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Table 2. Effects of sera and liver extracts from Ph and Sham rats on liver DNA synthesis 
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Conditions No. of experiments (positive) *Spec act :k SEM P % 

PH sera vs Sham sera 15/20 +12.4 4- 4.3 < 0.01 + 9.9 

PH extract + sera (PH or Sham) vs 16/20"* +23.4 ~: 6.8 < 0.01 +19.0 
Sham extract + sera (PH or Sham) 

* Spec act, difference in specific activity. ** Results using PH and Sham sera are combined. 

( tab le  1). Th i s  s t i m u l a t i o n  was  s o m e w h a t  specific. W h e n  
t he  effects  on rena l  D N A  syn thes i s  of sera  f rom P H  were 
c o m p a r e d  to sera  f rom Sham,  t he re  was  s ign i f i can t  de-  
press ion  in 8 e x p e r i m e n t s  (-11%, p < 0.05). 
Could l iver  be t he  source of c i r cu la t ing  h e p a t o t r o p i n  ? 
L i v e r  e x t r a c t s  f rom P H  p laced  a lone  in m e d i u m  fai led to  
s t imu la t e .  L a B r e c q u e  and  Pesch  8 also d id  n o t  f ind  a n y  
increase  in a H - t h y m i d i n e  i nco rpo ra t i on  in to  D N A  of l iver  
slices or i s o l a t e d  l iver  cell suspens ions  b y  t he i r  hepa t i c  
e x t r a c t  wh ich  h a d  p rev ious ly  s t i m u l a t e d  D N A  s y n t h e s i s .  
w h e n  in jec ted  in vivo.  T h e y  fel t  t h a t  t h i s  was  because  a 
longer  t i m e  t h a n  t h a t  used for in  v i t ro  i n c u b a t i o n  was 
necessa ry  to show s t imu la t i on .  However ,  in ou r  p rev ious  
s tud ies  on  t h e  r eno t rop ic  s y s t e m  n,  we showed  s t i m u l a -  
t i on  of D N A  syn thes i s  b y  rena l  e x t r a c t s  on ly  w h e n  sera  
was  p resen t .  A l t h o u g h  l iver  e x t r a c t s  f rom P H  r a t s  d id  
n o t  s t i m u l a t e  D N A  syn thes i s  in  slices w h e n  alone,  t h e y  
did  increase  th i s  p a r a m e t e r  in t he  p resence  of P H  sera  or  
S h a m  sera  ( tab le  2). 
Our  a s say  uses i n c o r p o r a t i o n  of 3 H - t h y m i d i n e  in to  D N A  
as an  e s t i m a t e  of hype rp la s i a .  Whi l e  t he  use of slices offer 
s imi la r  in i t ia l  i n t r ace l lu l a r  p recu r so r  pools  for  DNA,  non -  

specific ex t r ace l lu l a r  d i lu t ion  of t r a c e r  b y  sera  could 
increase  i so tope  i n c o r p o r a t i o n  in to  D N A  in t he  t e s t  slice 
desp i te  no  ac tua l  c h a n g e  in D N A  synthes is .  However ,  
t h i s  would a p p e a r  w i t h  slices f rom a n y  organ,  and  sera  
f rom P H  a c t u a l l y  decrease  D N A  syn thes i s  in  r a t  k i d n e y  
slices. Similar ly ,  f ind ing  t h a t  n e i t h e r  e x t r a c t s  f rom regen-  
e r a t i ng  no r  con t ro l  l ivers  af fec t  D N A  syn thes i s  a lone  a n d  
t h a t  e x t r a c t s  f rom r e g e n e r a t i n g  l ivers  cause  a re la t ive  
s t i m u l a t i o n  to  hepa t i c  D N A  syn thes i s  on ly  in t he  pre -  
sence of sera  also suggests  t h a t  our  resu l t s  are  n o t  
s e c o n d a r y  to  non-speci f ic  i sotope d i lu t ion  b y  ex t rac t s .  
These  in  v i t r o  f ind ings  are cons i s t en t  w i t h  a p roposa l  5 
t h a t  i t  m a y  t a k e  hou r s  for  s t i m u l a t o r s  to  develop,  b u t  a 
cons ide rab ly  s h o r t e r  pe r iod  of t i m e  for  t h e m  to  s t i m u l a t e  
D N A  synthes is .  As a f i r s t  a p p r o x i m a t i o n ,  we sugges t  t h a t  
a f t e r  loss of l iver  mass,  t h e r e  is a rise in a h u m e r a l  f ac to r  
a n d  a l iver  f ac to r  t h a t  occurs  w i t h i n  20 h. Since t h e  l a t t e r  
works  on ly  in t h e  presence  of sera,  i t  could  a c t i v a t e  t he  
s e r u m  fac to r  which ,  in  t u rn ,  s t i m u l a t e s  D N A  synthes i s .  
I f  t he  l iver  is t he  on ly  o rgan  c o n t a i n i n g  specific ac t iva to r ,  
t h i s  could exp la in  w h y  P H  sera  e n h a n c e  l iver  slice D N A  
syn thes i s  n o t  renal .  
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Summary. B o t h  ace ty lcho l ine  a n d  a Ca- ionophore ,  A23187,  are  c o m p a r a t i v e l y  s t r o n g  s t i m u l a n t s  of eccr ine  swea t  
sec re t ion  in  v i t ro .  Never the less ,  t h e  c o n t r a c t i o n  of t h e  sec re to ry  coil was  seen on ly  a f t e r  s t i m u l a t i o n  w i t h  ace ty l -  
chol ine  b u t  n o t  w i t h  a l p h a  or  b e t a  adrenerg ic  d rugs  or w i t h  A23187. I t  was  t h u s  in fe r red  t h a t  t h e  myoep i the l i a l  con-  
t r a c t i o n  m a y  n o t  be  p l a y i n g  a n  ind i spensab le  role in  t h e  overa l l  process  of eccr ine  swea t  secret ion.  

