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Some Characteristics of Adrenergic Human Eccrine Sweating 

A prev ious  r epo r t  ~ f rom th i s  d e p a r t m e n t  has  clarif ied 
t he  q u a n t i t a t i v e  aspec t  of h u m a n  adrenerg ic  sweat ing.  
The  p r e s e n t  c o m m u n i c a t i o n  cent res  on t he  chemica l  
c o m p o n e n t s  of adrenerg ic  sweat ,  as well  as on t he  u l t r a -  
s t r u c t u r a l  a l t e r a t i on  of t h e  eccr ine swea t  g land  a f te r  
ep inephr ine  s t imu la t ion .  H u m a n  as well  as m o n k e y  
eccrine swea t  g lands  are composed  of 4 cell t ypes ;  clear, 
dark,  myoep i the l i a l  a n d  duc ta l  cells. I f  ep inephr ine  
s t imu la t e s  these  cells d i f fe ren t ly  f rom acetylchol ine ,  
t h e n  secre ted  swea t  of d i f fe ren t  compos i t i on  can  be  
expec ted  to occur  a n d  t he  func t i on  of each  i n d i v i d u a l  
t y p e  of cell can  be  f u r t h e r  deduced.  

Methods. Since t he  a m o u n t  of ep i neph r i ne - i nduced  
swea t  is e x t r e m e l y  small ,  an  anerobic  swea t  col lect ion 
m e t h o d  2 was used w i t h  some modi f i ca t ion  t h r o u g h o u t  
the  s tudy.  This  m e t h o d  also he lps  to  p r e v e n t  t h e  c o n -  
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Fig. 1. tgifect of arterial occlusion on sweat rate, Na +, K + and lactate 
content s  of Meeholyl-induced sweat in a typical experiment. Open 
circle, right forearm where a tourniquet was applied from time 20 m i n  
to 30 m i n  illustrated with thick lines. Closed triangle, left forearm 
used as control. Sweat samples were collected serially at 5 rain inter- 
vals. 

t a m i n a t i o n  of swea t  b y  ep ide rma l  componen t s .  Af te r  
t h o r o u g h l y  c leans ing and  d r y i n g  t h e  fo rea rm skin  of 
6 a d u l t  men  and  women,  a Luc i t e  r ing  3, e i the r  2 cm 2 or 
4 cm 2 ins ide  space, was  glued to  t h e  skin  and  t h e  ins ide  
of t he  r ing  fi l led w i t h  pa ra f f in  oil. Basic  swea t ing  (so- 
cal led insens ib le  pe rsp i ra t ion)  or swea t  secre t ion  b y  t he  
in j ec t ion  of R inge r ' s  so lu t ion  a lone  is no t  de tec tab le ,  or is 
negl igible  u n d e r  t he  e x p e r i m e n t a l  cond i t ions  used. 
E p i n e p h r i n e  (5 • 10-5 M) plus  a t rop ine  (10 -5 M) in R inge r ' s  
so lu t ion  was in j ec t ed  in to  t he  uppe r  de rmis  of t he  t e s t  
s i te  f rom outs ide  t he  r ing  3. O u t p o u r i n g  beads  of sweat  
u n d e r  oil were sucked i n to  a clean glass cap i l la ry  whose  t ip  
h a d  been  pul led  to  a f ine poin t .  Swea t  was  col lected eve ry  
20 ra in  a n d  was b lown  ou t  in to  a smal l  p o l y e t h y l e n e  
sample  cup (Coleman Ins t r .  I l l . )  f i l led w i t h  pa ra f f in  oil. 
The  v o l u m e  of swea t  sample  was m e a s u r e d  w i t h  a con- 
s t a n t  bore  glass capilIary.  Ca l ib ra ted  cons t r i c t ion  pipets ,  
v o l u m e  range  f rom 0.2 to 3 ~1, were used for t a k i n g  an  
a l iquo t  of the  swea t  sample  for t h e  d e t e r m i n a t i o n  of Na  + 
and  K+ w i t h  a n  E p p e n d o r f  f l ame  p h o t o m e t e r ,  l a c t a t e  
w i t h  t he  e n z y m a t i c  m e t h o d  ~ and  p ro t e in  b y  t he  m e t h o d  of 
LowRY 5. I n j e c t i o n  of e p i n e p h r i n e  causes  a s t rong  
local va socons t r i c t i on  and  t h u s  i schemia  of t he  t e s t  site. 
I n  an  a t t e m p t  to  d i f f e ren t i a t e  the  effect  of t he  in te r fe rence  
w i t h  t h e  b lood  supp ly  pe r  se on  t he  swea t  componen t s ,  a 
t o u r n i q u e t  was appl ied  for 10 m i n  on  one a r m  dur ing  t he  
swea t  i nduc t i on  in t he  fo rea rm sk in  w i t h  i.d. in jec t ion  
of Mecholyl  (5 • 10 -3 M).  The  m e t h o d s  of swea t  induc t ion ,  
col lect ion and  d e t e r m i n a t i o n  of e lec t ro ly tes  h a v e  been  
p rev ious ly  descr ibed  6. Fo r  t he  e lec t ron  microscopic  s tudy,  
h u m a n  as well  as m o n k e y  p a l m  eccrine swea t  g lands  (an 
ideal  mode l  for  t h e  h u m a n  eccrine swea t  g l and  7) were 
i so la ted  and  i n c u b a t e d  for 30 m i n  in R inge r ' s  so lu t ion  
w i th  or  w i t h o u t  t he  add i t i on  of Mecholyl  or  ep inephr ine .  
The  swea t  g lands  were t h e n  pref ixed  in g lu ta ra ldehyde ,  
pos t f ixed  in OsO 4 and  were processed for t he  o r d i n a r y  
e p o n - e m b e d d e d  u l t r a t h i n  sect ion.  

