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Abstract

Sweat secretion from individual sweat glands on the human sole was observed in four male subjects by using a videomicroscope anc
correlated with sudomotor neural activity recorded from the tibial nerve by means of microneurography. Individual sweat glands could be
distinguished as active, less active and inactive according to the incidence of sweat secretion during spontaneous sweating. The threshol
amplitude of the sudomotor burst necessary for sweat secretion varied from gland to gland. The number of sweat secretion was
significantly related to the threshold amplitude. Sweat glands often failed to produce sweat secretion even when a suprathreshold burs
occurred: only 46.% 3.8%( meant S.E.M) of the suprathreshold bursts elicited sweat secretion. Failure of the sweat secretion tended to
appear after several bursts occurred consecutively with short intervals. In spite of the variability in sweat gland activity, the number of
sweat glands recruited was linearly related to the amplitude of the sudomotof Bur€2.001) . Thus, although sweat secretion from each
sweat gland depends primarily on the intensity of sudomotor neural activity, the activity of each sweat gland may fluctuate temporally as
the result of irregular activation of sudomotor fibers and possibly some intrinsic factors of the gi&901 Elsevier Science B.V. All
rights reserved.
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1. Introduction curve, referred as sweat expulsion Ogawa and Sugenoya,
1993, although the sweat response is otherwise repre-

Eccrine Ewgat gla}ndi are ;ontrolled by a central sudo- gented by an electrodermal response. The amplitude of the
motor mechanism via the sudomotor nerve system. POSt-geat expulsion or electrodermal response is linearly re-

ganglionic sudomotor fibers contact sweat glands using |5teq to the amplitude of the sudomotor bufst Bini et al.,

acetylcholine as a transmitter. Postganglionic sudomotor 1980a; Sugenoya et al., 1990 , and thus a strict quantitative
impulses stimulate the sweat secretory process in the swea,q ,rq-effector relationship is obtained.

gland and provoke expulsion of sweat on the skin surface 1,5 hundred to six hundred sweat glands are dis-

from the pore. Postganglionic sudomotor fibers fire in ipited in a 1-crA  area on the palm or the séble Kuno
burst fashion, so that sudomotor burst activity is followed 1956: 57ap0 1962 . Undoubtedly '

by sweat response. Hagbarth et al.,, 1972; Hallin and

Torek?jbrk, 1974; Bini et al., 19803_"3; Fagius and Wallin, 16 sweat gland is governed by multiple postganglionic
1980; Sugenoya et al., 1990, 1998; Okamoto et al., 1994 . ho rons( see Discussipn . However, the detailed mecha-

When the sweating rate is recorded by a continuous nisms for controlling a single sweat gland have not been
method ( e.g., ventilated-capsule method , the sweat re-clarified.

sponse is represented by a transient bulge of the sweat rate p fow studies have investigated the activity of a single
sweat gland in the palm with a microscope and indicated

a single postganglionic
sudomotor neuron governs multiple sweat glands, and a

" Corresponding author. Tel.+81-561-62-3311: fax: +81-561-63- that sweat glands are ac_tn_/ated simultaneously in response
9809. to sudomotor nerve activity, but not all the glands are
E-mail address: nsym@aichi-med-u.ac.jp T. Nishiyada . recruited when a sudomotor nerve activation oc€urs Saito,
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1934, cited in Kund 1956 ; Nishiyama et al., 1994 . Thus, cn?, included 19 to 32 glands. Images of the videomicro-
the activity of sweat glands differs from gland to gland, scope were recorded by a Hi-8 video tape recofder EVO-
and the activity of a single gland may fluctuate as time 9500A, Sony, Tokyo, Japan . To facilitate the evaporation
elapses, although the characteristics of fluctuation were notof sweat accumulating on sweat gland pores, the observa-
examined. tion area was ventilated continuously with dry &ir 0.5
The present study analyzed the pattern of activation of al /min). A strobe flash was reflected toward the observa-
single sweat gland to elucidate the activation mechanismtion area at the start and the end of experiment to synchro-
of a single sweat gland. We examined gquantitatively activi- nize the video images and the other simultaneously
ties of a single sweat gland in the sole, where mental recorded parameters. After the experiment, the timing of
sweating occurs synchronously with the palm, and corre- sweat secretion from each sweat pore was determined
lated the results with postganglionic sudomotor nerve ac- every 1/30 s with the aid of video playback.
tivities that were recorded microneurographically as Previous to the experiment, test field of the sole was
multi-unit bursts. The multi-unit burst activity was ana- determined as an area where sweat gland pore-like struc-
lyzed to estimate the threshold of each sweat gland. tures were arranged at similar spaces to investigate a
representative region of the sole and to avoid the misun-
derstanding by the sweat glands, the pore of which was
2. Materials and methods obstructed by localized hyperkeratosis.

