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GENERAL SWEATING ON THE HAIRY SKIN OF THE DOG
AND ITS MECHANISMS*
TAKAYUKI IWABUCHI, M.D.

Beginning with the early work of Gurit (1), vein was exposed under local anesthesia with 2%

it has been shown that the hairy skin of the procaine hydrochloride solution; and tied into it

was a polyethylene cannula which was connected
to the syringe with a thin polyethylene tube. On
infusion, care was taken to keep the dead space
(8) and Aoki (6) demonstrated that the sweat for infusion as small as possible. In each experiglands are responsive to intradermal injections ment one or two kinds of infusion rates of each
of sympathomimetie drugs, such as adrenaline agent were tested. When two infusions were successively made, the first infusion was made at the

dog possesses sweat glands (2—7), which are of
apocrine type (4—6). Recently Aoki and Wada

and noradrenaline, and also to those of parasympathomimetie drugs, such as aeetyleholine, mecholyl and pilocarpine. Nevertheless,
little is known about the mechanism by which
the secretory function of the sweat glands in
the canine hairy skin is normally controlled.

This presentation deals with the evidence

rate of 1 or 3 jig/kg.min, and at about 5 to 15
minutes after the end of the first infusion the sec-

ond infusion was started at the rate of 6 or 10
ig/kg.min. When sweating was evoked by the
first infusion, the skin was wiped with cotton
pledgets moistened with absolute alcohol and the
indicator materials were applied again, in order
to make sure that sweating had ceased before the

that catecholamines of the adrenal medulla are start of the second infusion.
Prior to the infusion of a test solution of
capable of provoking general sweating on the adrenaline or noradrenaline, and about 10 minutes

hairy skin of the dog, and also with the evi- after the animal was fastened to the animal board,
dence that these sweat glands receive adrenergic
innervation from the sympathetic nerve.

a control infusion of 0.9% NaCl solution was performed for 6 minutes.

MATEEIAL5 AND METHODS

Observations were made on 17 mongrel dogs of
both sexes about 7 months to 5 years of age and
5.5 to 18.5 kg in weight. Each animal was fastened

In the second series of experiments, the effect
of asphyxiation on sweating was examined on 12
dogs, including 7 dogs which were used for the
first series of experiments. For this purpose, the
mouth and nose of the animal, mostly under nonanesthesia, were wrapped with a wet towel for 2
to 9 minutes until the respiratory movements al-

to an animal board in the supine position mostly
without anesthesia, and the ventral surface of the most ceased.
thorax and abdomen were used as test areas for
In 3 of the 12 dogs, thoracic sympathectomy
sweating. The hairs of these areas were clipped was performed according to the technic described
with electric clippers. To visualize sweat as black by Wada (11). The animal was anesthetized by
dots or spots at the openings of active sweat intravenous injection of pentobarbital sodium (30
gland ducts, the iodine-starch method of Wada mg/kg) and maintained on artificial respiration.
and Takagaki (9, 10) was used. The skin was A transverse incision about 15 cm in length was
painted with 3% iodine in absolute alcohol and made on the skin of the lateral side of the middle
dried; then it was covered with a mixture of corn thorax. The 4th and 8th ribs about 8 em in length
starch and castor oil (about 1: 1 in volume).

were resected and the chest was opened. The

In the first series of experiments, the effects of sympathetic chain on the left side was removed
infusion of adrenaline and noradrenaline on sweat- from the level of the stellate ganglion to that of
ing were studied in 12 dogs. Four kinds of infusion the 10th rib in 3 dogs, except one dog in which a
rates of adrenaline or noradrenaline, 1, 3, 6 and 10 portion of the chain from the level of the 7th rib
cg/kg.min, were used. Just before the experiment, to that of the 8th rib was left behind.
solutions of adrenaline or noradrenaline for infuIn both series of experiments the secretion of
sion were prepared so that a total amount of each catecholamines from the adrenal glands was miniagent to be infused for 30 minutes was contained mized in some dogs either by section of the major
in 50 ml of 0.9% NaC1 solution. Each test solution and minor splanehnic nerves on one side combined
was continuously injected at a rate of 5/3 ml per with adrenal medullectomy on the other side, or
minute into the saphenous vein, using a motor- by bilateral adrenal medullectomy. These operadriven syringe for a period of 21 minutes, unless tions were carried out aseptically at two sittings
otherwise noted. For this purpose the saphenous with the interval of 6 to 8 days through the lum-

bar or abdominal route under anesthesia with
* From the Physiological Laboratory and the pentobarbital sodium. Afterwards, the adrenal
First Department of Internal Medicine, Tohoku gland on the splancbnieotomized side was medulReceived for publication October 17, 1966.

