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THE PHARMACOLOGY OF CALCITONIN by CRAIG ALEXANDER McARDLE

ABSTRACT

The mechanisms u n d e r l y in g  the pharmaco logical  e f f e c t s  o f  
c a l c i t o n i n  (CT) have been i n v e s t i g a t e d .  The haemodynamic and a n t i n o c i 
c e p t i v e  e f f e c t s  o f  CT have been adopted as models f o r  s tudy as both are 
r e a d i l y  q u a n t i f i e d ,  appear to  i n v o lv e  modulat ion o f  neuronal  a c t i v i t y  
and are o f  p o t e n t i a l  t h e r a p e u t i c  use.

The a n t i n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  adm in is te re d  CT in mice 
was found to be a t te nua ted  by p re t rea tm e n t  w i t h  p -ch lo ro p h e n y1a la n ine  
(bu t  not  by methyserg ide o r  a - m e t h y 1- p - t y r o s i n e )  and c e n t r a l  a dm in is 
t r a t i o n  o f  5“ hyd roxy t ryp tam in e  w i t h  CT overcame the e f f e c t  o f  p-  
ch lo ropheny1a la n in e .  These o bse rva t io ns  form the bas is  o f  a model in 
which CT a n t i n o c i c e p t i o n  is  a t t r i b u t e d  to  modula t ion  o f  the a c t i v i t y  o f  
c e n t ra l  t r y p t a m i n e r g i c  neurones.  However, CT d id  not  a l t e r  the concen
t r a t i o n  o f  5 "hyd roxy t ryp ta m in e  (o r  i t s  major  m e ta b o l i t e  5~hyd ro xy indo le -  
a c e t i c  ac id )  in  the mouse o r  r a t  b r a i n .  The hormone may t h e r e fo r e  
produce l o c a l i s e d  a l t e r a t i o n s  in 5 “ hyd roxy t ryp tam in e  c o n c e n t ra t io n  o r  
t u rn o v e r .

As recent  re p o r ts  i n d i c a t e  t h a t  the CT gene is  t ra n s c r ib e d  to  
produce c a l c i t o n i n  g e n e - re la te d  p e p t ide  (CGRP) r a th e r  than CT in 
neural  t i s s u e ,  the p o s s ib le  a n t i n o c i c e p t i v e  e f f e c t s  o f  salmon-CT, human- 
CT and CGRP have been compared. A l l  th ree  pep t ides  produced a n t i n o c i c e p 
t i o n  bu t  the e f f e c t s  o f  human-CT and CGRP were more t r a n s i e n t  and 
re qu i red  h ig h e r  doses. The p o s s i b i l i t y  o f  a c t i o n  o f  CT on p u t a t i v e  
c e n t ra l  CGRP re cep to rs  is  d iscussed .

Salmon-CT i . v .  has been found to  produce a p ressor response in 
ra ts  made hypo tens ive  by haemorrhage, bu t  is  w i t h o u t  e f f e c t  in normo- 
t e n s iv e  ra ts  o r  those made hypo tens ive  by p i t h i n g .  The p ressor  e f f e c t  
was g r e a t l y  a t te n ua ted  by chemical sympathectomy sugges t ing  th a t  the 
hormone p o t e n t i a t e s  s y n p a th e t i c  o u t f l o w .  C e n t r a l l y  adm in is te red  
salmon-CT produced a p re sso r  response in  both normotensive  and haemor
rhaged r a t s ,  the l a t t e r  e f f e c t  was not  g r e a t l y  a t tenua ted  by chemical 
sympathectomy, i t  is  concluded t h a t  the s i t e  and mechanism o f  a c t i o n  
o f  c e n t r a l l y  and p e r i p h e r a l l y  adm in is te re d  salmon-CT d i f f e r  in these 
models.

Wi th regard to  the c e l l u l a r  mechanism o f  a c t i o n ,  CT was found to 
i n h i b i t  d e p o la r i s a t i o n  s t im u la te d  uptake o f  by s l i c e s  o f  ra t
m id b ra in ,  to  inc rease  the c y c l i c  adenosine 3 1* 5 1-monophosphate c on ten t  
o f  mouse hypothalamus in v ?v o . and to  s t im u la t e  adeny la te  cyc lase  
a c t i v i t y  in  homogenates o f  mouse hypothalamus.  These e f f e c t s  could  
c l e a r l y  r e f l e c t  e f f e c t s  o f  CT on c e l l u l a r  metabol ism thus p roduc ing the 
a l t e r e d  neuronal  a c t i v i t y  assumed to  u n d e r l i e  the a n t i n o c i c e p t i v e  and 
haemodynamic e f f e c t s  o f  the hormone.
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INTRODUCTION



(.1 THE DISCOVERY AND ISOLATION OF CALCITONIN

U n t i l  the d isco ve ry  o f  c a l c i t o n i n  (CT) i t  was g e n e r a l l y  b e l ie v e d  

th a t  p a r a th y r o id  hormone (PTH) a lone was re s p on s ib le  f o r  r e g u la t i o n  o f  

plasma ca lc ium (McLaen, 1957).  However, in 1961 Copp, Davidson and 

Cheney per fused  the p a r a th y r o id  complex o f  dogs w i t h  hyperca lcaemic  

b lood  and observed sys tem ic  hypoca1caemia which was more rap id  

than t h a t  produced by s u r g i c a l  removal o f  the p a r a t h y r o i d .  These 

exper iments led to  the  suggest ion  t h a t  a hypocalcaemic f a c t o r  was 

re leased f rom t h y r o p a r a th y r o id  t i s s u e  in response to  hyperca lcaemia .  

This f a c t o r  termed " c a l c i t o n i n " ,  because o f  i t s  r o l e  in r e g u la t i o n  

o f  ca lc ium " t o n e " ,  was assumed to  be der ived  f rom the p a r a th y r o id  

g lands (Copp, Cameron, Cheney, Davidson and Henze, 1962).

H i r s c h ,  Gcmt ier  end Munson (1963) noted a g r e a te r  reduc t ion  

in plasma ca lc ium  o f  ra ts  a f t e r  pa ra thy ro idec tomy by e le c t r o c a u te r y  

than was observed a f t e r  s u r g i c a l  removal o f  the p a r a th y r o id .  This 

led to  the conc lus ion  t h a t  t i s s u e  damage in e l e c t r o c a u te r y  caused a 

hypocalcaemic f a c t o r  to  be re leased f rom the ad jacen t  t h y r o i d .  The 

t h y r o i d  o r i g i n  o f  t h i s  hypocalcaemic f a c t o r  was i n d i c a te d  by H ir sch  

e t  al  (1963) who were ab le  t o  e x t r a c t  a hypocalcaemic p r i n c i p a l  f rom 

the t h y r o i d ,  and by F o s te r ,  Baghdian tz ,  Kumar, S la ck ,  Sol iman and 

MacIn ty re  (196A) who f a i l e d  to  produce system ic  hypoca1caemia by 

p e r fu s in g  the goat  p a r a th y r o id  w i t h  hyperca lcaemic b lood ,  but  

observed a rap id  f a l l  in  sys tem ic  ca lc ium c o n c e n t r a t io n  when the 

t h y r o i d  was a ls o  per fused .  Copp and Henze (1964) however, ma in ta ined 

t h a t  c a l c i t o n i n  was o f  p a r a th y r o id  o r i g i n  lead ing  to  the development 

o f  the  term " t h y r o c a 1c i t o n i n "  t o  desc r ibe  the hormone sec re ted  f rom 

the t h y r o i d .  F u r th e r  c o n v inc in g  evidence o f  the t h y r o i d  o r i g i n  o f  

CT was ob ta in ed  by Care (1965) who repor ted  t h a t  d i r e c t  a d d i t i o n  o f  

ca lc ium to  the  t h y r o i d  a r t e r i a l  b lood o f  p igs produced a rap id  

reduc t io n  in sys tem ic  plasma ca lc ium ,  and by Care, Cooper, Duncan 

and Orimo (1968) who de tec ted  e le va te d  l e v e ls  o f  CT (determined by 

b ioassay)  In t h y r o i d  venous b lood  d u r ing  p e r fu s io n  w i t h  hype realcaemic 

b lood .  H i s t o l o g i c a l  examinat ion  revealed t h a t  the t h y r o i d  g lands o f  

these p igs d id  no t  c o n ta in  any p a r a th y r o id  t i s s u e .  I t  has s in ce  been 

demonstrated t h a t  both substances are In f a c t  the same and are d e r ived  

f rom the p a r a f o l l i c u l a r  "C c e l l s "  (Fos te r  e t  a l ,  1964; Pearse,  1968).
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These c e l l s ,  which d e r i v e  phy1o g e n e t i c a 1ly  f rom the  neura l  c r e s t  and 

are o f  neuroectodermal  o r i g i n ,  m ig ra te  du r ing  development to  the 

u l t im o b r a n c h ia l  bodies o f  f i s h ,  amphibians and r e p t i l e s  and predom

i n a n t l y  to  the t h y r o i d  o f  h ig h e r  mammals i n c l u d i n g  man. Immuno

f luo resce nce  and immunochemical s tu d ie s  have s in c e ,  c o n c l u s i v e l y  

shown CT to  be l o c a l i s e d  in the  p a r a f o l l i c u l a r  "C c e l l s "  o f  man 

(Wool f ,  Voelke l  and T a s h j ia n ,  197*0.

The r e l a t i v e l y  h igh  conce n t ra t ion s  o f  CT ob ta ined  f rom 

medul la ry  t h y r o i d  carcinomas w i t h  ma l ignan t  degenera t ion  o f  the "C 

c e l l s "  has enabled the pep t id e  to  be i s o l a t e d ,  sequenced and 

subsequent ly  syn thes ised  (Neher, R in i k e r ,  R i t t e l  and Zuber,  1968; 

R i t t e l ,  Bruger,  Kamber, R in i k e r  and S ie be r ,  1968). To da te ,  po rc ine  

human, bov ine ,  o v in e ,  salmon,  ch icken ,  eel  and r a t  CT's have been 

i s o l a t e d ,  a l though  o n ly  p o r c in e ,  human and salmon c a l c i t o n i n s  are used 

the rap eu t i  c a l l y .
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I .2 PERIPHERAL CALCIUM REGULATION AND THE ROLE OF CALCITONIN

The c o n c e n t r a t io n  o f  io n ised  cal ci  urn wi t h i  n c e l l s  is  approx

im a te ly  10 ^M, v a r i a t i o n s  in t h i s  ex trem ely  low va lue  are o f  c r i t i c a l  

importance to  numerous b i o l o g i c a l  f u n c t i o n s ,  i n c l u d i n g  muscle c o n t ra c 

t i o n  and r e l a x a t i o n ,  endocr ine  and exoc r ine  s e c r e t i o n  and neuronal  

f u n c t i o n .  In the s h o r t  te rm, ra p id  r e g u la t i o n  o f  i n t r a c e l l u l a r  

io n ise d  ca lc iu m  depends l a r g e l y  on the a c t i v i t y  o f  i n t r a c e l l u l a r  

o r g a n e l l e s ,  however,  in  the long term the cont inuous i n f l u x  o f  ca lc ium 

must be coun te rac ted  by e j e c t i o n  through plasma membranes. Since both 

i n f l u x  and e f f l u x  are c o n c e n t r a t io n  dependent , the e f f i c i e n c y  o f  

i n t r a c e l l u l a r  ca lc iu m  r e g u la t i o n  is  u l t i m a t e l y  dependent on the ca lc iu m  

c o n c e n t r a t io n  o f  e x t r a c e l l u l a r  f l u i d .

Calcium homeostasis is  achieved by the coord in a ted  e f f e c t s  o f  

CT, PTH, and v i t a m in  D (o r  more c o r r e c t l y  i t s  a c t i v e  m e ta b o l i t e ,  1, 

2 5 - d ih y d r o x y c h o le c a l c i f e r o l  ; 1,25-DHCC). B r i e f l y ,  1,25-DHCC 

produced by the renal  tubu les  when plasma ca lc ium is  low, acts  on the 

smal l  i n t e s t i n e  to  promote a c t i v e  a bso rp t io n  o f  ca lc ium and plasma 

ca lc iu m  is  a lso  e le v a te d  by a c t i o n s  on bone, and prox imal

tubu les  o f  the k idney .  S i m i l a r l y ,  PTH secre ted  f rom the p a ra th y ro id  

glands in response to  hypocalcaemia increases ca lc iu m  rea bso rb t io n  by 

the renal  tubu les  and i n d i r e c t l y  f a c i l i t a t e s  i n t e s t i n a l  abso rb t io n  o f  

ca lc ium by promot ing 1,25“ DHCC p roduc t io n  in the k idney .

The major e f f e c t  o f  CT is  cons idered to  be i n h i b i t i o n  o f  

s k e l e t a l  r e s o rb t i o n  as demonstrated by the d e c l i n e  in u r i n a r y  hydroxy -  

p r o l i n e  c o n c e n t r a t io n  (a s ign  o f  reduced s k e le ta l  r e s o r b t i o n )  a f t e r  

p e r ip h e ra l  a d m i n i s t r a t i o n .  In c o n d i t i o n s  o f  h igh  bone tu rno ve r  such 

as Paget 's  d isease and growth ,  CT a d m in i s t r a t i o n  can lead to  a 

re d u c t io n  in plasma ca lc ium .  Raisz (1981) repor ted  t h a t  the re  is  

l i t t l e  ev idence to  suggest  t h a t  CT plays an e s s e n t i a l  r o le  in  the 

maintenance o f  ca lc iu m  supp ly  o r  plasma c o n c e n t ra t io n  in mammals, 

presumably because ca lc ium  e f f l u x  f rom a d u l t  bone forms a smal l  

p r o p o r t i o n  o f  ca lc iu m  i n f l u x  i n t o  plasma. However, in  c o n d i t i o n s  

such as g rowth ,  g e s ta t i o n  and l a c t a t i o n  where 1,25-DHCC le v e ls  are 

e le va ted  ( t o  meet increased demand f o r  ca lc ium and phosphates) ,  CT 

le v e ls  are a lso  increased p re v e n t in g  the d e s t r u c t i v e  e f f e c t  o f  1,25
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DHCC on hone. The p r o t e c t i v e  e f f e c t  o f  CT a g a in s t  ca lc ium r e s o r p t i o n  

was demonstrated by Swaminathan, Bates and Care (1972) who found 

t h a t  the plasma ca lc iu m  c o n c e n t ra t io n  o f  young pigs was e leva ted  

f o l l o w i n g  thy ro idec tomy and was re tu rned  to  p re -s u rg e ry  le v e ls  by 

CT i n f u s i o n .  P reven t ion  o f  ca lc ium r e s o r p t i o n  f rom bone cannot  

however be cons idered as the s o le  p h y s io lo g i c a l  e f f e c t  o f  CT. The 

e l e v a t i o n  o f  plasma ca lc iu m  produced by feed in g  ©r gavage w i t h  

ca lc ium c h l o r i d e  ( i n  young fas te d  ra t s )  was found by Munson and Gray 

(1970) to  be enhanced by thy ro idec tom y .  Moreover,  changes in serum 

ca lc ium w i t h i n  the p h y s i o l o g i c a l  range were found by A u s t i n ,  Heath 

and Go (1970) t o  c o r r e l a t e  w i t h  CT c o n c e n t r a t io n  in plasma. These 

r e s u l t s  c l e a r l y  suppo r t  the sugges t ion  o f  Gray and Munson (1969),  

t h a t  CT might  p r o t e c t  a g a in s t  hype rca1caemia d u r ing  the pos t  p ra n d ia l  

p e r iod  in which ca lc ium is  r a p i d l y  absorbed f rom the g a s t r o i n t e s t i n a l  

t r a c t .  As CT has been shown to  modi fy  renal  c lea rance  o f  ca lc ium,  

and a b so rb t io n  o f  ca lc ium  f rom the g a s t r o i n t e s t i n a l  t r a c t ,  the hormone 

can be cons idered to  e x e r t  coo rd ina ted  e f f e c t s  on k idney,  g a s t r o i n 

t e s t i n a l  t r a c t  and bone which serve to  p reven t  v a r i a t i o n s  in  plasma 

ca lc ium and to  p r o t e c t  bone f rom excess ive  ca lc ium r e s o r p t i o n .
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I .3  STRUCTURE AND EVOLUTION OF CALCITONIN

A l l  forms o f  CT sequenced to  date c o n s i s t  o f  a s i n g l e  chain 

p o l y p e p t id e  w i t h  a p ro l in a m id e  res idue  a t  the carboxy l  terminus and 

a 1-7 d l s u lp h id e  b r id g e  a t  the  amino te rm inus .  In a d d i t i o n  to  the 

monomer an a n t i p a r a l l e l  dimer w i t h  d is u lp h id e  b r idges  a t  the same 

p o s i t i o n s  between monomeric molecules has been demonstrated.  In 

s p i t e  o f  co n s id e ra b le  sequence v a r i a t i o n  between spec ies ,  th ree  

major  chemical groups o f  CT are g e n e r a l l y  recogn ised,  t e l e o s t ,  

a r t i o d a c t y l  and human, the sequences o f  salmon and human CT's are 

shown in f i g u r e  1.1 (see a lso  1 .10 ) .  Only 9 res idues  have been found 

common to  a l l  sequenced CT molecu les ,  these residues occur  towards 

the  two ends o f  the mo lecu le  sugges t ing  t h e i r  importance f o r  b i o l o g 

i c a l  a c t i v i t y  (see 1 .10 ) .

Several  groups have combined the techniques  o f  h igh  pressure  

l i q u i d  chromatography (HPLC) and radioimmunoassay (us ing  a n t ib o d ie s  

ra ised  a g a in s t  s p e c i f i c  forms o f  CT) to  i n v e s t i g a t e  the occurrence 

o f  the va r ious  types o f  CT in d i f f e r e n t  spec ies .  These s tu d ie s  have 

demonstrated t h a t  presence o f  human CT (or  more c o r r e c t l y  human CT r- 

l i k e  im m u n o r e a c t i v i t y , CTL l) ,  in  the nervous systems o f  p r i m i t i v e  

chorda tes ,  i n c l u d i n g  the sea s q u i r t ,  Ciona i n t e s t i n a l  is  ( F r i t s c h ,  

Noorden and Pearse,  1979; G i r g i s ,  Galan, A r n e t t ,  Rogers, Bone, 

Ravazzola and M ac In ty re ,  1980) and in the b ra in  o f  the  h a g f i s h ,  Myxine 

g lu t imosa  ( G i r g i s  e t  a l ,  1980).  MacIn ty re  and C ra ig ,  1981, have a ls o  

repor ted  the unexpected o b s e rv a t io n  o f  human CTLl in  Escheri  ca c o l i , 

Candida a lb ic a n s  and A s p e r g i l l u s  fum igu tus .  F i n a l l y ,  the u l t i m o -  

b ra n c h ia l  g land o f  amphib ia has been found to  c o n ta in  human CTLl 

whereas th a t  o f  b i r d s  and f i s h  co n ta in s  t e l e o s t  CTLl (MacInty re  and 

C ra ig ,  1981).

To e x p la in  the  o bse rva t io ns  o u t l i n e d  above, MacIntyre  and

C ra ig ,  (1981) have proposed t h a t  human CT is  an e x t rem e ly  a n c ie n t

p ep t ide  which may have fu n c t io n e d  as an i n t e r c e l  lujcu* messenger in

u n i c e l l u l a r  and p r i m i t i v e  m u l t i c e l l u l a r  organisms p r i o r  to  the  develop'

ment o f  the  s k e l e t a l  system. D u p l i c a t i o n  o f  the  human CT gene is

thought  to  have occur red  e a r l y  in v e r t e b r a t e  e v o l u t i o n  so t h a t  more

recent  forms o f  CT may have a r i s e n  f rom d u p l i c a t i o n  o f  the gene f o r

the paren t  p e p t id e ,  human CT. in suppo r t  o f  the  d u p l i c a t e  gene theory

M a c In t y re ' s  group have repor ted  the  obse rva t ions  o f  the  c o -e x is ta n ce
5
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o f  human CT and t e l e o s t  CT in mammals, r e p t i l e s ,  f i s h  (Perez Cano, 

G i r g i s  and M ac In ty re ,  1982 ) .and b i r d s  (Perez Cano, G i r g i s ,  Galan 

Galan and M ac In ty re ,  1982). Those s tud ie s  have now been extended 

by the demonst ra t ion  o f  the  c o -e x is ta n c e  o f  salmon and human C T - l i k e  

pep t ides  in  the human t h y r o i d ,  b ra in  (F i s c he r ,  T o b le r ,  Henke and 

Tschopp, 1983) and serum (Tob le r ,  Tschopp, Dambacher and F isch e r ,  

1984).



1 . 4  BIOSYNTHESIS OF CALCITONIN

Pept ides  des t in ed  f o r  s e c r e t i o n  are  g e n e r a l l y  syn thes ised  in 

the form o f  la rge  p re cu rso r  molecules (Zimmerman, Mumford and S t e i n e r ,  

(1980)) which undergo co-and p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s  to 

y i e l d  the f i n a l  s e c r e to r y  p rodu c t .  Jacobs, P o t t s ,  Be l l  and Habener 

(1979) and Goodman, Jacobs and Habener (1979) have found the major  c e l l  

f r e e  t r a n s l a t i o n  p roduc t  o f  cod,  r a t  and human "C c e l l "  der ived  mRNA to  

be a CT c o n ta in in g  p e p t id e  w i t h  a mo lecu lar  w e igh t  o f  15000 termed 

p r o c a l c i t o n i n ,  i n d i c a t i n g  t h a t  CT is  no excep t io n  to  the general 

scheme o u t l i n e d  above.

Jacobs,  Goodman, Chin,  Dee, Habener, Be l l  and Po t ts  (1981a) 

e x t r a c te d  mRNA from carcinoma o f  the r a t  t h y r o i d  and determined the 

n u c le o t i d e  sequence o f  la rg e  p o r t i o n s  o f  the CT p re c u rs o r  by sequen

c ing  c loned DNA complementary to  the sequence o f  the p recu rso r  coding 

mRNA. Nakan ish i ,  Inoue,  K i t a ,  Nakamura, Chang, Cohen and Numa (1979) 

had p r e v io u s l y  used s i m i l a r  techn iques  to p r e d i c t  the sequence o f  

p r o - o p io m e la n o c o r t i n . The sequences o f  these p re c u rs o r  molecules 

are  no t  compat ib le  w i t h  the  suggest ion  o f  De f tos ,  Bur ton,  Bone, Catherwood 

Parthermore,  Moore, M in ick  and G u i l le m in  (1978) t h a t  CT is  conta ined  

w i t h i n  the ACTH/endorphin p re cu rso r  molecule.  Subsequent ly ,  Jacobs,

Lund, P o t t s ,  Be l l  and Habener (1981b) employed a c e l l  f r e e  system 

to  i n v e s t i g a t e  the t r a n s l a t i o n  products o f  mRNA e x t r a c te d  f rom r a t  

t h y r o i d  carc inoma. They found po lyadeny1ated RNA to d i r e c t  the  syn

th e s i s  o f  a p re c u rs o r  molecule (MW 15000) which was shown by immuno- 

p r e c i p i t a t i o n  w i t h  CT an t ise rum  to  co n ta in  a CT l i k e  sequence.

Subsequent t r a n s l a t i o n  in the presence o f  microsomal membranes 

revealed t h a t  a leader p e p t id e  (MW 3000) was c leaved f rom p ro 

c a l c i t o n i n ,  the ramaining sequence (MW 12000) was then g ly c o s y la te d  

to form a 17000 MW molecu le .  The authors  i n d ic a te d  t h a t  the o n ly  

known sequence o f  the p r o - c a l c i t o n i n  amenable to  g l y c o s y 1a t i o n  is  

the Asn-Leu-Ser sequence a t  the  3-5 p o s i t i o n  o f  the CT molecule 

i t s e l f ,  and sp ecu la te  t h a t  g l y c o s y 1 a t i o n  o f  p re cu rso r  molecules may 

p lay  an im por tan t  r o l e  in the re g u la t i o n  o f  pos t  t r a n s l a t i o n a l  

c leavages.  Furthermore,  they suggest  t h a t  s ince  secre ted  forms o f  

CT have been found no t  to  c o n ta in  ca rbohydra te ,  the m u l t i p l e  forms
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o f  immunoreact ive CT found by va r io us  authors. (Sn id e r ,  S i l v a ,  Moore 

and Becker,  1977; Dermody, Rosen, Ananthaswamy, McCormick and Levy,

1981) might  rep resen t  p re cu rso r  forms w i t h  d i f f e r i n g  degrees o f  

g l y c o s y la t  i o n .

I r r e s p e c t i v e  o f  the p o s s ib le  re g u la to r y  r o le  o f  g l y c o s y la t i o n  

i t  is  apparent  t h a t  pos t  t r a n s l a t i o n a l  p rocess ing  accounts f o r  

p ro du c t io n  o f  CT f rom p r o - c a l c i t o n i n ,  t h i s  process ing  is  though t  to  

i n v o lv e  c leavage o f  the  amino te rm ina l  " l e a d e r  sequence" (above) 

fo l lo w ed  by removal o f  amino and carboxyl  te rm in a l  c r y p t i c  sequences. 

Because o f  the p o s s i b i l i t y  o f  b i o l o g i c a l l y  a c t i v e  sequences o c c u r r i n g  

w i t h i n  these c r y p t i c  sequences, MacIn ty re  e t  a l  (1982) syn thes ised  

the C - te rm ina l  p e p t id e  which f l a n k s  the CT sequence in human p ro 

c a l c i t o n i n .  Th is 21 res id ue  p e p t id e  termed PDN-21 (now renamed 

K a ta c a lc in )  was found t o  have hypocalcaemic a c t i v i t y  in  the r a t .

