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Effect of A l d o s t e r o n e  on M a m m a l i a n  Eccr ine  S w e a t  Glands  

In  E u t h e r i a n  mammals ,  two main  regional  and func- 
t ional  t ypes  of eccrine (atrichial) sweat  glands have  been  
descr ibed 1, those  on the  fr ic t ional  surfaces of the  hairless 
pad,  pa lm and  sole which  respond  to psychogenic  stimuli,  
and  the  t he rm oregu l a to ry  glands on the  general  b o d y  
surface of man.  I t  is c laimed t h a t  m a m m a l i a n  (eccrine) 
sweat  glands can be included in those  ex t ra - rena l  s truc-  
tures  on which the re  is a def ini te  ac t ion of mineral-  
ocorticoids2, K This is d e m o n s t r a b l y  t rue  of the  t he rma l  
g lands  in m a n  which have  a specialized tunc t ion  for t he  
conserva t ion  of Na ~ bu t  there  have  been no s imilar  s tudies  
on the  effect  of a ldos terone  on h u m a n  pa lmar  glands or 
those  on the  foot  pads  of o the r  mammals .  

Inves t iga t ions  have,  therefore,  been m a d e  of the  act ion 
of exogenous a ldos terone  on palmar ,  forearm and  ca t -pad  
sweat  e lect rolytes  using a ven t i l a t ed  capsule me tho d  5,6. 
Secret ion ra te  was measured  by  infra-red wa te r -vapour  
analysis  and  solutes collected by  wash ing  f rom the  d ry  
ep idermal  surface. Sweat ing  was induced on the  pa l mar  
surface of the  f inger  and  flexor surface of the  forearm ill 
6 subjec ts  by  in t r ade rma l  inject ion of 10 ~zg acetylchol ine  
in 0.1 ml  isotonic saline t h rough  an indwell ing needle 
inser ted  by  inf i l t ra t ing  0.2% procaine  solution. D-aldo- 
s terone  (Aldactone,  CIBA) was in jec ted  s.c. (10 ~g/kg) 
in a forearm site no t  used for sweat  collection, and simul- 
t aneous  m e a s u r e m e n t s  of palnl  and  forearm sweat  [Na] 
and  [K 1 made  before, and at  in te rva ls  up to  3 days  af ter  
the  injection.  Prev ious  expe r imen t s  on the  sweat -g land  
response  t o  a ldos terone  4 had  shown it  necessary  to a d o p t  
th is  long t ime  course. 

[Na] was found  to  be s ignif icant ly  lower and [K] 
s ignif icant ly  higher  in the  pa lm t h a n  in forearm sweat  
( p <  0.001), t he  sum of the  2 cat ion concen t ra t ions  in 
pa lmar  and forearm sweat  being a lmos t  ident ical  (Table I). 
Since secret ion ra tes  did no t  va ry  dur ing  the  tes t s  (approx. 

0.003 txl/gland/min in bo th  regions) our resul ts  show t h a t  
D-atdosterone lowered ENa] b u t  had  l i t t le effect  on [K] 
in b o t h  pa lmar  and  forearm sweat  (Figure, Table I). In  
control  s tudies  it was found t h a t  prior  inject ion of 0.2% 
procaine  did no t  affect  the  e lectrolyte  concent ra t ions .  