lectomized for the reason that a complete denerva-

University School of Medicine, Sendai, Japan.
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Ftc. 1. Sweat response on the ventral surface of the thorax to intravenous infusion of

adrenaline at 6 /Lg/kg.min. Photographed 18 minutes after the start of infusion. Sweating is
visualized as black spots by the method of Wada and Takagaki. Reduced to 3,4.
Ftc.

2. Sweating provoked by asphyxiation on the ventral surface of the thorax of the

dog in which left thoracic sympathectomy and bilateral adrenal snedollectomy had been per-

formed. Sweating is absent on the denervated side (to the right), and non-sweating areas
are demarcated by the midline. >< 12.

tion of the glands could not be achieved by the
section of the above-mentioned uerves. The adrenal medullectomy was performed either through
the lumbar or abdominal route. After the adrenal

The sensitivity of the sweat glands to adrenaline

or noradrenaline injected intradermally in 0.2 ml
was estimated by determining the minimum effec-

tive concentration of each agent for producing
sweat spots evenly over the wheal of injection.
been ligated close to the gland, it was opened by a For this purpose, the lateral part of the frontal
T-shaped incision and the medullary tissue was surface of the thorax was used as a test area.
removed as completely as possible with a small
The drugs used during these experiments were
vein and small arteries supplying the gland had

spoon and a brush *
The degree of sweat response was roughly des-

1-adrenaline hydrochloride (Sankyn), di-noradren-

aline (Sankyo), 1-noradrenaline bitartrate (Win-

ignated as slight, moderate, and strong. En a slight throp), Mecholyl chloride (Merck), dihydroergotresponse some tens to some hundreds of sweat amine methanesulphonate (Sandoz) and atropine

spots were scattered sparsely over the frontal sulfate (J. P.). Concentrations of adrenaline and

surface of the thorax and abdomen. In a moder- noradrenaline were given in terms of the ions, and
ate response innumerable sweat spots appeared, those of the other agents in terms of the salts.
but unevenly. A strong response was such that When these agents were injected intradermally,
sweat spots were almost evenly and densely dis- the solutions of these agents were prepared in
tributed, indicating that the great majority of 0.9% NaCl solution at graded concentrations just
the sweat glands were active, as illustrated in Fig- before use, and 02 ml of the solutions was inure 1.
jected with a tuberculin syringe. As a control, the
* The surgical procedures were performed in cooperation with Prof. Masao Wada.

same amount of 0.9% NaCl solution was used.
The experiments were performed at room tem-
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perature of 6.5 to 29° 0. and at relative humidity
of 53 to 92%.
RESULTS
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of emotional excitement. Therefore, it seems
proper to assume that the sweat responses to
be described below might be mainly due to

the sudorific properties of adrenaline and
Most of the dogs struggled more or less noradrenaline. Usually, a preceding infusion
violently when they were fastened to the ani- of 0.9% NaC1 solution elicited no definite

mal hoard. Under such conditions, however, sweat response.
no definite sweating was found on the ventral
Infusion of adrenaline .—Continuous intrasurface of the thorax and abdomen in most venous injections of adrenaline were made at
of the dogs. In a few dogs, a slight but definite the rate of 1, 3, 6 and 10 g/kg.min in 9 dogs,
sweating was often observed. In one instance a and at the rate of 10 eg/kg.min only in 3 other
moderate sweating occurred in association animals.
with a vigorous struggling: sweating appeared
At the rate of 1 jag/kg.min, the adrenaline
at first in a part of the abdominal surface, but infusion elicited a slight response in one-third
in a few minutes it extended over the whole of 9 tests on 9 dogs and no response in the
surface of the abdomen and thorax, although other tests. Similar results were obtained at
the density of sweat spots was lower in the the rate of 3 tg/kg.min, but a moderate sweatthorax than in the abdomen.
ing was observed in one dog. When the rate
It should be noted that the sweat spots which of adrenaline infusion was increased up to

appeared in the skin areas of hyperemia due
to dermatitis, or in the areas closely adjacent
to the wounds produced by hair clipping and
any other causes, were discarded because the
mechanism was obscure.