Al though k a ta c a l c i n  was found to  be less p o te n t  than hCT, the e f f e c t s  

o f  maximal doses o f  hCT and k a ta c a l c i n  were a d d i t i v e ,  p o s s ib l y  i n d i 

c a t i n g  d i s t i n c t  s i t e s  o r  mechanisms o f  a c t i o n .  Recent ly ,  r a d i o 

immunoassay and Immunocytochemical techniques have been employed to  

demonstrate t h a t  k a t a c a l c i n  is  l o c a l i s e d  in both normal and n e o p la s t i c  

m edu l l a ry  "C c e l l s "  ( A l i - R a c h e d i , V a r n d e l l ,  Facer,  H i l l y a r d ,  C ra ig ,  

MacIntyre  and Po lak ,  1983), and c i r c u l a t e s  in co nc e n t ra t io n s  approx

im a te ly  equal to hCT (MacIn ty re ,  H i l l y a r d ,  Murphy, Reynolds,  Gainesdas 

and C ra ig ,  1982). Moreover,  s imu l taneous  s e c re t i o n  o f  CT and k a ta c a l c i n  

f rom human medu l l a ry  t h y r o i d  carcinoma t i s s u e  has been observed 

( Iw a s a k i , Myers and Freake,  1983).  Secre t ion  o f  both pep t ides  was 

found to  be s t im u la te d  in  a ca lc ium  dependent manner by d e p o la r i s i n g  

s o lu t i o n s  o f  potassium. The b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  p e p t ide  

has,  however, y e t  t o  be e s ta b l i s h e d ,  p a r t i c u l a r l y  s in ce  Mac In ty re ,  

H i l l y a r d ,  Reynolds,  Gainesdas and Cra ig  (1984) have r e c e n t l y  repor ted  

the  hypocalcaemic e f f e c t  to  be " h i g h l y  v a r i a b l e  a t  b e s t " .

In a d d i t i o n  to  pos t  t r a n s l a t i o n a l  p rocess ing  producing  a t  

l e a s t  two b i o l o g i c a l l y  a c t i v e  p e p t id e s ,  v a r i a t i o n s  in pos t  t r a n s c r i p t 

iona l  ( p r e - t r a n s l a t i o n a l ) p rocess in g  o f  the p r o c a l c i t o n i n  gene has 

re c e n t l y  been rep o r ted .  RosenfeId and co-workers noted t h a t  c u l t u r e s  

o f  r a t  medu l l a ry  t h y r o i d  carcinoma c e l l s  were ab le  to  sw i t ch  f rom 

h igh  to  low CT p ro du c t io n  and t h a t  t h i s  sw i tch  was assoc ia ted  w i t h  the
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appearance o f  a new form o f  mRNA termed c a l c i t o n i n  gene re la te d  

p ep t id e  mRNA (CGRP mRNA). To i n v e s t i g a t e  the m o lecu la r  bas is  o f  

the phenomenon! t h i s  group prepared c i r c u l a r  DNA clones to  both CT 

mRNA and CGRP mRNA and a ls o  generated a CT genome f ragment.  Using 

t h i s  approach Amara e t  a l  (1982) were ab le  to  demonstrate t h a t  both 

CT and CGRP mRNA coding sequences were present  on the same gene, t h i s  

CT gene was found to  c o n s i s t  o f  f o u r  exons ( reg ions o f  DNA which can 

p o t e n t i a l l y  be t r a n s c r i b e d  to  mRNA) one o f  which was no t  t r a n s c r ib e d  

Tissue s p e c i f i c  t r a n s c r i p t i o n  o f  the th ree  common coding exons w i t h  

e i t h e r  the CT exon o r  the  CGRP exon was found to  produce two forms 

o f  mRNA w i t h  i d e n t i c a l  5 ‘ sequences and non homologous 3 ‘ sequences, 

t r a n s l a t i o n  o f  these mRNA's produces e i t h e r  the CT p re c u rs o r  o r  the 

CGRP p re c u rs o r .

Al though the s p l i c i n g  mechanism(s) de te rm in in g  p rodu c t ion  o f  

CT mRNA o r  CGRP mRNA have not  y e t  been e s ta b l i s h e d  they  could be o f  

c ons ide rab le  p h y s i o l o g i c a l  s i g n i f i c a n c e ,  p a r t i c u l a r l y  in l i g h t  o f  the 

demonst ra t ion  o f  t i s s u e  s p e c i f i c  mRNA p r o d u c t i o n .  Amara e t  al (1982) 

found CGRP mRNA and CT mRNA to  predominate in the  hypothalamus and 

t h y r o i d  r e s p e c t i v e l y ,  and specu la ted  t h a t  the p re d ic te d  p ep t ide  p roduc t  

o f  CGRP mRNA (CGRP) m igh t  a c t  as a hypo tha lamic  neuropep t ide  which 

could e x e r t  e f f e c t s  o f  i t s  own. This suggest ion  i s  supported  by the 

recent  demonstra t ion  o f  d e p o l a r i s a t i o n  evoked re lease  o f  CGRP from 

c u l t u r e d  r a t  t r i g e m in a l  gang l ion  c e l l s  (Mason, P e te r f re u n d ,  Sawchenko, 

C o r r iga n ,  R i v i e r  and Va le ,  1984).  Rosenfeld,  Mermod, Amara, Swanson, 

Sawchenko, R i v i e r ,  Vale and Evans (1983) ra is ed  a n t i  CGRP a n t ib o d ie s  

a g a in s t  s y n t h e t i c  CGRP (sequence p re d ic te d  f rom mRNA) and c a r r i e d  o u t  

immunof luorescence s tu d ie s  in the r a t .  The d i s t r i b u t i o n  o f  CGRP 

s t a i n i n g  in the r a t  b r a in  suggested to  the au thors t h a t  the pep t ide  

might  p lay  a r o le  in sensory ,  i n t e g r a t i v e  o r  motor components o f  

in g e s t i v e  behav iour  and a ls o  in the process ing  o f  p a i n f u l  s t i m u l i .

I t  now appears t h a t  human CT is  processed in a s i m i l a r  manner as 

M o r r i s ,  Penico,  E t ienne ,  T i p p in s ,  G i rg i s  and MacIn ty re  (1984) have 

descr ibed a human CGRP w i t h  89% sequence homology (sequenced by f a s t  

atom bombardment) w i t h  the r a t  p e p t id e .  However, in c o n t r a s t  to  r a t  

CGRP the human p e p t id e  was de tec ted  p e r i p h e r a l l y  in non neuronal 

t i s s u e  ( in  plasma and tumour t i s s u e  o f  p a t i e n t s  w i t h  medu l la ry  t h y r o i d  

ca rc i  noma).
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In summary, I t  appears t h a t  numerous mechanisms can c o n t r i b u t e  

to  the d i v e r s i t y  o f  p e p t i d e r g i c  systems. In the case o f  the CT gene 

t i s s u e  s p e c i f i c  r e g u la t i o n  o f  RNA p rocess ing  leads to  p ro du c t io n  o f  

mRNA which i s  t r a n s l a t e d  i n t o  p recurso rs  to e i t h e r  CT o r  CGRP. Subse

quent pos t  t r a n s l a t i o n a l  p rocess in g  o f  p re cu rso r  molecules (human 

p r o - c a l c i t o n i n )  can produce more than one b i o l o g i c a l l y  a c t i v e  sequence 

(F igu re  1 .2 ) .  The mechanism o f  r e g u la t i o n  o f  RNA and p re cu rso r  

p rocess ing  are not  y e t  e s ta b l i s h e d  (a l though p o l y a d e n y la t io n  and 

g l y c o s y la t i o n  are  thought  t o  be i n v o l v e d ) ,  and the p o s s i b i l i t y  o f  

t i s s u e  s p e c i f i c  p rocess ing  o f  the CT p re cu rso r  has no t  y e t  been 

i nves t i  g a te d .

The recombinant  DNA and mo lecu la r  b io lo g y  techn iques descr ibed  

by Rosenfeld e t  al (1983) have been app l ie d  to  i d e n t i f i c a t i o n  o f  

p r e v io u s l y  unknown p e p t id es .  Subsequent syn th es is  o f  p re d ic te d  

pep t ides  and p re p a ra t io n  o f  a n t i s e r a  can r a p i d l y  lead to d e te rm in a t io n  

o f  the pep t ides  d i s t r i b u t i o n  (Rosenfeld e t  al , 1983; M u ld e r ry ,  Chatei; 

Rodr igo,  A l l e n ,  Rosenfeld and Po lak ,  1983; Sabate,  Gibson,  Mor r ison ,  

Rosenfeld,  Bloom and Polak, 1983; A l i -R ached i  e t  a l ,  1983).  Since 

these techniques are r e l a t i v e l y  new to  neuropept ide  research (CGRP 

p ro du c t ion  is  the f i r s t  known example o f  t i s s e  s p e c i f i c  r e g u la t i o n  o f  

gene express ion  in  the  nervous and endocr ine  systems) i t  is  r e le v a n t  

to  co ns ide r  p o t e n t i a l  drawbacks.  Nakanishi e t  al  (1979) have mentioned 

the p o s s i b i l i t y  o f  d e l e t i o n ,  a d d i t i o n  o r  rearrangement o f  n u le o t id e s  

du r ing  ? n v i  t r o  c? r c u l a r  DNA syn th es is  f rom mRNA o r  in  DNA c lo n in g  

i t s e l f ,  in any case DNA c lo n in g  produces copies o f  a s i n g le  mRNA 

molecule and the p o s s ib le  h e te ro g e n e i t y  o f  p re cu rso r  coding mRNA's 

cannot  be d iscoun ted .  F i n a l l y ,  the problem o f  a n t i s e r a  cross re a c t in g  

w i t h  o th e r  u n i d e n t i f i e d  molecules must always be cons ide red ,  indeed,  

i t  should be noted t h a t  n e i t h e r  r a t  CGRP nor k a t a c a l c i n  have y e t  been 

sequenced o r  even e x t r a c te d  f rom b i o l o g i c a l  t i s s u e s .
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Figure  1.2 A l t e r n a t i v e  p rocess in g  pathways in the express ion  

o f  the c a l c i t o n i n  gene ( f rom R o s e n fe ld 'e t  a l ,  1983)

A den y la t ion  o f  the p r imary  t r a n s c r i p t  a t  a l t e r n a t i v e  

s i t e s  (arrowed) leads to  p ro du c t ion  o f  two a l t e r n a t i v e  

p re cu rso rs .  P o s t - t r a n s l a t i o n a l  p rocess ing  o f  these 

p recurso rs  (c leavage a t  the s ig n a l  sequence show, 

K-Lys,  R-Arg. G-Gly) y i e l d s  e i t h e r  CT ( r a t  t h y r o i d )  

o r  CGRP ( r a t  neural  t i s s u e )  in  a d d i t i o n  to  the  c r y p t i c  

f l a n k i n g  pep t ides  shown. The carboxy l  te rm ina l  16 

amino ac id  f l a n k i n g  pep t id e  o f  the r a t  CT p re cu rso r  

(CCP) is  found in a p o s i t i o n  e q u i v a le n t  to  t h a t  o f  

the  21 amino a c id  p e p t id e ,  k a t a c a l c i n ,  in  the  human 

p re c u rs o r .
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METABOLISM AND DISTRIBUTION OF PERIPHERALLY ADMINISTERED CALCITONIN

Several  groups have used radioimmunoassay and bioassay to 

de termine the ra te  o f  e l i m i n a t i o n  o f  CT's f rom plasma o f  va r io us

sp ec ies .  In g ene ra l ,  a ra p id  phase o f  e l i m i n a t i o n  ( t x approx im a te ly
2

2-20 minutes)  fo l l o w e d  by a s lower phase ( t ,  30-300 minutes)  has been
2

repor ted  ( f o r  rev iew see Bennet and McMart in,  1978). Metabol ism in 

plasma is  u n l i k e l y  to  account  f o r  the rap id  phase o f  e l i m i n a t i o n  as 

severa l  forms o f  CT have been found to  be r e s i s t a n t  to  plasma 

metabol ism in v i t r o  (West, O ' r i o rd a n  and Care, 1969; Habener, S in ge r ,  

Def tos and P o t t s ,  1972a; Newsome, O 'dor  Parkes and Copp, 1973).

In the m a j o r i t y  o f  e s t im a t i o n s  o f  the h a l f - l i f e  o f  the slow

phase o f  e l i m i n a t i o n ,  radioimmunoassa/ has been employed, r a i s i n g  the

p o s s i b i l i t y  t h a t  the  s low e l i m i n a t i o n  o f  immunoreact ive m e tab o l i t e s

was in f a c t  dete rmined.  However, 1Habener, S in ge r ,  Neer,  Def tos and

P o t ts  (1972b) found no ev idence f o r  c i r c u l a t i n g  immunoreact ive

m e tab o l i t e s  o f  sCT o r  pCT in the dog and concluded t h a t  the leve l  o f

plasma CT f e l l  s lo w ly  because o f  b in d in g  to  plasma p r o t e i n s .  The

rap id  phase o f  e l i m i n a t i o n  presumably r e f l e c t s  d i s t r i b u t i o n  o f  unbound

plasma CT to t i s s u e s .  DeLuise,  M a r t i n ,  Greenberg and M ich e la nge l i  (1972)
125have shown t h a t  l e v e ls  o f  I -CT 's  are  r a p i d l y  reduced in ra t  plasma, 

a f t e r  i . v .  a d m i n i s t r a t i o n ,  by seques te r ing  in k idney  and l i v e r .  This 

group a ls o  found th a t  human and p o rc in e  (but  no t  salmon) CT's were 

cons ide rab ly  degraded by homogenates o f  r a t  l i v e r ,  k id n e y ,  spleen and 

muscle. A l though  i t  is  conce ivab le  t h a t  homogenisation might  re lease 

i n t r a c e l l u l a r  pep t idases which would no t  no rm a l l y  m e tabo l i se  CT 's ,  the 

p o s s i b i l i t y  o f  metabol ism in the  k idney is  supported by the demonst ra t ion  

t h a t  i s o la t e d  renal  c e l l s  can degrade CT's (Hsu and Haymovi ts,  197*0.

A l though molecules o f  the  s i z e  o f  CT would no t  no rm a l ly  be 

expected to  cross the b lo o d - b r a in  b a r r i e r  and whole body a u t o r a d i o 

graphy s tu d ie s  (H icks ,  Cooper and Waddel, 1971; Fo rs lu nd ,  S lan in a ,

S t r i d s b e rg  and Appe lg ren,  1980) have f a i l e d  to demonstrate r e d i s t r i b u -
125t i o n  o f  p e r ip h e ra l  I-CT to  the  CNS, evidence e x i s t s  sugges t ing  th a t  

t h i s  may in f a c t  o ccu r ,  and is  d iscussed in chap ter  D.3.



DISTRIBUTION OF CALCITONIN AND CALCITONIN BINDING SITES

Several  p ep t id e  hormone s e c r e t i n g  c e l l s  have been shown to  

have the  a b i l i t y  to  take up and decarboxyl  ate the amine p recursors  

o f  n e u ro t ra n s m i t t e r s  (Pearse,  1969) .  Such obse rva t ions  have led to 

the development o f  the APUD (amine p re cu rso r  uptake and decarboxy 

l a t i o n )  concept .  In essence, c e l l s  o f  the APUD s e r ie s  are though t  

to  be de r ived  f rom embryonic c e l l s  o f  the neuroectoderm, these c e l l s  

r e t a i n  c h a r a c t e r i s t i c s  o f  neuronal  t i s s u e  and have been termed 

"neuroendoc r ine "  (Pearse,  1977)* As p r e v io u s l y  mentioned (1.1)  CT 

s e c r e t i n g  "C c e l l s "  o f  the t h y r o i d  o r  u l t im o b r a n c h ia l  g lands are 

d e r ived  f rom the embryonic neural  c r e s t ,  a f a c t  which presumably 

u n d e r l i e s  t h e i r  a b i l i t y  to  take up and deca rboxy la te  p recurso rs  o f  

5 -Hydroxy t ryp tam ine  and dopamine (Pearse, 1966 and 1977).  In view o f  

the o r i g i n  o f  CT s e c r e t i n g  c e l l s  i t  is  perhaps no t  s u r p r i s i n g  th a t  

immunoreact ive CT l i k e  molecules have been demonstrated in neural 

t i s s u e  o f  several  i n v e r t e b r a te s  and p r i m i t i v e  chordates ( 1 . 3 ) .  More 

re c e n t l y  re po r ts  have appeared in the l i t e r a t u r e  d e s c r ib i n g  the 

e x is tan ce  o f  CT l i k e  molecules and s p e c i f i c  b in d in g  s i t e s  ( p u ta t i v e  

re cep to rs )  f o r  such molecules in the b ra in  and p i t u i t a r y  o f  h ig he r  

an ima ls ,  i n c l u d i n g  man.

Becker,  S n id e r ,  Moore, Monaghan and S i l v a  (1979) assayed CTLI 

and found t h a t  the t h y r o i d  conta ined  app rox im a te ly  20 t imes as much 

CTLI (67 ng/g  ne t  w e ig h t )  as the nex t  h ig he s t  t i s s u e ,  the je junum 

which was fo l l o w e d  by the thymus, u r i n a r y  b ladde r  and lung.  

I n te rm ed ia te  c o n c e n t ra t io n s  (1-3 ng/g ne t  we igh t )  were found in the 

rectum, t e s t e s , s k e l e t a l  muscle, hypothalamus,  p i t u i t a r y ,  lymph nodes 

and stomach w i t h  the  lowest  c o n c e n t r a t io n  being found in the c e re 

be l lum and red b lood c e l l s .  In a d d i t i o n  to e x t r a t h y r o i d a l  CT, CT 

b in d in g  s i t e s  ( p u ta t i v e  re cep to rs )  have been demonstrated in t i s su es  

o th e r  than bone, these in c lude  k idney  (Marx, Woodard and Aurbacfo, 

1972) and b ra in  (F ische r  e t  a l ,  1981a).  The d i s t r i b u t i o n  and 

c h a r a c t e r i s t i c s  o f  CTLI and CT b in d in g  s i t e s  w i t h i n  the  CNS and 

p i t u i t a r y  are c l e a r l y  re le v a n t  to  the unders tand ing  o f  the  c e n t ra l  

pharmaco logical  a c t i o n s  o f  CT and are  th e r e fo r e  descr ibed in more 

d e t a i l  below.
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1 . 6 . a C a lc i t o n in - l i k e  immunoreactivity in Brain and P i t u i t a r y

Deftos e t  al  (1978),  us ing  immunof1uorescence s t a i n i n g  

( a n t i s e r a  ra ised  a g a in s t  hCT) demonstrated u n i fo rm  d i s t r i b u t i o n  o f  

CTLI in the  in te rm e d ia te  lobe o f  r a t  p i t u i t a r y  g lands in a d d i t i o n  

to  s t a i n i n g  o f  d i s c r e t e  c e l l s  o f  the a n t e r i o r  lobe.  C a l c i t o n i n - l i k e  

im m un o reac t iv i ty  has now been demonstrated in the p i t u i t a r i e s  o f  

severa l  species i n c l u d i n g  p ig s ,  sheep, t r o u t ,  g o l d f i s h ,  ra ts  (D e f tos ,  

Burton,  Watkins and Catherwood, 1980) and man (F ischer e t  a l ,  1981a), 

a l though  the re  is  s t i l l  co n s id e ra b le  co n t ro ve rsy  on the exac t  d i s t r i 

bu t ion  o f  CTLI .

Samaan and Leavens (1981) c o l l e c t e d  samples o f  b lood f rom the 

p i t u i t a r y  v a s c u la r  bed o f  p a t i e n t s  w i t h  p r o l a c t i n  p roduc ing  m ic road

enomas d u r in g  t ransnasa l  t ransspheno ida l  su rg e ry .  Serum from t h i s  

blood was found to  possess g r e a te r  CTLI (2.4 + 0 . 9  ng.ml ^) than
_ i

p e r ip h e ra l  blood (0.69 + 0.19 ng.ml ) .  In c o n t r a s t ,  pep t ides  known 

to  be secre ted  f rom the p i t u i t a r y  were found in a t  l e a s t  500 t imes 

g re a te r  c o n c e n t r a t io n  in the  p i t u i t a r y  v ascu la r  bed. Furthermore,  

Cooper e t  al  (1980) us ing a n t i s e r a  ra is ed  a g a in s t  hCT, wfereunable to 

demonstrate s e c r e t i o n  o f  CTLI in thy ro idec tom ised  ra ts  o r  f rom p i t u i 

t a r i e s  in v i v o .  These o b se rva t io ns  in d ica te  th a t  s e c r e t i o n  o f  C T - l i k e  

molecules f rom the p i t u i t a r y  is  u n l i k e l y  to  e x e r t  s i g n i f i c a n t  e f f e c t s  

in the p e r ip h e ry ,  bu t  the p o s s i b i l i t y  o f  a p a r a c r in e  ro le  w i t h i n  the 

p i t u i t a r y  (Deftos e t  a l  1978) cannot be d iscoun ted .

In a d d i t i o n  to  the p i t u i t a r y  CTLI has been demonstrated in the  

CNS o r  CSF o f  severa l  s p e c i e s in c lu d in g  s n a i l s  (Schot ,  Boer, Swaab and 

Van Noorden, 1981) p r i m i t i v e  chordates (F r i t s c h  e t  a l ,  1979; G i r g i s  

e t  a l ,  1980),  l i z a r d s  (Galan Galan, Rogers, G i r g i s ,  A r n e t t ,  Ravazol la 

and Mac In ty re ,  1981a),  p igeons (Galan Galan, Rogers, G i r g i s ,  and 

M ac In ty re ,  1981b),  f rogs  ( Y u i , Yamada, Kayamori and F u j i t a ,  1981 ) ,  

ra ts  (F lynn ,  Margules and Cooper, 1981) and man (Becker e t  a l ,  1971; 

Becker, S i l v a s ,  Pos t ,  B a l le n g e r ,  Carman, Snider  and Moore, 1980) and 

has been lo c a l i s e d  to  s p e c i f i c  neurones in s n a i l s  (Schot e t  a l , 1981) 

and f ro gs  (Yui e t  a l ,  1981) .
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The f i r s t  demonst ra t ion  o f  CTLI in the CNS o f  mammals was t h a t  

o f  Becker e t  a l  (1979) mentioned p r e v io u s l y .  Since 1979 several  

groups have used radioimmunoassay t o  p rov ide  q u a n t i t a t i v e  es t im a tes  o f  

CTLI in the  CNS and CSF o f  i n v e r t e b r a t e s .  For example,  Galen Galen e t  a l ,  

(1981b) found the  hypothalamus, m idb ra in  and b ra in  stem o f  p igeons to  

co n ta in  3 1 . 5 0 + 9 . 6 5 ,  17.0 + 5 .0  and 2.85 + 2.10 ng/  g wet we igh t  

r e s p e c t i v e l y ,  wheras CTLI was und e tec ta b le  in the  ce re b ra l  c o r te x  and 

ce rebe l lum.  Flynn e t  al  (1981) us ing  an t i - hCT  a n t i b o d i e s ,  es t imated  t h a t  

the  hypothalamus o f  Sprague-Dawley r a t s  conta ined  0.21 ng immunoreactive 

m a te r ia l  as compared t o  1.16 ng in the  a n t e r i o r  and 0.81 ng in the 

in te rm e d ia te  lobes o f  the  p i t u i t a r y ,  and noted t h a t  these th ree  sources 

o f  CTLI conta ined  less than one thousandth  o f  t h a t  in  the  t h y r o i d .

F ischer  e t  a l  (1981a) e x t r a c te d  immunoreactive CT f rom human autopsy 

specimens which was ind is t ing tusha b le  f rom hCT and i t s  su lp hox id e  on HPLC. 

Concen t ra t ions  o f  0 . 7 ” 0 .9  pmol /g wet we igh t  3 ng/g wet we ig h t )  were 

repor ted  in the  p o s t e r i o r  hypothalamus, p i t u i t a r y  s t a l k ,  a n t e r i o r  

p i t u i t a r y  and p o s t e r i o r  p i t u i t a r y  w i t h  in te rm e d ia te  c o n c e n t r a t i o s  being 

found in the  a n t e r i o r  hypothalamus,  s u b s ta n t ia  n ig ra  and i n f e r i o r  col  H r  

i c u l u s .  De tec tab le  l e v e l s  o f  CTLI a t  less than 0.1 pmol/g wet we ig h t  

were found In the  caudate nuc leus ,  g lobus p a l l i d u s ,  amygdala,  hippocampus 

ce reb ra l  c o r t e x  and ce rebe l lum .  C a l c i t o n i n - l i k e  im m un o reac t iv i t y  has 

a ls o  been found in human CSF e x t r a c te d  by lumbar pun c tu re ,  w i t h  

es t ima tes  va ry in g  f rom 11.1 + 1.3 pg.ml  ̂ (P a v l in a c ,  Lenhard,  Pathermore 

and De f tos ,  1980) t o  75 + 8pg.ml  ̂ (Fabbr i  e t  a l , 1981). Several groups 

have used biochemica l  techn iques  t o  i n v e s t i g a t e  the n a tu re  o f  p i t u i t a r y  

and CNS C T - l i k e  mo le cu les ,  t h i s  que s t ion  remains c o n t r o v e r s i a l  and is  

d iscussed in chap te r  D . l . c .

F i n a l l y ,  the  ques t ion  o f  whether C T - l i k e  pep t ides  in the  b ra in  

and p i t u i t a r y  are  produced and secre ted  l o c a l l y  remains unanswered. 

Considerab le  evidence e x i s t s  sugges t ing  t h a t  p e r ip h e ra l  CT is  a b le  t o  

cross  the  b lo o d -b ra in  b a r r i e r  (S te k o ln ik o v  and Abdukar imov,  1969;

F a b b r i ,  San to ro ,  Moreth,  Cappa, F r a i o l i  D i J u l i o ,  G a l lu z z i  and LeManna,

1981).  However, Pav l inac  e t  a l  (1980) have f a i l e d  t o  c o r r e l a t e  plasma CT 

w i t h  CSF CTLI. Cons ider ing  the  small  amounts o f  CTLI in  the  b ra in  and 

p i t u i t a r y  compared to  the  t h y r o i d  and the  lack  o f  ev idence f o r  

s i g n i f i c a n t  re le ase  o f  p i t u i t a r y  CTLI in  to  the  general  c i r c u l a t i o n
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i t  seems u n l i k e l y  t h a t  c e n t r a l  o r  p i t u i t a r y  CT p lays  an importan t  r o l e  

in p e r ip h e ra l  ca lc ium metabo l ism. A l t e r n a t i v e l y ,  i t  has been suggested 

t h a t  C T - l i k e  pep t id es  might  p lay  a n e u r o t r a n s m i t t e r  o r  p a r a c r in e  r o l e  

in the  CNS (A us t in  and Heath,  1981).
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I . 6 . b  C a l c i t o n i n  B i n d in g  S i t e s  in  B ra in  and P i t u i t a r y

S p e c i f i c  CT b in d in g  s i t e s ,  o r  re c e p to rs ,  have been descr ibed  in 

several  p re pa ra t io n s  i n c lu d in g  plasma membranes o f  renal  and bone c e l l s  

(Marx e t  a l ,  1972a),  b re a s t  cancer c e l l s  (Moseley, F in d la y ,  Gorman, 

M ich e la nge l i  and M a r t i n ,  1983) and b ro nc h ia l  carc inoma c e l l s  (Hunt , 

E l l i s o n ,  Underwood and M a r t i n ,  1977). Recent ly  C T - s p e c i f i c  b in d in g  

s i t e s  have been descr ibed  in the b ra in  and p i t u i t a r y  o f  ra ts  and man.

