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SUMMARY 

In a we l l - s tud ied  phys io log ica l ly  functioning in v i t ro  s y s t e m  for the  study 
of pa r a thy ro id  hormone (PTH) sec re t ion ,  both theophyl l ine and d ibu tyry l  cyc l ic  
adenosine  monophate (dAMP) caused s ignif icant  s t imula t ion  of PTH sec re t ion .  
T h e  quanti ty of PTH in the medium pa ra l l e l e d  the r e l e a s e  of cycl ic  3 ' ,  5 ' - A M P  
(CAMP) f r o m  incubated t i s s u e s .  These  s tudies  suggest  s t rong ly  that adenyl  cyc l a se  
is  the media to r  of the known effects  of ca l c ium ion on PTH sec re t ion .  

INTR ODUCT ION 

The membrane -bound  enzyme adenyl  c yc l a se  and its product  CAMP have 

been impl ica ted  as i n t e rmed ia t e s  in both the end organ  effects  and the r egu la t ion  

of s e c r e t i o n  of a number  of polypep~ide hormones  (1). While it has r e c e n t l y  been 

shown that  PTH produces  i ts  physio logic  act ion on both bone and kidney through the 

in t e rmed ia t e  act ion of CAMP (2, 3), the  potent ia l  r e l a t i onsh ip  of this  cyc l ic  

nucleot ide  to ac tual  s e c r e t i o n  of the hormone has not yet  been de te rmined .  In 

o rde r  to inves t iga te  the r e l a t i ons h ip  of adenyl  cyc l a se  to PTH sec re t ion ,  a funct ion-  

ing in v i t ro  s y s t e m  d e s c r i b e d  e a r l i e r  was u t i l i zed  (4, 5). 

MATERIALS AND METHODS 

F r e s h  bovine pa ra thy ro id  glands were  obtained immed ia t e ly  af ter  s laughter  

of the  an imals ,  kept on ice unti l  use ,  and then s t r i pped  of fat and sur rounding  

connect ive t i s sue .  The glands were  cut into 1 -2mm 3 p ieces  and incubated in 25 ml 

E r l enmeye r  f lasks  In a metabol ic  shaker  at 37°C in an a tmosphe re  of 5% carbon 

dioxide - 95% oxygen. The t i s sue  was p re incuba ted  for 2 hours in K r e b s - R i n g e r  

b ica rbona te  buffer (Sml at pH 7.4) containing 3 mg per  ml  egg white lysozyme 

(Worthingfon), l m g / m l  g lucose  and 3 .0mM ca lc ium.  The magnes ium ion con-  

cen t ra t ion  was 0 .75ram in a l l  expe r imen t s .  Fol lowing the pre incubat ion  pe r iod ,  
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the t i s sue  was r i n s e d  twice with f resh  buffer and placed in f resh  medium containing 

different concentra t ions  of ca lc ium ion as well as vary ing  concentra t ions  of dAMP 

(Calbiochem) or theophylline (Calbioehem). Sequential samples  of medium were 

removed  f rom each flask at different t imes  during the chase period, and s imi l a r  

f lasks were  r u n  in t r ip l ica te ,  l=ffH re l eased  into the medium was measured  by a 

sensi t ive  and highly specific r ad io immunoassay  for bovine PTH descr ibed ea r l i e r  (6). 

At the end of each exper iment ,  the t i s sue  was homogenized in 8M urea ,  0.2N 

hydrochloric acid and the prote in  content of the t i ssue  de termined by the method of 

Lowry (7). The amount of hormone r e l ea sed  was expressed in t e r m s  of ng bovine 

PTH per mg t i s sue  protein.  In s imi l a r  fashion, quanti t ies  of CAMP re l eased  

into the medium during the incubation were measured  by a modification of the 

r ad io immunoassay  method of Steiner et al (8). The assay  for CAMP was sens i t ive  

to less  than 1 picomole of the nucleotide, and the 125I-labeled ty ros ine  methyl 

esther  of suceinyla ted CAMP (Collaborative Research)  was used. Bound and free 

nucleotide were separa ted  by the double antibody method. In some exper iments ,  

the t i ssue  was pulsed dur ing the preincubat ion stage with uni formly labeled 

leucIne-14C (New England Nuclear,  3gc/flask) and the t i s sue  then chased with 

cold medium during the incubation period. Radioact ive hormone r e l eased  into 

the medium was separa ted  on columns of Biogel P-10 and counted after pooling 

of the f ract ions .  

RESULTS AND DISCUSSION 

As shown in Fig.  1, the r e l e a s e  of PTH with t ime was inverse ly  re la ted  to the 

concentra t ion  of ca lc ium,  with smal le r  amounts being r e l eased  at 2 .0 ram than at 

0.5raM. When theophylline and dAMP were added at concentra t ions  less  than 

10-4M, there  was no significant  s t imulat ion of hormone r e l ea se .  When the two 

agents were added in combination at 10-4M in the p resence  of 0 .5ram ca lc ium 

(Fig. 1), there  was s ignif icant  s t imula t ion  of l=q?H r e l e a s e  one, two and three  

hours after incubation. At higher concentra t ions  of each agent (5 x 10 -4 - 1 x 10-3), 

both dAMP and theophylline alone caused a one -and-a -ha l f  to two fold or grea ter  

inc rease  in PTH r e l e a s e  (Figures 2A and 2B). The effects of the two agents were 

signif icant  in the p resence  of both low (0.5mM) and high (3.0raM) calc ium solutions.  