6 tg/kg.min, the sweat response occurred in
all 9 tests on 9 dogs: it was strong in 3 tests,
moderate in 1 and slight in the remaining 5.
An example of strong sweating response to

adrenaline is illustrated in Figure 1. Likewise, at the rate of 10 pg/kg.min, all of 16

The Sweat Response to Continuous
Intravenous Injections of Adrenaline

tests on 12 dogs showed sweating: the response
was strong in 7 tests, moderate in 5 and slight

and Noradrenalin.e

in4.
The latent period between the start of adrenThe results obtained in this series of experiments are noted in Table I. During in- aline infusion and the appearance of sweat
spots showed a considerable variation in difas of 0.9% NaC1 solution as a control, most ferent tests, ranging from 55 seconds to 7 minof the test animals showed no noticeable signs utes. When the dead space for infusion was
fusions of adrenaline and noradrenaline, as well

TABLE I
Sweat responses to continuous infusions of i-adrenaline (Adr.) and l-noradrenaline (Nadr.)
Degree of sweat response

Rate of infusion

Agent

3g/kg.min

Adr.
Nadr.
Adr.

Gpg/kg.min

Adr.

lpg/kg.min

10 pg/kg.min

Nadr.
Nadr.
Adr.

Nadr.

no response

Slight

Moderate

Strong

6 + 3*

3 + 1 + it
1

0
0

0

2
3
2
0
0

5 + 2*

1 + 1* + it

0
0

1

0

0
0
0

1

0

3 + 2* + lt

2
4
1

5+P

5
1

1

7 + 3'
1

Numerals in columns of degree of sweat response indicate the number of tests.
* Tests in dogs whose splanehnie nerves were sectioned on the left side and the adrenal gland medulleetomized on the right side.
t Tests in a dog whose adrenal glands were medulleetomized.
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taken into consideration, the obtained values definite sweat responses to adrenaline infused
were not very exact, but it was found that the at the rate of 3, 6 and 10 g/kg.min, whereas
latent period was shortened as the rate of 3 out of 4 tests on 3 dogs with adrenaline at
adrenaline was increased: at 1 tg/kg.min, it 1 /Lg/kg.min showed no response. Further, in
was 5 minutes and 40 seconds on the average; another dog with the adrenal glands demedulat 3 tg/kg.min, 2 minutes and 55 seconds; at lated at two sittings adrenaline was infused at
6 fig/kg.min, 2 minutes and 8 seconds; and at the rate of 1, 3 and 6 tg/kg.min about 3 weeks
10 pg/kg.min, 1 minute and 24 seconds.

after the last operation; a more or less re-

When a slight or moderate sweat response
was elicited by the infusion of adrenaline at
1 or 3 ig/kg.min, sweat spots were first observed in some parts of the ventral surface of
the thorax and abdomen, and slowly increased
in number, until the infusion was stopped at
21 minutes after the start of infusion. When
a strong response was produced by adrenaline

markable sweating was provoked by all of these
rates, as shown in Table I. There was found no

at 6 and 10 g/kg.min, sweat spots rapidly

material difference between the normal and
operated animals in the degree and pattern of
sweat response to each rate of adrenaline infusion. The minimum effective concentration
of adrenaline intradermally injected was 10
in all.
To determine whether strong sweat responses