The  sec re to ry  coils of h u m a n ,  m onkey ,  c a t  a n d  o t h e r  
m a m m a l i a n  eccr ine  swea t  g l ands  cons i s t  of 3 cell t y p e s :  
clear,  d a r k  a n d  m y o e p i t h e l i a l  cells. Because  of i t s  re-  
s e m b l a n c e  to o t h e r  f luid a n d  e lec t ro ly te  t r a n s p o r t i n g  cells, 
t h e  c lear  cell is genera l ly  be l i eved  to be  respons ib le  for 
secre t ion  of w a t e r  a n d  e lec t ro ly tes  b y  t h e  swea t  g l and  3. 
The  f u n c t i o n  of t h e  d a r k  cell is u n k n o w n ,  a l t h o u g h  secre- 
t i o n  of a m u c o i d  s u b s t a n c e  in  swea t  is o f t en  r ega rded  as 
be ing  i ts  func t ion .  The  m y o e p i t h e l i a l  cell is sp ind le - shaped ,  
lies on  t he  b a s e m e n t  m e m b r a n e ,  a n d  is filled w i t h  masses  
of myof i l amen t s .  I t  is r a t h e r  i n f r e q u e n t  t h a t  foot  pro-  
cesses of 2 oppos ing  m y o e p i t h e l i a l  cells are  b o u n d  to 
each  o ther ,  a n d  for  t h i s  r eason  t h e  m y o e p i t h e l i a l  cells 
are  genera l ly  r ega rded  as d i s con t inuous  cells 3. T he  func-  
t i on  of t h e  m y o e p i t h e l i a l  cell is n o t  clear,  b u t  t h e  fo l lowing 
h y p o t h e s e s  h a v e  b e e n  p o s t u l a t e d :  a) m y o e p i t h a l i a l  con-  
t r a c t i o n  expulses  t h e  p r e f o r m e d  swea t  on to  t he  sk in  sur-  
face;  b) t h e  m y o e p i t h e l i a l  cell is a s u p p o t i v e  s t r u c t u r e  

for t h e  t u b u l e ;  c) myoep i the l i a l  c o n t r a c t i o n  opens  t h e  
in te rce l lu la r  c h a n n e l  of t h e  sec re to ry  cells 3 The  p r e s e n t  
s t u d y  is t h u s  i n t e n d e d  to c lar i fy  t h e  rote of t h e  myo-  
ep i the l i a l  cell in  eccr ine  swea t  secre t ion  us ing  a n  i so la ted  
single s e g m e n t  of t h e  sec re to ry  coil. A n  i so la ted  eccr ine  
swea t  g l and  r e sponds  to  a n u m b e r  of sudor i f ic  agen t s  in  
v a r y i n g  degrees  4. I f  t he re  is a d i ssoc ia t ion  b e t w e e n  myo-  
ep i the l ia l  c o n t r a c t i o n  as ana lyzed  p h o t o m i c r o g r a p h i c a l l y  

1 Acknowledgment. The present study was supported by NIH 
grant 2ROIAM 1625804. 

2 Present address: Department of Physiology, Yamagata Univer- 
sity School of Medicine, Yamagata, 990-23 Japan. 

3 R.A. Ellis, in: Handbueh der Haut- und Geschlechtskrankheiten' 
vol. 1: Normale und pathologische Anatomic der Haut. Ed. J. 
Jadassohn. Springer-Verlag, Berlin, Heidelberg, New York 1967. 