Koida,  Nakamuta, Furakawa and Orlowski  (1980) repor ted  the
125e x is ten ce  o f  h igh a f f i n i t y  b in d in g  s i t e s  f o r  ! -sCT in r a t  b r a i n ,

125L a t e r ,  t h i s  group descr ibed the c h a r a c t e r i s t i c s  o f  I-sCT b in d in g

to  r a t  homogenates in more d e t a i l  (Nakamuta, Furakawa and Koida,  1981).

S p e c i f i c  b in d in g  (d e f ine d  as t h a t  d isp laced  by 1.0 nM sCT) was found

to  be s a tu ra b le  and to  occur in a temperature and pH dependent manner,
1 7b in d in g  was i n h i b i t e d  by sa lmon, [amino s u b e r i c  ac id  ’ ] -eel  and po rc ine  

CT's ( IC^q ' s 2 .0 ,  8.0 and 30.0 nM r e s p e c t i v e l y )  bu t  no t  by a range o f  

compounds i n c l u d i n g  hCT,B-endorphin,  substance P, 5~hyd roxy t ryp tam ine ,

n o rad re n a l i n e  and a t r o p in e  ( ICcn £1 M). The a b i l i t y  o f  CT's to  d is p la c e
125 5I-sCT c o r r e l a t e s  w e l l  w i t h  t h e i r  a f f i n i t y  f o r  b in d in g  to  k idney

p a r t i c u l a t e  f r a c t i o n  (Marx e t  a l ,  1972a) and w i t h  t h e i r  hypocalcaemic
125potency .  Scatchard a n a ly s is  o f  1-sCT b in d in g  revealed two d i s t i n c t  

b in d in g  s i t e s ,  h igh  a f f i n i t y  b in d in g  s i t e s  w i t h  a K^ o f  0.65 nM and 

low a f f i n i t y  b in d in g  s i t e s  w i t h  a K_| o f  12 nM. The g re a te s t  d e n s i t y  

o f  h igh  a f f i n i t y  s i t e s  (Bmax> 190 fmol/mg p r o te i n )  was found in the 

hypothalamus fo l lo w e d  by the m id b ra in ,  hippocampus and s t r i a t u m ,  the 

h ig he s t  d e n s i t y  o f  low a f f i n i t y  b in d in g  s i t e s  (B , 200 fmol/mg
IT 1 3 X

p r o te in )  was found in the  ce rebe l lum.  The a f f i n i t y  o f  sCT f o r  b in d in g
125s i t e s  in the CNS (measured by d isp lacement  o f  1-sCT) is  o f  the same 

o rd e r  as tha t  repor ted  f o r  r e c e p to r  b in d in g  a f f i n i t y  o f  p u t a t i v e  p e p t i 

d e r g ic  n e u ro t ra n s m i t t e r s  i n c l u d i n g  met-enkepha l in  (K^ 1.8 and 5 .8  nM 

in r a t  b ra in  membranes, Simantov,  C h i ld e rs  and Snyder,  1978) and sub

stance P (K^ 3nM in r a b b i t  CNS s y n a p t i c  membranes, Nakata, Kusaka, 

Segewa, Ja j ima and Ki tagawa, 1977)•

F ische r  e t  al  (1981b) ob ta ined  b road ly  s i m i l a r  r e s u l t s  when
125c h a r a c t e r i s i n g  the b in d in g  o f  I -sCT to  a crude membrane p re p a ra t io n  

o f  r a t  b r a in .  The h ig h e s t  d e n s i t y  o f  b in d in g  s i t e s  (3.18 fmol /mg
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p r o t e i n * )  was found in  the hypothalamus fo l lo w e d  by the b ra in  stem,

m id b ra in ,  thalamus and s t r i a t u m ,  areas w i t h  lowest  d e n s i t y  were the

c o r t e x ,  ce rebe l lum sp in a l  chord and hippocampus. They noted t h a t

b in d in g  was d i r e c te d  toward the  carboxy l  terminus  (C1 te rm ina l
125fragments were more p o ten t  a t  d i s p l a c i n g  1-sCT than were N1 te rm ina l

125f ragments)  and th a t  the ra te  o f  d i s s o c i a t i o n  was slow (67% o f  l~sCT

remained bound 6 hours a f t e r  a d d i t i o n  o f  excess sCT) , bu t  were unable
125to  e x p la in  the t i g h t  a s s o c ia t i o n  o f  l -sCT w i t h  i t s  b in d in g  s i t e s .

125In the same year  t h i s  group repor ted  the c h a r a c t e r i s t i c s  o f  I -sCT

b in d in g  to homogenates o f  human b ra in  (F ischer e t  a l , 1981a). Again

b in d in g  s i t e s  were most dense (1 .07 fmol bound/mg p r o t e i n * )  in  the

hypothalamus fo l lo w ed  by the p i t u i t a r y  s t a l k  and median eminence.  A l l

o t h e r  areas o f  the CNS bound less than 0.1 fmol/mg p r o t e i n .  F i n a l l y ,
125Rizzo and Goltzman (1981) found b in d in g  o f  l -sCT to  homogenates o f  

r a t  b ra in  to  be h i g h l y  s p e c i f i c ,  s a tu ra b le  and dependent on both t ime 

and tempera ture,  the au thors  suggest  these r e s u l t s  are c o n s i s te n t  w i t h  

the concept o f  b in d in g  to  s p e c i f i c  CNS recepto rs  f o r  the  hormone.

In a d d i t i o n  to  i n v e s t i g a t i o n s  o f  the c h a r a c t e r i s t i c s  and

d i s t r i b u t i o n  o f  b in d in g  s i t e s  in  homogenates and p re p a ra t io n s  t h e re o f

severa l  groups have used in v i t r o  au to rad iog raphy  to  determine  the

d i s t r i b u t i o n  o f  c e n t r a l  CT b in d in g  s i t e s .  The r e s u l t s  ob ta ined  have

been s i m i l a r  to  those desc r ibed  a b o v e , fo r  example Henke, Tob le r  and
125F isch e r  (1983) demonstrated e x te n s iv e  b in d in g  o f  l -sCT to  the

a n t e r i o r  and dorsomedia l areas o f  the r a t  hypothalamus w i t h  less b in d in g

in the vent romedia l  and l a t e r a l  regions as we l l  as the s u b s ta n t ia  n i g r a ,

a rcu a te  and s u b m a x i l l a r y  n u c l e i .  No b in d in g  was observed in the

neoco r tex ,  ce rebe l lum thalamus,  basal gan g l ia  o r  m am i l la ry  b od ies .  In

a d d i t i o n  to  b in d in g  s i t e s  w i t h i n  the CNS Mauer, Marbach and Mousson
125(1982) were ab le  to d e te c t  l~sCT b in d in g  s i t e s  in the r a t  p i t u i t a r y  

us ing  a u to ra d iog ra phy .

*These values were determined in the  presence o f  a f i x e d  amount o f  
125 I-sCT and a r e  t h e r e f o r e  not  e q u iv a le n t  to  B^ max
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F i n a l l y ,  Van Houten and co-workers used a u to ra d io g ra p h !c a l

techniques  to  demonstrate t h a t  a f t e r  p e r ip h e r a l  ( i n t r a c a r d i a c )
125a d m i n i s t r a t i o n ,  I -sCT binds  s e l e c t i v e l y  to c i r c u m v e n t r i c u l a r  organs 

o f  the r a t  b r a i n .  These h i g h l y  s p e c i a l i s e d  regions  are thought  to  

serve as the main re c e p t i v e  system in b ra in  f o r  med ia t ing  the d i r e c t  

a c t i o n  o f  b lood borne pep t ides  on b ra in  f u n c t i o n  (Van Houten,

Goltzman and Posner,  1980; Van Houten, Rizzo, Goltzman and Posner,  1981).

In summary, the neuroectoderm o r i g i n  o f  CT s e c r e t i n g  t h y r o i d  

"C c e l l s "  and the e x is ten c e  o f  immunoreact ice CT l i k e  molecules in 

c e n t ra l  neurons o f  p r i m i t i v e  animals has led to  the  i n v e s t i g a t i o n  and 

consequent  demonst ra t ion  o f  CTLI and CT s p e c i f i c  b in d in g  s i t e s  w i t h i n  

the  CNS o f  mammals.

Al though the source and p h y s i o l o g i c a l  f u n c t i o n  o f  CT l i k e  mole

cules  w i t h i n  the  CNS and p i t u i t a r y  remains unc lea r  i t  seems u n l i k e l y  

t h a t  re lease o f  CT f rom these reg ions i n t o  the general  c i r c u l a t i o n  

would e x e r t  s i g n i f i c a n t  e f f e c t s  on p e r ip h e ra l  ca lc iu m  metabol ism. 

A l t e r n a t i v e l y ,  i t  has been proposed t h a t  CT may per fo rm  a n e u r o t r a n s m i t t e r  

o r  p a ra c r in e  r o le  w i t h i n  the CNS (Aus t in  e t  a l , 1981). Recent ly  the 

a u t h e n t i c i t y  o f  c e n t r a l  CT has been d ispu ted  by Rosenfeld e t  al  (1983) 

who were unable to  d e te c t  CTLI o r  CT mRNA in r a t  p i t u i t a r y  o r  b r a in ,  

t h i s  c o n t rove rsy  is  f u r t h e r  exp lo red  in chap te r  D.2.
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1.7 THE ROLE PLAYED BY NEURONAL CALCITONIN

I . 7 . a C a lc i t o n i n  as a Neuropept ide

P e r iphe ra l  CT s e c r e t i n g  MC c e l l s "  are known to d e r i v e ,  

p h y l o g e n e t i c a l l y , f rom the embryonic neuroectoderm l a y e r .  I t  is  

t h e r e f o r e  not  s u r p r i s i n g  t h a t  CT l i k e  molecules have now been demonstrated 

in ce n t ra l  neurones which are a ls o  o f  neuroectoderm o r i g i n .  F r i t s c h  e t  

al (1979) used immunof luorescence to  demonstrate h C T - l i k e  ?mmunoreac

t i  v i t y  in neural  complex o f  the sea s q u i r t ,  Ciona i n t e s t i  n a l i  s , and 

suggested t h a t  CT might  be regarded as a new n e u r o t r a n s m i t t e r .  The 

l o c a t i o n  o f  C T - l i k e  im m u n o re ac t iv i t y  (CTLI) in  neural  t i s s u e  is  supported  

by demonstra t ions  o f  CTLI in  f r o g  CNS nerve t e rm in a ls  (Yui e t  a l , 1981) 

and c e n t ra l  nerve te rm in a ls  o f  s n a i l ,  r a t  and l i z a r d  CNS (Schot e t  a l ,

1981; Vanhout ten e t  a l ,  1981; Galan Galan e t  a l , 1980). Several 

p e r ip h e ra l  pep t ides  are now known to  p lay  a r o l e  as c e n t r a l  neuropep t ides  

(e .g .  a n g io ten s in  I I ,  c h o l e c y s t o k i n i n , substance P, see H o k fe l t  e t  a l ,

1980). I t  is  now recognised t h a t  such pep t ides may a c t  as c e n t ra l  

n e u r o t ra n s m i t te r s  o r  neu romodula to rs ,  and may be s to re d  and re leased 

in and f rom the same neurones as c l a s s i c a l  n e u r o t r a n s m i t t e r s ,  f u r t h e r  

su p p o r t in g  the s i m i l a r i t y  between the endocr ine  and neuronal  systems 

C le a r l y  a C T - l i k e  molecule may be cons idered as a c e n t r a l  neu ropep t ide ,  

bu t  the  p o s s ib le  n e u r o t r a n s m i t t e r  o r  neuromodula tor  r o le  o f  CT is  s t i l l  

open to  s p e c u la t io n  as d iscussed below.

1. 7 - b C a l c i t o n i n  as a Centra l  N e u ro t r a n s m i t t e r

To da te ,  severa l  au thors  ( F r i t s c h  e t  a l , 1979; F ische r  e t  al 

1981b; Aus t in  and Heath,  1981) have suggested t h a t  CT may a c t  as a 

n e u r o t r a n s m i t t e r .  I t  is  g e n e ra l l y  recognised t h a t  a number o f  c r i t e r i a  

e x i s t  which may be f u l f i l l e d  to  s u b s t a n t i a t e  c la ims o f  n e u r o t r a n s m i t t e r  

s t a t u s .  Hence f o r  c l a s s i c a l  n e u r o t r a n s m i t t e r s : -

i )  the t r a n s m i t t e r  should be p resen t  in the nerve te rm ina l

i i )  p recursors  necessary f o r  t r a n s m i t t e r  s yn the s is  should be present

o r  mechanisms should e x i s t  f o r  c o n c e n t ra t io n  o f  the  t r a n s m i t t e r ,

in  the nerve te rm ina l

i i i )  d e p o la r i s a t i o n  o f  the p re s y n a p t i c  nerve should cause the  t r a n s 

m i t t e r  to  be re leased
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i v )  a p p l i c a t i o n  o f  the  t r a n s m i t t e r  to  the pos t  s y n a p t i c  membrane 

shou ld produce the same e f f e c t  as p re s y n a p t i c  d e p o la r i s a t i o n

v) pos t  s y n a p t i c  a c t i o n s  o f  the p u t a t i v e  n e u r o t r a n s m i t t e r  should 

be i d e n t i c a l  to  those o f  the  endogenous chemical

v i ) a system f o r  rap id  d isposa l  o r  removal o f  the t r a n s m i t t e r  f rom 

the s y n a p t i c  c l e f t  should be p resen t  a t  the synapse.

Al though CTLI has been demonstrated in nerve t e rm in a ls  (above) 

and i o n t o p h o r e t i c  and i . c . v .  a p p l i c a t i o n  o f  CT has been shown to 

produce modula t ion  o f  neuronal  a c t i v i t y  (Miyahara and Oomura, 1981; 

Yamamoto e t  a l , 1980),  i t  is  apparent  t h a t  the a v a i l a b l e  in fo r m a t io n  

on CT does not  s a t i s f y  a l l  o f  these c r i t e r i a .  I t  shou ld be noted 

however,  t h a t  the re  are no neuropep t ides  f o r  which the re  is  ev idence 

to  s a t i s f y  a l l  o f  these c r i t e r i a ,  some o f  which may no t  be a p p l i c a b le  

to  pep t ide  n e u r o t r a n s m i t t e r s .  The major  d i f f e r e n c e s  between t ra nsm iss ion  

u t i l i s i n g  c l a s s i c a l  n e u r o t r a n s m i t t e r s ,  such as n o ra d re n a l i n e ,  and 

pep t ide  n e u ro t ra n s m i t te r s  are apparent  in  f i g u r e  1.3.  A major  d i f f e r e n c e  

is  t h a t  pep t ides  are  though t  to  be produced ( i n  the form o f  la rge  

p recurso rs )  o n l y  in  the ribosomes o f  the c e l l  soma (not  in nerve 

te rm in a ls )  and reuptake mechanisms do no t  seem to  o pe ra te ,  hence, 

p ep t ide  molecules re leased f rom the  nerve te rm in a l  must be replaced by 

axonal t r a n s p o r t .  This a pp a re n t l y  i n e f f i c i e n t  and s low mechanism may 

be compensated by a long d u r a t i o n  o f  a c t i o n  and the low co n ce n t ra t io n  

o f  pep t ide  requ i red  to  a c t i v a t e  re c e p to rs .  Thus, the long d u r a t io n  o f  

the e f f e c t  o f  CT on neuronal  a c t i v i t y  (Yamamoto e t  a l , 1980) and the 

long rece p to r  b in d in g  h a l f - l i f e  o f  CT (F ische r  e t  a l , 1981) would be 

a t y p i c a l  f o r  a c l a s s i c a l  n e u r o t r a n s m i t t e r ,  bu t  are s t i l l  in accord w i t h  

the proposed n e u r o t r a n s m i t t e r  r o le  o f  CT. A l t e r n a t i v e l y ,  the hormone 

could serve a c e n t r a l  neu romodu la to ry , neuroendocr ine  o r  p a rac r in e  ro le .  

The p o s s i b i l i t y  o f  c e n t r a l  neuromodula tor  a c t i o n  (modula t ing  neuronal  

responsiveness to  o th e r  n e u r o t r a n s m i t t e r s )  is  o f  p a r t i c u l a r  i n t e r e s t  

as long d u r a t io n  o f  a c t i o n  is  a c h a r a c t e r i s t i c  o f  neuromodulatory 

pep t ides  and may u n d e r l i e  t h e i r  p h y s i o l o g i c a l  and pharmaco logical  

e f f e c t s .  On the o th e r  hand, recen t  ev idence (d iscussed below) suggests 

t h a t  CT is  no t  syn thes ised  c e n t r a l l y  (Rosenfeld e t  a l , 1983) and ra ises  

the p o s s i b i l i t y  o f  an u n i d e n t i f i e d  C T - l i k e  c e n t ra l  n e u r o t r a n s m i t t e r  o r  

neuromodula to r  cand id a te .  I t  should be noted t h a t  c e n t r a l  C T - l i k e  

pep t ides  could  p la y  more than one ro le  in the CNS as is  the case f o r
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Figure  1.3 D iag ramat i c  neurone demonst ra t ing  ma jo r  fe a tu re s  o f  

neurones us ing  c l a s s i c a l  n e u r o t r a n s m i t t e r  ( l e f t )  and 

p ep t id e  t r a n s m i t t e r  ( r i g h t ) .  From H d k f e l t  e t  a l  (1980)
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5-HT wh ich ,  when re leased f rom nerve te rm in a ls  in t i g h t  j u x t a p o s i t i o n  

w i t h  p o s ts y n a p t i c  recep to rs  is  cons idered to  a c t  as a n e u r o t r a n s m i t t e r ,  

bu t  when re leased i n t o  the  CSF is  thought  to  a c t  as a neurohormone 

(Moore, 1981) .
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1.8 PHYSIOLOGICAL AND PHARMACOLOGICAL EFFECTS OF CALCITONIN

1. 8 . a E f fe c t s  o f  C a l c i t o n i n  on Bone

K i n e t i c  s tud ie s  on ra ts  in d i c a te d  to  M i lhaud,  P e r a u l t  and 

Moukhtar (1965) t h a t  CT caused i n h i b i t i o n  o f  bone r e s o r p t i o n ,  a 

conc lus ion  which was supported by s tu d ie s  on bone c u l t u r e  by Friedman 

and Raisz (1965)* I n h i b i t i o n  o f  bone re s o rp t i o n  is  though t  to  occur 

as a r e s u l t  o f  reduced o s t e o c la s t  a c t i v i t y  which is  man i fes ted  as a 

re d uc t ion  in the  number o f  n u c le i  and appearance o f  spaces between 

the  su r face  o f  the c e l l s  and the bone (Hotrop ,  Raisz and Simmons, 197^).  

I n h i b i t i o n  o f  bone r e s o rp t i o n  leads to  reduced e x c r e t i o n  o f  u r i n a r y  

h y d r o x y p ro l in e  (a usefu l  index o f  the e f f e c t  o f  CT therapy)  in a d d i t i o n  

to  decreas ing  c i r c u l a t i n g  le v e l s  o f  ca lc ium and phosphate (Aus t in  and 

Heath,  1981). The major  t h e r a p e u t i c  use o f  CT is  in the t rea tm en t  o f  

Paget 's  d isease which i s  c h a r a c te r i s e d  by increased bone tu rn o ve r  and 

rem ode l l ing  (Stevenson and Evans, 1981). In t h i s  c o n d i t i o n  CT reduces 

the e le va ted  le v e ls  o f  plasma a l k a l i n e  phosphatase and u r i n a r y  hyd roxy 

p ro l  in e ,  the  sk in  temperature over a f f e c t e d  bone is  reduced,  n e u ro lo g i c a l  

f u n c t i o n  is  improved and new bone i s  observed re p la c in g  Page t ic  t i s s u e  

(Deftos and F i r s t ,  1981).  A l l e v i a t i o n  o f  bone p a in ,  which is  a l s o  

observed,  may be assoc ia ted  w i t h  recovery o f  bone o r  w i t h  the repor ted  

a na lg e s ic  e f f e c t  o f  the hormone (see D .5 .c ) .

1 .8 .b  E f fe c t s  o f  C a l c i t o n i n  on Kidney

C a lc i t o n i n  is  though t  t o  e x e r t  two d i s t i n c t  e f f e c t s  on the k idney 

F i r s t l y  i t  enhances renal  p ro d u c t io n  o f  1,25 DHCC (Galente ,  Co ls ton ,  

MacAuley and Mac In ty re ,  1972).  This e f f e c t  is  no t  observed in 

p a ra th y ro idec tom ised  animals and may t h e r e fo r e  be i n d i r e c t  (Lorenc,  

Tanaka, DeLuca and Jones,  1977).  Secondly,  CT has been shown to modi fy  

renal c lea rance  o f  severa l  i on s ,  hence,  sCT was shown by Maier  (1977) to 

enhance renal  c lea rance  o f  sodium, c h l o r i d e  and potass ium,  and to  reduce 

c learance  o f  magnesium. Some con fus ion  surrounds the  e f f e c t s  o f  CT oh 

renal  e x c r e t i o n  o f  ca lc ium ,  as renal  c learance  has been repor ted  to  be 

inc reased ,  decreased o r  un a l te re d  by CT. Reviewing t h i s  l i t e r a t u r e ,  

Bor le  (1983) s ta te s  t h a t  the doses shown by l a t e r  groups to  decrease
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ca lc ium c lea rance  are more p h y s i o l o g i c a l l y  re le v a n t  and suggests t h a t  

a t  p h y s io lo g i c a l  c o n c e n t r a t i o n s ,  CT enhances ca lc iu m  rea bso rp t ion  f rom 

the loop o f  Henle.

I . 8 . c  E f fe c t s  o f  C a l c i t o n i n  on the G a s t r o i n t e s t i n a l  T ra c t

Several  c l e a r c u t  pharmaco logical  e f f e c t s  o f  CT on the g a s t r o 

i n t e s t i n a l  ( G . l . )  t r a c t  have been d esc r ibed .  These in c lu de  increased 

s e c r e t i o n  o f  sodium, potassium, c h l o r i d e  and w a te r  by the small  

i n t e s t i n e  (Gray, B ie b e rd o r f  and F o rd t ra n ,  1973),  reduc t io n  in ca lc ium 

a bso rp t ion  by the small  i n t e s t i n e  (Swaminathan, Ker r  and Care,  197*0, 

i n h i b i t i o n  o f  the development o f  e x p e r im e n ta l l y  induced g a s t r i c  u l c e r 

a t i o n  (Or im i ,  Oyama and I t o ,  1973).  The r e l a t i o n s h i p  between CT and 

the G . l .  t r a c t  has been r e i n fo r c e d  by the demonst ra t ion  t h a t  the G . l .  

hormones pancreozymin and g a s t r i n  are powerfu l  secretagogues o f  CT 

(Care, 1970; Care, Bates,  Swaminathan and G a n g u l i , 1971).

Mor ley ,  Levine and S i l v i s  (1981 a ) ,  measur ing g a s t r i c  ac id  

s e c re t i o n  in r a t s ,  found c e n t r a l l y  adm in is te red  CT to  be 1000 t imes 

more p o ten t  than the p a r e n t e r a l l y  adm in is te red  hormone, sugges t ing  a 

c e n t r a l  s i t e  o f  a c t i o n .  I t  seems u n l i k e l y  t h a t  CT induced i n h i b i t i o n  

o f  g a s t r i c  u l c e r a t i o n  i s  caused s o l e l y  by i t s  e f f e c t s  on g a s t r i c  ac id  

s e c r e t i o n  as Bates, Buckley and S t r e t t l e  (1981c) found indomethacin 

induced g a s t r i c  e ros ions  in the r a t  to be markedly i n h i b i t e d  by sCT but  

r e s i s t a n t  to maximal ly  e f f e c t i v e  doses o f  drugs known to  reduce g a s t r i c  

a c i d i t y  o r  g a s t r i c  s e c r e t i o n  ( a t r o p i n e ,  c imeted ine  and an a n ta c id  

p re p a ra t io n  o f  magnesium and alumin ium h yd rox id e s ) .

Beuno, F ioramont i  and Fer re  (1983) compared the e l e c t r i c a l  

a c t i v i t y  o f  the smal l  i n t e s t i n e  in fed and fas te d  ra ts  and found the 

fas ted  p a t t e r n  to  be c h a r a c te r i s e d  by re g u la r  " m i g r a t i n g  m y o e le c t r i c  

complex ’ s "  which were a bo l i shed  by f eed ing .  In fed animals i . c . v .  CT 

(0 .0 2 -0 .2  U) res to red  the  fa s te d  p a t t e r n  o f  e l e c t r i c a l  a c t i v i t y  w i t h i n  

less than f i v e  minutes and w i t h  a d u r a t io n  o f  up to  s i x  hours .  S i m i l a r  

e f f e c t s  were observed a f t e r  i . v .  a d m in i s t r a t i o n  o f  100 t imes h ig h e r  

doses again suggest ing  a c e n t r a l  s i t e  o f  a c t i o n .  The a c t i o n  o f  CT on 

i n t e s t i n a l  m o t i l i t y  occur red  a t  doses which a ls o  i n h i b i t e d  g a s t r i c  ac id  

s e c re t  ion, .yet  the e f f e c t s  were cons idered independent; s in ce  pre trea tment
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w i t h  ca lc ium g lucona te  b locked the  e f f e c t  o f  sCT on e l e c t r i c a l  

a c t i v i t y  w i t h o u t  a l t e r i n g  the e f f e c t  on g a s t r i c  ac id  s e c r e t i o n .