increased in number and almost reached their to adrenaline at 6 and 10 pg/kg.min are inhighest density at between 9 and 18 minutes fluenced by successive infusions of the same
and between 3 and 18 minutes after the start rates of adrenaline, three experiments were
performed on two normal dogs. In one dog the
of the infusion, respectively.
The degree of sweat response to each rate second infusion of adrenaline at 6 g/kg.min
of adrenaline infused seemed to depend at was started about 10 minutes after the end of
least partly upon the sensitivity of the sweat the first one which lasted for 20 minutes, and
glands themselves to intradermal adrenaline. was continued for 12 minutes. Likewise, in
The minimum effective concentrations of another dog about 10 minutes after the first
adrenaline injected intradermally for eliciting infusion of adrenaline at 10 p.g/kg.min for 10
sweat response on the injection wheal ranged or 12 minutes, the second ene was started and
from 10 to 10 in the dogs used in the above continued for 10 minutes. There was, however,
experiments, although the sensitivity to adren- no significant difference in the degree of realine was not always steady even in one and sponse between the two successive infusions.
same animals. In dogs which showed sweat In one experiment on successive tests with
response to adrenaline at 1 and 3 g/kg.min, adrenaline at 10 p.g/kg.min, sweat spots in the
the threshold effective concentration of adren- same skin area were photographed at the end
aline was 10. Further, with adrenaline at 6 of each infusion according to the technic deand 10 pg/kg.min, a strong response was ob- scribed by Mellinkoff and Sonnensehein (12).

served only in the dogs with the threshold It was found that about 80 per cent of the
effective concentrations of 10- and 10°.

sweat glands responded to both infusions. Thus,

The duration of strong sweat response to in these experiments there was not definite eviadrenaline at 6 and 10 pg/kg.min was studied dence of refractoriness of the sweat glands to
in 4 dogs, and it was found that the sweating the repeated infusion of adrenaline.

had ceased within 4 to 10 minutes after the

On the other hand, it was shown in some
experiments that at the site of the wheal proSimilar experiments were performed in 4 duced by intradermal injection of adrenaline
dogs with adrenomedullary secretion mini- in an effective concentration of 10' or 10°
mized. In 3 dogs, adrenal medulleetomy of the the sweat glands did no longer respond to a
right adrenal gland and splanehnieotomy of subsequent infusion of adrenaline at 6 or 10
the left side were carried out separately with pg/kg.min lasting for 13 to 21 minutes. This
an interval of about 1 week. At 1 to 10 weeks refractoriness was found to continue for at
after the last operation, adrenaline was infused least 1 hour after the intradermal injection.
at the rate of 1, 3, 6 and 10 g/kg.min. As The same was true of intradermal mecholyl in
shown in Table I, all of the 3 dogs showed 10° and 10. It may be noted that such refracend of infusion.
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toriness was not observed at the control in- of the drugs were determined at 5 to 15 minjection wheal with 0.9% NaC1 solution.
utes after the start of the infusion. Control
Infusion of noradrenaline.—Additionally, su- intradermal injection was made with 0.9%
dorific effect of infusion of noradrenaline at NaCI solution. Effects of DHE and atropine
1, 3, 6 and 10 pg/kg.min was studied in 5 nor- on the sweating induced by adrenaline inmal dogs: 1-noradrenaline was infused in 2 fusion were studied in 5 experiments on 2
dogs, dl-noradrenaline in another 2 dogs and dogs. At concentrations of 10 to 10°, DHE
both agents in the remaining one.
inhibited completely the sweating at the site
As indicated in Table I, tbe sudorifie ef- of injection wheal in all 10 tests, in contrast
fect of 1-noradrenaline at 1 and 3 g/kg.min to the usual sweat response on the control
was inconstant, while at 6 and 10 pg/kg.min wheals. With DHE in 10, an almost complete
it elicited a more or less vigorous sweat re- inhibition was obtained in 4 tests, and insponse in all 6 tests. Thus the results obtained
with l-noradrenaline were similar to the above-

complete inhibition in 1 test. In contrast,
atropine in 10 to 10° showed no inhibition

in all 10 tests. With atropine in 10, however,
The minimum effective concentrations of an incomplete inhibition was observed in 4
1-adrenaline and 1-noradrenaline were deter- out of S tests, and no inhibition in the remined at the same time in 9 experiments on maining one.
the 5 dogs. In most of the experiments the
Similarly, in 3 experiments on 2 dogs,
threshold effective concentrations were identi- effects of the both drugs on the strong sweat
cal for both agents and ranged from 10 to responses to noradrenaline infused were exdescribed results with 1-adrenaline.

10_fl.