4 K. Sate, Rev. Physiol. Biochem..Pharmae., in press (1977). 



632 Specialia EXPERIENTIA 33/5 

a n d  t h e  s u d o r i f i c  r e s p o n s e  in  v i t r o  to  a g i v e n  d r u g ,  t h e n  
t h e  ro le  of  t h e  m y o e p i t h e l i e l  c o n t r a c t i o n  c a n  be  d e d u c e d  
i n d i r e c t l y .  
Methods. A m o n k e y  p a l m  e c c r i n e  s w e a t  g l a n d  w a s  u s e d  
as  a m o d e l  of  t h e  h u m a n  s w e a t  g l a n d .  T h e  s w e a t  g l a n d  
w a s  d i s s e c t e d  o u t  f r o m  a b i o p s y  s p e c i m e n  u n d e r  a s t e r e o -  
m i c r o s c o p e  5. T h e  s e c r e t o r y  coil  w a s  f u r t h e r  i s o l a t e d  f r o m  
t h e  d u c t .  T h e  e n t i r e  p r o c e d u r e  w a s  p e r f o r m e d  i n  a co ld  
K r e b s - R i n g e r  B i c a r b o n a t e  b u f f e r  (KIRB,  a l so  c o n t a i n i n g  

5 m M  g l u c o s e  a n d  0.5 g a l b u m i n ,  g a s s e d  w i t h  5 %  CO 2 + 
9 5 %  02, p H  7.4)5. I n d u c t i o n  of s w e a t  s e c r e t i o n  f r o m  a n  
i s o l a t e d  s w e a t  g l a n d  in  v i t r o  w a s  p e r f o r m e d  e s s e n t i a l l y  a s  
d e s c r i b e d  in  r e f e r e n c e  5. P h o t o m i c r o g r a p h s  of  t h e  i s o l a t e d  
s e c r e t o r y  coil  s e g m e n t  w e r e  t a k e n  in  s e p a r a t e  s e t s  of  
e x p e r i m e n t s  in a t h e r m o s t a t e d  (37~ m i c r o c h a m b e r  
p l a c e d  o n  t h e  m e c h a n i c a l  s t a g e  of  a m i c r o s c o p e .  T h e  
c h a m b e r  c o n s i s t e d  of  a n a r r o w  g r o o v e  100 v m  in  d e p t h ,  
t h e  t o p  of  w h i c h  w a s  c o v e r e d  w i t h  a s m a l l  p iece  of  o r d i n a r y  

Summary  of the in vitro secretory response to various sudorific agents 

Stimulants Concentration Number  of Maximal sweat rate* 
(in M) glands (10 -~ 1/min gl) and 

studied 

Mecholyl 10 6 80 5.2 • 0.25 (SEM) 
A23187 3 x 10 -~ 13 5.5 • 0.44 
(Ca ++ ionophore) 
Phentolamine 10 .4 24 
(0~-adrenergic 
agonist) 
Isoproterenol 5 • 10 6 21 
(fl-adrenergic 
agonist) 

1.1 4- 0.12 

1.9• 

* Sweat samples were collected every 10 min period and the maxima 
sweat rate in each gland was used for computation. 

Fig. 11 A An isolated segment  of the secretory coil belore stimulation. 
B The same segment  after s t imulation with 10 .6 M aeetylcholine. 
The bar represents 100 tim. 

Fig. 2. A A segment of the secretory coil before stimulation. B 10 rain 
after addition of 2 x 10 .4 M A23187. C The same segment after the 
subsequent addition of 10 -~ M acetylcholine. 
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Fig. 3. A Before stimulation. B After stimulation with 10 _4 M phenyl- Fig. 4. A Before stimulation. B After stimulation with 5 • 10 -6 M 
ephrine. Note the absence of the tubular contraction, isoproterenol. Note the absence of tubular contraction. 

t h i n  cover  glass. The  i so la ted  s e g m e n t  of t he  sec re to ry  
coil (60 ~m in t u b u l a r  d iamete r )  was p laced  in t h e  sl i t  
of t i le chamber .  The  w a r m e d  K R B  was c o n t i n u o u s l y  
infused f rom one open  end  of t h e  slit,  a n d  t he  over f lowed 
K R B  was r e m o v e d  f rom t h e  o the r  end  b y  c o n t i n u o u s  
suct ion.  Po la ro id  p h o t o m i c r o g r a p h s  were t a k e n  a t  r egu la r  
i n t e rva l s  before  a n d  a f t e r  t he  a d d i t i o n  of d rugs  to  t h e  
per fusa te .  