2.1. Subjects 2.4. Recording of SSNA

Four healthy males who have no massive hyperkeratosis
or no skin eruptions in the sole were used as the subject.
Three of the subjects were trained swimmers. Their ages
ranged from 19 to 30 year§ 232.4 years, meaf
S.E.M). They were informed of the purpose and the
protocol of this study and consented to the experiment.
The study was approved by the Human Research Commit-
tee of the Research Institute of Environmental Medicine,
Nagoya University.

A tungsten microelectrode with a tip diameter ofuin
and an impedance of 3 to 5 8 was inserted percuta-
neously into the tibial nerve fascicle at the level of the
knee. The position of the electrode was adjusted precisely
by hand, until SSNA was encountered. SSNA was identi-
fied as a spontaneous, irregular burst activity that is not
synchronous with heartbeat Hagbarth et al., 1972; Hallin
and Torebjork, 1974; Bini et al., 1980a; Fagius and Wallin,
1980; Sugenoya et al., 1990; Okamoto et al., 2994 . Such
bursts are evoked reflexively by mental or sensory stimu-
lus and are followed with a constant latency of 2—3 s by a

Experiments were performed in a room where the ambi- SWeat response or a transient reduction of skin blood flow
ent temperature was maintained betweefC2@nd 29C.  (Sugenoya et al., 1990; Okamoto et al., 1094 . The SSNA
The subjects, wearing a cotton shirt and shorts, were "€Sponse was monitored acoustically by a loudspeaker and

positioned supine on an experimental bed GH-715, OG visually by an oscilloscopé¢ 5113, Tektronix, Beaverton,
Giken, Okayama, Japan . OR, USA). SSNA signals were amplified with a preampli-

Sweat secretion of individual sweat glands was ob- fier, processed by band-pass filtefs 500-5000 Kz E-
served in a small skin arda approximately 8.8.2 cm 320IA, NF Circuit Design, Yokohama, Japan and stored
on the thenar eminence of the sole by means of videomi- in @ digital data recorddr PC116, Sony-Magnescale, Tokyo,
croscopy with 100< magnification. Skin sympathetic J_apal) . 'I_'he processgd SSNA signals were full-wave recti-
nerve activity( SSNA was recorded from the tibial nerve fied and integrated with a time constant of 0.1 s.
at the popliteal fossa, which innervates the test skin. The ) ] o
sweat rate, skin potential activity and skin blood flow were 2-5- Measurements of sweat rate, skin potential activity
measured at sites close to the area of observation. Subjectdnd skin blood flow
were allowed to talk but were required to avoid active .
body movement during the experiment. At the end of each ~ The local sweat rate was recorded by the ventilated-
experiment, electrical stimulation was applied to the wrist capsule method using capacitance hygrometers HMI-23,
skin, usually 10 times at intervals of 10 to 35 s at a Vaisala, Helsinki, Flnlan)i_ - A sweat cap_sule covering an
constant intensity, to induce a moderate to severe painfularea of 1.13 crhwas ventilated with dry nitrogen gas at a