Further, the effect of dl-noradrenaline was
examined in 12 tests on 3 dogs. The results
obtained are not presented in Table I, for the
sake of simplicity. At 1 and 3 tg/kg.min, the

amined. The sweating was completely inhibited

by DHE in 10 to 10_a in all 6 tests, and even

with DHE in 10 the inhibition was almost
complete in 1 of 3 tests and incomplete in the

other 2. With atropine in 10, an incomplete

infusion of dI-noradrenaline resulted in a inhibition was observed in 1, and no inhibislight sweating in 3 of 6 tests on 3 dogs, while tion was obtained in 2 tests. At 10° to 10,
at 6 fLg/kg.min sweating was slight in one atropine did not affect the sweating produced
test and strong in 2 tests. At 10 Lg/kg.min, by noradrenaline infusion in all 6 tests.
the response was strong in all 3 tests. In one
animal to which both kinds of noradrenaline
were infused at four different rates, the infusions of 1-noradrenaline were always effective, but dl-noradrenaline effected no definite
sweating at the rate of 1 and 3 pg/kg.min, in
spite of the fact that the threshold effective
concentrations of intradermal I- and dl-noradrenaline were determined always as 10 on

Thus, the results indicate that the sweating
produced by infusion of adrenaline and nora-

was 10" for both dl- and 1-noradrenaline.

purpose the nose and mouth of dogs were

drenaline is blocked easily by DHE, but is
very resistant to blocking action of atropine.

Sweating Caused by Asphyxiation
The observation described above has raised

the question whether or not general sweating
is caused by catecholamines discharged from
the days of infusion experiment with each the adrenal glands. Then the effect of asphyxia
agent. In another dog the threshold effective which has been known to increase the adrenoconcentration determined at the same time medually secretion was examined. For this
Effects of dihydroergot amine and atro pine wrapped with a wet towel for about 2 to 9 minintradermally applied on the sweating caused utes under non-anesthesia. In the beginning
by infusion of adrenaline or noradrenoline.— of asphyxiation the animals struggled more

Dihydroergotamine (DRE) and atropinc at or less violently.
graded concentrations were intradermally injected 6 to 18 minutes prior to the infusion
of adrenaline or noradrenaline at the rate of
6 and 10 jsg/kg.min, which was sufficient to
elicit a strong sweat response. Blocking effects

A more or less vigorous sweating was caused

by asphyxiation in 12 out of 14 experiments
on 10 normal dogs: the response was slight in
4 experiments, moderate in 3 and strong in 5.
Sweat spots became visible at about 30 seconds
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to 4 minutes after the start of asphyxiation.
The sweat response to asphyxiation was also
observed in 3 dogs in which catecholamine
secretion had been minimized by medullectomy of the right adrenal gland and splanchnicotomy on the left side, and likewise after
a subsequent medullectomy of the adrenal

response to asphyxia on the injection wheals.

With DHE in 10, the inhibition was almost
complete in most of the tests. DHE in 10_B to
was effective in abolishing completely the
sweating produced by asphyxiation.

In contrast, atropine was less effective in
blocking the sweat response to asphyxiation.

gland of the splanchnicotomized side had been With atropine in 10, the great majority of
performed. The same finding was obtained in the tests showed no inhibition. With atropinc
another dog with both adrenals medullecto- in 10°, the inhibition was incomplete in about
mized. It should be noted that a definite sweat- a half of the tests, and the remaining tests
ing could be evoked by asphyxiation in 2 dogs showed complete or no inhibition. At the conanesthetized with pentobarbital sodium. There centration of 10, atrophic showed a complete
was no relationship between the degree of the inhibition in most of the tests and an insweat response and the sensitivity of the sweat complete or no inhibition in a small number
glands to adrenaline intradermally administered. of tests. The variations in the effectiveness

of atropine in identical concentrations might
be at least partly due to the difference in incarried out in 3 normal dogs and in 4 dogs of tensity of sweating produced by asphyxiation.
which adrenomcdullary secretion had been in- At any rate, it is significant that the sweat
terfered with by adrenal medullectomy on one response to asphyxiation was easily affected
side and splanchnicotomy on the other side, or by DIIE, but not by atropine.
by adrenal medullectomy on both sides.
Effect of thoracic synspathectomy on the
DHE and atropine in graded concentrations sweating evoked by asphyxiation—It was of
were intradermally injected 6 to 18 minutes interest to note that the sweating by asphyxbefore asphyxiation was begun. The results iation was never abolished by demedullation
obtained arc summarized in Table II
of the adrenal glands. This suggested that a
DRE in 10-s scarcely affected the sweat nervous mechanism might ho involved in this
Effects of DITIE and atro pine on the sweating
evoked by asphyxiation—The experiments were