Results. As l i s ted  in t he  Table,  ad renerg ic  swea t  showed  
a cons ide rab ly  smal ler  swea t  ra te ,  be ing  on ly  1/5 to 1/10 
t h a t  of chol inergic  sweat .  I n  m o s t  cases swea t  secre t ion  
l a s t ed  for  more  t h a n  1 h a l t h o u g h  t he  f low r a t e  d r o p p e d  
m a r k e d l y  a f te r  1 h (da ta  no t  shown).  B o t h  Na+  a n d  I4+ 
c o n c e n t r a t i o n  were w i t h i n  t h e  ranges  of those  of chol inergic  
sweatS;  however ,  w h e n  r e l a t ed  to  t he  swea t  ra te ,  Na+ 
c o n c e n t r a t i o n  in adrenerg ic  swea t  of be tween  45 to 
35 mEq/1  can  be  r ega rded  as cons ide rab ly  h ighe r  t h a n  
t h a t  of ehol inergic  swea t  ~. L a c t a t e  c o n c e n t r a t i o n  is also 
w i t h i n  t he  r ange  of t h a t  of chol inerg ic  swea t  s (see also 
F igure  1). P r o t e i n  c o n c e n t r a t i o n  in adrenerg ic  swea t  was  
twice  as h igh  as in  chol inergic  swea t  in  all  3 cases s tudied.  
F igure  1 shows t h a t  i s chemia  causes  a m a r k e d  drop  in 
flow r a t e  and  a m a r k e d  increase  in l a c t a t e  c o n c e n t r a t i o n  
in Mecholy l - induced  sweat .  The  decrease  in Na+ concen t ra -  
t i on  can  be  ascr ibed to  a d rop  in swea t  ra te .  F igure  2 is an  
e lect ron microscopic  p i c tu re  of h m n a n  swea t  g land  a f te r  
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Data given as mean • SEM (n = 6) except for protein (n = 3) 
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Sweat collection Sweat rate Na + K + Lactate Protein 
period (min) (~xl/20 min/cm ~) (ul/min/gland ~) (mEq/1) (mEq/1) (raM/l) (rag/100 ml) 

Adrenergic sweat 

0-20 0.90 + 0.20 0.42 • 0.10 

20-40 0.69 • 0.19 0.32 -L 0.09 

40 60 0.56 • 0.18 0.26 -c 0.09 

Cholinergic sweat b 

0-20 5.75 i 1.40 2.85 =b 0.69 

43.4 =L 7.5 10.1 ~ 1.1 15.4 ~ 1.51 38.1 

45.3 • 9.0 14.6 ~c 2.5 19.3 • 0.22 37.5 

35.0 -4- 5.5 18.0 ~ 4.6 19.3 -t= 2.27 38.9 

19.0 

Mean sweat pore number per cm 2 of 108 was used for calculation, b gecholyl (10 -3 M) was ffljected into the test site of the other forearm as 
control and only protein contents were measured (n = 3). 

incuba t ion  wi th  epinephrine.  There  was no essent ial  
difference be tween  Mecholyl  and  ep inephr ine  s t imula t ion  
in b o t h  h u m a n  and  m o n k e y  eccrine sweat  glands.  The 
mos t  s ignif icant  f inding is the  d i la ta t ion  of intercel lular  
canaliculi  and  of the  lumen  of the  secre tory  coil af ter  the  
pharmacologica l  s t imulat ions .  In  no cases did we observe 
a c lear-cut  p ic ture  showing the  release of da rk  cell granules 
into the  lumen.  