2.2. Experimental protocol

sensation. flow rate of 0.3 |/min, and the humidity change of the
effluent air was sensed. The distance from the capsule to
2.3. Observation and identification of sweat secretion the sensor was 5 c¢cm; the delay of sensing, which was

estimated to be 0.09 s, was corrected. The sensitivity of the
The probe of a videomicroscoge VH-6300, Keyence, measurement system was calibrated to the evaporation rate
Osaka, Japan equipped with a zoom lens was fixed overby infusing 1 pg distilled water into the dry nitrogen
the test skin using a tripod. The test area, covering 0.06 stream.
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Fig. 1. Secretion of individual sweat glands and various effector responses to spontaneous sudomotor bursts during mild sweating. Skin biead flow, s
rate, skin potential activity and skin sympathetic nerve activity recorded from the tibial nerve are indicated. The lower panel indicates tfestireatg

secretion from individual sweat glands observed on a small area of the sole by a videomicroscope. The numerals 1 to 22 along the vertical bar represen
individual glands. Two sudomotor burgts S with no asterisk elicited sweat secretion from three or five(glands Nos. 6, 12, 16, 18, 20 . Another sudomotor
burst (S with asterisk did not elicit any sweat secretion, although the burst caused small responses in skin potential and local sweat rate. Skin
vasoconstrictor bursts shown ag V induced a transient reduction of skin blood flow. One of the sudomotor bursts contains the vasoconstrictir compone
Three vertical lines show the onsets of sudomotor burst, skin potential response and sweat response, in this order.
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Fig. 2. Sweat secretion from individual glands during moderate spontaneous sweating. The top bars A—L show the relative amplitude of sudemotor burst
The short vertical bars below the top bar indicate the onset of each burst. The initial lines of the dotted squares show the onset of the skin potential
response. SPR , and the terminal lines show the onset of the sweat response, as shown in the inset. Dots denote the failure of response following
suprathreshold burst see text for the definition of suprathreshold)burst .
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Skin potential activity was measured with surface elec- ance. The significance level was taken afPavalue of
trodes, one attached to the sole as the recording electrod®.05. Data were expressed as meaf.E.M.
and the other to the midpoint of the dorsal foot as the
reference electrode. The skin potential was amplified with
a bioelectric amplifie’ AB-621G, Nihon Kohden, Tokyo, 3. Results
Japan at a time constant of 2 s and was displayed on a pen
recorder( Recti-Horiz, NEC-San-ei, Tokyo, Japan . Ninety-four sweat glands were observed by videomicro-
Skin blood flow was measured by means of laser scope in four subjects. Sweat secretion was observed for
Doppler flowmetry( ALF21, Advance, Tokyo, Japan with 9.5 to 15 min for each subject, during which no mental
a probe attached to the test site, and was displayed on sstimuli were given. Forty-three out of ninety-four sweat
pen recorder. glands( 45.7% produced sweat secretion during the obser-
vation period, whereas the remaining 51 glands produced
no detectable sweat. The mean sudomotor burst incidence
2 6. Definition of SSNA burst throughout the pbservation period was 1.93 to 417 2.99
+ 0.47) bursymin.
SSNA bursts greater in amplitude than 10% of the
maximum among the spontaneous sudomotor bursts were A f

selected. Sudomotor bursts were then defined as bursts that ? @ 19

were followed by a skin potential response SPR 419 15 :
sweat expulsion with constant latencies of approximately ® @ 21 ©  active
2.5 s( Hagbarth et al., 1972; Hallin and Torébjork, 1974; n 7 (O lessactive
Sugenoya et al., 1990, 1998; Okamoto et al., 2994 . Sudo- @ [ 22| | ot . inactive

motor bursts were further classified into pure sudomotor
bursts, which are followed only by a sweat response, and