TABLE IT
Effects of intraderntal injections of DHE and atro pine on sweating produced by asphyxiation
DHE
Concentration

10—6

10

Degree of inhibition

Complete
Incomplete
No

Complete
Incomplete
No

10—6

10

Complete
Incomplete
No

Complete
Incomplete
No

Atropine

Adcenomedullary

secretion

Normal

Impaired

0

0
0
4

1

0
4
0
0

Adrenomedollary

secretion

Total

5
2

0

4

7

0
0

0
0

3

4

0
0

0
0

Total

Normal

Impaired

1
1

0

0
1
3
1
2
1
2
0

0

1

0
1
4
9
2
0
11
0
0
7

5
2
4
1
4
1
0

1

2
8
3
6
2
6
1
1

Nnmcrals in colnmns of DHE and atropinc indicate the number of tests.
The tests wore performed in 3 normal dogs and in 4 dogs whose adrcnomedullary secretion had boon
impairod.
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sweating. Then, the effect of removal of the
thoracic sympathetic chain on the sweating
by asphyxiation was studied in 3 dogs. In 2
of them the sympathetic chain from the level
of the stellate ganglion to the level of the 10th
rib was removed. The experiments on asphyxiation were performed repeatedly for a period
between 5 and 36 days after the nerve opera-
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centrations of intradcrmal adrenaline. The
sensitivity of the sweat glands in the skin of
the sympathectomized side was found to retmain identical with that on the normal side.

Sweating Evoked by Stretching the Skin
The hairy skin of the dog showed a definite

sweating when the skin, about 5 to 10 cm in

tion. It was found that nsually the sweat length, was stretched for a few seconds with the
response elicited by asphyxiation in these two
dogs was markedly diminished or almost completely abolished in the skin areas extending
downwards to almost the level of the umbilicus

finger tips in opposite directions and with an
appropriate force. However, unidirectional

side by asphyxiation, the response appeared,
though to a minor degree, about 1 to 2 minutes
after the asphyxiation was discontinued, while
on the normal side the usual sweat response
began to appear during the course of asphyxiation. In these dogs the experiments on asphyxiation were repeated at S to 51 days after
the adrenal dcmedullation on both sides. The
delayed sweating on the sympathcctomized
side could no longer be observed. In another

Such sweating could be produced everywhere

icant difference in the degree of ssveating be-

stimulated by catecholamines from the adrenal

tween the two sides in all these dogs.

glands.

stretching of the skin was less effective.

Sweat spots became visible within 10 to 60
on the operated side. It is noteworthy that seconds after stretching the skin, and were
when sweating was produced on the operated distributed linearly in the area stretched.
on the ventral aspect of the thorax or abdomen, but lasted only for a few minutes, although the intensity of sweating was often
not the same in different skin areas even in
the same dogs. It was occasionally noticed that
the sweating was provoked on the same areas