I . 8 . d E f fe c t s  o f  C a l c i t o n i n  on Food In take

The p os tp ra n d ia l  r i s e  in serum CT (Talmage, Doppel t  and Cooper,

1975) suggested to  Freed,  Per low and Wyatt (1979) t h a t  CT migh t  be involved

in the  re g u la t i o n  o f  subsequent  feed ing  behav iour .  Th is group found 
~ 1sCT (12.5-50 U.kg , s . c . )  to  produce a dose dependent reduc t io n  in r a t  

feed ing  w i t h  a maximal e f f e c t  between 4.5 and 8.3 hours a f t e r  a d m in i s 

t r a t i o n .  The authors suggested t h a t  the a n o r e c t i c  e f f e c t  was no t  due 

to i l l n e s s  o r  a v e r s iv e  e f f e c t s  o f  the p e p t i d e . '  I n t r a c e r e b r o v e n t r i c u l a r  

CT was e f f e c t i v e  a t  doses 25“ 50 t imes lower than those used p e r i p h e r a l l y  

sugges t ing  t h a t  CT i n h i b i t s  feed ing  by a c t i n g  d i r e c t l y  on the CNS and 

t h a t  endogenous CT might  be in vo lved  in the re g u la t i o n  o f  feed in g  and

a p p e t i t e .  S i m i l a r  i n h i b i t i o n  o f  feed in g  was observed by Cooper e t
-1a l ,  (1980b) w i t h  i . c . v .  doses o f  sCT (1 .4  U.kg ) which had no e f f e c t  

on plasma ca lc ium ,  pCT was found to  be less e f f e c t i v e  and hCT was 

w i t h o u t  e f f e c t .  Levine and Morley (1981a) supported  the  e a r l i e r  o b s e r 

v a t i on s  by demonst ra t ing  t h a t  c e n t r a l l y  o r  p e r i p h e r a l l y  adm in is te red  

CT reduced s t r e s s  induced fee d in g  in r a t s .  Using t h i s  model, i . c . v .

CT was as much as 1000 t imes more p o te n t  than the p e r i p h e r a l l y  admin

i s t e r e d  hormone ( i . c . v .  CT was e f f e c t i v e  a t  0.002 U / r a t )  and the e f f e c t  

was thought  no t  to  be assoc ia ted  w i t h  e le v a t i o n  o f  b lood  g lucose .  This
- 1  Z15

group a lso  found CT (0.2 and 2 U.ml ) to  i n h i b i t  the uptake o f  Ca 

i n t o  exp la n ts  o f  ra ts  hypothalamus and suggested t h a t  the mechanism o f  

CT induced suppress ion  o f  feed ing  might  be re la te d  to  a l t e r a t i o n  o f  

ca lc ium f l u x  in  neuronal  t i s s u e .  Morley and Lev ine ,  1981b). In suppor t  

o f  the  r o le  o f  CT in t h i s  hypo thes is  i t  should be noted t h a t  CTLI and CT 

b in d in g  s i t e s  have been demonstrated in the hypothalamus (Flynne e t  a l , 

1981; Koida e t  a l ,  1980) and t h a t  i o n to p h o r e t i c  a p p l i c a t i o n  o f  CT onto 

neurones o f  the l a t e r a l  area o f  the hypothalamus has been found to 

i n h i b i t  a c t i v i t y  in  64% o f  g lucose  s e n s i t i v e  and 15% o f  g lucose 

i n s e n s i t i v e  neurones (Miyahara and Oomura, 1981).



I . 8 . e  A n t i - i n f l a m m a t o r y  E f fe c t s  o f  C a l c i t o n i n

C a l c i t o n i n  has been shown to  e x e r t  a n t i - i n f l a m m a t o r y  e f f e c t s  

in va r io us  species ( R ie s t e r e r  and Jaques, 1969; Abdu l lah i  , DeBas t ia n i ,  

Nogar in and Ve lo ,  1975; S t r e t t l e ,  Bates and Buckley ,  1980) i n c lu d i n g  

man (Ve lo ,  De B as tan i ,  Nogar in and A b d u l l a h i ,  1976).  Al though  the 

mechanisms o f  the a n t i - i n f l a m m a t o r y  a c t i o n  are u n c lea r ,  they could 

in c lu de  m o d i f i c a t i o n  o f  a ra c h id o n ic  a c id  metabol ism (C e s a r in i ,  Colombo, 

O l i g i a t i  and P e c i l e ,  1979) o r  ca lc ium re la te d  changes in c e l l u l a r  o r  

v a s c u la r  p e r m e a b i l i t y  ( R ie s te re r  and Jaques,  1969).  Cesa r in i  e t  al 

(1979)> using a cascade p e r fu s io n  system, showed t h a t  CT i n h i b i t e d  

the syn the s is  o f  p ro s ta g la n d in s  and thromboxane, t h i s  e f f e c t  which was 

a t t r i b u t e d  to  cycloxygenase i n h i b i t i o n  could c l e a r l y  account  f o r  the 

a n t i - i n f l a m m a t o r y  e f f e c t s  o f  the hormone, and might  be re le v a n t  to  the 

mechanism o f  o th e r  e f f e c t s  such as i n h i b i t i o n  o f  u l c e r  fo rm a t ion  o r  

i n h i b i t i o n  o f  in f la mmat ion  over P age t ic  bone.

I . 8 . f  A n t i n o c i c e p t i v e  and A na lges ic  E f fe c t s  o f  C a l c i t o n i n

Treatment o f  o s t e o a r t i c u l a r  c o n d i t i o n s  ( i n c l u d in g  Paget 's  

d isease) w i t h  CT has long been known to  produce a marked a l l e v i a t i o n  

o f  pain (Def tos and F i r s t ,  1981) which may ocqur independent ly  o f  the 

s p e c i f i c  a c t i o n  on bone ca lc ium  metabol ism (D .5»c) .  Observat ions  o f  

t h i s  na tu re  led P e c i l e  and co-workers to  i n v e s t i g a t e  the  p o s s i b i l i t y  

t h a t  CT might  e x e r t  an a n a lg e s ic  e f f e c t  when adm in is te red  c e n t r a l l y .  

This group determined the  th r e s h o ld  v o l ta g e  a t  which r a b b i t s  began to 

l i c k  in  response to  e l e c t r i c a l  s t i m u l a t i o n  o f  the upper i n c i s o r s  (Pecile 

e t  a l ,  1975). The l i c k i n g  th re s h o ld  was found to be increased a f t e r
_ 1

in t r a c e r e b r a l  a d m i n i s t r a t i o n  o f  sCT (2 yg .kg  ) ,  the  e f f e c t ,  which 

was maximal a t  90 m inu tes ,  had a ra p id  onse t  and a d u r a t io n  o f  a t  

l e a s t  2 hours .  Since these i n i t i a l  obse rva t io ns  the a n t i n o c i c e p t i v e  

e f f e c t s  o f  c e n t r a l l y  ad m in is te re d  CT have been demonstrated by 

severa l  groups i n c l u d i n g  Yamamoto, Kumagai, Tachikawa and Hurayama,

1978 (us ing  pCT in abdominal c o n s t r i c t i o n  t e s t s ,  paw pressure  t e s t s  

and H a f fn e r ' s  t e s t ) ,  P e c i l e ,  O l g i a t i  and S i b i l i a ,  1983 (using  sCT 

hCT and pCT in the r a t  ho t  p l a t e  t e s t ) ,  Bates,  Buckley,  Eglen and 

S t r e t t l e ,  1981a (using sCT in the mouse a c e t i c  a c id  induced abdominal 

c o n s t r i c t i o n  t e s t s ) .
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Yamamoto e t  a l ,  (1973) were ab le  to  produce s i g n i f i c a n t
-1

a n t i n o c i c e p t i o n  w i t h  c e n t r a l l y  adm in is te re d  doses o f  10-60 U.kg
~1o f  pCT in mice and 8-17 U.kg in r a b b i t s  whereas doses as h igh  as 

- 1
100 and 50 U.kg i . v .  in  mice and r a b b i t s  r e s p e c t i v e l y  produced no

e f f e c t s .  S i m i l a r l y ,  Bates e t  a l ,  (1981a) ob ta in ed  a n t i n o c i c e p t i v e

e f f e c t s  in  the mouse abdominal c o n s t r i c t i o n  t e s t  w i t h  0.04-50 U.kg

sCT i . c . v .  bu t  were unable to  achieve a n t i n o c i c e p t i o n  w i t h  s . c. doses as 
-1h igh  as 1000 U.kg . These f a c t s  a lone i n d i c a t e  a c e n t r a l  mechanism 

o f  a c t i o n  and th e r e fo r e  t h a t  a n t i n o c i c e p t i o n  occurs independent ly  o f  

the hypocalcaemic and a n t i - i n f l a m m a t o r y  a c t i o n s  o f  the hormone which 

are  produced by p e r ip h e ra l  a d m i n i s t r a t i o n .

A n t i n o c i c e p t i o n  produced by c e n t ra l  a d m i n i s t r a t i o n  o f  CT 

presumably invo lves  d i r e c t  o r  i n d i r e c t  modulat ion o f  the a c t i v i t y  o f  

neurones in vo lved  in  responses to  p a i n f u l  s t i m u l i ,  d i r e c t  ev idence f o r  

such an e f f e c t  has been presented  by the groups o f  Yamamoto and P e c i l e  

Peci le  e t  a l  (1978) demonstrated t h a t  i . cv .  CT produced e le c t roe n c e p h 

a lograph (EEC) a rousa l  in  conscious r a b b i t s ,  the maximum e f f e c t  was 

found to  c o in c id e  c l o s e l y  w i t h  the  peak a n t i n o c i c e p t i v e  e f f e c t  o f  pCT 

(90 minutes a f t e r  a d m in i s t r a t i o n  using too th  l i c k i n g  th resho ld  

P e c i l e  e t  a l ,  1975). In a d d i t i o n  to  EEG arousa l  and inc rease  in 

l i c k i n g  t h r e s h o ld ,  Yamamoto, Tachikawa and Maeno (1980) demonstrated 

the e f f e c t  o f  pCT on evoked p o t e n t i a l s  in the conscious r a b b i t .  Th is  

group recorded p o t e n t i a l s  in  the sensory c o r t e x  o f  immob i l ised  ra b b i t s

produced by e l e c t r i c a l  s t i m u l a t i o n  o f  the too th  pulp o r  s c i a t i c  nerve ,
-1they demonstrated t h a t  morphine (1 and 2 mg.kg ) and i . c . v .  pCT (8 

-1and 17 U.kg ) produced s i m i l a r  i n h i b i t i o n  o f  evoked p o t e n t i a l s .  The

e f f e c t s  o f  morphine,  bu t  no t  pCT were antagonised by naloxone (0.5 mg.
_ 1

kg ) .  The authors  suggest  t h a t  a c lose  r e l a t i o n s h i p  e x i s t s  between 

the evoked p o t e n t i a l  components and pain se n s a t io n ,  i t  can t h e r e fo r e  be 

concluded t h a t  morphine and pCT were ab le  to  modulate the a c t i o n  o f  

common n o c i c e p t i v e  pathways in the CNS by a c t i o n s  a t  d i f f e r e n t  s i t e s .

The e l e c t r o p h y s i o l o g i c a l  data o u t l i n e d  above i n d i c a t e  t h a t  CT 

a n t i n o c i c e p t i o n  does not  d i r e c t l y  in v o lv e  a c t i o n  a t  o p i a t e  recep to rs  

a conc lus ion  which can be suppor ted  by evidence f rom a n t i n o c i c e p t i v e  

t e s t s .  Braga, F e r r i , S an tagos t ino ,  O l g i a t i  and Pecile (1978) demonstr

ated the  r e l a t i o n s h i p  between morphine and pCT induced a n t i n o c i c e p t i c n
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on the l i c k  t h r e s h o ld  model in  r a b b i t s ,  they found t h a t  both drugs 

increased the  th re sh o ld  a t  w h ich  l i c k i n g  occur red  and th g t  on repeated 

a d m in i s t r a t i o n  t o le r a n c e  developed to  the  e f f e c t  o f  morphine but  no t  

to  pCT. They f u r t h e r  repor ted  t h a t  morphine p o te n t i a t e d  the e f f e c t s  of 

pCT and t h a t  u n l i k e  morphine the e f f e c t  o f  pCT was not  antagonised by .
_ -j

naloxone (1 mg.kg , i . p . ) .  Yamamoto, Kumagai, Tachikawa and Maeno 

(1979 ) ,  repor ted  a s i m i l a r  lack  o f  e f f e c t  o f  l e v a l l o rp h a n  (a p a r t i a l  

o p i a t e  a n ta g o n is t )  on the a n t i n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  

adm in is te red  pCT in the mouse paw pressure  t e s t .  The authors concluded 

t h a t  CT a n t i n o c i c e p t i o n  was independent  o f  o p ia te  systems and supported 

t h i s  by s i t i n g  a personal  communicat ion f rom Miki s t a t i n g  t h a t  the re  

was no cross t o le r a n c e  between morphine and CT w i t h  regard to  p hys ica l  

dependence. Bates,  Buckley ,  Eglen and S t r e t t l e  ('J981 b ) ,  i n v e s t i g a te d  

the m o d i f i c a t i o n  o f  sCT a n t i n o c i c e p t i o n  by naloxone in the mouse 

abdominal c o n s t r i c t i o n  t e s t  us ing a w id e r  range o f  doses o f  both sCT 

and naloxone.  In t h i s  s tudy naloxone was found to  antagon ise  sCT a n t i  -  

n o c i c e p t io n  but  o n l y  a t  doses 10-1000 t imes h ig h e r  than those re qu ired  

to  antagon ise  the e f f e c t  o f  morphine. CT has a ls o  been found to be 

i n a c t i v e  in severa l  in  v i  t r o  op? a te  b ioassays i n c l u d i n g  the superfused 

r a t  colon (Bates e t  a l ,  1932) and the g u in e a -p ig  myen te r i c  p lexus 

(Braga e t  a l ,  1973),  Braga and co-workers have a ls o  shown t h a t  CT does 

not  a f f e c t  the b in d in g  o f  d ihydromorph ine to  homogenates o f  g u in e a -p ig  

b ra i  n .

A l though CT appears no t  to  e x e r t  i t s  a n t i n o c i c e p t i v e  e f f e c t  

through o p ia te  systems, th e re  is  ev idence sugges t ing  t h a t  the funda 

mental mechanisms may be s i m i l a r .  The dependence o f  o p ia te  a n t i n o c i -  

cep t ion  on c e n t ra l  ca lc ium  metabol ism has long been e s ta b l i s h e d ,  hence 

o bse rva t ions  such as reve rsa l  o f  o p ia te  a n t i n o c i c e p t i o n  by c e n t ra l  

a d m in i s t r a t i o n  o f  ca lc ium ions o r  p o t e n t i a t i o n  by ca lc ium  a n tago n is ts  

and c h e la to r s  (EDTA) have led Schmidt  and Way (1980),  to  suggest  t h a t  

the p r imary  mode o f  a c t i o n  o f  o p ia te s  is  m o d i f i c a t i o n  o f  ca lc ium 

metabol ism. They propose t h a t  acute a d m in i s t r a t i o n  o f  o p ia te s  reduces 

ca lc ium f l u x  o r  b in d in g  a t  the nerve t e r m in a l ,  the  consequent  

i n h i b i t i o n  o f  t r a n s m i t t e r  re lease  is  then though t  to produce ana lge s ia .  

Satoh, Amane, Nakazawa and Takagi (1979)> were ab le  to  a t t e n u a te  the 

c e n t ra l  a n t i n o c i c e p t i v e  e f f e c t  o f  pCT (3U/animal ,  14—17 g mice) w i t h  

s imul taneous a d m i n i s t r a t i o n  o f  ca lc ium ions (0.1 y m o l / a n im a l ) a t  a
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dose which was i t s e l f  w i t h o u t  e f f e c t .  Bates,  Buckley ,  Eglen and

S t r e t t l e  (1981c) us ing the a c e t i c  a c id  induced abdominal c o n s t r i c t i o n

t e s t  in mice found t h a t  i . c . v .  a d m i n i s t r a t i o n  o f  ca lc ium ions caused
-  1hype ra lg es ia  and t h a t  1.7 y m o l . k g  (which a lone was w i t h o u t  s i g n i f i -

-1cant  e f f e c t )  abo l i shed  the a n t i n o c i c e p t i v e  e f f e c t  o f  sCT (2 U.kg ) .

S i m i l a r l y ,  the ca lc ium ionophore A23187 reduced the potency o f  sCT by

app rox im a te ly  100 f o l d  when adm in is te re d  i . c . v .  in  a dose o f  11.7 nmol 
_ •(

kg which was i t s e l f  w i t h o u t  e f f e c t  (Bates,  Buckley ,  Eglen and 

S t r e t t l e  (1981d) -  Centra l  a d m i n i s t r a t i o n  o f  the h i g h l y  s e l e c t i v e  ca lc ium 

c h e l a t o r  EGTA o r  o rg a n ic  ca lc iu m  a n ta go n is ts  ( n i f e d e p in e  and PY 108068) 

was found by Bates,  Buckley ,  Eglen ,  McArdle,  and S t r e t t l e  ( 1982b ) ,  to 

produce dose dependent a n t i n o c i c e p t i o n . Simultaneous a d m in i s t r a t i o n  

o f  EGTA and a maximal ly  e f f e c t i v e  dose o f  sCT d id  n o t  produce a d d i t i v e

e f f e c t s  i n d i c a t i n g  to  the authors t h a t  a common mechanism was in v o lv e d .

In c o n t r a s t ,  s imu l taneous  a d m in i s t r a t i o n  o f  sCT and n i f e d e p in e  gave 

g r e a te r  a n t i n o c i c e p t i o n  than e i t h e r  drug adm in is te red  a lone  i n d i c a t i n g  

t h a t  the mechanisms o f  n i f e d e p in e  a n t i n o c i c e p t i o n  a re ,  a t  l e a s t  in p a r t ,

d i s t i n c t  f rom those o f  CT.

I t  can be concluded f rom the p reced ing paragraphs t h a t  a l though 

CT a n t i n o c i c e p t i o n  does n o t  i n v o lv e  a c t i o n  a t  o p i a t e  re c e p to rs ,  the re  

are co ns ide rab le  s i m i l a r i t i e s  between o p ia te  and CT induced a n t i n o c i 

cep t ion  w i t h  regard to  ca lc ium  metabol ism (D .5*b ) .

Al though  the fundamental mechanism(s) o f  CT a n t i n o c i c e p t i o n  

remain unc lea r  i t  is  apparent  t h a t  c e n t r a l  a d m i n i s t r a t i o n  o f  CT 

r e s u l t s  d i r e c t l y  o r  i n d i r e c t l y  in  modula t ion  o f  neuronal  a c t i v i t y  y e t  

the n e u r o t r a n s m i t t e r  systems and s i t e s  o f  a c t i o n  in vo lve d  have not  

been e s ta b l i s h e d .  Yamamoto e t  a l  (1980),  d i r e c t l y  demonstrated the 

neuromodula tory a c t i o n  o f  CT on two s p e c i f i c  n o c i c e p t i v e  pathways: -  

1) to o th  p u l p - s p in a l  t r a c t u s  nucleus o f  t h i s  t r i g e m in a l  nerve-  

p o s t e r i o r  group o f  n u c le i  o f  the thalamus-sensory c o r t e x ,  and 2) 

s c i a t i c  n e rv e -s p in a l  c h o r d - v e n t r a l  p o s t e r o l a t e r a l  nuc leus-sensory  

c o r t e x .  However, even in these exper iments the exac t  s i t e  o f  a c t i o n  

o f  CT was not  e s ta b l i s h e d  s in ce  the e f f e c t  could in v o l v e  a c t i o n  a t  any 

number o f  s i t e s  f rom the s p in a l  chord to  the sensory c o r t e x .  Nakhla 

and Majumdar, (1978) have c la imed t h a t  CT reduces plasma t ryp tophan  and 

inc reases the c o n c e n t r a t io n  o f  5~HT w i t h i n  the CNS, wh ich ,  i t  was
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suggested increased c e n t r a l  a c e t y l c h o l i n e s t e r a s e  (AchE) a c t i v i t y .

Bates,  Buckley,  Eglen,  McArdle and S t r e t t l e  (1982c) were unable to  

modi fy  c e n t ra l  AchE a c t i v i t y  in  mice w i t h  c e n t ra l  o r  p e r ip h e ra l  

a d m i n i s t r a t i o n  o f  sCT, however, the  p o s s i b i l i t y  o f  CT m od i fy ing  c e n t ra l  

5-HT has r e c e n t l y  been supported  by Dupuy, Peuchant,  V i t i e l l a ,  Jensen, 

Baghdiantz and Blanquet  (1983), and remains o f  i n t e r e s t  p a r t i c u l a r l y  in 

view o f  the e s ta b l i s h e d  r o le  o f  c e n t r a l  5“ HT in r e g u la t i o n  o f  responses 

to p a i n f u l  s t i m u l i  ( D . 4 . c ) .

In s p i t e  o f  the la ck  o f  knowledge concern ing  p re c is e  mechanisms

and s i t e s  o f  a c t i o n  o f  CT in the CNS, the marked a n t i n o c i c e p t i v e  e f f e c t

o f  the hormone in severa l  models has led to  the i n i t i a t i o n  o f  c l i n i c a l

t r i a l s  and i n v e s t i g a t i o n s  in humans. F r a i o l i ,  F a bb r i ,  Gnessi , M o re t t i
-1 - I

Santoro and F e l i c i  (1982a) i n j e c t e d  sCT (1 .5 'U g .kg  —4.3  U.kg ) i n t o

the lumbar subarachnoid space o f  e i g h t  p a t i e n t s  s u f f e r i n g  f rom c h ro n ic

i n t r a c t a b l e  pain assoc ia ted  w i t h  te rm ina l  cancer.  A l l  p a t i e n t s

repor ted  a s i g n i f i c a n t  re d uc t io n  in pain  w i t h i n  5 minutes o f  a dm in is r

t r a t i o n ,  and a l l  bu t  one p a t i e n t  repor ted  complete absence o f  pain by

15 minu tes .  The d u r a t i o n  o f  the a n a lg e s ic  e f f e c t  o f  sCT ranged f rom

2-5 days whereas i n j e c t i o n  o f  s a l i n e  produced no ana lg es ia  a t  any t im e .

A sus ta in ed  d iu r e s i s  was the o n l y  s id e  e f f e c t  observed.  S i m i l a r l y ,

F io re ,  C a s to r ina ,  M a la t ino  and Tamberino (1983) have observed a na lge s ic

e f f e c t s  a f t e r  e p id u ra l  a d m i n i s t r a t i o n  o f  sCT ( -1 5  U) o r  hCT ( - 9  U) and

subarachnoid  a d m in i s t r a t i o n  o f  hCT (15 U.kg ^ ) .  These doses, which are

lower than those used p r e v i o u s l y ,  produced more t r a n s i e n t  e f f e c t s ,

a l though e p id u ra l  a d m i n i s t r a t i o n  o f  sCT (15 U ~ 3 U g )  produced ana lgesia

w i t h  a d u r a t io n  o f  as much as 6 hours .  Al though Shaw (1982),  has

warned o f  severe s id e  e f f e c t s  ( i n c l u d i n g  convu ls ions  and death)  produced

by i n t r a c i s t e r n a  1 i n j e c t i o n  o f  sCT in dogs and baboons, F r a i o l i ,  Fabbr i ,

Gnessi , M o r e t t i ,  Santoro and F e l i c i  (1982b) i n d i c a t e  t h a t  these e f f e c t s

may be a t t r i b u t a b l e  to  the p re s e r v a t i v e s  and g e l a t i n  d i l u e n t  in which

CT is  commerc ia l ly  p rov ided  in I t a l y .  In the f i r s t  i n v e s t i g a t i o n  o f

the p o s s ib le  mechanisms(s) o f  a c t i o n  o f  the a n a lg e s ic  e f f e c t  o f  sCT

in humans Fabbri  e t  al (1981),  found t h a t  sCT (40 yg i . v . )  d id  no t

modi fy  the  c o n c e n t r a t io n  o f  3 -endorph in  in the  plasma o r  CSF. However,
- I

the marked increase  in CTLI in  the CSF (from 78 + 8 to  220 + 22 pg.ml ) 

a f t e r  p e r ip h e ra l  a d m i n i s t r a t i o n  i n d i c a te s  t h a t  the p ep t id e  is  ab le  to 

cross the b lo o d -b ra in  b a r r i e r  (o r  to  induce s e c r e t i o n  o f  an endogenous 

C T - l i k e  molecule i n t o  the CSF). The f i r s t  demonstra t ion  o f  a
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p a th o lo g i c a l  c o n d i t i o n  i n v o l v i n g  c e n t r a l  CT was g iven by F a b b r i ,

F r a i o l i ,  Gnessi , M o r e t t i ,  B in i  , Gracu and Manfredi (1983) •  This group 

sampled plasma and CSF f rom a 17 year  o ld  male w i t h  a congen i ta l  

absence o f  paim, a ra re  c o n d i t i o n  wh ich is  considered as a model o f  

I n d i f f e r e n c e  to  pain r e s u l t i n g  f rom a c e n t ra l  e r r o r  in the p rocess ing  

o f  n o c i c e p t i v e  messages. E leva ted  o p i o i d  a c t i v i t y  was observed in 

the CSF but  t h i s  was not  thought  t o  u n d e r l i e  the c o n d i t i o n  s ince  i t  

was reversed by naloxone.  The authors suggested t h a t  the le ve l  o f
_ 1

immunoreactive CT in the plasma (84.5 + 4.3 pg .ml ) was normal ,
- 1

whereas the CSF leve l  o f  4630 + 150 pg.ml was 50-200 t imes h ig he r  

than would no rm a l ly  be expected;  and s ta te d  t h a t  c o n f i r m a t i o n  o f  a l i n k  

between the c o n d i t i o n  andcent ra l  CT awaits the p ro du c t io n  o f  s p e c i f i c  CT 

a n t a g o n i s t s .

I . 8 . g C a rd iovascu la r  E f f e c t s  o f  C a l c i t o n i n

The red uc t ion  in s k e l e t a l  b lood f lo w  observed in p a t i e n t s  

re c e iv in g  CT f o r  t rea tm en t  o f  Page t 's  d isease (Wootton, Reeve, Spe l lacy  

and T e l l e z - Y u d i l e v i c h ,  1978) may c o n t r i b u t e  to  the re duc t ion  in 

s k e l e t a l  ca lc iu m  tu r n o v e r  and to  the CT-induced re d uc t io n  in the 

e leva ted  tempera ture  o f  sk in  over P ag e t ic  bone. Dr iessens and 

Vanhout te (1981) i n v e s t i g a t e d  t h i s  phenomenom in v? t r o  by measuring 

f l u i d  p ressure  in dog t i b i a  per fused  w i t h  Krebs1-R inger  v ia  the main 

n u t r i e n t  a r t e r y ,  they observed t h a t  both pCT and sCT produced a dose 

dependent inc rease  in p ressure  when added to  the p e r fu s a te  i n d i c a t i n g  

t h a t  they caused c o n s t r i c t i o n  o f  bone blood ve sse ls .