Discussion. We have  recent ly  r epor ted  9 t h a t  an isolated 
monkey  pa lm eccrine sweat  gland secre tory  coil responds  
equal ly well to  bo th  Mecholyl  and  ep inephr ine  by  secret ing 
isotonic sweat  in vi tro.  The p resen t  r epor t  provides  
addi t iona l  evidence t h a t  b o t h  cholinergic and adrenergic  
drugs s t imula te  the  secre tory  coil in a similar,  if not  
identical ,  manner .  A marked  d i la ta t ion  of intercel lular  
canaliculi  is i n t e rp re t ed  as evidence t h a t  ep inephr ine  did 
induce secret ion of sweat,  and  t h a t  adrenergie  sweat ing  
is no t  jus t  due to the  cont rac t ion ,  if any, of myoepi the l ia l  
cells and  the  expuls ion of p re fo rmed  sweat .  This  is 

fu r ther  suppor t ed  by  the  following compar i son  be tween  
the  adrenergic  sweat  ra te  and the  space of the  secre tory  
coil lumen.  Mean pro te in  con ten t  per  1 h u m a n  forearm 
sweat  gland of 2.3 ~,gg gives an a p p r o x i m a t e  wet  weight  of 
30 tzg for the  whole gland and  15 ~g (15 • 10 -6 cm a) for 
the  secre tory  coil, assuming t h a t  the  duc t  comprises  half  
the  volume and  the  specific g rav i ty  of t he  wet  t issue is 
uni ty .  Thus  the  adrenergic  sweat  ra te  20 nl (20 • 10 .6 cm ~) 
far exceeds the  to ta l  space of the  secre tory  coil lumen,  which 
is much  smaller  t h a n  the  vo lume of the  secre tory  coil 
itself. The low in-vivo adrenrgic  sweat  ra te  can p robab ly  
be expla ined by  a vasocons t r ic t ive  effect  of epinephrine,  
since ischemia  alone marked ly  suppresses  chotinergic 
sweat  (to 15% of control).  The significance of the  doubled  
pro te in  con ten t  in adrenergic  sweat  is not  clear since we 
were unable  to ob ta in  comparab ly  low and sus ta ined 
sweat  ra tes  wi th  Mecholyl  for compar i son  wi th  the  
p ro te in  con ten t  in adrenergic  sweat ,  and since we have  no 
da ta  on the  wa te r  r eabsorp t ion  (permeabil i ty)  of the  duct.  

Zusammen/assung. D u t c h  Ep ineph r ine  s t imul ier te  
menschl iche  Schweissdrflisen p roduz ie r t en  ein Sekret,  
welches 35-45 m&q/1 Nat r iumionen ,  10-18 m~q/1 
Ka l iumionen  und  15-19 mAq/1 L ac t a t  enthiel t .  Adre- 
nergisch s t imul ie r te r  Schweiss ha t  d e m n a c h  eine ~Lhnliche 
Z u s a m m e n s e t z u n g  wie chol inergisch s t imul ier te r  Schweiss. 
Mit  dem E lek t ronenmikroskop  liess sictl nach  der St imu-  
la t ion durch  E p i n e p h r i n  eine deut l iche Erwe i t e rung  der 
interzellul~iren Kan~ilchen zeigen. Diese und  andere  schon 
be r i ch te t en  Beo b ach t u n g en  sprechen  dafiir, dass Epi -  
nephr in  die sezernierenden Zellen in einer ~ihnlichen 
Weise wie die chol inergischen P h a r m a k a  di rekt  s t imuliert .  
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Fig. 2. Electron micrograph of isolated human eccrine sweat gland 
incubated iu epinephrine containing Ringer's solution. L, lumen; D, 
dark cell; C, clear ceil; IC, illtercellular canaliculi- markedly dilated 
as shown by arrows; M, myoepitheliaI cells. • 3,800. 
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