of potassium per
liter of intracellular water in the muscles ob-
tained from the limb opposite the cooled ex-
tremity in the experimental animals were
measured only for the first 19 animals since
it was impracticable to prevent some chilling
of the left hind limb as well as the right hind
limb and it was impossible to determine the
extent of this chilling. In these 19 muscles,
mean intracellular water concentration was
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283 ml/100 g of dry fat free solids. There
were 170 meq/k per liter of intracellular
water.

Discussion. Interpretation of these find-
ings is complicated by possible variations in
blood flow in the cooled hind leg and the
stressful nature of the procedure. However.
the conditions employed for the experiment
reproduced as closely as possible those used
in production of localized paralysis in pa-
tients with hyperkalemic familial periodic
paralysis. In the latter experiments, the fore-
arm was swathed with ice bags for 30 minutes
and paralysis was produced(3,4). In these
experiments with rats, the changes in water
and potassium concentration of the muscles
demonstrated are analogous to those previ-
ouly posulated for the patient with hyper-
kalemic familial periodic paralysis. Thus,
water enters the muscle cell. significantly in-
creasing water content in relation to dry
solids of muscle. Presumably, sodium ac-
companies the water since there is no change
in sodium concentration per liter of intracel-
lular water. Concentration of potassium per
liter of intracellular water in muscles of the
limb exposed to cold becomes significantly
decreased. No measurements have been made
of muscle water and potassium in patients
with hyperkalemic familial periodic paralysis
after exposure to cold. Under other circum-
stances, however, muscle specimens obtained
at biopsy from these patients have been
shown to contain an increased quantity of
intracellular water and a depression of po-
tassium concentration per liter of intracellu-
lar water(3,4).

Published reports of intracellular potas-
sium changes during hypothermia have been
conflicting. Spurr, Swan, and Taylor found
no decrease in cardiac muscle potassium in
the hypothermic animal and at times demon-
strated actual increases in potassium concen-
tration(5,6,7) but Taylor found decreases in
skeletal muscle potassium although Renkin
did not(7,8). On the other hand, Gollan re-
ported decreases in concentration of potas-
sium in both cardiac and skeletal muscles in
hypothermic animals(9). Finally, Beavers
has reported an increase of potassium con-
centration in cardiac muscles, but a decrease
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in skeletal muscle in animals undergoing hy-
pothermia(10). He demonstrated an in-
creased intracellular water concentration in
both cardiac and skeletal muscles in these
animals. All observers have agreed that
plasma concentration of potassium is lowered
during hypothermia (as it was with local hy-
pothermia in patients with hyperkalemic fa-
milial periodic paralysis). Many of the dif-
ferences have resulted from in vitro as op-
posed to in vivo experiments or immersion as
opposed to perfusion chilling, etc. Our data
on potassium and water content of skeletal
muscle from a chilled leg of a rat show the
same deviation from control values that Bea-
vers found in animals made totally hypo-
thermic. It cannot be stated whether the
smaller changes seen in muscles of the oppo-
site leg were produced by local hypothermia
of this limb as well or by cooling elsewhere.
It is also impossible to state whether the
changes were a direct effect of cooling or
were secondary to diminished blood supply
and possible anoxia. Nevertheless, the results
of this study are consistent with the hy-
pothesis that local exposure of a leg to cold
is associated with an increase in that limb in
muscle intracellular water and a decrease in
muscle potassium concentration without
measurable change in sodium concentration.
These findings are not inconsistent with the
previous postulations concerning patients
with hyperkalemic familial periodic paralysis.
If these postulations are correct, it would be
expected that the changes in such patients on
exposure to cold would be of greater magni-
tude than those demonstrated in normal rats.

Since intracellular content of potassium in
muscle decreases at the same time that extra-
cellular potassium concentration falls (with-
out demonstrable increase in extracellular
volume) the potassium content of another
tissue or compartment must increase with
hypothermia. The two obvious areas to be
considered first are the viscera, particularly
the liver, and the bones. Although this ques-
tion must still be investigated further, we
think that the bones are not the most likely
site of potassium gain, because in the previ-
ously described human experiments the meas-
urements of A-V differences in the forearm
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should have involved bones as well as soft
tissues(4). Unfortunately, these data are
capable of other interpretations. Attempts
to demonstrate increased potassium content
in rat liver have not been successful.

Summary. Measurements were made of
muscle intracellular water, potassium and so-
dium concentrations in 2 groups of rats. The
right hind limb of the experimental animals
was immersed in a bath of acetone and ice,
the right hind limb of the control animals in
a bath of tepid water. Exposure of the leg
to external cooling was associated with an in-
crease in intracellular water in the muscles
of that leg and a decrease in potassium con-
centration per liter of intracellular water.
There was no difference in sodium concentra-
tion in the muscles from the chilled extrem-
ity from that of the control muscles.
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The majority of experimental studies on
antileishmanial drugs were conducted on vis-
ceral leishmaniosis. The method most fre-
quently used for testing chemotherapeutic
agents is that recommended by van Dyke
and Gellhorn(1) using hamsters infected in-
traperitoneally with L. donovani. Stauber
et al.(2,3) recently described a method
which permits rapid completion of the test
by counting the number of organisms in liver
impression smears 8 days after a heavy in-
tracardial inoculation with L. donovani.
~ Being interested in the therapy of the cu-
taneous forms we utilized an infection to
which the mouse is quite susceptible, ob-
tained with a strain of L. brasiliensis from a
clinical condition—-leishmaniosis tegumen-
taria diffusa—described by Convit(4). 1In
man, this infection attacks the entire skin
surface and resembles lepromatous leprosy.
The disease does not affect the viscera and
mucous membranes, though it sometimes in-
duces a slight infiltration around the lower

nasal septum. The cutaneous lesion is
formed “by a specific granuloma composed of
large macrophages, which are practically
full of parasites in their highly vaculated pro-
toplasm”(5). Mayer, Convit and Pifano(6)
have experimentally investigated the infec-
tion and induced lesions on the caudal zone
of the back in mice, first in ulcerative, later
in nodular form, with an impressive abun-
dance of parasites. Pifano(7) in a geo-
graphical distribution study concludes that
the American tegumentary leishmaniosis is
formed by various sub-entities (espundia,
uta, #lcera de los chicleros), one of them be-
ing represented by the leproid form consid-
ered here. Interestingly enough, the intra-
dermal Montenegro test with phenolated sus-
pensions of L. brasiliensis(8) remained nega-
tive only in the latter clinical manifestation
(5,6).

The possibility to follow accurately the
effect of the treatment by gross and micro-
scopic observation of the mouse infected with