The v a s c u la r  e f f e c t s  o f  c a l c i t o n i n  are no t  l o c a l i s e d  to  bone 

nor is  v a s o c o n s t r i c t i o n  a co ns tan t  o b s e rv a t i o n ,  Charbon and P ieper 

(1972) demonstrated t h a t  CT antagonised the v a s o d i l a t o r  response to 

PTH in the h e p a t i c  and renal  c i r c u l a t i o n  bu t  was w i t h o u t  e f f e c t  when 

adm in is te red  a lone .  More r e c e n t l y  F r a n c h i , C h i a r i n i ,  M a ta s s i , S t r a z z u l l a  

S c o rd i ,  Righi and Nuzzagi (1983) have shown CT to  improve cutaneous 

c i r c u l a t i o n  in humans s u f f e r i n g  f rom o b s t r u c t i v e  a r t e r i a l  d iseases 

i n c l u d i n g  Raynaud's syndrome.

In a d d i t i o n  to  the acute e f f e c t s  desc r ibed above,  ch ro n ic  

a d m in i s t r a t i o n  o f  sCT (bu t  no t  pCT o r  hCT), a t  a dose o f  5G.kg  ̂ over  

a p e r iod  o f  '5 weeks, has been repor ted  to  a t t e n u a te  the development
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o f  the  hype r tens ion  induced in r a t s  by d a i l y  a d m i n i s t r a t i o n  o f  

d e o x y c o r t i c o s te ro n e  (DOCA) in combina t ion  w i t h  h igh NaCl in take  (A ld red ,  

Luna, Zeedyk and Bas t ia r i ,  1976).  The au thors  suggested t h a t  t h i s  e f f e c t  

might  be re la te d  to  the d i u r e t i c  and n a t i u r e t i c  effec-tS'Of the  hormone.

Fo l low in g  work on s i m i l a r i t i e s  between o p i a t e  induced and CT 

induced a n t i n o c i c e p t i o n , Bates and co-workers  i n v e s t i g a te d  the  e f f e c t s  

o f  CT in animal models known t o  respond to  o p ia te  a g o n is t s  and antagon

i s t s  (Bates,  Buckley ,  Eglen,  McArdle and S t r e t t l e ,  1982a; Bates,

Buckley ,  Eglen,  McArdle,  S t r e t t l e  and Wood, 1983). During these inves 

t i g a t i o n s  the  e f f e c t  o f  p e r i p h e r a l l y  adm in is te red  sCT, 1eu-enkepha1in 

and naloxone on mean a r t e r i a l  p ressure  (MAP) o f  normotensive and 

hypotens ive  ra t s  was dete rm ined .  Salmon-CT and naloxone were found to  

be w i t h o u t  e f f e c t  on MAP o f  normotens ive  ra t s  whereas 1eu-enkepha l in

produced t r a n s i e n t  dose dependent hypo tens ion .  In r a t s  rendered
_ ]

hypo tens ive  by haemorrhage, both naloxone (10 mg.kg , i . v . )  and sCT 

(0 .1 -10  U.kg \  i . v .  ) had p ressor  e f f e c t s .  These r e s u l t s  r e in fo r c e d  

e a r l i e r  conc lus ions  t h a t  sCT was not  a c t i n g  as a d i r e c t  o p i a t e  re c e p to r -  

a g o n is t  but  ra ised  the  p o s s i b i l i t y  t h a t  the  pep t ide  migh t  have o p ia te  

a n ta g o n is t  p r o p e r t i e s .

Reasons f o r  the  marked d i f f e r e n c e s  between the  haemodynamic 

e f f e c t s  o f  p e r i p h e r a l l y  a dm in is te re d  sCT in normotensive ,  hypo tens ive  

and hype r te ns ive  r a t s  remain to  be dete rm ined ,  but  presumably r e f l e c t  

d i f f e r e n c e s  between the  exper imen ta l  models used and between the 

e f f e c t s  o f  acute  and c h ro n ic  a d m i n i s t a t i o n .  The s i t e  and mechanism 

o f  the  p ressor response to  sCT in r a t s  rendered hypo tens ive  by 

haemorrhage are no t  y e t  f u l l y  understood and i n v e s t i g a t i o n s  o f  t h i s  

problem form a la rg e  p a r t  o f  the  work presented in t h i s  thesis. Poss ib le  

mechanisms o f  a c t i o n  in c lude  d i r e c t  v a s o c o n s t r i c t i o n  as descr ibed  by 

Dr iessens and Vanhout te ,  (1981) o r  a l t e r n a t i v e l y  the  p ressor  response 

could  be achieved by m o d i f i c a t i o n  o f  sympathet ic  tone ,  ba ro rece p to r  

o r  chemoreceptor r e f l e x e s  o r  s e c r e t i o n  o f  adrenal'mey va so p re ss in ,  ACTH 

e t c .  The p o s s i b i l i t y  o f  c e n t r a l  a c t i o n s  o f  CT a f t e r  p e r ip h e ra l  admin

i s t r a t i o n  must a l s o  be considered as a rou te  f o r  e f f e c t s  on the  c a r d i o 

v a s c u la r  system. Several  pep t ides  found w i t h i n  the  CNS in c lu d in g  

endorph ins ,  vasop re ss in ,  a n g io t e n s in ,  substance P, s o m a to s ta t i n ,  CGRP
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e tc ,have  been shown to  have p o te n t  c a rd io v a s c u la r  e f f e c t s  when 

adm in is te re d  c e n t r a l l y  (Unger, Ganten, Lang and Rascher,  1981;

P a l k o v i t s ,  1981; Ganten, Unger, Simon, Schaz, Scholkens,  Mann, Speck, 

Lang and Rascher, 1981; F i s h e r ,  Kikkawa, R i v i e r ,  Amara, Evans, Rosenfeld 

Vale and Brown, 1983) and may be invo lved  in c e n t r a l  mechanisms o f  

b lood p ressure  r e g u la t i o n  (Unger e t  a l ,  1981).

Of p a r t i c u l a r  re levance  to  t h i s  t h e s is  is  the work o f  F ishe r  

and co-workers on CGRP, the a l t e r n a t i v e  t r a n s c r i p t i o n  p roduc t  o f  the 

c a l c i t o n i n  gene found p redom inan t ly  in the neural  t i s s u e  o f  ra ts  

(Rosenfeld e t  a l ,  1983).  Th is p e p t ide  was found to  be l o c a l i s e d  in 

severa l  areas o f  the b ra in  i n c l u d i n g  the nucleus t r a c t u s  s o l i t a r i u s  

which is  in vo lved  in r e la y  o f  b a ro rece p to r  r e f l e x e s .  When admin is te red  

c e n t r a l l y  to  conscious ra ts  CGRP caused e le v a t i o n  o f  the MAP and he a r t  

ra te  which was assoc ia ted  w i t h  a marked increase in plasma n o ra d re n a l i ne  

(F i s h e r  e t  a l , 1983).  S i m i l a r i t i e s  in s t r u c t u r e  between CT and CGRP 

discussed below (I  .10) r a i s e  the p o s s i b i l i t y  t h a t  CT might  a l s o  a c t  

c e n t r a l l y  in c a r d io v a s c u la r  r e g u l a t i o n .

I . 8 . h E f f e c t  o f  C a l c i t o n i n  on P r o l a c t i n  Secre t ion

C a l c i t o n i n - l i k e  im m u n o re ac t iv i t y  has been demonstrated in the 

p i t u i t a r y ,  bu t  i t  seems u n l i k e l y  t h a t  the  hormone is  secre ted  f rom the 

p i t u i t a r y  to  e x e r t  p e r ip h e r a l  e f f e c t s  ( 1 .6 ) .  An a l t e r n a t i v e  p o s s i b i l i t y  

is  t h a t  p i t u i t a r y  C T - l i k e  pep t ides  re g u la te  s e c r e t i o n  o f  o th e r  p i t u i t a r y  

hormones. The f i r s t  i n v e s t i g a t i o n  o f  t h i s  p o s s i b i l i t y  was t h a t  o f  Reel,  

Pastushock,  V a i t k u s ,  Sokowski and Dermody (1977) who found t h a t  CT d id  

not  a l t e r  the re lease  o f  t h y r o t r o p i n  o r  l e u t e i n i s i n g  hormone f rom 

p i t u i t a r y  c e l l s  in v ? t  r o . Subsequent ly  CT-induced m o d i f i c a t i o n  o f  

p r o l a c t i n  re lease  has been repor ted  by the groups o f  Iwasaki and Peci le.

Iw a s ak i , Ch ihara,  Iwasak i ,  Abe and F u j i t a  (1979) repor ted  th a t

i n j e c t i o n  o f  0 .1 - 2 . 5  ng o f  [ Asu^* -ee l  CT (a s t a b le  analogue o f  eCT)

i n t o  the ce reb ra l  v e n t r i c l e s  o f  male ra ts  produced a dose dependent

r i s e  in plasma p r o l a c t i n  w i t h  a d u r a t i o n  o f  up to  40 m inu tes .  Salmon,

po rc in e  and human CT's produced s i m i l a r  e f f e c t s  but  were less p o t e n t .
r 1 7 iAs i . v .  a d m i n i s t r a t i o n  o f  as much as 20 yg [ Asu J-eCT had no e f f e c t  on 

plasma p r o l a c t i n  l e v e l s  the au thors concluded th a t  the hormone was
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u n l i k e l y  to a c t  d i r e c t l y  on the  p i t u i t a r y .  A l t e r n a t i v e l y ,  they 

suggested t h a t  the e f f e c t  m ight  i n v o lv e  modulat ion o f  c e n t ra l  

t r y p t a m i n e r g i c  metabol ism as Nakhla and Majumdar (1978) have repor ted  

CT induced e le v a t i o n  o f  c e n t ra l  5” hyd roxy t ryp tam in e  (5~HT) and i . c . v .  

5 -hyd roxy t ryp tophan  (5 “ HTP, the immediate p re cu rso r  o f  5 “ HT) has been 

shown to increase  p r o l a c t i n  s e c r e t i o n  (Kamber i , Mical and P o r t e r ,  1973).

In d i r e c t  c o n t r a s t  to  the r e s u l t s  descr ibed  above, O l i g a t i ,  

Guidobono, L u i s e t t o ,  N e t t i , B ianchi  and P e c i l e  (1981) repor ted  t h a t
_ 1

sCT reduced plasma p r o l a c t i n  in  male ra ts  a f t e r  both i . v .  (10 y g .k g  )
_ •]

and i . c . v .  ( =025 ng.kg  ) i n j e c t i o n .  This e f f e c t  was abo l i shed  by 

d i s r u p t i o n  o f  CNS c o n t r o l  o f  the p i t u i t a r y  (median eminence le s io n )  and 

was no t  e v id e n t  in  h a lo p e r id o l  t re a te d  ra ts  i n d i c a t i n g  to  the authors  

t h a t  CT e x e r ts  i t s  e f f e c t s  on p r o l a c t i n  s e c re t i o n  v ia  the hypothalamic 

dopaminergic system. Al though  P e c i l e  and co-workers were unable to  

e x p la in  the d ivergence  between these r e s u l t s  and those o f  Iwasaki e t  al 

(1979),  t h e i r  s tu d ie s  have been extended by the demonst ra t ion  t h a t  i . c . v .
_ “i

sCT (=;125 ng.kg ) p revented  the suckl  ing sfcimulated r i s e  in plasma 

p r o l a c t i n  o f  l a c t a t i n g  ra ts  ( O l g i a t i ,  N e t t i ,  Guidobono and P e c i l e ,

1982).  Since p r o l a c t i n ,  which c i r c u l a t e s  in h igh  le v e l s  du r ing  l a c t a t i o n  

i s  though t  to  s t im u la t e  1,25 DHCC p ro duc t ion  in the k id n ey ,  an i n h i b i t o r y  

e f f e c t  o f  CT on p r o l a c t i n  s e c r e t i o n  could serve to  p reven t  the s a c r i f i c e  

o f  s k e le ta l  ca lc iu m  f o r  m i l k  p ro d u c t io n .

1.8.1 C a l c i t o n i n  and the  A n t i s t r e s s  Hypothesis

In rev iew ing  the l i t e r a t u r e  d e s c r ib i n g  the p h y s i o l o g i c a l  and 

pharmaco logical  e f f e c t s  o f  CT, Dupuy (1983) has proposed t h a t  the 

hormone e xe r ts  a general  a n t i  s t r e s s  e f f e c t .  In suppor t  o f  t h i s  h ypo th 

e s i s  Dupuy notes t h a t  hype rca1caemia can be induced by s e c re t i o n  o f  

catecholamines (Hsu and Cooper, 1975) and by the re duc t io n  in b lood pH 

assoc ia ted  w i t h  in tense  e x e r c i s e  (Ruben and Bennet, 1981).  Since both 

catecholamines and plasma ca lc ium  are e s ta b l i s h e d  CT secretagogues 

(Bates ,  Bruce and Care,  1970) i t  is  reasonable to  assume t h a t  CT might  

be secre ted  in response to s t r e s s e s ,  i n c lu d in g  e x e r c i s e .  Indeed, 

several  s t r e s s f u l  s i t u a t i o n s  have been shown to inc rease  c i r c u l a t i n g  

le v e ls  o f  CT, these in c lu de  su rgery  (MacManus, Youdale and Braceland,  

1975), h ea r t  i n f a r c t i o n  (Boer,  Mulder,  F isch e r ,  Schopman, Hackeng and 

S i lb e rb u s c h ,  1981),  premature b i r t h  (David,  S a l l e ,  P u te t  and Gratmeyer,
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1981) and trauma assoc ia ted  w i t h  bone f r a c t u r e  (Ekeland,  Gautv ik  

and M a c In ty re ,  1981).  The re por ted  e f f e c t s  o f  CT which might  c o n c e i 

vab ly  have p r o t e c t i v e  o r  ada p t i ve  advantage in such s t r e s s f u l  s i t u a t i o n s  

range f rom i n h i b i t i o n  o f  s t r e s s  induced u l c e r  fo rm a t ion  (Bates and 

B a r l e t , 197*0, to p ro d u c t io n  o f  ana lg es ia  (Pec i le  e t  a l , 1975)» p r o te c t i o n  

a g a in s t  in f lammat ion  ( R i e s t e r e r  and Jaques, 1969) , a c c e l e r a t i o n  o f  

wound h e a l in g  (Lupulesku and Habowsky, 1978) and hyperglycaemia 

( P a s s a r i e l l o ,  G iu g l ian o ,  Scambato, T o r e l l a ,  d 'O n o f r i o ,  1981) in 

a d d i t i o n  to  e s ta b l i s h e d  e f f e c t s  in  ca lc iu m  homeostasis.

Dupuy proposes t h a t  any s i t u a t i o n  producing d is tu rb a n c e  o f  

homeostasis provokes CT s e c r e t i o n  which produces e f f e c t s  opposing the 

o r i g i n a l  d i s tu r b a n c e .  Evidence concern ing the p h y s i o l o g i c a l  r o le  o f  

CT in s t r e s s  i s ,  however,  l i m i t e d  and t h i s  hypo thes is  cannot  be 

cons idered proven.  However, i t  i s  apparent  t h a t  CT, l i k e  o th e r  pep t ides 

sec re ted  in response to  s t r e s s ,  may e x e r t  im po r tan t  b u t ,  as y e t ,  

undef ined p r o t e c t i v e  e f f e c t s  in  such s i t u a t i o n .
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1.9 CALCITONIN AND SECOND MESSENGER SYSTEMS

In accord w i t h  the re c e p to r  theory  o f  hormone a c t i o n ,  i t  can be 

assumed t h a t  CT sec re ted  f rom the  t h y r o i d  glands is  t ra ns p o r te d  in the 

blood to  t a r g e t  organs where i t  becomes bound to  s p e c i f i c  recepto rs  in 

the c e l l  membrane. The b in d in g  o f  hormone to  re ce p to r  i n i t i a t e s  a 

s e r ie s  o f  events which a l t e r  i n t r a c e l l u l a r  metabol ism, e v e n tu a l l y  

t r a n s l a t i n g  the e x t r a c e l l u l a r  even t  (b in d ing  o f  CT, the f i r s t  messenger) 

t o  the u l t im a t e  c e l l u l a r  response.  Al though the mechanisms by which 

e x t r a c e l l u l a r  b in d in g  o f  CT produces i n t r a c e l l u l a r  e f f e c t s  are unc lea r  

they may in v o lv e  second messenger systems.

In the l a t e  1950's Su the r land  and co-workers demonstrated t h a t  

b in d in g  o f  glucagon to  recep to rs  on l i v e r  c e l l s  a c t i v a t e d  a membrane 

bound enzyme termed adeny la te  c y c la s e .  This enzyme uses adenosine 

t r i p h o s p h a te  (ATP) in the p ro du c t io n  o f  c y c l i c  adenosine 3 J 5 , -mono- 

phosphate (cAMP) which ac ts  as an i n t r a c e l l u l a r  messenger (second 

messenger) a c t i v a t i n g  p r o t e i n  k inases to  phosphory1 a te  va r io us  e f f e c t o r  

p r o te in s  (Su ther land  and R a i l ,  1957; Su the r land ,  Robinson and Butcher,

1968).  I t  is  now c l e a r  t h a t  cAMP plays a c r i t i c a l  r o le  in the c e l l u l a r  

e f f e c t s  o f  numerous hormones, n e u r o t r a n s m i t t e r s  and agon is ts  o f  t h e i r  

r e c e p to rs ,  i n c l u d i n g  n o ra d re n a l i n e  and a d ren a l in e  ( K la i n e r ,  Chi ,

F re idburg ,  Rail  and S u the r la nd ,  1962),  dopamine (C lement-Cormier , P a r r i s h ,  

P e tzo ld ,  Kebabian and Greengard,  1975), 5“ HT (Nelson,  Herbe t ,  A d r ie n ,  

Bockaert  and Hamon, 1983),  exogenous and endogenous o p ia te s  (Sharma,

Klee and N i renb e rg ,  1975; Klee and N i renberg ,  1976),  vasoac t ive  i n t e s t 

ina l  p o l y p e p t id e  (Kerw in ,  Pay Bhoola and Pycock, 1980), vasopressin  

(Courtney and Raskind,  1983) and CT (Murad, Brewer and Vaughan, 1970).  

C y c l i c  n uc le o t id e s  may t h e r e f o r e  be the major  second messengers involved 

in  p h y s i o l o g i c a l  and pharm aco log ica l  e f f e c t s  o f  CT, a l t e r n a t i v e l y ,  such 

e f f e c t s  could,  be achieved by a d i r e c t  a c t i o n  o r  occur, as a r e s u l t  o f  

m o d i f ied  ca lc iu m  metabol ism.

The marked d i f f e r e n c e s  in  the co nce n t ra t io n s  o f  i n t r a c e l l u l a r
_7

and e x t r a c e l  1 u l a r  ca lc rum ions ( in  most c e l l s  app rox im a te ly  10 and 

10 M r e s p e c t i v e l y ) ) and the ca lc ium dependence o f  numerous b i o l o g i c a l  

processes makes t h i s  ion i d e a l l y  s u i t e d  to  t r i g g e r  changes in 

b i o l o g i c a l  a c t i v i t y .  In f a c t ,  i t  has been proposed t h a t  ca lc ium ions
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may themselves serve  as second messengers (Rasmussen and Goodman, 1977)

I t  now appears t h a t  the i n t r a c e l l u l a r  e f f e c t s  o f  ca lc iu m  ions are 

re layed  by complex fo rm a t io n  w i t h  ca lc iu m  b in d in g  p r o te in s  such as 

ca lm odu l in ,  and t h a t  ca lc ium  dependent enzymes (such as p r o te i n  

k in ases ,  ca lc ium ATPase, adeny la te  cyc lase  and phosphod ies terase) are 

Ca-ca lmodul in  dependent .  Calcium b in d in g  is  though t  to  a c t i v a t e  

ca lm odu l i n  which in  t u rn  a c t i v a t e s  these e f f e c t o r  p r o te i n s  in a manner 

d i r e c t l y  analagous to  p h o s p h o ry la t io n  o f  e f f e c t o r  p r o te i n s  by cAMP 

a c t i v a t e d  p r o t e i n  k inases ( f i g u r e  1 .4 ) .  The repor ted  e f f e c t s  o f  CT on 

c y c l i c  n u c le o t i d e  and ca lc iu m  metabol ism are desc r ibed  below, a l though  

these e f f e c t s  are cons idered s e p a ra te l y  here the systems are c l e a r l y  

c l o s e l y  i n t e r r e l a t e d  as d iscussed in s e c t i o n  D .5 .d .

I . 9 . a E f f e c t s  on Calcium

in a d d i t i o n  to  the e s ta b l i s h e d  i n h i b i t o r y  e f f e c t  o f  CT on e f f l u x  

o f  ca lc iu m  f rom bone (Friedman and Raisz,  1965) and i n t e s t i n a l  ca lc ium 

a bso rp t ion  (Swaminathan e t  a l ,  1974), CT has been shown to m o d i f y  ca lc ium 

t r a n s p o r t  in  several  o t h e r  t i s s u e s  i n c l u d i n g  k idney  (Kenny and H e i s k e l l ,  

1965), l i v e r  (Yamaguchi, Takei and Yamamoto, 1976), myocardium (Chausmer, 

Weiss and Wal lach ,  1965) and hypothalamus (Levine and Mor ley ,  1981;

Koida,  Yamamoto, Nakamuta, Matsuo,  Okamoto and M i r im o to ,  1982).  In the 

m a j o r i t y  o f  t i s s u e s  s tu d ie d  CT has been found to  inc rease  ca lc ium 

con ten t  a l t hough  the  hormone appears not  to  modi fy  ca lc ium  con ten t  o f  

s a l i v a r y  g la nds ,  small  i n t e s t i n e ,  pancreas (Kenny and H e i s k e l l ,  1965)? 

and b ra in  (Eglen,  1983)-

At  the c e l l u l a r  l e v e l ,  CT has been shown to i n h i b i t  ca lc ium 

e f f l u x  f rom bone ( H a r r e l l ,  Binderman and Rodan, 1973)» k idney  (Bor le ,

1969) and l i v e r  (Yamaguchi e t  a l ,  1976).  I n h i b i t i o n  o f  ca lc ium e f f l u x  

could c l e a r l y  account  f o r  the  increased l e v e l s  o f  i n t r a c e l l u l a r  ca lc ium 

observed in most t i s s u e s  (B o r le ,  1975).  K i n e t i c  a n a ly s is  o f  ^ C a  uptake 

by hepatocytes revealed to  Bor le  (1975) t h a t  CT enhanced the t r a n s p o r t  

o f  ca lc iu m  f rom the  cy top lasm to  a s lo w ly  exchanged ca lc ium  pool
45(assumed to be m i t o c h o n d r i a l ) .  Moreover,  CT was found to  enhance Ca 

uptake by i s o l a t e d  m i to ch o n d r ia  le a d ing  to  the sugges t ion  th a t  CT 

induced i n h i b i t i o n  o f  ca lc ium  e f f l u x  is  achieved by i n t r a c e l l u l a r  

ca lc iu m  seque s te r ing  wh ich  reduces c y t o s o l i c  ca lc ium .  This theory  is  

d iscussed below (D .5 » a ) .
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Fi gure I . k Diagram o f  c e l l  us ing  both ca lc ium and cAMP as 

second messengers.

B in d in g  o f  f i r s t  messenger (hormone o r  n e u r o t r a n s m i t t e r )  

to  a deny la te  cyc lase  (AC) assoc ia te d  re cep to rs  produces 

p h y s i o l o g i c a l  response by modu la t ing  p ro d u c t io n  o f  

cAMP which a c t i v a t e s  p r o te i n  k inases to  phosphory la te  

p r o t e i n s .  S i m i l a r l y ,  ca lc ium f o l l o w i n g  the e l e c t r o 

chemical g r a d ie n t  i n t o  c e l l s  ( v ia  re ce p to r  opera ted 

o r  v o l t a g e  s e n s i t i v e  ca lc ium channels)  complexes w i t h  

ca lm odu l in  t o  modulate the a c t i v i t y  o f  Ca-ca lmodul in  

dependent  enzymes. The p o s s i b i l i t y  f o r  i n t e r a c t i o n  

between the two systems is  e v id e n t  as Ca-calmodul in  

dependent  enzymes in c lu de  adeny la te  cyc la se  and 

phosphod ies terase  (PD), and cAMP induced p r o te i n  

p ho s p h o ry la t io n  can a l t e r  the f u n c t i o n  o f  ca lc ium 

channels and pumps.
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I . 9 . b E f fe c t s  on C y c l i c  3 1, 5 1»-monophosphate

C a l c i t o n i n  has been found to  e le v a te  l e v e ls  o f  cAMP in a

v a r i e t y  o f  p re p a ra t io n s  f rom bone, k idney (Murad e t  a l ,  1970; Marx

e t  a l ,  1972a; Marx, Fedak and Aurbach, 1972b),  p a r a th y r o id  g lands

(Dufrense and Gi te lman,  1972),  b ro n c h ia l  carcinoma c e l l s  (Hunt e t  a l ,

1977) and r a t  g l i a l  c e l l s  ( L o f f l e r ,  Van Calker  and Hamprecht, 1982).

Adeny la te  cyc lase  a c t i v i t y  o f  renal  and s k e le ta l  membrane p re p a ra t io ns

was found by Marx e t  a l  (1972) to  be s t im u la te d  by CT, an e f f e c t  which

could  c l e a r l y  account  f o r  the e le va ted  le v e ls  o f  cAMP. Marx and
125

Aurbach (1975) found CT s t i m u l a t a b l e  adeny la te  cyc la se  and l^sCT 

b in d in g  s i t e s  to  be d i s t r i b u t e d  in  the  p a r t i c u l a t e  (plasma membrane) 

f r a c t i o n  o f  k idney homogenates, and Goltzman (1980) observed a c lose  

c o r r e l a t i o n  between b in d in g  a f f i n i t y  and potency a t  ade ny la te  cyc lase  

s t i m u l a t i o n  f o r  sCT, hCT and a range o f  ana logues.  These r e s u l t s  

c l e a r l y  i n d i c a t e  an a s s o c ia t i o n  o f  p e r ip h e ra l  CT re cep to rs  w i t h  membrane 

bound adeny la te  cyc lase .