more than twice by repetition of stretching,
but in the second stretching test the majority
of the sweat spots were found at the pores of
dog the thoracic sympatbectomy was per- sweat glands which did not show sweating to
formed in the same way, but a portion of the the first stretching test. It is noteworthy that
chain from the level of the 7th rib to the level the sweating on stretching the skin could be
of 8th rib was left behind. In this dog, the seen also in the areas deprived of sympathetic
sweating on asphyxia was almost completely innervation in the dogs with the adrenal glands
abolished on the operated side, particularly medullectomized.
after the bilateral adrenal demedullation exDHE and atropinc injected intradcrmally
cept the sweating which appeared restricted to at concentrations ranging from 10 to 10 did
the band-shaped areas in the lower one-third not affect this sweating.
of the thorax, corresponding roughly to the
DIscussIoN
dermatomcs innervated by Th7 and Th8. The
Evans and his co-workers (13—16) put forareas which were devoid of sweat spots in
these three dogs were almost sharply demar- ward an attractive conception that general
cated by the midline, as illustrated in Figure sweating in the horse is controlled normally
2. It was proved that such a phenomenon could by adrenaline secretion from the adrenal menot be seen when a dummy operation such as dulla. However, there is as yet no satisfactory
incision of the skin together with underlying experimental evidence that the adrenomedultissues was performed. It must be noted that lary secretion participates in the production
in these 3 dogs the adrenaline infusion at the of sweating in man and animals.
The primary aim of the present investigarate of 6 or 10 1tg/kg.min elicited sweating
not only on the normal side, but also on the tion was to determine whether the apocrine
sympatbectomized side; there was no signif- sweat glands of the hairy skin of the dog arc
The effect of sympathectomy on the sensi-

Satake and his colleagues studied precisely

tivity of the sweat glands was studied in the rate of adrenomedullary secretion in nonthese 3 dogs by determining the effective con- anesthetized dogs under various experimental
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conditions, and their experimental results were adrenaline, was increased by asphyxia to 3.1
codified by Satake (17). In their experiments, pg/kg.min at maximum and to 0.8 g/kg.min
however, eatecholamines from the adrenals on the average in non-anesthetized dogs. Therewere estimated as adrenaline. In resting con- fore, the effect of asphyxiation was tested by

dition the secretion rate was of the order of using the same procedure as described by
0.05 g/kg.min, but it increased more or less these investigators; it was found that a more
considerably according to the effectiveness of
the stimuli. The higher extreme in the range
of the rate was found to be of the order of 20
jzg/kg.min (18). These values can be regarded
as approximate to those of the catecholamines,

or less vigorous sweating occurred on asphyxiation in most of the dogs tested. This sweat
response would at first seem to be due to the
catccholamines from the adrenals. But, it was
found that the sweating by asphyxiation could
not be abolished by medullectomy of the adrenals. For analyzing the mechanism underly-

because the bio-assay mcthod used in their
experiments has almost the same sensitivity
to adrenaline and to noradrcnalinc, and be- ing the sweating, unilateral thoracic sympacause the largest part of the catecholamines is
adrenaline, according to Houssay and Rapeic
(19) and Malméjac (20,21).

thectomy was performed. After this operation,

Accordingly, in the present experiments
intravenous infusions of adrenaline and additionally of noradrenaline were performed at
rates of 1, 3, 6 and 10 ,ug/kg.min for each
agent, and it was found that general sweating
could be produced by both catehcolamines at
the rate of 6 and 10 pg/kg.min in all of the
dogs tested, and at the rate of 1 and 3 jtg/kg.

operated side, while it appeared delayed and
to a minor degree in the area of the operated
side. However, the latter response appeared
no longer after medullectomy of the adrenals.

the response to asphyxiation developed in
the usual manner in the skin area of non-

From these results, it seems reasonable to
conclude that the sweating on asphyxia was
produced primarily through a nervous mech-

anism and subsidiarily through a humoral

mm in some dogs. The degree of the sweating mechanism, that is, by the catecholamines
produced by each rate of infusion seemed to released from the adrenals.
It is noteworthy that the sweat glands in the
depend at least partly upon the sensitivity of
the sweat glands to both the catecholamines. sympathectomized area responded to the adThere was no significant difference in the renaline infusion almost to the same degree as

sudorific potencies between adrenaline and those in normally innervated area. And, the
noradrenaline, whether they were applied sys- sensitivity of the glands to adrenaline intratemically or intradermally. Thus, the results dermally injected was found to remain unalsuggested the possibility that general sweating tered after sympathetic denervation. This is
can be induced by circulating catechola- in agreement with the observation of Aoki
mines, when their secretion is increased up to

(6).

the rate of 1 jig/kg.min or more.