Resul ts  and discussion. The  t ab l e  s u m m a r i z e s  t he  m e a n  
SEM sec re to ry  response  to va r ious  sudor i f ic  agents .  

No te  t h a t  b o t h  Mecholyl  a n d  A23187 gave  s imi la r ly  h i g h  
swea t  ra tes .  The  possible  m e c h a n i s m  of t he  effect  of 
A23187 will be  e l a b o r a t e d  in a s epa ra t e  pub l i ca t ion4 ;  
however ,  br ief ly  we assume  t h a t  t he  o b s e r v a t i o n  m i g h t  
i nd i ca t e  t he  i m p o r t a n c e  of t he  role of Ca++-influx in to  
t h e  cell ill t r igge r ing  t he  sec re to ry  process  ill t h e  sec re to ry  
cell. B o t h  adrenerg ic  e- a n d  fi-agonists  i nduced  swea t  
secre t ion  in v i t ro  b u t  to  a m u c h  smal le r  e x t e n t  t h a n  d id  
Mecholyl  (or ace ty lchol ine)  a n d  A2"3187. F igure  1A is a 
s e g m e n t  of t he  sec re to ry  coil a t  rest ,  a n d  f igure 1B is t h e  
s ame  s e g m e n t  d u r i n g  s t i m u l a t i o n  w i t h  ace ty lcho l ine  
(ACH). The  b i fu r ca t i on  nea r  closed end  of t he  coil is a ra re  
anomaly ,  b u t  i t  was  a he lp fu l  l a n d m a r k  of t h e  sec re to ry  
coil. The  l u m e n  of t he  sec re to ry  coil was  n e a r l y  col lapsed 
before  s t imu la t i on .  W h e n  ACH was added  to  t he  m e d i u m ,  
t h e  sec re to ry  coil i m m e d i a t e l y  b e g a n  to c o n t r a c t  to  2/3 to  
3/4 of t he  or ig inal  l e n g t h  (figure 1B). A few sec were re- 

qu i red  for t h e  c o n t r a c t i o n  to r each  i ts  peak,  b u t  t h e r e a f t e r  
the  coil r e m a i n e d  ill t h e  c o n t r a c t e d  s t a t e  as long as A C H  
was p r e s e n t  in t h e  ba th .  T h e  l u m e n  of t h e  sec re to ry  coil 
d i l a t ed  on ly  s l igh t ly  d u r i n g  s t imu la t i on ,  b u t  usua l ly  i t  
d id  n o t  exceed 10 ~xm. The  t u b u l a r  c o n t r a c t i o n  was  found  
to be  comple t e ly  revers ib le  e i the r  b y  w a s h o u t  o.f t he  
m e d i u m  or b y  the  add i t i on  of a t rop ine .  The  Ca ++ iono- 
phore,  A23187, a n o t h e r  s t rong  s t i m u l a n t  of swea t  secre- 
t ion,  was  used a t  a h igh  concen t r a t i on ,  2 • 10 .4 3/i, to  
induce  a r ap id  sudorif ic  resp6nse  ~. No c o n t r a c t i o n  was 
obse rved  (figure 2A, B) b u t  t h e  s u b s e q u e n t  a d d i t i o n  of 
A CH  caused  forcible c o n t r a c t i o n  of t h e  t u b u l e  (figure 2C}. 
Simi lar  p h o t o g r a p h i c  ana lyses  were pe r fo rmed  for e- a n d  
/~-adrenergic agents ,  wh ich  showed  no t u b u l a r  c o n t r a c t i o n  
(figures 3A, B, 4A, B). Since t h e  t u b u l a r  c o n t r a c t i o n  is 
m o s t  l ikely due  to myoep i the l i a l  con t r ac t i on ,  i t  can  be  
conc luded  t h a t :  a) t h e  myoep i the l i a l  cell r e sponds  on ly  
to ehol inergic  s t i m u l a t i o n ;  b) myoep i the l i a l  c o n t r a c t i o n  
is n o t  a p re requ i s i t e  for i nduc ing  or m a i n t a i n i n g  swea t  
secre t ion  in v i t ro  an d  p e r h a p s  also in v ivo ;  c) t h e  a m o u n t  
of ' p r e fo rmed  swea t '  is so smal l  before  s t i m u l a t i o n  t h a t  
t h e  in i t ia l  myoep i the l i a l  c o n t r a c t i o n  m a y  n o t  expulse  a 
s ign i f ican t  a m o u n t  of sweat .  

5 K. Sato, Am. J. Physiol. 225, 1147 (1973). 