In c o n t r a s t  to  the e f f e c t  on renal  membranes, Rizzo and Goltzman 

(1981) repor ted  t h a t  sCT i n h i b i t e d  adeny la te  cyc la se  a c t i v i t y  o f  r a t  

b ra in  homogenates and t h a t  sCT, pCT and hCT i n h i b i t e d  the a c t i v i t y  o f  

the enzyme in homogenates o f  hypothalamus in a dose dependent manner 

w i t h  potency p r o p o r t i o n a l  to  the known b i o l o g i c a l  po tenc ies  o f  the 

hormones. The repor ted  i n h i b i t o r y  e f f e c t  on CNS ade ny la te  cyc lase  and 

s t i m u l a t o r y  e f f e c t  on g l i a l  c e l l  cAMP accumula t ion  are  d iscussed  below 

(R.6 and D . 5 . c ) .
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1.10 STRUCTURE ACTIVITY RELATIONSHIPS

M acIn ty re ,  Evans, H o b i t z ,  J o p l i n  and Stevenson (1980) noted 

t h a t  co ns ide ra b le  v a r i a t i o n  e x i s t s  between the  s t r u c t u r e  o f  the  CT‘ s 

sequenced to  da te  and t h a t  major  changes are  t h e r e f o r e  p o s s ib le  w i t h o u t  

loss  o f  b i o l o g i c a l  a c t i v i t y .  Indeed,  the  o n l y  res idues common to  a l l  known 

c a l c i t o n i n s  are  the  carboxy te rm in a l  p ro l i n a m id e ,  g l y c i n e  a t  p o s i t i o n  

28 and s i x  o f  the  seven bases in the  N‘ t e rm ina l  r i n g  s t r u c t u r e  ( f i g u r e  1 .5 ) .  

S ie b e r ,  Brugger,  Kamber, R i n i k e r ,  R i t t e l ,  Maier and S ta e h e l i n  (1970) 

found t h a t  removal o r  deaminat ion  o f  the  carboxy te rm in a l  p r o l i n a m i d e i i n  

pCT led to  loss o f  hypocalcaemic a c t i v i t y ,  observat ions o f  t h i s  na tu re  

led MacIn ty re  to  suggest  t h a t  the  whole CT molecu le  was necessary 

f o r  b i o l o g i c a l  a c t i v i t y .  Th is  assumpt ion was d isproved  when.Schwartz,  

Or lowski  and Marcus (1981) demonstrated t h a t  des -ser  ^sCT was 

e q u ip o te n t  w i t h  sCT. Recen t ly ,  Moe, M i l l e r  and Ka iser  (1983) have 

focussed a t t e n t i o n  on the  c o n t r i b u t i o n  o f  bases 8-22 t o  b i o l o g i c a l  

a c t i v i t y .  S tud ies  us ing c i r c u l a r  d ich ro ism  have shown sCT and hCT to  be 

20-50% ^ - h e l i c a l  (dependent on c o n d i t i o n s  such as tempera ture  and pH);  

and Moe e t  a l  (1983) have suggested t h a t  res idues 8-22 might  form 

a n ;a -h e 1 ic a l  reg ion .  The CT molecule  can t h e r e f o r e ,  be cons idered in 

terms o f  t h r e e  domains,  the  N1 t e rm in a l  r i n g  s t r u c t u r e  ( 1 -1 7 ) ,  the  

a - h e l i c a l  reg ion  (8-22) and a C* te rm in a l  random c o i l  (23~32).

1 .10.a Residues 1-7

A l l  CT's sequenced t o  date  have a seven base N' . te rm ina l  r i n g  

s t r u c t u r e  j o i n e d  by a d i s u lp h id e  b r id g e .  R i t t e l ,  M a ie r ,  Brugger,

Kamber, R in in k e r  and S ieber  (1976) found t h a t  b i o l o g i c a l  a c t i v i t y  was 

l o s t  when the  d i s u lp h id e  b r id ge  was opened by m e th y la t io n s  o f  the  

c y s te in e s  a t  1 and 7. However, Morikawa, Munekata, Sakakibara ,  Noda and
1 7

Otani (1976) found [ Asn ] -ee l  CT ( in  which the  d i s u l p h i d e  bond 

between cys^ and cys^ is  rep laced w i t h  an e th y le ne  l i n k  between two 

molecules o f  L-amino su be r i c  aci.d) t o  be as po ten t  as eCT. These 

r e s u l t s  suggest  t h a t  the  1-7 l i n k  produces im por tan t  con fo rm a t io na l  

e f f e c t s ,  but  t h a t  the  d i s u l p i d e  bond is  no t  i t s e l f  necessary f o r  

b i o l o g i c a l  a c t i v i t y .  The high degree o f  conse rva t ion  o f  the  N1 te rm ina l  

sequence in d ic a te s  t h a t  this reg ion  p lays  an essential b i o l o g i c a l  r o l e  ye t

k 6



Figure 1.5 Amino ac id  sequence o f  human, r a t ,  salmon,  e e l ,  

p o rc ine  and bov ine c a l c i t o n i n s  and c a l c i t o n i n  gene- 

r e l a t e d  pep t id e  (CGRP).

Bases common to  a l l  sequenced c a l c i t o n i n  are i n d ic a te d  

by shad ing.
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co n s id e ra b le  m o d i f i c a t i o n s  o f  t h i s  s t r u c t u r e  were shown by R i t t l e  (1977) 

no t  to a l t e r  b i o l o g i c a l  a c t i v i t y .  A p o s s ib le  e x p la n a t io n  o f  t h i s  

paradox can be found by c o n s id e r in g  the  p r e v io u s l y  descr ibed  (1 .4 )  

exper iments o f  Jacobs e t  al  (1981b). This group found CT mRNA to  

d i r e c t  the syn th e s is  o f  a CT p re c u rs o r  which was g ly c o s y la te d  a f t e r  . 

removal o f  a 3000 MW leader sequence, the o n l y  known s i t e  on the 

p re cu rso r  molecule  amenable to  g l y c o s y l a t  ion was the  h ig h l y  conserved 

Asn-Leu-Ser sequence a t  res idues 3“ 5* I t  seems l i k e l y  t h e r e f o r e ,  t h a t  

the p re c is e  sequence o f  res idues in  the N1te rm in a l  r i n g  s t r u c t u r e  is  

n o t  e s s e n t i a l  f o r  b i o l o g i c a l  a c t i v i t y  b u t  t h a t  t h i s  reg ion  is  h i g h l y  

conserved because o f  i t s  im po r ta n t  r o le  in the p rocess in g  o f  the 

p re c u rs o r .

l . 1 0 . b  Residues 8-22

In the  CT‘ s sequenced to  date  cons ide ra b le  v a r i a t i o n  i s  seen in 

the res idues  f rom p o s i t i o n s  8-22 and s t r u c t u r a l  m o d i f i c a t i o n ,  such as 

replacement o f  res idues 15 and 21 o f  sCT w i t h  the l i p o p h i l i c  res idues 

asparag ine and p h e n y la la n in e  ( M a ie r ,R in i k e r  and R i t t e l ,  1974),  are 

p o s s ib le  w i t h o u t  loss o f  b i o l o g i c a l  a c t i v i t y ,  in c o n t r a s t ,  F in d la y ,

M i c h a l e n g e l i , Or lowski  and M a r t in  (1983) found t h a t  removal o f  the 

l i p o p h i l i c  res idues a t  p o s i t i o n  16 in sCT and pCT (Leu and Phe 

r e s p e c t i v e l y )  reduced b i o l o g i c a l  a c t i v i t y  t o  20%.

Not ing  t h a t  c i r c u l a r  d i c h ro i s m  s tu d ie s  o f  n a tu ra l  CT’ s i n d i c a t e  

an a - h e l i c a l  con ten t  o f  20-50%, Moe e t  al  (1983) suggested t h a t  the 

reg ion  8-22 might  form a s t r u c t u r a l l y  im por tan t  a - h e l i x ,  t h i s  suggest ion  

is  supported by the secondary s t r u c t u r e  p r e d i c t i o n s  o f  Mer le ,  Le fevre  

and Mi lhaud (1979).  Moe and co-workers a ls o  noted t h a t  a x ia l  

p r o j e c t i o n s  o f  the p re d i c t e d  a - h e l ?cal  reg ions showed a tendency toward 

c o n c e n t r a t i o n  o f  l i p o p h i l i c  res idues on one s ide  o f  the h e l i x  and t h a t  

t h i s  tendency was most marked in more p o ten t  CT's ( f i g u r e  l . 6 . a , b ) .

To t e s t  the hypo thes is  t h a t  the s t r u c t u r a l l y  s i g n i f i c a n t  p o i n t  o f  t h i s  

region was the amph ip h i11i c  a - h e l i x ,  Moe's group syn thes ised  a model-  

CT (mCT) having residues 1-7 o f  hCT, 23” 32 o f  sCT( l )  and a c e n t ra l  

region composed o f  res idues w i t h  a h igh  p o t e n t i a l  f o r  h e l i x  f o rm a t ion  

(e .g .  l e u c in q  g lu tamine  and l y s i n e )  and a c o n c e n t r a t i o n  o f  l i p o p h i l i c  

res idues  on one s id e  ( f i g u r e  I . 6 . b ) . This p e p t i d e ,  had s i m i l a r
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F ig u re  1.6 a and b A x ia l  p r o j e c t i o n  o f  res idues 8-23 o f  sCT,

eCT, hCT, pCT, r a t  CGRP, and human CGRP.

The diagrams are based on the assumpt ion t h a t  

an a - h e l i c a l  confo rmat ion  is  adopted,  and 

l i p o p h i l l i c  res idues are shaded.
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hypocalcaemic and recepto r  b in d in g  potency to  pCT. Epand, Epand, 

O r lo w sk i ,  S c h le u te r ,  Boni and Hui (1983), l a t e r  demonstrated t h a t  CT's 

i n t e r a c t  in v i t r o  w i t h  a c i d i c  p ho sp h o l ip id s  to form s t a b le  l i p o p r o t e i n  

complexes and t h a t  t h i s  i n t e r a c t i o n  is  assoc ia ted  ( i n  the case o f  

sCT and pCT) w i t h  enhanced h e l i c a l  s t r u c t u r e  o f  the CT molecule.

These r e s u l t s  c l e a r l y  i n d i c a t e  a s t r u c t u r a l  r o le  f o r  res idues 8-22,  

the amphiphi 11i c  a - h e l i x  could be in vo lved  in r e c e p to r  b in d in g ,  

a s s o c ia t i o n  w i t h  l i p i d  membranes o f  t a r g e t  c e l l s  o r  in de te rm in in g  t ie  

spac ing  and o r i e n t a t i o n  o f  C1 te rm ina l  and N ' t e rm in a l  a c t i v e  s i t e s .

The enhancement o f  the  h e l i c a l  confo rm at ion  by p ho sp h o l ip id s  may be 

s i g n i f i c a n t  in  v i v o  as plasma membrane pho sp ho l ip ids  could c l e a r l y  

promote the adop t ion  o f  t h i s  s t r u c t u r e .  I n t e r a c t i o n  between the 

l i p o p h i l i c  face  o f  the h e l i x  and the  phosp h o l ip id  plasma membrane 

might  then enhance the s t a b i l i t y  o f  the ho rmone- recep to r  complex.

The o bse rva t io ns  o f  Ma ie r ,  F in d la y  and co-workers (above) are r e a d i l y  

e xp la ined  when the importance o f  the  a m p h i p h i l l i c  h e l i x  is  known, 

s in ce  a d d i t i o n  o f  l i p o p h i l i c  groups to  the h y d r o p h i l i c  face o f  the 

h e l i x  (Maier  e t  a l , 197*0 would no t  be expected to  reduce a c t i v i t y  

whereas p la c in g  a h y d r o p h i l i c  res idue  in the l i p o p h i l i c  face ( F in d la y ,  

1983) would be expected to do so.

l . l O . c  Residues 23~32

Very l i t t l e  i s  known about  the r e l a t i o n s h i p  between the s t r u c t u r e

o f  the C' te rm in a l  sequence and b i o l o g i c a l  a c t i v i t y .  This sequence,

which i s  though t  to have a random c o i l  s t r u c t u r e  con ta ins  two amino
28 32acids  common to  a l l  CT's ( g l y  and pro ) ,  removal o r  deaminat ion  o f  

the te rm in a l  p r o l i n e  res id ue  has been found to  a b o l i s h  b i o l o g i c a l  

a c t i v i t y  (Maier e t  a l , 197*0* In s p i t e  o f  cons ide rab le  gaps in  know

ledge o f  the r e l a t i o n s h i p  between s t r u c t u r e  and a c t i v i t y  o f  CT's and 

ana logues ,  r e c o g n i t i o n  o f  the major  f e a tu re s  necessary f o r  b i o l o g i c a l  

f u n c t i o n  should be o f  a s s is ta n c e  in p r e d i c t i n g  C T - l i k e  a c t i v i t y  o f  

o t h e r  s y n t h e t i c  o r  endogenous mo lecu les .  The r e c e n t l y  descr ibed  pep t ide  

CGRP (Amara e t  a l ,  1983) is  a case in p o i n t ,  a l though  the p r imary  

s t r u c t u r e  o f  CGRP (a 37 base p e p t id e  w i t h  a 2-7 d i s u lp h id e  b r idge  

and l i t t l e  sequence homology w i t h  any form o f  CT) is  d i f f e r e n t  f rom
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t h a t  o f  known CT's, c o n s id e r a t i o n  o f  secondary s t r u c t u r e  suggests

t h a t  s i m i l a r i t i e s  may e x i s t .  F i r s t l y ,  i t  has been argued above th a t

the p re c is e  sequence o f  res idues in the N1 te rm ina l  r i n g  s t r u c t u r e

may not  be im po r tan t  f o r  b i o l o g i c a l  a c t i v i t y .  Al though the s i x  membered

N1 te rm ina l  r i n g  s t r u c t u r e  o f  CGRP is d i f f e r e n t  f rom the  seven membered

s t r u c t u r e  found in CT's i t  has co ns ide rab le  sequence homology w i t h  t h i s  
2

region o f  des -se r  sCT which has been shown to be e q u ip o te n t  w i t h  sCT

(Schwartz,  1981).  Secondly,  l i k e  a l l  known CT's the  sequence 8-22

o f  CGRP con ta ins  r e g u l a r l y  spaced l i p o p h i l i c  re s id ues .  A c id i c

phospho l ip ids  are  known to  enhance the a - h e l i c a l  con te n t  o f  some CT's,

any such e f f e c t  on CGRP could lead to  the p ro du c t io n  o f  an a m p h i p h i l l i c

a - h e l i x  in  the 8-22 sequence o f  CGRP ( f i g u r e  I . 6 . b ) . In the C' te rm ina l

reg ion  CGRP,l ike a l l  known CT' s^possesses h y d r o p h i l i c  res idues a t

p o s i t i o n s  29 and 32 art! a n e u t ra l  hydrophob ic  res idue  a t  p o s i t i o n  2$

however, CGRP does n o t  possess the two residues in t h i s  reg ion common
28 32to  a l l  sequenced CT's (g ly  and pro  ) .  The lack  o f  exper imenta l  

ev idence concern ing  re levance  o f  C' te rm ina l  res idues  to  b i o l o g i c a l  

a c t i o n  prevents  p r e d i c t i o n  o f  the p o s s ib le  e f f e c t s  o f  those d i f f e r e n c e s  

o r  o f  the res idues 33*“37 in  CGRP. The r e l a t i o n s h i p  between CT and 

CGRP is  exp lo red  more f u l l y  in  chap te r  D.2.
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1.11 AIMS OF THE PROJECT

I t  i s  e v id e n t  f rom the  preceding s e c t i o n  t h a t  a d m in i s t r a t i o n  

o f  CT to  animals and man can produce a wide range o f  b i o l o g i c a l  

responses which may o r  may no t  be o f  p h y s i o l o g i c a l ,  pharmaco logical  

o r  t h e r a p e u t i c  re levence .  The aim o f  the exper iments repor ted  in 

t h i s  t h e s i s  was to  i n v e s t i g a t e  the pharmaco logical  e f f e c t s  o f  CT 

and the mechanisms by which such e f f e c t s  might  be produced.  The 

pharmaco logical  i n v e s t i g a t i o n s  have been concen tra ted  on the a n t i 

n o c i c e p t i v e  and haemodynamic e f f e c t s  o f  CT which may be t h e r a p e u t i c a l l y  

r e le v a n t  to  man. As the  e f f e c t s  observed in vi  vo appear to in v o lv e  

modula t ion  o f  neuronal  a c t i v i t y ,  b iochemica l  s tud ie s  have concentra ted  

on the means by which CT might  a l t e r  the a c t i v i t y  o f  neuronal  t i s s u e .
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MATERIALS AND METHODS



M.1 ANIMALS

The animals used in  t h i s  p r o j e c t  were e i t h e r  male o r  female 

CFLP mice o f  20-30 g o r  were male o r  female Sprague Dawley ra ts  o f  

150-350 g.

A l l  animals were ma in ta ined  in  an ambient tempera ture  o f  21-  

23°C w i t h  hours o f  darkness between 1800-0600. They were a l lowed 

access to food (Heygate and Son L t d . ,  breed ing d i e t  cubes c o n ta in in g

1.A2% ca lc ium and 1.09% phosphate) and wa te r  ad l i b i t u m .

Animals were e i t h e r  purchased f rom Hacking and C h u r c h i l l  L t d . ,  

o r  bred f rom s tock  ob ta ined  f rom the same source.



M.2 CHEMICALS

S y n th e t i c  human and salmon c a l c i t o n i n s  (hCT and sCT) were 

donated by the  Armour Pharmaceut ical  Co. and by Ciba-Geigy L td .  

r e s p e c t i v e l y ,  and naloxone was a g i f t  f rom Endo L a b o ra to r i e s .  

C a l c i t o n i n  gene r e la t e d  p ep t ide  (CGRP), and the  vasopress in  a n ta g o n is t  

d(CH0) ,-Tyr(Me)AVP were purchased f rom the  Merseyside L a b o ra to r i e s .

Leu c in e -en ke pha l in ,  d - a la - d - l e u - e n k e p h a l i n ,  vasop ress in ,

B r i j  30 , 5“ hyd roxy in do le  a c e t i c  a c i d ,  5-h y d ro x y t r y p ta m in e ,

^ - m e t h y l - p - t y r o s i n e ,  s a l i c y l i c  a c i d ,  o - p th a ld ia l d e h y d e  and 

p a r a c h lo ro ph e ny la la n in e  were a l l  purchased f rom Sigma Biochemica ls 

L td .  Rad ionuc le o t id es  ( ^ C a ^ + and [ ^ H ] - c y c l i c  adenosine 3 1, 5 ‘ -mono

phosphate) were ob ta in ed  f rom Amersham I n t e r n a t i o n a l  p i c .

The remaining chem ica ls ,  which were o f  'Ana la r *  grade wherever 

p o s s i b l e ,  were purchased f rom major  chemical  s u p p l i e r s  ( u s u a l l y  

Sigma Biochemica ls L td .  o r  BDH Chemicals L t d . ) .
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M.3 SOLUTIONS

a) P h y s io lo g i c a l  S a l t  S o lu t i o n s :

i )  Krebs ' b i c a rbo n a te  s a l i n e

NaCl 

KC1 

MgSO^ 

CaCl ^ 

NaHC03

KH2P0ft
G1ucose

118 mmo1

4.7  mmol 

1.0 mmo1

2.5  mmol

2 .5  mmol 

1.2 mmo1

11 mmol

a t  37°C, pH 7 .4 ,  gassed w i t h  5% CÔ  in 0^

i i )  HEPES phosphate s a l i n e

118 mmo1 

5-9 mmol 

1.2 mmol 

2.5 mmol

11.7 mmol 

a t  37°C, pH 7 .4 ,  gassed w i t h  0,

NaCl 

KC1 

MgCl2 

Ca C12 

HEPES

i i i )  Phosphate b u f f e r

100 ml ,  1M KH2PO2J w i t h  79 ml 1M NaOH was d i l a t e d  to  200 ml 

w i t h  d i s t i l l e d  wa te r  to  produce 0 .5  H phosphate b u f f e r  a t  pH 7 .4 .

50 mM phosphate b u f f e r  a t  pH 7.4  was prepared by d i l u t i n g  50 ml ,

0.2  m KH2P0^ and 39*5 ml,  0 .2  M NaOH to  200 ml w i t h  d i s t i l l e d  wa te r

i v) T r i s /H C l  b u f f e r

0.2  M T r i s  (hydroxymethy1) ami nomethane, 0.1 M HC1 and 

d i s t i l l e d  w a te r  were combined in a r a t i o  o f  25:42:37  to  produce 

0.05 M T r i s /H C l  b u f f e r  a t  pH 7 .4 .
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b) S o lu t io n s  f o r  Drug A d m in i s t r a t i o n :

i )  V eh ic le  f o r  c a l c i t o n i n s

_ i
1 mg.ml bov ine serum albumin (BSA)

-10.01 m o l .1 a c e t i c  ac id

0 . 9% NaCl

ad jus ted  to  pH 7 .^  w i t h  1 M NaOH p r i o r  to  use.

i i )  V eh ic le  f o r  i . c . v .  i n j e c t i o n s

0.1 m o l . r 1 NaCl

0.05 mol . I ” 1 Tris
- i

1 mg.ml BSA

ad jus ted  to  pH 7 . ^  w i t h  1 M HC1.

i i i )  p -c h lo rop hen y1a la n in e

0 . 3 %  NaCl

0.5% B r i j  ( p o ly o x y 1a u r y le th y le n e  e th e r )

i n j e c t e d  as a suspens ion.

Remaining suspensions were adm in is te red  in 0.9% NaCl unless 

o the rw ise  s ta te d .
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INTRACEREBROVENTRICULAR INJECTION TECHNIQUE

Mice

Drugs were a dm in is te re d  i n t o  the l a t e r a l  v e n t r i c l e s  o f  conscious 

mice using the method o f  Haley and McCormick (1957) as m od i f ied  by 

Cashin and Heading (1968).

Drugs were a d m in is te red  in a volume o f  10 p i  by means o f  an Agla 

ground g lass  s y r in g e  f i t t e d  w i t h  a 21 gauge needle which was sheathed 

to  w i t h i n  h  mm o f  the t i p  w i t h  f i n e  c a p i l l a r y  t u b in g .  The s y r in g e  was 

housed in an Agla m ic rometer  head a t tached  to  a rack ing  assembly which 

was in t u rn  mounted on a r e t o r t  s tand .  I n t r a c e r e b r o v e n t r i c u l a r  i n j e c t i o n  

was achieved by r o t a t i n g  the rack ing  screw to pass the needle v e r t i c a l l y  

through the s k u l l  a t  a s i t e  1.5 mm l a t e r a l  to the bregma and 1.5 mm 

r o s t r a l  to the coronal  s u tu r e ,  the  depth o f  p e n e t r a t i o n  was l i m i t e d  by 

the shea th ing  o f  the needle.

The i n j e c t i o n  procedure took app rox im a te ly  5 seconds, and a l though  a  

i n i t i a l l y  s tunned,  the animals appeared to  recover r a p i d l y .  The accuracy 

o f  the techn ique  was assessed by i n j e c t i o n  o f  ind ia ,  in k  (10% s o l u t i o n  

in  0.9% NaCl) a f t e r  which b ra in s  were removed and f i x e d  in formol  sa l ine  

p r i o r  to  examina t ion  under a d i s s e c t i n g  microscope.  In a l l  b ra ins  

examined the ink  was found th roughou t  the v e n t r i c u l a r  system and t i s s u e  

damage appeared to  be l o c a l i s e d  to  the path o f  the needle.

M.A.b Rats

Urethane anaesthetised ra ts  were p laced in a Kopf 900 s t e r e o t a x i c  

frame as descr ibed  by DeGroot (1959).  The s t e r e o t a x i c  frame has a 

v e r t i c a l  rack ing  assembly on to  which a micrometer  s y r in g e  o r  d r i l l  may 

be a t ta ch ed .  Using the d r i l l  in  the rack in g  assembly a 1 mm d iameter  

ho le  was bored i n t o  the s k u l l  d i r e c t l y  above the l a t e r a l  v e n t r i c l e .  A 

1 ml sy r in g e  w i t h  a 21 gauge needle was mounted in the micrometer  head 

and then,  us ing  the rack ing  assembly,  the needle was lowered v e r t i c a l l y  

through the  ho le  i n t o  a l a t e r a l  v e n t r i c l e  (DeGroot co o rd in a te s ;  h o r i z o n 

t a l  + 6 .6 ;  v e r t i c a l  + 1 .5 ;  l a t e r a l  + 1 .3 ) .  Drug a d m i n i s t r a t i o n  in a 

volume o f  10 y l  was then achieved by r o t a t i o n  o f  the micrometer  screw.
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At the end o f  each o f  20 expe r im en ts ,  10 ^1 o f  i n d i a .  in k  (10% in 0.9% 

NaCl ) was i n j e c t e d ,  the b ra in s  were removed and f i x e d  in formol s a l i n e  

p r i o r  to  examinat ion  under the d i s s e c t i n g  microscope.  In a l l  bu t  one 

case the ink  was found to  be d i s t r i b u t e d  th ro u g h t  the v e n t r i c u l a r  

system and t i s s u e  damage appeared to  be l o c a l i s e d  to  the needle t r a c t .
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M.5 THE ABDOMINAL CONSTRICTION TEST

C o l l i e r  e t  a l  (1968) demonstrated t h a t ' t h e  i n j e c t i o n  o f  i r r i t a n t s  

i n t o  the  p e r i t o n e a l  c a v i t y  o f  mice produced c h a r a c t e r i s t i c  abdominal 

c o n s t r i c t i o n s .  Th is  response c o n s is te d  o f  a wave o f  muscular  

c o n t r a c t i o n s  pass ing  c a u d a l l y  a long  the  t runK o f  the  animal accompanied 

by an inward t w i s t i n g  o f  the  h ind l im bs .  They f u r t h e r  demonstrated 

t h a t  the  ra te  o f  the  abdominal c o n s t r i c t i o n s  could be reduced by 

agents known t o  produce a n a lge s ia  and suggested the  use o f  t h i s  model 

as a screen f o r  such e f f e c t s .