The present results indicate that the sweat
Aoki (6) showed that in the hairy skin of response elicited by asphyxiation in dogs with
dogs the sweat glands which had been once the adrenals demedullated, was easily inhibited
stimulated by intradermal injection of adren- at the site of intradermal injection of DHE in
aline showed a long-lasting refractoriness. This relatively low concentrations. Atropinc in relwas confirmed by the present experiments. But atively high concentrations was also effective

there was no definite evidence of the refrac- in inhibiting the sweating. Similar results
toriness when the effects of two successive wore obtained with DHE and atropine in the
infusions of adrenaline were compared.

experiments on adrenaline infusion. Therefore,

Then, an attempt was made to determine the inhibitory effect of atropine on the sweatwhether or not asphyxiation of the animal, ing produced by asphyxiation does not imply
which has been known to be a potent stimulus
for the adrenomedullary secretion, is capable
of inducing sweat response in non-anesthetized
dogs. According to Sato et al. (22), the rate of
the secretion of catecholamines estimated as

the presence of cholinergie component in the
nervous mechanism. It seems rather reasonable
to presume that the sweat glands of the dog's
hairy skin are innervated by adrenergic sympathetic nerve fibers.
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Further, it was confirmed by the present stretching the dog's hairy skin may be explained by assuming such mechanism, but
not be produced by intradermal injection of further investigation is required before the
nicotine in 10' to 10' (6, 8). This may be mechanism can be clarified.
explained by assuming that the nerve fibers to
Finally, from the present results it seems
the apocrinc sweat glands in the hairy skin reasonable to speculate on the possibility
of the dog arc devoid of receptors responsible that the cccrinc sweat glands in the general
for the sweating axon reflex. In contrast, it was skin of the human subject can be stimulated
experiments that an axon reflex sweating can-

demonstrated by Takahashi (23) that the sweat
glands in the dog's footpads, cccrine in type,
arc supplied with sympathetic cholincrgic nerve
fibers possessing the axon reflex receptors.

by circulating catecholamines when its secretion from the adrenals is increased, since their
sensitivities to adrenaline, evaluated as minimum effective concentrations, arc comparable

From the present investigation, it is evident to those of the apocrine glands of the hairy
that the apocrinc glands in the hairy skin of skin of the dog (9, 10).

the dog is innervated by the sympathetic
nerve. But there is as yet no confirmatory

5IThTMARY

histologic evidence of their innervation. HellInfusions of adrenaline and noradrenaline
mann (24) reported that there is no cholincs- were made in non-anesthetized dogs at the
terase around the sweat glands in the hairy rate of 1, 3, 6 and 10 pg/kg.min. At 6 and 10
skin of the dog. This was confirmed by Aoki jig/kg.min the infusions of adrenaline and
noradrenalinc caused general sweating on the
(personal communication).
Aoki (6) found that in certain dogs a slight hairy skin in all dogs tested, and even at 1 and
sweating occurred in restricted areas such as 3 gg/kg.min, a definite sweating could be obaround the umbilicus and in the hypogastric tained occasionally. This finding suggests the
or pubic region, which became evident par- possibility that general sweating can be proticularly after violent struggling and panting. duced on the hairy skin of the dog by circu-

Lemairc ct al. (7) observed by the iodine- lating catecholamincs when their secretion
starch paper method that when the body tem- from the adrenals is increased.
perature of dogs was elevated by application of
Asphyxiation caused general sweating on the
radiant heat or by inhalation of hot air, hairy skin of the dog. This sweating could not
general sweating appeared on the hairy skin, be abolished by bilateral medullectomy of the
assuming that this sweating might be pro- adrenal glands. The sweating on asphyxiation,
voked through the central nervous mechanism. however, did not occur on the sympathetically
These sweat responses might be effected very denervated skin, especially after deprivation of
probably through a nervous mechanism, but the the catccholaminc secretion from the adrenals.
possibility of humoral mechanism cannot be This fact points to the existence of a symexcluded.
pathetic innervation, very probably adrcncr-

It may be added that in the hairy skin of gic in nature, to the apocrine glands in the

dog's hairy skin. It seems reasonable to constretching the skin. This sweating could be clude that the sweating on asphyxiation is
obtained even in the denervated skin areas in produced primarily through a nervous mechdogs deprived of their adrenomedullary secre- anism, and subsidiarily through a humoral
tion, and could be inhibited neither by DHE mechanism.
nor by atropine, locally administered. In this
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