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Influence of Environmental and Skin Temperature on Threshold for
Nicotine Axone Reflex Sweating in Humans.*t (23712)

RoNaLp S. BroNow, DoNaLp T. DESILETS AND RALPH R. SONNENSCHEIN
Department of Physiology, School of Medicine, University of California, Los Angeles

The major characteristics of axone reflex
sweating and pilomotion. elicited by intra-
dermally injected nicotinic drugs in the hu-
man, have been elucidated through the ef-
forts of several workers(1.2). As vet no evi-
dence exists either that these axone reflexes
occur physiologically or. if they do. what role
they might play. One possibility is that such
a peripheral mechanism might serve to modify
the response of the cutaneous effectors to
their central nervous controls. Determination
of effects of environmental and skin tempera-
ture changes on the characteristics of nicotine
sweating appeared to offer an indirect test of
this hypothesis. Measurement of threshold
effects proved simpler and probably more ac-
curate than measurement of changes in ex-

* These studies were supported by contract be-
tween Office of Naval Research, Department of Navy,
and the University of California. Reproduction in
whole or in part is permitted for any purpose by
the Government.

t We wish to thank Dr. Verne L. Breckner. De-
partment of Surgerv (Anesthesiology) for perform-
ing the nerve block, Mr. George Mandel and Mr.
Marvin Karno for assistance in the experiments, and
Mr. Maurice Bernstein for valuable suggestions and
help.

tent of suprathreshold responses, although
some of the latter were essayed. The present
study was restricted chiefly to the sweat re-
sponse. although some corollary data on pilo-
erection are also given. A very closely re-
lated investigation is that of Benjamin(3)
who, studying the response of sweat glands to
locally applied heat, showed an interaction
between this stimulus on the one hand, and
environmental temperature and locally in-
jected acetylcholine on the other.

Methods. Healthy, white individuals, aged
20 to 34, were used as subjects; all but one
experiment, noted below, were done on males.
Tnjections of nicotine were made intrader-
mally on the volar forearm with 26 gauge
needles and 1 or 145 ml tuberculin syringes;
in all cases, the volume injected was 0.05 ml.
Solutions were made by diluting nicotine al-
kaloid to appropriate concentrations in ster-
ile 0.9% NaCl: concentrations are expressed
in terms of weight to volume. Sweating was
detected by Randall’s(4) iodine-starch paper
method; the response was quantitated in
terms of area and intensity on arbitrary scales.
Piloerection was noted visually and, because
of difficulty in quantization, noted only as
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TABLE I. Effect of Local Heating on Nicotine Sweat Threshold.

Subject 1 Subjeet 2
~———Left arm——— ~———Right arm*——+ R —— Left arm* —— ——Right arm——
oom
Skin temp. Nicotine Skin temp. Nicotine temp. Skin temp. Nicotine Skintemp. Nicotine
(°C) threshold (°C) threshold (°C) (°C) threshold (°C) threshold
34.5 1:1.6 X 10° 26 34 1:1 X 10°
31.0 1:1.2 X 108 16 29 >1:6 X 10°
Heat on arm
32.0 1:1.2 X 108 36.5 1:1.4 X 108 16 38 1:1 % 10° 29  >1:6 X 10°
Heat off arm
29.0 1:1 X 10° 16 29 >1:6 X 10°

* Heated arm,

present or absent.

Results. The threshold concentration of
intradermal nicotine for producing the sweat
response at room temperature (23°-26°C)
varied from 1:800,000 to 1:2,000,000 among
the individuals tested. Considerable varia-
tion was noted from day to day for any one
subject. In 4 subjects, the magnitude of
sweating was determined at a range of concen-
tration from 1:50,000 to 1:1,000,000. Maxi-
mal sweating was observed between 1:400,000
and 1:800,000, with gradual diminution at
increased and decreased concentrations out-
side this range. In the same subjects, axone
reflex piloerection was observed at concen-
trations of 1:200,000 to 1:1,000,000, the maxi-
mum response appearing to coincide with the
maximum sweating response.

The effects on threshold of altering the en-
vironmental temperature were studied on four
males and one female. In each case the nico-
tine threshold was first determined at room
temperature (26°-27°C); the subject was
then placed in a room at 15° (in one case,
18°) for at least 30 minutes and retested; the
subject was then returned to the previous en-
vironment for at least 30 minutes and thresh-
old again determined. Skin temperature was
monitored with a thermocouple or a mercury
thermometer; the indicated temperatures of
the 2 devices corresponded within 1°C. At
each environmental temperature, skin temper-
ature was allowed to stabilize before tests
were made. In all subjects the threshold at
15° or 18° was at least 15% higher than it
had been at 26°; on return to 26°, the thresh-
old fell towards its original level. In each
case, skin temperature fell from 34°-35°

(room temperature of 26°) to 29°-32.5°
(room temperature of 15°-18°).