In t h i s  p r o j e c t  a c e t i c  a c id  was used to  produce p e r i t o n e a l  

i r r i t a t i o n ,  and the  consequent  abdominal c o n s t r i c t i o n  response was 

observed in animals  p laced i n d i v i d u a l l y  on wooden boards o f  a pp rox im a te ly  

20 x 20 cm, held 20 cm above the  bench, in  an ambient tempera ture  

o f  18-22°C.

P r e l im in a r y  exper iments  were c a r r i e d  ou t  t o  de te rm ine a 

s u i t a b l e  dose o f  a c e t i c  ac id  and t ime f o r  o b s e rv a t io n .  A volume o f  0.3ml 

1 % a c e t i c  ac id  in 0.9% NaCl i n j e c t e d  i . p .  was found to  produce a 

r e l a t i v e l y  cons tan t  and r e p r o d u c ib l e ,  submaximal response o f  3“ ^ 

c o n s t r i c t i o n s  per minute ( c .p .m . )  between 10 and 15 minu tes a f t e r  the 

i n j e c t i o n .  The dose and o b s e rv a t io n  per iod  was t h e r e f o r e  chosen f o r  use 

in a l l  remaining exper iments .

M o d i f i c a t i o n  o f  the  abdominal c o n s t r i c t i o n  ra te  by v a r io u s  drugs 

was then assessed.  T y p i c a l l y ,  drugs screened f o r  p o t e n t i a l  a n t i n o c i c e p t i v e  

e f f e c t  were adm in is te red  10 minu tes p r i o r  to  the  a c e t i c  a c id  i n j e c t i o n ,  

the  o n l y  excep t io ns  to  t h i s  scheme were exper iments using  

d - a l a - d - 1eu-enkepha l in  (which was adm in is te re d  5 minu tes p r i o r  t o  the 

a c e t i c  a c id )  and exper iments  in which the  t ime course o f  the 

a n t i n o c i c e p t i v e  e f f e c t  o f  sCT, hCT and c a l c i t o n i n  g e n e - re la te d  pep t id e  

(CGRP) were i n v e s t i g a t e d .

In each exper iment  a group o f  animals matched f o r  s i z e  and 

sex rece ived  a p p r o p r ia te  v e h i c l e .  Resu l ts  can t h e r e f o r e  be expressed 

e i t h e r  as c .p .m .  o r  as percentage i n h i b i t i o n  o f  the  c o n t r o l  c o n s t r i c t i o n  

ra te  observed in the  i n t e r n a l  c o n t r o l  group.
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In o rd e r  to  e l i m i n a t e  observe r  b ias a l l  drug s o lu t i o n s  were 

coded and exper iments were per formed " b l i n d " .  The sex o f  the 

an imals ,  t ime o f  day, date and ambient temperature were recorded to 

enable i n v e s t i g a t i o n  o f  the p o s s ib le  e f f e c t s  o f  these v a r ia b le s  on 

the c o n t r o l  c o n s t r i c t i o n  ra te .



M.6 assessment o f  lo comoto r  behav iour

M o d i f i c a t i o n  o f  an a n im a l ' s  response to  a noxious s t im u lu s  can 

be achieved e i t h e r  by a l t e r a t i o n  o f  i t s  pe rcep t io n  o f  the s t im u lu s  o r  by 

m o d i f i c a t i o n  o f  i t s  a b i l i t y  to  respond to  the s t im u lu s .  A drug which 

a l t e r s  the c o n s t r i c t i o n  response to  p e r i t o n e a l  i r r i t a t i o n  can,  t h e r e f o r e ,  

o n l y  be cons idered a n t i n o c i c e p t i v e  o r  hy p e ra lg es i c  i f  i t  does not  

s i g n i f i c a n t l y  impa ir  motor  f u n c t i o n .  The drugs used in the abdominal 

c o n s t r i c t i o n  t e s t  were,  t h e r e f o r e ,  a l s o  t e s te d ,  a t  a comparable t ime 

a f t e r  a d m i n i s t r a t i o n ,  in  the f o l l o w i n g  t e s t s :

M.6 .a Measurement o f  Motor  D is c o o rd in a t io n

Motor d i s c o o r d in a t i o n  was assessed by a r o t a t i n g  drum t e s t  based 

on t h a t  desc r ibed  by Dunham and Miya (1957).  Animals were p laced on a 

sandpaper covered drum o f  a Palmer Kymograph (d iameter  15 cm r o t a t i n g  a t  

2 r e v o lu t i o n s  per  minu te)  p laced h o r i z o n t a l l y ,  1 m ab<bve the f l o o r .  

Unaf fected  animals were ab le  to  ma in ta in  t h e i r  p o s i t i o n  on the drum by 

w a lk in g .  Animals which f e l l  f rom the  drum were replaced immed ia te ly ,  

the number o f  f a l l s  in  a 2 minu te p e r io d  was counted and taken as an 

index  o f  motor d i s c o o r d i n a t i o n .

M.6 .b Measurement o f  I n v e s t i g a t i v e  Behaviour

I n v e s t i g a t i v e  behav io u r  was assessed by the head d ip p in g  t e s t  o f  

F i l e  and W a r d i l l  (1975).  Immediate ly  a f t e r  i n v e s t i g a t i o n  o f  motor 

d i s c o o r d in a t i o n  animals were t r a n s f e r r e d  to  a 25 x  25 cm board c o n ta in in g  

16 even ly  spaced holes o f  2 .5  cm d iam ete r .  Contro l  animals  immediate ly  

began to  i n v e s t i g a t e  the env i ronment by d ip p in g  t h e i r  heads i n t o  the 

h o le s .  The number o f  such d ips  in a 5 minute pe r iod  was counted and 

taken as a measure o f  i n v e s t i g a t i v e  behav iour .
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M.7 DETERMINATION OF THE EFFECTS OF DRUGS AND PEPTIDES ON BLOOD PRESSURE 

AND HEART RATE
*4

M.7.a Normotensive Rats

“ 1Rats were anae s the t ised  w i t h  urethane (1.4 g .kg  in  0.9% NaCl) 

w i t h  h a l f  o f  the dose admin, istered i . p .  and the remainder s . c .  The 

c a r o t i d  a r t e r y  was cannu la ted and connected to  a Washington MDI c h a r t  

reco rder  v ia  a PT 400 p ressure  t ra nsducer  f o r  the d e te rm in a t io n  o f  mean 

a r t e r i a l  p ressure  (MAP) and h e a r t  r a te .

In animals which were to  rece ive  sCT and v e h i c l e  by i . v .  i n j e c t i o n  

t h e j u g u l a r  ve in  was r o u t i n e l y  cannu la ted  and the t rachea was cannu la ted 

in  any animals e x h i b i t i n g  r e s p i r a t o r y  d i s t r e s s .  Fo l lo w ing  su rgery these 

animals were a l lowed a s t a b i l i s a t i o n  per iod  o f  a t  l e a s t  20 minutes,
_ 1 _i

a f t e r  which sCT (10 U.kg ) o r  v e h i c l e  (0.1 ml , 0.9% NaCl w i t h  1 mg.ml 

BSA, f o l l o w e d  by 0 .2  ml 0.9% NaCl to  f l u s h  cannulae) were adm in is te red

i . v .  A l l  animals rece ived  one dose o f  sCT and one dose o f  v e h i c l e  in

va r ie d  o rd e r  and the MAP and h e a r t  ra te  were moni tored  f o r  60 minutes 

a f t e r  each i n j e c t i o n .  Rectal  tempera ture  was main ta ined a t  37+ 0.5°C 

th roughou t  by means o f  h e a t in g  lamps.

Animals which were to  rece ive  sCT and v e h i c le  by i . c . v .  i n j e c t i o n  

were t r e a te d  as desc r ibed  above except  t h a t ,  the j u g u l a r  vein was no t  

cannu la ted ,  the animals were p laced in a s t e r e o t a x i c  frame th roughou t  

the exper imen t ,  and s t a b i l i s a t i o n  p e r iod  was preceeded by a s i n g le  sham

i . c . v .  i n j e c t i o n  (needle i n s e r t i o n  w i t h o u t  f l u i d  e j e c t i o n ) .  P re l im in a ry  

exper iments had revealed  t h a t  i f  t h i s  sham i n j e c t i o n  was om i t ted  v e h i c l e  

i n j e c t i o n  produced a gradual  re d uc t io n  in MAP. A l l  animals  again rece ived
injatfion -1

a s in g le /^o f  sCT (0 .1 ,1  o r  10 U.kg ) and o f  i . c . v .  v e h i c l e  in  va r ie d  

o r d e r ,  these i n j e c t i o n s  were over a pe r iod  o f  two minutes and in a volume 

o f  10 y 1 ( f o r  d e t a i l s  o f  i . c . v .  i n j e c t i o n  techn ique  see M . 4 . b ) .
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M.7«b Rats Rendered H y p o te n s iv e  by Haemorrhage

in d e te rm in a t io n  o f  the  e f f e c t s  o f  sCT, v e h i c l e  and naloxone on 

MAP and he a r t  ra t e  o f  haemorrhaged ra ts  the p reced ing p ro to co l  was 

f o l l o w e d ,  except  t h a t  the animals were rendered hypo tens ive  (MAP 

reduced a pp rox im a te ly  20% by removal o f  1-3 ml a r t e r i a l  b lood) a f t e r  

the i n i t i a l  s t a b i l i s a t i o n  p e r io d ,  and were a l lowed a f u r t h e r  20 minute 

s t a b i l i s a t i o n  b e fo re  a d m i n i s t r a t i o n  o f  the f i r s t  dose o f  drug o r  

v e h i c l e .  Where sCT o r  v e h i c l e  were adm in is te red  c e n t r a l l y ,  the 

haemorrhage was preceded by the sham i . c . v .  I n j e c t i o n .

In o rd e r  to  i n v e s t i g a t e  the mechanism o f  a c t i o n  o f  sCT in t h i s

p re p a ra t io n  groups o f  6-10 animals were p re t r e a te d  w i t h  6 -h yd ro xy -
-1dopamine (6 -OHDA, 100 mg.kg i . p .  in  0.1% a s c o rb ic  a c id ,  A , 3 and 2

days p r i o r  to  exper imenta l  use) ,  b i l a t e r a l  vagotomy (5 “ 10 minutes

a f t e r  removal o f  a r t e r i a l  b lood) o r  the a r g i n i n e  vasopress in  (AVP)

a n ta g o n is t  d(CH0),-Tyr(Me)AVP (0.1 mg.kg  ̂ i . v .  in 0.9% NaCl w i t h  
— 1 2

1 mg.kg BSA, f i v e  minutes p r i o r  to  b l e e d in g ) .  The e f f e c t  o f  6 -OHDA

on the p ressor  response o f  haemorrhaged ra ts  t o  i . c . v .  sCT (1 and 10 
~1U.kg ) was a ls o  assessed.

M.7 .c  Rats Rendered Hypotensive by P i t h i n g

A f t e r  ca n n u la t i o n  o f  the  c a r o t i d  a r t e r y ,  j u g u l a r  ve in and 

t ra chea ,  a b l u n t  ended p i t h i n g  rod was passed through the o r b i t  o f  the 

eye and then pushed v i a  the foramen magnum down the  sp in a l  chord.  As 

the rod passed down the sp in a l  chord the c h a r a c t e r i s t i c  ex tens ions  o f  

the fOre and h ind  l imbs were used as an i n d i c a t i o n  o f  the  successfu l  

d e s t r u c t i o n  o f  the CNS. The ra ts  were then r a p i d l y  a t tached  to  a 

smal l  animal v e n t i l a t o r  ( S c i e n t i f i c  Research Inst ruments  L t d . ,  5056) 

and a l lowed  a t  l e a s t  20 minutes f o r  s t a b i l i s a t i o n .  Dur ing t h i s  

p e r io d  a re c ta l  tempera ture  o f  37 + 0.5°C was ob ta ined  by means o f  

h ea t ing  lamps and t h i s  was ma in ta ined  th roughout  the  exper iment .

The responsiveness o f  the MAP o f  the p re p a ra t io n  to  d i r e c t  

v a s o c o n s t r i c t i o n  was assessed by a d m in i s t r a t i o n  o f  vasopress in  

(1-100 mU.kg  ̂ in  0.1 m l ,  0.9% NaCl w i t h  1 mg.ml  ̂ BSA). The
_ i

e f f e c t  o f  sCT (10 U.kg ) in  0.1 ml , v e h i c le  on MAP was then
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moni tored  f o r  60 minutes a f t e r  I t s  a d m in i s t r a t i o n  and compared to  the 

response observed a f t e r  v e h i c l e .

The p i t h e d  r a t  model was a ls o  used to  i n v e s t i g a t e  the d u r a t i o n  o f  

antagonism o f  p ressor  responses to  vasopressin  by d (CH^) ,-Tyr(Me)AVP. The 

maximal increase  in HAP produced by vasopressin  (5“ 100 mU.kg  ̂ i . v . )  was 

determined a pp rox im a te ly  10, 60 , 120 and 180 minutes a f t e r  a d m in i s t r a t i o n  

o f  d(CH0) ,-Tyr (Me)AVP (0.1 mg.kg  ̂ i . v .  in  0.9% NaCl w i t h  1 mg.ml 1 BSA) 

and compared to  the response observed in  animals p r e t r e a te d  w i t h  v e h i c le  

a l o n e .



45M.8 MEASUREMENT OF CALC!UM UPTAKE BY RAT BRAIN SLICES

A r a d i o t r a c e r  method s i m i l a r  to  t h a t  descr ibed  by Cooke and 

Robinson (1971) was used to  de te rmine the e f f e c t  o f  va r ious  ions ,  

me tab o l i c  i n h i b i t o r s  and sCT on ca lc ium  uptake by s l i c e s  o f  r a t  b r a i n .

Rats were s a c r i f i c e d  by a blow on the head and exsangu ina ted ,

the b ra ins  were then r a p i d l y  removed and washed in c h i l l e d  Krebs1

s o l u t i o n  (0~4°C). The ce rebe l lum and c o r t e x  were removed f rom the b ra in

on an iced P e t r i  d ish  ( f o l l o w i n g  the g u id e l in e s  o f  Glowinski  and Ive rson ,

1966). The remaining t i s s u e  con ta ins  regions such as the hypothalamus

and medul la which have been repor ted  to  con ta in  a h igh  d e n s i t y  o f  CT

b in d in g  s i t e s  ( I . 6) .  L o n g i t u d in a l  s l i c e s  (0.5 mm) o f  t h i s  t i s s u e

(subsequent ly  termed 'm id b r a in '  f o r  s i mpl i c i  ty, were prepared on a

Mcl lwa in  chopper and separated  by shaking in 10 ml o f  Krebs '  s o l u t i o n .

T issue s l i c e s  (approx im ate ly  50 mg) were t r a n s f e r r e d  to  2.5  ml o f

Krebs'  s o l u t i o n  a t  37°C, and gassed w i t h  5% 0^/95^ C0^ f o r  30 minutes

to  a l l o w  e q u i l i b r a t i o n  o f  the t i s s u e  w i t h  the in cu ba t ion  medium. A
of u r t h e r  2 .5  ml o f  gassed Krebs' s o l u t i o n  a t  37 C c o n ta in in g  a 0.5 

pCi .ml   ̂ *^Ca^+ was then added.

The in cu b a t io n  was te rm ina ted  a f t e r  the a p p r o p r ia t e  t ime (2-90 

minutes)  by c o l l e c t i o n  o f  the t i s s u e  on nylon mesh and washing w i t h  1 ml 

o f  c h i l l e d  Krebs' s o l u t i o n .  The t i s s u e s  were f u r t h e r  washed f o r  30 minutes 

in  5 ml o f  iced Krebs' and f i n a l l y  r in sed  on nylon w i t h  1 ml o f  c h i l l e d  

Krebs' s o l u t i o n  be fo re  b l o t t i n g  dry and p la c in g  in preweighed s c i n t i l 

l a t i o n  v i a l s  f o r  we igh ing .

fern)
The t i s s u e s  were s o l u b i l i s e d  us ing  0.5 ml o f  SolueneAa t  50-60 C 

f o r  3 hours,  and the s o l u t i o n  was then n e u t r a l i s e d  w i t h  1 ml o f  0.5  M 

HC1 p r i o r  to  the a d d i t i o n  o f  10 ml s c i n t i l l a n t  ( BDH c o c k t a i l  T) . The 

r a d i o a c t i v i t y  in of these samples and in 100 p i  a l i q u o t s  o f  the

r a d io l a b e l l e d  Krebs'  s o l u t i o n  was then determined by coun t in g  on a 

Packard s c i n t i l l a t i o n  co u n te r  (300C).

Several p r e l im i n a r y  exper iments were c a r r i e d  o u t  in which t imes o f  

p r e in c u b a t io n ,  i n cu b a t io n  and wash were v a r ie d .  The e f f e c t  o f  i n c l u s io n  

o f  lanthanum in the wash s o l u t i o n  was a ls o  i n v e s t i g a te d  using a HEPES
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b u f f e r  th roughout  t o  overcome problems o f  p r e c i p i t a t i o n  encountered 

w i t h  the  Krebs1 s o l u t i o n .

A f t e r  these p r e l i m i n a r y  i n v e s t i g a t i o n s  the  30 minu te p r e in c u b a t io n ,  

6 minute incuba t ion  and 30 minute  wash were r o u t i n e l y  used in ; 

i n v e s t i g a t i o n  o f  the  e f f e c t  o f  v a r io u s  agents on ca lc iu m  uptake.

Drugs under i n v e s t i g a t i o n  were added in  100 y 1 Krebs' s o l u t i o n  10 

minutes p r i o r  t o  the  i n i t i a t i o n  o f  the  in c u b a t io n ,  in exper iments using 

m od i f ied  Krebs' s o l u t i o n s  the  i o n i c  composi t ion  o f  the  s o lu t i o n s  

c o n ta in in g  the  ra d io l a b e l  was v a r ie d  to  produce the  d es i red  in cu ba t ion  

med i urn.

it 5 2+
Since the  concent  r a t  ions o f  both ca lc ium and Ca in the  

in cu ba t io n  medium are  known, the  apparent  ca lc ium uptake can be 

c a l c u la te d  f rom t h e i r  r a t i o  as f o l l o w s :

^ C a ^ + (c-i p.m. ) / g . w e t  we igh t  o f  t i s s u e  

Apparent  Ca uptake = ----------------------------------------------------------------- —-

^ C a ^ + ( c . p . m . ) /ml medium 
2+Ca mol/ml medium 

Resu l ts  are expressed in ym o l /g .w e t  we ight
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M.9 ASSAY OF CYCLIC ADENOSINE 3 ' , 5 ’ MONOPHOSPHATE AND ADENYLATE 

CYCLASE ACTIVITY IN MOUSE BRAIN

M;9«a C y c l i c  Adenosine 3 ‘ 5 1-Monophosphate

C y c l i c  Adenosine 3 1, 5 1-"Monophosphate (cAMP) was assayed by a 

p r o te i n  b in d in g  method s i m i l a r  to  t h a t  desc r ibed by Brown, Albano,

Ekins and Scherz i  (1971) us ing reagents supp l ied  in k i t  form by Amersham 

p i c .  B r i e f l y ,  the method invo lves  q u a n t i t a t i v e  d isp lacement  o f  a known 

amount o f  r a d i o l a b e l l e d  cAMP from a N* ghly speci f  i c b in d in g  p r o te i n  by 

u n la b e l le d  cAMP in the sample.  A f t e r  sepa ra t ion  o f  f r e e  and bound 

n u c le o t i d e  the amount remaining bound is  determined and used to  c a l c u l a t e  

the c o n c e n t ra t io n  o f  n u c le o t i d e  in the sample.

Groups o f  8-10 mice were s a c r i f i c e d  by a blow on the head and 

immediate ly  immersed in n-pen tane,  c h i l l e d  on l i q u i d  n i t r o g e n .  A f t e r  

d e c a p i t a t i o n  the heads were s p l i t  l o n g i t u d i n a l l y  w i t h  an open razor and 

samples o f  hypothalamus and c o r t e x  were taken.  Tissues were then 

homogenised in  10 ml Tr is/EDTA b u f f e r  (0.05 M T r i s /H C l  p lus  b mM EDTA 

a t  pH 7 *5 ) ,  1 ml samples o f  the homogenate were assayed f o r  p r o te i n  by 

the method o f  Lowry, Rosbrough, Fa r r  and Randall  (1951) and 50 y l  samples,  

f o r  cAMP measurement were p laced in  c h i l l e d  Eppendorf  m ic ro fuge tubes 

ma in ta ined  on ice  a t  0-A°C th roughou t  the assay.  Standards o f  0 —16 

pmol/50 y l  cAMP in Tr is /EDTA were a lso  inc luded a t  t h i s  s tage .  A f t e r  

a d d i t i o n  o f  50 y l  [ ^H] -cAMP (29 yC i /nmo l)  and 100 y l  b in d in g  p r o te i n  

the samples were mixed w i t h  a v o r t e x  mixer  and s to red  a t  0-A°C f o r  2-3 

hours .  Separa t ion  o f  f r e e  and bound n u c le o t i d e  was then achieved by 

a d d i t i o n  o f  100 y l  o f  c h i l l e d  charcoa l  suspension,  v o r t e x  m ix ing ,  and 

c e n t r i f u g a t i o n  (3 minutes a t  8000 g ) . 200 y l  samples o f  the superna tan t

we.re then t r a n s f e r r e d  to  co un t in g  v i a l s  c o n ta in in g  b  ml s c i n t i l l a n t  

(BDH c o c k t a i l  T) and counted on a Packard 300C l i q u i d  s c i n t i l l a t i o n  

coun te r .  Tubes c o n ta in in g  150 y l  Tr is/EDTA t re a te d  as above, except  f o r  tha 

the omiss ion  o f  the b in d in g  p r p te i n  were inc luded  as b lanks .

The r a d i o a c t i v i t y  (c .p .m . )  bound in the absence o f  cAMP was

def in ed  as C , and t h a t  bound in  the presence o f  cAMP as C . A p l o t  o f  o ’ ^ x K
C /C a g a in s t  cAMP c o n c e n t r a t io n  o f  the standards  p rov ided  a standard 

curve  which was l i n e a r  in  the range o f  1-8 pmol cAMP/50 y l . A l l  

samples were assayed in d u p l i c a t e  and r e s u l t s  are  expressed in pmol/mg 

p r o te i  n .
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P r e l im in a r y  exper iments  were per formed to  determine  the 

r e l a t i o n s h i p  between homogenate c o n c e n t ra t io n  and cAMP c o n c e n t ra t io n  

and the e f f i c i e n c y  o f  e x t r a c t i o n  o f  cAMP added to  t i s s u e  homogenates.

A f t e r  these exper iments the assay was used in an i n v e s t i g a t i o n  o f  the 

e f f e c t  o f  sCT on cAMP c o n c e n t ra t io n s  in d i f f e r e n t  reg ions o f  the mouse brain

M.9.b Adeny la te  Cyclase

Adenyla te  cyc lase  was assayed by de te rm ina t io n  o f  the ra te  o f  

cAMP accumula t ion  in t i s s u e  samples in the presence o f  a phosphodies

te rase  i n h i b i t o r  us ing  methods s i m i l a r  to  those descr ibed  by A lb a ro ,  

Maudsley,  Brown and Barnes (1973).  Regions o f  mouse b ra in  ob ta ined  

and d is se c te d  as desc r ibed  above were homogenised in 2.5  Til o f  aera ted 

50 mM Tr is -HC l b u f f e r  a t  pH 7 . ^  w i t h  the  a d d i t i o n  o f  10 mM NaCl and 

10 mM KC1. 1 ml samples were removed and f u r t h e r  d i l u t e d  f o r  p r o te i n  

assay using the method o f  Lowry e t  al (1951).  125 ul samples o f

the homogenate were t r a n s f e r r e d  to  Eppendorf m ic ro fuge  tubes c o n ta in in g  

375 yl aerated homogenisat ion medium w i t h  3 mM MgCl^, 2 mM ATP, 6 mM 

t h e o p h y l l i n e  and t e s t  drug o r  v e h i c l e  in a shaking w a te r  bath a t  30°C. 

P roduc t ion  o f  cAMP was te rm in a ted  a t  f i x e d  t ime i n t e r v a l s  a f t e r  the 

a d d i t i o n  o f  homogenate (0-20 miinutes) by b o i l i n g  f o r  3 minu tes .

Denatured p r o te in s  were then p r e c i p i t a t e d  by c e n t r i f u g a t i o n  (3 minutes 

a t  8000 g) and 50 yl samples o f  supe rna tan t  were t r a n s f e r r e d  to  

Eppendorf m ic ro fuge  tubes,  these samples and cAMP standards  were 

s to red  f rozen  and then thawed p r i o r  to  cAMP assay as descr ibed above.

P r e l im in a r y  exper iments were c a r r i e d  o u t  to  i n v e s t i g a t e  the 

e f f i c i e n c y  o f  e x t r a c t i o n  o f  cAMP c o n c e n t ra t io n  and p e r io d  o f  

i n c u b a t io n .  The assay was then used to  i n v e s t i g a t e  the  p o s s ib le  

e f f e c t s  o f  va r ious  agents (GTP, NaF, and sCT) on the ra te  o f  cAMP 

p ro duc t ion  over a 10 minute in cu ba t io n  p e r io d .  The ra te  o f  cAMP p ro d 

u c t i o n  expressed in  pmol cAMP produced/mg p r o t e i n /  minute is  taken as a 

measure o f  adeny la te  cyc lase  a c t i v i t y .
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M.10 ASSAY OF 5-HYDROXYTRYPTAMINE AND 5-HYDROXY INDOLE ACETIC ACID IN 

MOUSE BRAIN

The c o n c e n t r a t io n s  o f  5~hydroxy t ryp tamine  (5 -HT) and 5-hydroxy  

in d o le  a c e t i c  ac id  (5-HIAA) in  mouse b ra in  reg ions were assayed by the 

s p e c t r o f 1u o r i m e t r l c  method o f  M a icke l ,  Cox, S a i l l a n t  and M i l l e r  (1968) 

as m o d i f ied  by Curzon and Green (1970).  In a d d i t i o n ,  the ra te  o f  accum

u l a t i o n  o f  5-HIAA a f t e r  t re a tm e n t  w i t h  probenecid 200 mg.kg i . p .  in  

0.3 nil 50 mM phosphate b u f f e r )  was determined and used as a measure o f  

5~HT tu rno v e r  as descr ibed  by N e f f ,  Tozer and Brodie (1970).