C

mixed burstd composed of sudomotor and vasoconstrictor
impulses , which are followed by both a sweat response o-%@) XCIOICOM
and a skin blood flow reduction. 1 H=t00@ |
By definition, a total of 146 SSNA bursts were identi- ©Povee
fied as sudomotor bursts during spontaneous sweating in E
all subjects( 25 to 50 bursts in each . Nine out of one . @Q@M@_‘
hundred forty six sudomotor bursts did not produce any 2 g’“@‘_@):\@i@_@#
sweat secretion within the observation atea as exemplified <o~ 200 |
by asterisks in Fig. 1 . The absence of visible secretion IS
. . - L0 ®OeE
might be attributed to the scarcity of the observed sweat @ ‘| 5 Tﬁm*
glands in this study. Eighteen out of one hundred forty six N @,‘?@@@@@
bursts could not be analyzed because sweat secretions ® é/ / e —
were not separated due to extremely short intervals after T . S.-@;@)@_ @
the preceding burst. Five out of one hundred forty six -;_- Lo 4Te 000
bursts could not be analyzed due to recording errors of : @/@ /" 9(@@4@@‘@_,
effector responses or video image. The remaining 114 /@ °// 5 ——)
sudomotor bursts were analyzable. Out of these 114 sudo- ] [e9. 0 |
motor bursts, 82 71.9% were pure sudomotor bursts and J@ 5 T’@“gj\%@;_
32(28.1% were mixed bursts. Unless otherwise specified, ( e~200 ]
114 sudomotor bursts, including pure sudomotor and mixed ‘
bursts, were subjected to analysis in this study. In addition,
40 sudomotor bursts that were evoked by painful electric
stimulation were analyzed for comparison.

Fig. 3. Geographical distribution of individual sweat glands) A Distribu-
tion of individual sweat glands on the sole according to their activity
level in an experiment for which the secretion data is represented in Fig.
2. (B) Sequential pattern of activation of individual glands for each
spontaneous sudomotor bufst A td L . Data are shown for the case of
Fig. 2. Dots indicate the location of each gland, and encircled glands

The relatlonShlp between the two variates was a'na‘lyzedindicate activated gland$. )C Sequential pattern of activation of individ-

t_)y linear reQV?SSiQn analysis. The d!fference petween th_eual glands for five sudomotor bursts evoked by painful electric stimula-
linear regression lines was tested using analysis of covari-tion. From the data shown in Fig. 4.

2.7. Qatigtical analysis
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3.1. General pattern of sweat secretion from individual respond especially after several bursts occurred consecu-
glands tively with short interval( bursts D, E, L for No. 6; bursts
D, F, K, L for No. 16; burst F for No. 1B . It should be

Fig. 1 shows a representative record of mild sweating, noted that, when active glands failed to respond, less
where sudomotor bursts occurred sparsely, whereas Fig. 2active glands seemed to compensate. For instance, failure
shows a record during moderate sweating, where sudomo-of response in sweat glands 6 and 16 to burst D appears to
tor bursts occurred more frequently. Sudomotor bursts be compensated by the responses of sweat glands 2, 8, 10,
were followed by SPR at a latency of 1.330.33 s, by 12 and 13 in Fig. 2.
sweat secretion at a latency of 2.29.03 s, and by sweat As shown in Fig. 3A, active sweat glands appeared to
expulsion at a latency of 3.220.03 s. Although sweat be distributed sporadically over the observation area, with
secretions were not exactly simultaneous among the glandsno tendency to be localized. Less active glands also ap-
most instance$ 343 out of 358, 95.8% occurred within peared to be distributed evenly all over the observation
the period from the onset of SPR to that of sweat expul- area. The geographical pattern of sweat gland recruitment
sion. greatly varied from burst to burdt Fig. 3B, so that no

Generally, sweat glands could be divided into three consistent pattern of sweat gland recruitment was detected.
groups according to the frequency of sweat secretion: Even when the same number of sweat glands was re-
active, less active and inactive glands. In the example of cruited, identical patterns of sweat gland recruitment were
Fig. 2, 14% were active, 36% less active, and 50% inactive not obtained.
(under the definition of an active sweat gland as one that Severe pain applied to the skin may produce submaxi-
responded to more than 50% of the sudomotor burst thatmal sudomotor bursts on the sole. Sudomotor bursts evoked
occurred , although this proportion greatly varied with the by painful electric stimuli were usually larger in amplitude
subject and with the intensity of sweating. than those occurring spontaneously: the mean amplitude of

