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The foot-pads of the cat are richly supplied with sweat glands of the eccrine type
comparable to those that are distributed over the entire surface of the body in man.
Sweat glands are blind-ended tubes leading to the skin surface. Each gland con-
sists of a tortuously coiled secreting portion at its blind end and a duct that ends
at the surface in a sweat pore. At the transition between secreting portion and
duct the tube is particularly thin. Sweat glands are subject to nervous control by
the central nervous system and are, in the intact animal or man, more or less con-
stantly active.

Granting the obvious which is that sweat glands secrete, the question whether or
or not they, like the kidney tubule, also reabsorb is frequently posed. Direct
evidence of reabsorption appears to be lacking. However, reabsorption of water
has been postulated by Lobitz and Mason' and by Schwartz, Thaysen, and Dole2
to account for concentration differences between slowly and profusely secreted
sweat. Also reabsorption of sodium is proposed by Schwartz and Thaysen3 to
account for sodium concentration differences between blood plasma and sweat.
On the other hand, sweat ducts have been regarded as mere channels leading from
the secretory portion to the skin surface.

If one were to assume that the ducts of truly resting sweat glands are empty,
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then on activation by stimulation of the nerve supply, sweat formation in the secret-
ing portion would begin, but a phase of duct filling would antecede sweat emergence
(which is to say "sweating") at the skin surface. When stimulation is stopped,
sweat formation and sweat emergence would cease, but the resting condition would
be regained only when the ducts again become empty through reabsorption. Ac-
cordingly one might expect observations on the latency of sweat emergence to
provide direct evidence concerning the occurrence or nonoccurrence of reabsorption
and also to tell something of the dynamics of sweating.
The experiments to be described bring new evidence, of a physical rather than of a

chemical nature, to bear upon the question of reabsorption in sweat glands. Study
of sweat gland activity in the cat's foot-pad has a distinct advantage in that the
secretomotor nerve supply, contained in the plantar nerves, is easily severed to per-
mit the glands to assume the truly resting state and is easily stimulated to induce
the active state. In the experiments presently considered, sweat emergence at the
skin surface was observed with the aid of a low-power binocular microscope. A
stimulator providing variable duration and frequency of electrical stimuli for ap-
plication to the centrally severed plantar nerves and a stop watch completed the
experimental arrangement. The preparations were anesthetized with nembutal,
intraperitoneally administered. It is advantageous, in fact virtually imperative,
to select cats with black rather than unpigmented foot-pads if one is to see ade-
quately the appearance of sweat droplets. On the black pad, brightly illuminated,
they appear as glistening beads upon an otherwise dull background.

After a prolonged rest, something approaching 90 min, stimulation of the secreto-
motor supply at a frequency of 10 per second, which is maximally effective, may
require up to 60 sec duration before the first sweat drops appear. Repetition of the
stimulation after a 2-min rest requires but 2.5 to 3 sec. As the duration of rest
period is varied between these two extremes, the latency for sweat emergence varies
with it in the manner illustrated by Figure 1. Over most of its course the relation
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FIG. 1.-Latency for beginning sweat emergence at the surface of the central foot-pad of the

cat as a function of rest period duration following a maximal stimulation.
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is linear, although the rate of increase in latent period falls off after a rest period of
approximately 60 min, and presumably reaches a final value.
When the ducts are full, as they certainly are a very short time after maximal

activity, latency for emergence would provide a measure of the latency for sweat
formation which on present evidence is some 2.5 to 3 sec. Since the latency for
sweat formation would be fixed in fixed conditions of activation, the added time
required for sweat emergence with increasing rest period must be time needed for
duct filling. Therefore reabsorption must take place in the resting gland. Natu-
rally these experiments do not reveal, except for water, what is reabsorbed by the
sweat gland.
The relation between rest period and emergence latency as represented in Figure

1 permits one to make some surmise as to the site of reabsorption in the sweat
gland. Since the relation is linear over most its range, it may be supposed that the
column of sweat in a duct decrements in length by equal amounts for equal incre-
ments in rest period. This presumably would be the case only if reabsorption were
to occur near the base of the gland rather than along the length of the duct.
Were reabsorption to take place along the entire length of the duct the expected
relation between emergence latency and rest period would be logarithmic. Where
in the depth of the gland reabsorption occurs remains problematical. Nevertheless
it is reasonable to suppose, and the tentative suggestion is, that the initial thin
segment of the duct near its junction with the secreting portion may be the locus of
reabsorption. The final decline in rate of increase in latent period that occurs at
rest periods in excess of approximately 60 min, may indicate that the fluid columns
in the ducts of the sweat glands at such times following maximal activity are reced-
ing through the region of reabsorption.

