
66 Specialia EXPERII~NTIA 29/1 

E x t r a c e l l u l a r  C a l c i u m  C o n c e n t r a t i o n  a n d  C a t e c h o l a m i n e  R e l e a s e  f r o m  A d r e n a l  M e d u l l a  b y  A c e t y l -  

c h o l i n e  a n d  P o t a s s i u m  

DOUGLAS and POISNER showed t h a t  washou t  of 45Ca 
f rom cat  adrenals  was re la t ive ly  rap id  for abou t  50 min  
and  t h a t  subsequen t  a~Ca washou t  occurred l inear ly  a t  
a slow ra te  ~. 'The curves  are ve ry  s imilar  to those ob- 
t a ined  by  o thers  in re la ted  s tudies  on nerve  and  muscle  in 
which  the  rap id  phase  is held  to  ref lect  loss I rom the  
extracel lu lar  space, and  the  slow phase  loss f rom the  
ceils' ~. However ,  perfus ion of ca t  adrenals  w i th  a calcium- 
free m e d i u m  for 16 rain prac t ica l ly  abolishes the  response  
of t he  adrenal  medul la  to  acety lchol ine  or po ta s s ium ~. 
Thus,  i t  appea red  t h a t  t he  loss of response  to these  
agonis ts  occurred before washou t  of extracel lu lar  calcium. 
This  s t u d y  was u n d e r t a k e n  to more  clearly define the  
re la t ionship  be tween  extracel lular  calcium concen t ra t ion  
and  acetylchol ine  or po ta s s ium induced  ca techolamine  
release f rom adrena l  medul ta .  

MeC~ods. Fresh  bovine  adrenals  were per fused  th rough  
the  adrenal  vein  w i th  ae ra ted  Lockes solution,  25~ at  a 
ra te  of 5 m l /m in  as previous ly  descr ibed a. The perfus ion 
fluid was collected af ter  pass ing out  f rom the  m a n y  small  
ar ter ies  of each gland. Agonis ts  were infused for 2 min  
per iods  (10 ml  to ta l  volume).  Catecholamines  (epine- 
phr ine  and  norepinephr ine)  were d ~termined colorimetr i -  
cally in a l iquots  of t he  per fusa tes  4. Amine  release was 
e s t ima ted  for the  2-min per iods  dur ing  which  the  agonis ts  
were present .  

W h e n  calc imn concen t ra t ion  was a l tered in the  perfus-  
ing medium,  sodium concen t ra t ion  was cor respondingly  
a l tered to ma in t a in  isotonici ty.  

Results .  Figure  1 shows t h a t  the  response  of bovine  
adrenals  to  po ta s s ium and  to  acethylcol ine  decrease in 
paral lel  to  abou t  7% of contro l  a t  6 to  8 rain af ter  begin-  
n ing perfus ion wi th  a calcium-free med ium.  

To es t ima te  the  min imal  a m o u n t  o5 calcium needed  in 
the  ext racel lu lar  f luid to  suppor t  a response  to  acetyt-  
choline, t he  calcium concen t ra t ion  of the  Lockes solut ion 
was  lowered to  be tween  10 and  30% of t h a t  in normal  
Lockes solution.  Figure 2 shows t h a t  the  response  to 
acetylchol ine  drops  to  abou t  10% of control  when  the  
extracel lular  calcium concen t ra t ion  is lowered to I2 .5% 
of normal .  Therefore,  when  the  response  to acetylchol ine  
declines to abou t  7% of control ,  6 to  8 rain af ter  in i t ia t ion 
of perfus ion wi th  a calcium-free solut ion as in Figure  1, 
the  calcium concen t ra t ion  in the  in te rs t i t i a l  fluid is 
e s t ima ted  to  be 0.26 raM. These expe r imen t s  show t h a t  
it  is no t  necessary  to r emove  all the  calc ium f rom the  
extracel lu lar  c o m p a r t m e n t  of adrena l  medul la  in order  
to  decrease ace ty lchol ine- induced ca techolamine  release 
to  an unde tec t ab l e  level. 

Discussion.  The responses  of bovine  adrena l  medul la  to  
acetylchol ine  and  po tas s ium are lost  in parallel  when  the  
glands are perfused wi th  a calcium-free medium.  Assuming  
t h a t  ca techo lamine  release is p ropor t iona l  to  calcium 
en t ry  into medul la ry  cells, calcium influxes caused by  
acetylchol ine  or po tas s ium appea r  to  be s imilar ly  af fec ted  
by  the  calcium concen t ra t ion  in the  perfus ing med ium.  

Essent ia l ly  no ca techo lamine  release f rom adrenal  
medul la  occurred in response  to  acetylchol ine  when  the  
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Fig. 1. Loss of response of bovine adrenals to acetyleholine or potas- 
sium in calcium-free medium. Glands were stimulated with acetyl- 
choline (100 Fg/em ~, 10 cm a) or potassium (56 mM, 10 em a) at 2, 4, 5 or 
6 min after changing from a calcium containing to a calcium-free per- 
fusion medium. Cateeholamine release is expressed as a percent of the 
control responses to these same agonist concentrations obtained about 
20 rain prior to the response in calcium free medium. Each point is a 
mean of 9 to 20 determinations except for the 5 to 7 rain interval 
where the mean of 4 determinations is shown. Mean control responses 
to aeetylcholine and potassium were 77 • 6 and 104 ~ 12.7 ~xg/min 
:t= S.E. above resting secretion. 
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Fig. 2. Effect of calcium concentration of the perfusion medium on 
the response of bovine adrenals to acetylcholine. Glands were stimu- 
lated with aeetylcholine (i00 [zg/cm 8, I0 em 8) 20 min after changing 
from a medium containing 2.2 mM calcium to a low calcium medium. 
Cateeholamine release was measured in aliquots of the perfusates, 
and is expressed as a percent of control responses to the same amount 
of acetyleholine obtained in 2.2 mM Lockes solution, I0 rain before 
introduction of low calcium media. (Mean control catecholamine re- 
lease = 70 ~g/min above resting secretion). Each point is a mean of 4 
determinations. 
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calcium concen t ra t ion  of t he  per fus ing  m e d i u m  was  
lowered to  0.22 m2kA A p p a r e n t l y  a m i n i m u m  calcium 
concen t ra t ion  g rad ien t  across the  medul la ry  cell mem-  
b rane  m u s t  exis t  before  ace ty lcho l ine - induced  catecho-  
l amine  release can occur. 