To evaluate the role of local skin tempera-
ture in the sweating response to nicotine, a
modification of the above experiment was
performed in 2 subjects (Table I). The
threshold was determined first on one fore-
arm at room temperature. The subject was
put in the cold room (16°) until skin tem-
perature stabilized, whereupon threshold was
again determined on that arm. This arm was
then heated by an infra-red lamp until skin
temperature reached 36.5°-38°, and nicotine
threshold again determined on the heated
arm, and on the opposite, unheated, arm as
well. The heat lamp was then turned off and
threshold retested on the previously heated
arm after skin temperature had fallen again
to 29°. As indicated in Table I, elevation of
local temperature was adequate to cause a
fall in nicotine threshold.

Discussion. Two major conclusions follow
from these observations. 1) The dose-re-
sponse characteristics of nicotine in producing
axone reflex sweating are similar to those of
its “nicotinic” action at autonomic ganglia:
above a certain optimal concentration the re-
sponse is self-inhibitory. This confirms the
views of Coon and Rothman(l). 2) The
threshold for nicotine sweating is a function
of ambient temperature. This relationship is
due in large part, if not entirely, to the effect
of alterations in local skin temperature on
sensitivity of the cutaneous components of
the axone reflex mechanism. This is shown
by the significant change wrought by isolated
alteration of skin temperature. This result is
parallel to Benjamin’s(3) demonstration that
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the sensitivity of sweat glands to acetylcholine
is a function of local skin temperature.

The evidence suggests the possibility that
the sudomotor axone reflex, should it occur
physiologically, may serve to modify the re-
sponse of the sweat glands to their central
control. As indicated previously, however.
the existence of such an axone reflex has not
been demonstrated under physiological con-
ditions.

Summary. The dose-response characteris-
tics of nicotine axone reflex sweating are simi-
lar to those of the nicotine action on autono-

PREWEANLING ADMINISTRATION OF LACTOSE AND CARIES

mic ganglia. The threshold for nicotine axone
reflex sweating is raised with lowered en-
vironmental temperature. The effect appears
to be due predominantly to alteration in local
skin temperature.
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Previous work (1) showed that administra-
tion of a 20% sucrose solution 3 times a day
to suckling white rats during calcification of
their molars produced a highly significant in-
crease in the subsequent caries score as com-
pared with unsupplemented litter mates. This
technic which measures only the systemic ef-
fect of supplements apart from local effects
thus appeared useful in studying the systemic
effect that other carbohydrates may have on
subsequent caries.! The present study was
designed to determine if lactose given under
these conditions would also produce a sig-
nificant change in caries.

Method. Fifty-eight animals from 7 litters
were divided into 2 groups. One group of 30
animals was given 209 lactose solution orally
3 times a day, from the 3rd day following
birth through the 21st day. The amount ad-
ministered was approximately 1:1000 of body
weight. In addition all animals received
dam’s milk ad libitum. Litter mates totaling
28 animals were used as controls and were

* This investigation
Grant.

was supported by a NIH

t Reported at International Assn. for Dental Re-
search, 1957 meeting.

given nothing in addition to dam’s milk
throughout the suckling period. When weaned
at 21 days of age, all animals were placed on
a cariogenic diet of the following composition:
casein 24, sucrose 65, salts USP XIV 4, corn
oil 5. dehydrated whole liver 4, vitamin mix
2(2). choline 0.2 part. Animals were sacri-
ficed at the end of 13 weeks, and the molars
were examined under a 20-power dissecting
microscope after grinding successive planes
parallel to the occlusal surface. Individual
charts which showed the relationship of
enamel, dentin, and pulp of each molar were
used to record the carious lesions. The le-
sions were scored by the method of Shaw(3).
Table 1 shows these results.

Results. The 109% difference in caries score
between experimental and control animals
was not significant. This is in marked con-
frast to results obtained when a 20% sucrose
solution was administered in equal dosage to

TADBLE 1. Administration of 209, Lactose and
Resulting Caries Score 13 Weeks Later.

No. Caries seore
Supplement animals (+=8.E) t value
Lactose 30 20.4 + 2.87 53
Control 28 18.2 + 2.88