In circumstances of maximal activation sweat formation is a rapid process
whereas reabsorption is slow. According to the information contained in Figure
1 the relative rates are in the ratio of approximately 75 to 1 and in other experiments
the ratio may be as high as 100 to 1. Thus reabsorption cannot be an important
determinant of the final product when the glands are maximally active. When
minimally active, however, the situation is quite different, as will be seen from ex-
periments of a different sort discussed in connection with Figure 2.
Sweat glands vary in their functional power4 5 and it is an important point for

consideration that the method of latency measurement here employed yields in-
formation concerning the most powerful rather than the average or least powerful
sweat glands. One can make a rough visual estimate of the over-all effect of a
standard stimulation having, as herein used, a duration of 1 min at 10 per second
frequency. Such a stimulation following prolonged rest is not of sufficient duration
to secure a full outpouring of sweat. The individual beads indeed may be neither
large enough nor sufficiently closely spaced to coalesce. After a brief rest, however,
the foot-pad will be drenched long before the end of the stimulation period. In
brief, the amount of sweat appearing at the surface may be said to vary roughly
inversely with duration of the antecedent rest period.

Unfortunately one cannot extract either from observation of the behavior of the
most powerful glands or from observation of the over-all effect of stimulation in-
formation as to the exact temporal course of reabsorption in the less powerful glands.
If, however, some of the sweat glands, namely those whose reabsorptive activity
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FIG. 2.-Latency for beginning sweat emergence at the surface of the central

foot-pad of the cat as a function of stimulation frequency, the sweat ducts hav-
ing been filled by an antecedent maximal stimulation.

can be measured by available technique, deplete their ducts of sweat content as a
linear function of time, then the simplest and most reasonable assumption is that
the others do likewise.

Sweating as a Function of Stimulus Frequency.-From the fact that reabsorption
occurs in sweat glands it follows that sweating is something that occurs normally
when the rate of formation exceeds the rate of reabsorption. In the usual prepara-
tion one cannot vary the reabsorption rate but one can, by varying the frequency of
stimulation, vary the rate of sweat formation. To observe the behavior of the
sweat glands in response to varied frequencies of stimulation, it is a practical con-
venience to fill the ducts by use of a maximal conditioning stimulation, then to
allow a brief rest period of standard duration: 2 min was selected, for at this interval
after maximal activation a further maximal stimulation leads to sweat emergence
at minimal latency (cf. Fig. 1). In this way standard initial conditions are obtained.
A test stimulation of variable frequency then is applied to the secretomotor supply
and the latency for sweat emergence observed.

In every instance stimulation at 6 per minute was quite ineffective, although
impedance changes in similar circumstances prove the glands active.6 When stimu-
lated at a frequency of 12 per minute there usually is no visible sweating or, after
some 5 to 6 min of stimulation, a few beads may appear. Stimulation at 10 per
second induces profuse sweating within 2.5 to 3 sec. As the frequency of stimula-
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tion is varied between these two extremes, latency for beginning sweat emergence
varies with it in the manner illustrated by Figure 2. At the lower frequencies,
latency is quite variable, the flow scanty. With increasing frequency, latency
diminishes, becomes more stable, and flow increases progressively.
An interesting fact is that a threshold frequency exists below which sweat forma-

tion cannot lead to sweat emergence. In this there is a clear indication that re-
absorption takes place in the active gland. For instance, in the experiment il-
lustrated by Figure 2, in the absence of reabsorption one might have expected
sweating after 2 min at 12 per minute stimulation frequency and after some 4 min
at 6 per minute whereas, in fact, there was none. The threshold stimulation fre-
quency as determined in this way is about 10 per minute, which is to say that the
ratio of threshold frequency to maximal frequency is approximately 1 to 60. On the
assumption that the sweat formed per secretomotor impulse volley is constant this
would indicate that the secretory and reabsorptive actions of the glands come into
balance when the secretory action is proceeding at some 1.65 per cent of capacity.
Otherwise put, the secretory power of the sweat glands is about 60 times greater
than their reabsorptive power, which is in essential agreement with the result
discussed in connection with Figure 1.

Again, of course, one must bear in mind the fact that latency measurements as
here employed concern the activity of the most powerful glands. As the frequency
of test stimulation is lowered from that which is maximally effective, the amount of
sweat produced declines. To judge by this fact rather than latency of sweating,
the average glands come into secretory-reabsorptive balance at somewhat higher
frequencies than do the most powerful glands.
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