In  the  ca t ' s  pad,  sweat ing  was induced  by  s t imula t ion  
of the  in ternal  p l an t a r  nerve  using a 10 v s t imulus,  
0.3 msec pulse dura t ion  and a f requency  of 1-3 cycles/  
sec 5. The cats  were anaes the t i zed  wi th  n e m b u t a l  and  as 
it was no t  possible to  use each animal  as its own control ,  
groups  of ca ts  were s tudied  at  12, 24 and 30-50 h af ter  
inject ion of aldosterone.  I n t r amuscu l a r  in ject ion of 100 
fzg/kg Aldocor ten  p roduced  no change  in sweat  [Na] and 
[K] in serial samples  collected in indiv idual  ca ts  up t o  
10 h, nor  in groups of ca ts  s tud ied  up to 50 h af ter  inject ion 
(Table II). In  5 cats  a ca the te r  was passed  into a ure ter  
for serial urine collections. Ur ina ry  [Na] decreased and 
IN] increased wi th in  1 h of in jec t ing  Aldocorten,  wi th  
a m a x i m u m  lowering of the  Na/I4 rat io a t  6 h. F u r t h e r  
expe r imen t s  were t hen  m a d e  on 5 cats  to  de te rmine  
whe the r  increased levels of endogenous  a ldos terone  would 
affect  the  composi t ion  of t he  sweat .  Acute  haemor rhage  
is known  to be a p o t e n t  s t imulus  to  a ldos terone  secre- 
tionV, s. Remova l  of 15% of the  ca t ' s  blood vo lume 
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Table I. ~Na] and [K] in forearm and palmar sweat stimulated by 10 ~g aeetylcholine 

Before aldosterone + 12 h + 24 h + 72 h 

Palmar 
Na (mEq/1) 49.6 4- 8.6 43.0 4- 7.3 35.9 4- 4.2 43.5 ~ 8.2 
K (mEq/1) 26.9 ~ 1.6 23.9 4- 1.4 29.2 4- 4.2 29.4 4- 2.9 
Sweat rate (~zl/cm~/min) 0.90 4- 0.08 0.83 ck 0.12 0.78 4- 0.08 0.70 4- 0.07 

Forearm 
Na (mEq/1) 64.5 ~ 7.0 48.3 ~ 6.3 49.4 ~ 4.5 56.6 i 6.5 
K (mEq/i) 12.0 4- 1.7 11.3 -4- 1.4 14.7 :}c 3.1 9.8 -4- 1.0 
Sweat rate (tzl/em~/min) 0.32 • 0.04 0.31 i 0.04 0.35 :~ 0.05 0.31 4- 0.05 

6 subjects :k S.E. 

Table II. [Na] and [K] in cat-pad sweat produced by plantar nerve stimulation 

No. of cats Sweat rate (~xl/cm~/min) Na (mEq/1) K (mEq/1) 

1-3 cycles/sec frequency 
Control 22 0.98 -~ 0.12 151 :~ 3 34 4- 3 
Aldosterone (+ 12 h) 8 1.17 ~= 0.25 161 :t_ 6 34 4- 7 
Aldosterone (+ 24 h) 10 0.74 ~ 0.07 161 • 6 36 ~ 4 
Aldosterone (+ 30 to 50 h) 6 0.74 4- 0.10 158 J_ 8 31 4- 4 
Hemorrhage (+ 12 to 24 h) 5 0.62 4- 0.09 161 4- 7 28 i 5 

< 1 cycles/sec frequency 
Control 16 0.40 4- 0.04 125 ~ 4 54 4- 4 
Aldosterone (§ 12 to 24 h) 8 0.48 4- 0.12 122 4- 9 72 i 8 
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p roduced  an  effect on  ur ine  e lec t ro ly tes  s imi lar  to  t h a t  
w i t h  Aldocor ten  in jec t ions  b u t  ana lys i s  of swea t  col lected 
up  to 24 h a f te r  h a e m o r r h a g e  fai led to  d e m o n s t r a t e  a n y  
s igni f icant  change  in [Na] a n d  EK] (Table  II) .  A n o t h e r  
poss ib i l i ty  to  be  cons idered  is t h a t  a ldos te rone  m a y  
inf luence swea t  e lec t ro ly te  c o n c e n t r a t i o n  on ly  a t  low 
swea t  rates .  W i t h  s t i m u l a t i o n  f requencies  less t h a n  I cycle/  
sec, [Na] was s ign i f ican t ly  r educed  and  [K] ra ised (p < 
0.001) ; t h e  sum of these  ca t ions  be ing  s imi la r  to  t h a t  w i t h  
h igher  f r equency  s t imu la t ion .  I t  has  p rev ious ly  been  
r epo r t ed  t h a t  t he  [K] in c a t - p a d  swea t  var ies  inverse ly  
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w i t h  s t i m u l a t i o n  f r equency  below 2 cycles/sec 5, 9 a n d  t he  
p r e sen t  obse rva t ions  are  in  a g r e e m e n t  w i t h  this .  Again ,  
a ldos te rone  h a d  no  effect  on  [Na] and  [K] in ca t -pad  
sweat  p roduced  w i t h  low f requency  s t imu la t i on  (Table  II). 