Re l ea se  of hormone in the 0 .5ram calc ium solution in the presence  of theophylline 

or dAMP was equivalent to the maximum s t imula t ion  of PTH secre t ion  that could 

be produced by concentra t ions  of ca lc ium as low as 0. lmM.  In s imi la r  fashion, 

more  rad ioac t ive  PTH was r e l eased  into the medium in the pu lse -chase  exper iments  
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Figure  i .  
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Release  of immunoreac t ive  lYrH (ng/mg t i s sue  protein) at different 
ca lc ium concentrat ions and in presence  of 10-4M dAMP and theophylline. 

All  differences at 1, 2 and 3 hours significant  at p ,  0.01. 

in the presence  of theophylline and dAMP (see Table I). 

In order  to be ce r ta in  that the r e l e a s e  of PTH was cor re la ted  with the gen- 

e ra t ion  of spontaneous CAMP by the t i ssue ,  the concentra t ions  of CAMP re l eased  

into the medium were  measured  direct ly .  As shown in Fig. 3, there  was excellent 

cor re la t ion  between the r e l e a s e  of immunoreact ive  PTH and that of CAMP at 

concentrat ions of ca lc ium vary ing  f rom 3 .0ram down to 0.25raM. Tissue  levels 

of CAMP as well as adenyl cyclase  and phosphodiesterase activity are cur ren t ly  

being investigated in the same studies,  but, because of the occasional  p resence  of 

adipose cel ls  in bovine parathyroid glands, it is more  difficult to measure  CAMP 

concentrat ions in parathyroid epithelial  cells  alone. 

The cur ren t  repor t  descr ibes  the effects of dAMP and theophylline on the 

secre t ion  of lYrH in vi t ro by normal  parathyroid glands and provides s t rong evidence 

that CAMP is an in termediate  in the regula t ion  of parathyroid secre to ry  activity. 

Since ca lc ium ion is a known regula tor  of parathyroid gland activity both in vivo 
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F i g u r e  2. 
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R e l e a s e  of PTH by 10-3M dAMP and theophyl l ine in p r e s e n c e  of 0 .5 ram 
(2A) and 3 .0 r am (2B) ca lc ium.  Al l  d i f f e rences  af ter  1 hour s ignif icant  
at p <  0.01.  

(9, 10 )and  in v i t r o  (4, 5), it is t empt ing  to pos tu la te  that  the  effects  of ca l c ium ion 

on hormone s e c r e t i o n  might be media ted  through the cyc l ic  nucleot ide .  Both 

dAMP (an analogue of CAMP as wel l  as  an inhibi tor  of the  phosphod ie s t e r a se  

enzyme that  b r e a k s  down CAMP) and theophyl l ine  (a phophod ies te rase  inhibitor)  

marked ly  s t imula t e  PTH s e c r e t i o n  independent ly  of ca lc ium concen t ra t ion :  Calc ium 

ion is known to inhibit adenyl  cyc l a se  ac t iv i ty  in other  t i s s u e s ,  and the r e l a t i onsh ip  

between ca lc ium ion and the r e l e a s e  of PTH is f i r s t - o r d e r  in nature  (11). Since 

adenyl  cyc l a se  is a membrane -bound  enzyme,  binding of ca lc ium ion to the ce l l  

m e m b r a n e  could provide  a p laus ib le  mechan i sm for the  r egu la t ion  of s e c r e t o r y  

ac t iv i ty .  Fu r the r  suppor t  for th is  hypothesis  may  be found in the r e c e n t  ident i f icat ion 

by Dufresne  and Gi te lman  (12) of a highly c a l c i u m - s e n s i t i v e  adenyl  cyc l a se  enzyme 

in dog p a r a t h y r o i d  t i s s u e  and our own obse rva t ion  showing that the r e l e a s e  of CAMP 

into the  medium v a r i e s  in p a r a l l e l  with lYrH sec re t i on .  
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Figure 3. 

Q. 

2000 

150C 

lOOC 

50C 

42:2 mM 

0 mM 

I I I I I I 
10 20 30 40 50 60 

OAMP (pM/mg) 

R e l e a s e  of  i m m u n o r e a c t i v e  PTH and C A M P  ( p M / m g  t i s s u e  pro te in)  at 
c a l c i u m  c o n c e n t r a t i o n s  v a r y i n g  f r o m  3 . 0 r a m  to 0 . 2 5 r a m  (3 f l a sks  pe r  
point) .  

T A B L E  I 

R e l e a s e  of R a d i o a c t i v e  PTH (by ge l  f i l t r a t ion)  a f t e r  2 hour pu l se  wi th  14C-  

l euc ine  in 3 . 0 r a M  c a l c i u m  fo l lowed  by addi t ion  of 10-3M d A M P  in 0 .5  and 

3 . 0 r a m  c a l c i u m .  

T IME (HOUR s) 

E x p e r i m e n t  1 2 3 4 

0 . 5 r a m  c a l c i u m  1450 q- 80 1330 ~: 150 5550 ~ 135 2660 • 65 

+ 10~3M d A M P  2660 ~: 140" 4850 ± 250* 10100 ~= 300* 12300 :~ 450* 

3 . 0 r a m  c a l c i u m  950 '~ 50 940 ± 50 1300 • 56 1660 ~: 95 

+ 10-3M d A M P  1067 -~ 70 2100 ~= 75* 3100 =~ 150" 4330 =~ 150" 

* p < 0 .01  c o m p a r e d  with  va lue  above 
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Although CAMP is known to be involved in the secretion of insulin, of a 

number of pituitary hormones, and of calcitonin (13), this is the first evidence that 

the secretion of PTH may involve this mechanism. These observations provide 

a useful basis for further studies of the regulation of PTH secretion by normal 

and abnormal parathyroid glands. 
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