Active sweat glands, for instance, Nos. 6, 16 and 18 in pain-evoked bursts was 14011.3% of the largest among
Fig. 2, nearly always responded when the preceding inter-the spontaneous sudomotor buists Fig. 4 . The majority of
val was long enough bursts B, | and J , but often failed to sweat glands responded to such submaximal bursts without
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Fig. 4.(A) Continuous recording of the responses to five painful electric stitguliapplied to the wrist at intervals of 106.) B Superimposed tracing of
the five consecutive responses.
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Fig. 5. Relationship between amplitude of sudomotor burst and the number of recruited sweat glands. The closed circles indicate mixed buests that con
sudomotor and skin vasoconstrictor components. The open circles indicate pure sudomotor bursts. The dotted lines depict the regressiomelines for pu
sudomotor bursts, and the solid lines indicate all the bursts including pure sudomotor and mixed bursts. The number of recruited sweat gldgds is linea
related to either the amplitude of the pure sudomotor bursts or the amplitude of all bursts.

fail. In the example of Fig. 4, 11 of 19 58% glands secretion varied less in some sweat glands, whereas it
responded to all of the pain-evoked sudomotor bursts, andvaried rather greatly in other sweat glands, although the
in particular 18 of 19 95% sweat glands produced sweat range of variation did not exceed the duration of the
secretion once or more. For the evoked bursts, the geo-sudomotor burs¢ Fig. 4B . The mean latency was @59
graphic pattern of recruited sweat glands did not change 0.06 s within a sweat gland.
greatly burst by burst Fig. 3C . In Fig. 5 the number of sweat glands recruited with a
With the pain-evoked bursts, it was also observed that single burst is plotted against the burst amplitude for pure
the latency from the onset of sudomotor burst to sweat sudomotor bursts and for mixed bursts. The relationship
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and 58.4+ 9.0%( meang- S.E.M).
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was linear both for the pooled data of pure sudomotor 0.09, indicating that the lower the threshold of a sweat
bursts and mixed bursts solid lines and for the data of gland, the greater its activity.

pure sudomotor bursté dotted lines , and the former re-

gression line was not significantly different from that of ) )

the latter. This finding illustrates that the total number of % Discussion

recruited glands represents the intensity of sudomotor nerve, 1 Variability of activity of each sweat gland

activity in any subject. Additionally, it could be said that

the amplitude of mixed busts in the present data is not The important observation of this study is that the
influenced greatly by the vasoconstrictor component so activity of each sweat gland varied greatly. The classical
that it reflects appropriately the intensity of the sudomotor study( Saito, 1934, cited in Kuno 1986 , which observed
component this is the main reason we included the mixed the activity of individual sweat glands on the human palm

bursts in the present analykis . by a skin microscope, described various types of sweat
glands: always active, always inactive and those whose
3.2. Threshold of each sweat gland activity varied. Such a grouping of sweat glands was

confirmed in the present study.