Zusammen/assung. Nachweis  an der  isol ier ten per fun-  
d ie r ten  l~indernebenniere  (5 ml /min) ,  dass die Acetyl-  
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cholin- oder  N a l i u m-S t i mu l a t i o n  der  Catecholaminaus-  
sch i i t tung  bet f eh lendem Calcium gleichm~issig ve rh inde r t  
war.  Ferner  wurde  die ger ingste  Ca lc iumkonzen t ra t ion  
fiir den Ausschi i t tungsre iz  b e s t i m m t .  
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The Effect of N-(2-hydroxyethyl)-Palmitamide on 

I t  has  been  shown t h a t  N- (2 -hydroxye thy l ) -pa lmi t -  
amide  (PEA) can decrease the  i n t ens i ty  of several  inf lam- 
m a t o r y  and  immunologica l  processes in expe r imen ta l  
animals  ~-~. Recen t ly  the  in te res t  on biological p roper t ies  
oi P E A  has  been  rev ived  because o~ its capac i ty  to  
increase nonspeci f ic  to lerance  to several  bacter ia l  toxins*.  
In  th is  communica t i on  the  inf luence of P E A  on some 
man i f e s t a t i on  of tubercu l ine  hype r sens i t i v i t y  in guinea 
pigs is repor ted .  
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Erythema, induration and vascular permeability of the ~kin tests in 
tuberculine hypersensitivity in guinea pigs. ~ ,  N-(2-hydroxyethyl)- 
pahnitamide pretreated animals; ~, controls. The values of indurati- 
on are expressed as 10-fold magnification of skin double thickness 
measured by 'SchneIltaster' System Krdplin. The transverse dia- 
meter of erythema was measured with a millimeter ruler. Each 
group consists of 7 animals (mean ~= limits of confidence). * P < 0.05 
compared to controls. 

Delayed Hypersensitivity in Guinea-Pig 

Material and methods. R a n d o m  bred  male  albino guinea- 
pigs weighing 250-350 g were used. Animals  were fed 
wi th  50 mg of P E A  per  kg b o d y  wt.  and  day  by  
s t o mach  tube .  The animals  received P E A  13 t imes  pr ior  
to sensi t izat ion,  t he  las t  dose of P E A  was  admin i s t e red  on 
the  day  of sensi t izat ion.  The animals  were in jec ted  wi th  
1 ml  of F r e u n d ' s  comple te  a d j u v a n t  per  an imal  in to  4 foot  
pads  and  the  neck. 3 weeks la ter  the  skin test ,  vascular  
pe rmeab i l i t y  t e s t  and  inhib i t ion  of migra t ion  of macro-  
phages  were  per formed.  Skin tes t s  were pe r fo rmed  on 
shaven skin of dorsal flank of animals, i0 ~g of PPD in 
0.I ml of saline was administered intradermally, while 
controls were given saline only. The vascular permeability 
tests were perlormed by i.v. injection of Evans blue in 
saline and measurements evaluated after 30 min and 24 h 
respectively as described previously 5. 

The test of inhibition of migration of macrophages was 
performed on guinea pig spleen explants by a method 
described elsewhere G. 

Results. We have  found  t h a t  animals  t r e a t ed  wi th  P E A  
pr ior  to sens i t iza t ion  d isp layed  s ignif icant  increase in t he  
e r y t h e m a  in tens i ty ,  d i ame te r  and indura t ion  values  24 h 
af ter  P P D  admin i s t r a t i on  as co mp a red  to  t he  controls  
(Figure). These resul ts  were in good accordance  wi th  
values  ob ta ined  by  measur ing  vascular  pe rmeabi l i ty .  In  
the  30 rain in terval ,  t he  b lueing d isp layed-as  expec ted -  
minor  values in b o t h  contro l  and  p r e t r e a t e d  animals .  On 
the  o ther  hand ,  in 24 h in te rva l  t he  P E A  p r e t r e a t e d  

�9 animals  showed mark ed  increase in d i ame te r  as compared  
to  controls  (Figure). 

W h e n  spleen f r agmen t s  f rom hypersens i t ive  animals  
were t e s t ed  on inh ib i t ion  of mac rophage  migra t ion  in 
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Mean values of cytotoxic indices (CI) from controls and N-(2-hydroxyethyI)-palmitamide pretreated animals 

N-(2-hydroxyethyl)-palmitamide pretreated group Individual animals 0.26 0.23 0.29 0.25 0.24 Mean i limits of confidence 0.25 • 0.026 

Control group 0.65 0.38 0.25 0.26 0.40 0.39 4- 0.179 

Each value of individual animal represents an average plotted as a mean of 9 spleen fragments. 