The  f ind ing  t h a t  a ldos te rone  p r o m o t e s  N a - r e t e n t i o n  in 
h u m a n  fo rea rm and  p a l m a r  g lands  b u t  no t  in  ca t -pad  
g lands  m a y  be  exp la ined  on  morpho log ica l  grounds .  The  
duc t s  of t h e  g lands  in t he  ca t -pad  are r u d i m e n t a r y  and  
t he  duc ta l  cells con t a in  few m i t o c h o n d r i a  as c o m p a r e d  
w i t h  h u m a n  fo rea rm glands  a0. O t h e r  m a m m a l i a n  exocr ine  
g lands  such  as t he  l achrymal ,  pancrea t i c ,  sub l ingua l  a n d  
pa l a t i ne  g lands  w i t h  no  regional  d u c t  d i f f e ren t i a t ion  are 
s imi lar ly  un re spons ive  to a ldos te rone  n.  The  ca t -pad  
g lands  are the re fo re  e x p e r i m e n t a l l y  useful  as a p r e p a r a t i o n  
for s t u d y i n g  t he  eccr ine secre tory  process  unmodi f i ed  b y  
d u c t a l  r eabsorp t ion .  I n  our  view, h u m a n  p a l m a r  g lands  
cor respond  to those  of t he  ca t ' s  p a d  w i t h  r ega rd  to  func t i on  
(i.e. t h e y  r e spond  only  to  psychogen ic  s t imul i ) ,  b u t  t h e y  
differ  morpho log ica l ly  n in  possess ing a d u c t  s egmen t  
s imi la r  to  genera l  b o d y  eccrine glands.  

Zusammen/assung. Nachweis ,  dass  N a t r i u m r e t e n t i o n  
bei  der  mensch l i chen  T e m p e r a t u r r e g u l a t i o n  u n d  in den  
exokr inen  Schweissdr t isen de r  Handf l&chen yon  Aldos te-  
ron  v e r u r s a c h t  wird ;  dies im U n t e r s c h i e d  zu den  Drfisen 
in K a t z e n p f o t e n ,  welche cha rak te r i s t i sche rwe i se  v o m  exo- 
k r i n e n  Sekre t ionsprozess  des d u k t a l e n  Ionenwechse l s  
n i c h t  bee in f luss t  werden  ul ld  weder  an t  A ldos t e ron  noch  
an t  B l u t u n g  reagieren.  
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Therrnoregulatory Heat Production by Periaortic Brown Adipose Tissue in the Non-Cold-Acclima. 
tized Rat 

Since SMITH 1,2 sugges ted  t h a t  b r o w n  adipose  t i ssue  
m i g h t  be  a n  i m p o r t a n t  source of t h e r m o r e g u l a t o r y  h e a t  
p roduc t ion ,  t h i s  ha s  been  s h o w n  b e y o n d  d o u b t  to  be  t r u e  
in t h e  c o l d - a d a p t e d  r a t  a, t he  n o n - c o l d - a d a p t e d  r a t  4, t he  
w a r m - a d a p t e d  r a t  s and  for t h e  new-horns  a n d  adu l t s  of 
a n u m b e r  of o t h e r  species 6-1~, inc lud ing  t h e  h u m a n  
n e o n a t e  z3-~,. Changes  in b r o w n  adipose  t i ssue  t e m p e r a t u r e  
in  t h e  course of changes  ill t h e r m o r e g u l a t o r y  h e a t  pro- 
duc t ion  were m e a s u r e d  exc lus ive ly  in t h e  i n t e r s c a p u l a r  
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