For further analysis we tentatively determined the In spontaneous moderate sweating of the sole, active
threshold of a sweat gland for elicitation of sweat secre- glands responded to 50-67% of the spontaneously occur-
tion, for each of the sweat glands that elicited sweat ring sudomotor bursts whereas less active glands re-
secretion twice or more during the observation period. The sponded to only 17-42% Fig.)2 . On the other hand,
threshold was defined as the amplitude of the smallestwhen submaximal bursts occurred, nearly all the glands
burst that elicited sweat secretion. Fig. 6A depicts how responded. These observations suggest that the difference
frequently suprathreshold bursts occurred for each glandbetween active and less active glands is quantitative, and is
and how frequently a sweat gland responded to thosebased on a difference in threshold. In the moderate sweat-
suprathreshold bursts. These figures show that whening, inactive glands represented a greater number of the
suprathreshold bursts occurred, not all the sweat glandsglands. However, a great majority of sweat glands re-
responded. Fig. 6B also shows the response ratio expressedponded to almost all the sudomotor bursts that were
as the number of suprathreshold burst responses divided byelicited by pain stimulatiof Fig.}4 , suggesting that sweat
the number of suprathreshold bursts occurring for each glands that do not function must be very few in the sole.
sweat gland. The ratio was low with a mean value of It is likely that sweat gland activity fluctuates within a
46.1+ 3.8% for 43 sweat glands in four subjects. In Fig. certain time span from active to inactive or vice versa. Our
7A this ratio is plotted against the threshold amplitude. No previous study reported that mean activity of some sweat
significant relationship was found. In Fig. 7B the number glands changed greatly over periods of 30-40 min
of sweat secretion is also plotted against the threshold(Nishiyama et al., 1994 . However, the period of such
amplitude. The number of sweat secretion was inversely fluctuation has not been examined. It is also uncertain
related to threshold amplitudér = 0.655-0.884; P < whether a single sweat gland possesses a proper activity
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level when averaged over a long time span, and, if so, this analysis, the threshold was estimated by the amplitude
what factors determine the proper activity level e.g., the of the sudomotor burst.
size of the secretory coil of a sweat gland ktc. . The assumption that a single sweat gland has a single,
Although the observed skin area was too small to fixed threshold is to some extent justified by the observa-
analyze the geographical distribution of a certain popula- tion in the present study that the lower the threshold, the
tion of sweat glands, it is unlikely that consistent patterns greater the number of sweat secretiéns Fig) 7B . When a
are present for the distribution of either active or less fixed threshold was assumed for each gland, however, only
active glandd Fig. 3A . Similarly, the distribution pattern 46% of suprathreshold bursts elicited sweat secretion. This
of recruited sweat glands varied from burst to burst, and low value appears to suggest that the activity of each sweat
even if the same number of sweat glands was recruited, thegland is not determined solely by its threshold level. Some
same pattern of sweat gland recruitment was never repro-glandular mechanism that impedes sweat gland response to
duced( Fig. 3B . suprathreshold bursts should be additionally postulated.
Despite the irregular activation of individual sweat The involvement of such a mechanism is supported partly
glands, the total number of glands recruited with a sudo- by the observation that the failure of sudomotor bursts to
motor burst was proportional to the amplitude of the elicit sweat secretion tended to appear when the recovery
sudomotor burst Fig.)5 . This relationship would secure period after the previous activation was not sufficient, for
the neuro-effector function, and thus provide a basis for instance, when preceding burst intervals were shortened or
proportional control of sweat glands by sudomotor neural after the bursts occurred consecutively with short intervals
activity. This proportional relationship appears to be real- (Fig. 2).
ized, at least in moderate sweating, by cooperation of The sweat secretory mechanism is readily modified by
active glands and less active glands in such a fashion thatthe microenvironment around a sweat gland. First, in sweat
the failure of sweat secretion of an active gland is compen- glands isolated from the monkey palm, sweat secretion

sated by the secretion of less active glands. rapidly declined when glucose, a main energy source for
secretion, was removed from the incubation medium Sato,
4.2. Innervation of sudomotor axons to sweat gland 1977 . Secondly, local ischemia reduces the activity of

sweat glands by modifying the sensitivity of secretory cells

A microneurographic study Schmelz et al.,, 1998 di- (Collins et al., 1959 . Thus, insufficient supply of the
rectly indicated that the mean innervation area of a single materials essential for sweat secretion, i.e., energy source
sympathetic C fiber destined for sweat glands or for skin or oxygen, may lead to a transient failure of sweat re-
blood vessels was 1.28 émi  range of 0.24-3.5)cm in the sponse in each gland. The blood supply to each gland may
lower leg, dorsal foot and toes of humans. Since sweatbe a key factor for maintaining the microenvironment
gland density is 158 15 per cm in the lower leg and  around the gland.
250+ 5 per cnt in the dorsal fodt Szabo, 1962 , a single
sudomotor fiber may supply an average of 192 to 320 4.4. Neuronal mechanism of activation of each sweat
sweat glands in these regions. Conversely, the innervationgland
of multiple sudomotor units to a single eccrine sweat gland
was neurophysiologically demonstrated in the rodent paw  On the neurophysiological basis, it is assumed that a
(Kennedy et al., 1984 . The multiple innervation of the single sweat gland is driven by the spatial summation of
thermal sweating regions in humans is also predicted multiple synaptic inputs. This mechanism is described
(Wilkins et al., 1938; Riedl et al., 1998 . schematically in Fig. 8. In this model we presumed that

In the present study, we observed a skin area thatneural activities are recorded from five sudomotor neurons
included 19 to 32 sweat glands, which corresponds to only 1 to 5 located around the tip of microelectrade A, and as
10% of the number of sweat glands that a single sudomo-shown in B, each neuron is activated irregularly in the
tor unit governs. This quantity of sweat glands is too small order represented by dots. Since the number of activated
to determine whether the pattern of sweat gland recruit- axons determines the amplitude of sudomotor bursts, the
ment is related to the distribution of a single sudomotor bursts a to c, activated by three axons, have identical

unit. smaller amplitudes, and burst d, activated by five axons,
has a taller one. Provided that sweat gland A is innervated
4.3. Threshold of a single sweat gland by axons 1 and 2 and the concomitant activation of the two

axons successfully produces sweat secretion, it would ap-

In past studies, sweat gland activity was estimated from pear that sweat gland A responds only to bursts b and d.

a large population of sweat glands within an area of Consequently, sweat gland A does not respond to bursts a
localized skin( Nadel et al., 1971 or as a single sweat and c although bursts a, b and ¢ have the same amplitude.
gland in a localized ared Sato and Sato, 1983 . The Evidence on the structure and function of the sudomotor
present study determined the threshold for each sweatsystem essential for this model has been to a small extent
gland using the intensity of sudomotor nerve activity. In furnished. First, it was observed that a single sweat gland
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(1997 showed that a single postganglionic neuron is driven

A Nerve fascicle
A by two or more preganglionic neurons in the cervical
> Ne ganglia of the rat. Irregular activation of sweat glands
appears to favor control of sweat gland function, apart
from its mechanism. Evidence that irregular stimulation
increases the efficacy of the neuroglandular transfer func-
tion has been provided by Kunimoto et &l. 1991, 1992 .
They stimulated the sudomotor fibers via a microelectrode
B inserted into the human median nerve, and observed that
Neuron1 —@— *— —®— Sweat irregular stimulation of postganglionic neurons potentiated
2 *—=o — o JglandA sweat production as compared with the same number of
3 —— - regular stimulations. In con_clusion, the activity of eqch
4 o—o -— sweat gland_fluc_tuates (_:on5|derably with every activation.
This fluctuation is possibly caused by the summation of
5 —8- —e —o—

synaptic input from multiple sudomotor units. Some intrin-

sic factors of sweat glands may also be involved. In spite
of the irregular activation of sweat glands, the total number
of sweat glands to be activated is well proportional to the
intensity of sudomotor neural activity.

d
a b [
Sudomotor burst “ “ M

Sweat secretion
from sweat gland A

__ 1

— Time
Fig. 8. Schema of a neurophysiological model for sweat gland activation.
(A) A schema representing the spatial relationship between a microelec- .
trode tip and the neurons to be recordéd) B The idealized relationship ~ YWe are grateful to T. Ogawa for valuable advice and to
among sudomotor burst activity, neuronal activity and sweat gland activa- J. Cui, A. Kamiya, N. Nishimura, T. Kimura, M. Kato, and
tion. This figure assumes that sudomotor bursts a, b and c, which have theY . |nukai for expert technical assistance. This work was
same amplitude, are elicited by a spatial summation of impulses from supported by a Grant-in-Aid for Encouragement of Young

three different neurons, and the burst d by that of all five neurons 1 to 5. - . .
The timing of excitation on neurons 1 to @) is correlated with the Scientists ( No. 11770038 from Japan Society for the

occurrence of sudomotor bursts and of sweat secretion from a sweatPromotion of Science.
gland. Assuming that sweat gland A is activated by a spatial summation
of impulses from neurons 1 and 2, then the sudomotor bursts b and d
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