A f t e r  s a c r i f i c e  by a blow on the head, the b ra ins  o f  mice were 

r a p i d l y  removed and d is s e c te d  on an iced P e t r i  d ish  i n t o  c o r t e x ,  

ce rebe l lum and m idbra in  f o l l o w i n g  the g u id e l i n e s  o f  Glowinski  and 

Iverson ( 1966) .

Tissues were weighed and then homogenised w i t h  an U l t r a t u r r a x  

homogeniser f o r  5 seconds in 3.5  ml a c i d i f i e d  n-butano] ( 0.85 ml 

concen tra ted  HC1 added to  1 L n - b u t a n o l ) .  A f t e r  c e n t r i f u g a t i o n  f o r  5 

minutes a t  500 g 2 .5  ml o f  the supe rna tan t  was t r a n s f e r r e d  to a stoppered . 

tube and shaken f o r  5 minutes w i t h  5 ml n-heptane and 0 .A ml 0 . 1% c y s t e i m  

in  0.1 M HC1. The aqueous phase c o n ta in in g  5-HT and the o rg a n ic  phase 

c o n ta in in g  5 “ HIAA were then separa ted by c e n t r i f u g a t i o n  f o r  5 minutes 

a t  500 g and assayed as f o l l o w s :

a) 5 -Hyd roxy indo le  a c e t i c  ac id

5 ml o f  the o rg a n ic  phase ob ta ined  above was shaken w i t h  0.8  ml 

0 .5 M phosphate b u f f e r  a t  pH 7*0 f o r  10 m inu tes .  A f t e r  c e n t r i f u g a t i o n  

f o r  3 minutes a t  500 g, 0 .A ml a l i q u o t s  were t r a n s f e r r e d  to g lass tubes 

(12 x 100 mm), to  which O.OA ml o f  1% c y s te in e  s o l u t i o n ,  0 .8  ml o f  

concen t ra ted  HC1, 0.02 ml o f  0.1% OPT in methanol and 0.0A ml o f  0.2% 

sodium p e r io d a te  were added. The o rd e r  o f  a d d i t i o n  o f  reagents was 

s t r i c t l y  adhered to  and a l l  tubes were mixed by v o r t e x ,  immedia te ly  

a f t e r  each a d d i t i o n .  The tubes were a l lowed to stand f o r  t h i r t y  minutes 

a t  room temperature and then placed in a b o i l i n g  w a te r  bath f o r  ten 

minutes and f i n a l l y  cooled w i t h  running w a te r  p r i o r  to  measur ing the 

f lu o resce nce  us ing a Perk in -E lm e r  650-AO s p e c t r o f 1u o r im e te r  ( e x c i t a t i o n  

360 nm, emiss ion A70 nm).
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b) 5 -H y d ro x y t ry p ta m in e

0.2 ml samples o f  the aqueous phase remaining a f t e r  the 

e x t r a c t i o n  o f  5-HIAA were t r a n s f e r r e d  to  tubes c o n ta in in g  1.2 ml 

o f  0.004% OPT in 10 M HC1. The tubes vere vo r texe d ,  bo ikd  f o r  15 

minutes and cooled p r i o r  to  reading f lu o rescence  a t  360 nm e x c i t a t i o n  

and 470 nm em iss ion .  Reagent b lanks c o n s i s t i n g  o f  0.2  ml ,  0.1% 

c y s te i n e in  0.1 M HC1 reac ted  w i t h  the s o l u t i o n  o f  OPT in HC1 as 

above were a ls o  prepared .

Several  b ra in s  were homogenised in n -butano l  and poo led,  3*5 

ml a l i q u o t s  o f  t h i s  homogenate rece ived  e i t h e r  5~HT (0.1 o r  0.2 ^ g  

in  0.2  ml ,  phosphate b u f f e r ) ,  5“ HIAA (0.08 yg in 0 .4  ml ,  phosphate 

b u f f e r )  o r  an a p p r o p r ia te  volume o f  b u f f e r  a lone ,  these prov ided  

the i n t e r n a l  s tandards which were inc luded in a l l  exper im en ts .

In exper iments where reagent  s tandards (e x te rn a l  s tandards)  

were a ls o  inc luded these were taken through the assay procedures 

descr ibed  above ins tead  o f  e x t r a c t .  Concent ra t ions  o f  5"HT and 5-HIAA 

were c a l c u la te d  by re fe ren ce  to  the i n t e r n a l  s tandards  and expressed 

as yg/ 9  wet  w e igh t  o f  t i s s u e .

P r e l im in a r y  exper iments were c a r r i e d  o u t  to  demonstrate 

emission s p e c t ra ,  e x t r a c t i o n  e f f i c i e n c y ,  s p e c i f i c i t y  and dependence 

o f  f luo rescence  on homogenate c o n c e n t ra t io n  f o r  both compounds.

Having e s ta b l i s h e d  the p r o t o c o l ,  the e f f e c t s  o f  va r io us  t rea tments  

on le v e ls  o f  5“ HT and 5-HIAA and 5 “ HT tu rn o ve r  were i n v e s t i g a t e d .

A l l  c y s te i n e  and OPT s o l u t i o n s  were prepared f re sh  on the day
-1

o f  use, 5“ HT, 50 yg.ml and 5-HIAA, 20 yg.ml were s to re d  in de ion ised  

w a te r  a t  -20°C and d i l u t e d  in phosphate b u f f e r  f o r  use. Deionised 

d i s t i l l e d  w a te r  was used f o r  p re p a ra t io n  o f  a l l  s o lu t i o n s  and f o r  

the f i n a l  r i n s e  a f t e r  w a sh in g -o f  the  g lassware.
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M.11 STATISTICS

Exper imental  design was arranged so t h a t  t e s t  r e s u l t s  could 

be compared to  those o f  a c o n t r o l  group obta ined  s im u l ta ne o u s l y ,  

such data was r o u t i n e l y  analysed by means o f  p a i red  S tu d e n t 's  

t e s t s  (P<0.05 be ing accepted as a s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e ) .  In exper iments c a r r i e d  o u t  over  more than one day 

c o n t ro l  r e s u l t s  may have been grouped to  p ro v id e  a b e t t e r  es t im a te  

o f  the c o n t ro l  response i f  no s i g n i f i c a n t  d i f f e r e n c e s  were observed 

between these c o n t r o l  groups.  Unless o th e rw ise  s t a t e d ,  values

quoted are x + s . e . ,  va lues  o f  

in the group.

More d e t a i l e d  a n a ly s i s  o f  

p r o b i t  a n a ly s i s )  was achieved by 

a gene ra l i sed  l i n e a r  i n t e r a c t i v e  

DEC 20 computer (Appendix) ,

n 1 r e f e r  to the  number o f  animals

r e s u l t s  ( a n a ly s i s  o f  va r iance  and 

l i n e a r  reg ress ion  procedures using 

m od e l l ing  package (GLIM I I )  on a



RESULTS



The r e s u l t s  p resented  in  t h i s  t h e s is  were ob ta in ed  f rom e x p e r i 

ments in  which the pha rm aco lo g ica l ,  behav ioura l  and b iochemica l  e f f e c t s  

o f  pep t ides  and drugs were assessed.  A wide range o f  methods have been 

employed drawing techn iques f rom several  b i o l o g i c a l  d i s c i p l i n e s ,  I t  has 

t h e r e fo r e  been cons idered a p p r o p r ia t e  to  p rov ide  d iscu ss ion  o f  the 

r e s u l t s  ob ta in ed  w i t h i n  each chap te r  o f  the r e s u l t s  s e c t i o n .  A more 

general  d iscuss ion  o f  the  p o s s ib le  r e l a t i o n s h i p s  between these r e s u l t s  

and t h e i r  re levance to  the unders tand ing  o f  the pharmacology o f  CT is 

in c luded  as a s e p a ra te .d i s c u s s io n  s e c t i o n  (D1-D5).
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R. 1 THE ABDOMINAL CONSTRICTION TEST

I in t roduc t ion

The a l l e v i a t i o n  o f  pain a ssoc ia ted  w i t h  a d m in i s t r a t i o n  o f  CT to  

p a t i e n t s  s u f f e r i n g  f rom Page t 's  d isease is  w e l l  e s ta b l i s h e d  (Def tos and 

F i r s t ,  1981).  I t  was t h i s  ob s e rv a t io n  th.at prompted P e c i l e ,  e t  al  

(1975) to  i n v e s t i g a t e  the p o s s ib le  a n t i n o c i c e p t i v e  e f f e c t  o f  the 

hormone. Since 1975> severa l  r e p o r ts  have been pub l i shed  on the 

a n t i n o c i c e p t i v e  and a n a lg e s ic  e f f e c t s  o f  CT in  va r ious  spec ies  ( l . 8 . f ) .

A la rg e  p a r t  o f  the work presented  in  t h i s  th e s is  invo lves  i n v e s t i g a t i o n  

o f  the mechanisms by which a n t i  n o c i c e p t io n  is  produced by c e n t ra l  admin

i s t r a t i o n  o f  CT. The a c e t i c  a c id  induced abdominal c o n s t r i c t i o n  t e s t  

descr ibed by C o l l i e r  e t  a l ,  1968 has been used th roughou t  in c o n ju n c t io n  

w i t h  ho le  board and r o t a t i n g  drum te s t s  f o r  assessment o f  i n v e s t i g a t i v e  

and locomotor  behav iour  ( F i l e  and Ward !11, 1975; Dunham and Miya,  1957)- 

Al though  the mechanisms in vo lved  in  p rodu c t io n  o f  the abdominal c o ns t 

r i c t i o n  response by p e r i t o n e a l  i r r i t a n t s  remain u n c le a r ,  the method was 

considered most s u i t a b l e  f o r  the p re sen t  i n v e s t i g a t i o n s  f o r  the f o l l o w i n g  

reasons:

i )  C o l l i e r  e t  a l , 1968 have found the  t e s t  to  be an e x c e l l e n t  i n d i 

c a to r  o f  a n a lg e s ic  potency in  man by c o r r e l a t i n g  the rank 

o rd e r  o f  potency o f  known ana lge s ics  in man w i t h  t h e i r  potency 

in  i n h i b i t i o n  o f  abdominal c o n s t r i c t i o n s .

i i )  P e r i to n e a l  i r r i t a n t s  p r i m a r i l y  a c t i v a t e  deep n o c i c e p to r s .  This

may be re le v a n t  to  the  a n t i n o c i c e p t i v e  e f f e c t  o f  CT in Paget 's  

d isease in which deep pa in  occurs as d i s t i n c t  f rom the more 

s u p e r f i c i a l  pa in  a r i s i n g  f rom su r face  t i s s u e s .

i i i )  The abdominal c o n s t r i c t i o n  ra te  can be reduced in a dose 

dependent manner by n a r c o t i c  and n o n -n a rc o t i c  ana lges ics  

(Col H e r  e t  a l , 1968) .

i v )  The t e s t  enables a c q u i s i t i o n  o f  q u a n t i t a t i v e  data ( r a te  o f  

c o n s t r i c t i o n )  f rom la rg e  numbers o f  an imals.
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Abdominal c o n s t r i c t i o n s  can be produced by i . p .  i n j e c t i o n  o f  

numerous p e r i t o n e a l  i r r i t a n t s  i n c lu d in g  a c e t i c  a c i d ,  a c e t y l c h o l i n e ,  

pheny lquinone ,  a ra c h jd o n i c  a c i d ,  b r a d y k in i n ,  h is tam ine  and potassium 

c h l o r i d e .  The f i r s t  th re e  members o f  t h i s  l i s t  appear t o  have been 

used most commonly in the  screen ing  o f  a na lg e s ic s .  A c e t i c  ac id  was 

used as the  p e r i t o n e a l  i r r i t a n t  th roughou t  the exper iments  descr ibed  

below l a r g e l y  because a r e l a t i v e l y  cons tan t  and r e p ro d u c ib le  

c o n s t r i c t i o n  response can be ob ta in ed  w i t h i n  10 minutes o f  a d m i n i s t r a t i o n .

A major  d isadvantage  o f  t h i s  t e s t  is  t h a t  increased p e r m e a b i l i t y  

o f  blood vesse ls  can accompany p e r i t o n e a l  i r r i t a t i o n  and abdominal 

c o n s t r i c t i o n s ,  a n t i - i n f l a m m a t o r y  drugs may t h e r e f o r e  i n h i b i t  abdominal 

c o n s t r i c t i o n s  by p re v en t in g  the  a l t e r a t i o n  in vessel  p e r m e a b i l i t y  

( C o l l i e r  e t  a l ,  1968). Fal se p o s i t i v e  r e s u l t s  can a ls o  be obta ined  w i t h  

drugs which im pa ir  motor per formance i n h i b i t i n g  the  abdominal 

co n s t r i c t io n s  w i t h o u t  producing a n t i n o c i c e p t i o n .  These problems 

can be minimised by sc reen ing  p o t e n t i a l  a n t i n o c i c e p t i v e  drugs in a 

range o f  a n t i n o c i c e p t i v e  t e s t s  in  p a r a l l e l  w i t h  t e s t s  f o r  m o d i f i c a t i o n  

o f  motor  per formance.  Hendershot  and F o rs a i t h  (1958) repor ted  t h a t  

mice f rom one p a r t i c u l a r  source gave an i n c o n s is t a n t  and in f r e q u e n t  

c o n s t r i c t i o n  response t o  phenylquinone lead ing  to  e r r a t i c  and non 

re p ro d u c ib le  r e s u l t s .  P r e l im i n a r y  i n v e s t i g a t i o n s  were t h e r e f o r e  

c a r r i e d  ou t  to  e s t a b l i s h  the  s e n s i t i v i t y  o f  the  t e s t  to  the  e f f e c t s  

o f  known a n t i n o c i c e p t i v e  drugs and to  sCT.

Resu l ts

I n t r a p e r i t o n e a l  i n j e c t i o n  o f  0 .3 m l ,  \%  a c e t i c  ac id  in 0.9%NaC1 

produced the  c h a r a c t e r i s t i c  abdominal c o n s t r i c t i o n  response descr ibed  

above (M.5) the  t ime course o f  which is  shown in  f i g u r e  R . I .  Abdominal 

c o n s t r i c t i o n s  were observed w i t h i n  3 minutes o f  a d m i n i s t r a t i o n  o f  

i r r i t a n t ,  the  c o n s t r i c t i o n  ra te  was maximal a f t e r  7 minutes and 

de c l in e d  g r a d u a l l y  t h e r e a f t e r .  Over the  per iod  10-20 minutes a f t e r  

a d m i n i s t r a t i o n  o f  i r r i t a n t  the  c o n s t r i c t i o n  ra te  was r e l a t i v e l y  

cons tan t  and r e p r o d u c ib le ,  the  1 0 th -15 th  minute a f t e r  i n j e c t i o n  was, 

t h e r e f o r e ,  chosen as the  e a r l i e s t  s u i t a b l e  per iod  f o r  coun t ing  o f  ■ 

c o n s t r i c t i o n s  in a l l  subsequent  exper iments .
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A d m in i s t r a t i o n  o f  a c e t i c  a c id  (0 .01-5.0%, in 0.3  ml ,  0 .9^ NaCl,
-1i . p .  -  1-500 mg.kg ) produced a dose dependent abdominal c o n s t r i c t i o n  

response ( f i g u r e  R.2) and the 1% s o l u t i o n  was se le c te d  f o r  use in a l l  

remaining exper im en ts ,  a l l o w in g  cons ide ra b le  range f o r  m o d i f i c a t i o n  by 

a n t i n o c i c e p t i v e  o r  h y p e ra lg e s i c  drugs.

S t a t i s t i c a l  a n a ly s is  (a n a ly s i s  o f  va r ia nce  on GLIM I I )  was 

c a r r i e d  o u t  on data ob ta ined  over  the p e r iod  June 1982-June 1983 to 

dete rmine whether  c i r c a d ia n  o r  c i r can nua l  rhythms in pa in  s e n s i t i v i t y  

might  modi fy  the c o n s t r i c t i o n  response in the pooled c o n t ro l  ( v e h ic le  

t r e a te d )  an imals .  Th is a n a ly s i s  revealed  a pooled response o f

3.5 + 1*0 (mean + s.d) c o n s t r i c t i o n s  per  minute ( c . p . m . ) ,  f rom 94 

animals and no s i g n i f i c a n t  ev idence f o r  m o d i f i c a t i o n  o f  t h i s  response 

w i t h  t ime o f  day o r  month o f  yea r  was ob ta in ed  ( t a b l e  1 ) .  S i m i l a r l y ,  

no s i g n i f i c a n t  ev idence was ob ta ined  f o r  dependence o f  the response on 

sex o f  an im a ls ,  ambient tempera ture  o r  rou te o f  v e h i c l e  a d m i n i s t r a t i o n .

I n h i b i t i o n  o f  a c e t i c  a c id  induced abdominal c o n s t r i c t i o n s  was 

assessed 20 minutes a f t e r  a d m i n i s t r a t i o n  o f  a small  range o f  e s ta b l i s h e d  

a n t i n o c i c e p t i v e  dirugs which were used as p o s i t i v e  c o n t r o l s .  Ace ty l  s a l i 

c y l i c  a c id ,  an a n t i p y r e t i c  a n a lg e s ic  w i t h  p e r ip h e ra l  and c e n t r a l
« * S-t.

a c t i o n s  (A tk inson  and C o l l i e r ,  1980), at^doses o f  0 .25 ,  0.5 and 1.0 
-1

mmol.kg , reduced the c o n s t r i c t i o n  ra te  26.0 + 10.0;  38.0 + 1 1 . 0  and
({Weft.s) '  -1

43*0 + 8.0% r e s p e c t i v e l y ^  .The o f  0.2 mmol.kg i s  in r e l a t i v e l y

good agreement w i t h  t h a t  repor ted  f o r  the i n h i b i t i o n  o f  a c e t y l c h o l i n e
— 1

induced abdominal c o n s t r i c t i o n s  by s o lu b le  a s p i r i n  (0.44 mmd . kg" , Bates 

e t  a l , 1981a).

S i m i l a r l y ,  i . c . v .  a d m i n i s t r a t i o n  o f  1 and 10 yg  o f  5~HT reduced 

the c o n s t r i c t i o n  ra te  by 32.3 + 10.0 and 56.7 + 10.4% r e s p e c t i v e l y ,  

( f i g u r e  R . 4 ) . The a n t i n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  adm in is te red

5 “ HT has a ls o  been demonstrated in  the r a t  ' h o t  p late*-  and ' t a i l  f l i c k '

t e s t s  (Post ,  Fasmer, Holm and Ogren, 1984).

d - a l a - d - l e u  enkepha l in  (DADLE), a m e t a b o l i c a l l y  p ro te c te d  form 

o f  l e u -en ke pha l in  w i t h  s e l e c t i v e  6 a g o n is t  a c t i v i t y  (Ward and Takemor i , 

1982),  produced marked dose dependent reduc t ion  in the ra te  o f
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abdominal c o n s t r i c t i o n s  when a dm in is te re d  c e n t r a l l y  ( f i g u r e  R . 5 ) .

Doses o f  5, 10 and 50 pmol/mouse, adm in is te re d  i . c . v .  15 minutes 

p r i o r  to  the s t a r t  o f  the  abdominal c o n s t r i c t i o n  count  reduced the 

c o n s t r i c t i o n  ra te  by 52.0 + 6 . 5 , 78.7 + 6 .8  and 96.7  + 2.3% r e s p e c t i v e l y .  

The EDj-n o f  4.3 pmol/mouse (95% conf idence  i n t e r v a l s  3• 5 . 3  pmol/  

mouse s 117“ 177 pmol .kg ) i s  in  agreement w i t h  the r e s u l t s  o f  Ward 

and Takemori (1982) who o b ta ined  an o f  6 pmol/mouse f o r  i n h i b i 

t i o n  o f  a c e t i c  a c i d ‘ in duced ,abdominal c o n s t r i c t i o n s  10 minutes a f t e r  

a d m i n i s t r a t i o n .  Vaught ,  Rothman and W e s t fa l l  (1982) have suggested 

t h a t  c e r t a i n  types o f  6 re ce p to r  i n t e r a c t i o n  can a c t i v a t e  y recep to rs  

t h i s  is  supported by the f a c t  t h a t  Ward and Takemor i ,  (1982) demonstr

ated ' antagonism o f  DADLE (s a g o n is t )  a n t i n o c i c e p t i o n  in the abdominal 

c o n s t r i c t i o n  t e s t  by 3 - f u n a l t r e x a m in e  a h i g h l y  s e l e c t i v e  y a n ta g o n is t .  

The demonstrated i n h i b i t i o n  o f  abdominal c o n s t r i c t i o n s  by DADLE does 

no t  t h e r e fo r e  c o n f l i c t  w i t h  the v iew o f  Tyers,  (1980) t h a t  o p ia te  a n t i -  

n o c i c e p t io n  in  the abdominal c o n s t r i c t i o n  t e s t  is  mediated by y and/  

o r  k rece p to rs .

I n t r a c e r e b r o v e n t r i c u l a r  sCT ( f i g u r e  R.6) a t  doses o f  0 .1 ,  1
_ 1 _  1

and, 10 U.kg (=; 6 , 60 and 6000 pmol kg ) reduced the ra te  o f  abdom

in a l  c o n s t r i c t i o n s  by 23.6 + 7 . 6 , 38.1 + 4.8  and 41.3 + 7 . 8% r e s p e c t 

i v e l y .  S i m i l a r  r e s u l t s  were repor ted  by Bates e t  al  (1981a) who used 

the same t e s t  p rocedure.

The maximal doses o f  the  drugs tes ted  were w i t h o u t  s i g n i f i c a n t  

e f f e c t  on locomotor  o r  i n v e s t i g a t i v e  behaviour  ( t a b l e  2 ) .  DADLE a t  

100 pmol/mouse comp le te ly  abo l i shed  the abdominal c o n s t r i c t i o n  

response bu t  has been excluded f rom f i g u r e  R.5 because i n v e s t i g a t i v e  

behav iour  was s i g n i f i c a n t l y  impa ired  ( t a b le  2) .

Di scuss ion

In t h i s  chap te r  r e s u l t s  o f  p r e l im i n a r y  exper iments designed 

f o r  d e te rm ina t io n  o f  s u i t a b l e  procedures f o r  a n t i n o c i c e p t i v e  t e s t i n g  

have been presen ted .  Count ing o f  abdominal c o n s t r i c t i o n s  in mice f rom 

the 10t h - 15th minute a f t e r  a d m in i s t r a t i o n  o f  0.3  m . , 1% a c e t i c  ac id  

i . p .  in  mice was s e le c te d  as a r o u t i n e  p ro to co l  f o r  subsequent  t e s t s .
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This procedure p rov ides  a r e l a t i v e l y  re p ro du c ib le  c o n s t r i c t i o n  ra te  

w i t h  an adequate range f o r  m o d i f i c a t i o n  by a n t i n o c i c e p t i v e  o r  hyper -  

a l g e s i c  d rugs.  In the m a j o r i t y  o f  cases the p ro to co l  a lso  provides 

t ime f o r  animals to recover  f rom the s t re s s  o f  i n j e c t i o n  o f  t e s t  

substance p r i o r  to  a d m i n i s t r a t i o n  o f  p e r i t o n e a l  i r r i t a n t .  The 

o bse rva t io n  o f  a r e l a t i v e l y  cons tan t  ra te  o f  abdominal c o n s t r i c t i o n s  

as e a r l y  as 10-15 minutes a f t e r  i n j e c t i o n  o f  p e r i t o n e a l  i r r i t a n t  is  

advantageous s in ce  i t  enables the d u r a t i o n  o f  the exper iments and 

hence d u r a t io n  o f  s t r e s s  to  exper imenta l  animals to  be min imised.

The abdominal c o n s t r i c t i o n  ra te  was found to  be s e n s i t i v e  to  

m o d i f i c a t i o n  by c e n t r a l l y  a c t i n g  n a r c o t i c  and n o n - n a r c o t i c  a n a lg e s ic ,  

none o f  which produced motor  d i s c o o r d in a t i o n  a t  the  doses shown in 

the f i g u r e s .  These r e s u l t s  i n d i c a t e  the  va lue  o f  the t e s t  f o r  

d e te c t i o n  o f  drug induced a n t i  n o c i c e p t io n .



F ig u r e  R . 1 Time Course o f  the A c e t i c  Acid Induced Abdominal 

C o n s t r i c t i o n  Response. Values are x + s . e . ,  n = 6
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F ig u r e  R.2 R e l a t i o n s h i p  between Dose o f  A c e t i c  A c id  and

Abdominal  C o n s t r i c t i o n  Rate.

A c e t i c  ac id  was i n je c te d  i . p .  in  0 .3  ml ,  0.9% NaCl 

and abdominal c o n s t r i c t i o n s  were counted 10-15 minutes 

t h e r e a f t e r .  Values are x + s . e . ,  va lues o f  n are shown.
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Table 1 Resu l ts  o f  a n a ly s is  o f  va r iance  to  determine p o s s ib le

e f f e c t s  o f  sex,  t ime o f  day, ambient  tempera ture  and month 

on c o n t ro l  abdominal c o n t r i c t i o n  response

Source o f  
V ar i a t i  on

Sum o f  
Squares

Degrees o f  
Freedom

Mean
Square

•F' S ig n i f i c a n t  (5%) 
1F 1 Value

Sex 59 1 59 1.37 3.95

Ti me 155 10 15 0.36 1.95

Temperature 101 5 20 0.47 2.34

Hon th 354 6 59 1.37 2.23

Resi dual 305^ 71 43

T o ta l 3723 93

Data was ob ta ined  by p o o l in g  c o n t r o l  abdominal c o n s t r i c t i o n  rates 

(assessed 10-15 minutes a f t e r  i .p .  a d m in i s t r a t i o n  o f  0.3  ml ,  1% a c e t i c  

ac id )  ob ta ined  over a p e r iod  o f  one year (June 1982-June 1983).  

A na ly s is  o f  va r iance  (by l i n e a r  reg ress ion )  reveals no s i g n i f i c a n t  

ev idence f o r  e f f e c t  o f  v a r i a b l e s  tes te d  in the c o n t ro l  abdominal 

c o n s t r i c t i o n  ra te .

85



F ig u r e  R.3 E f f e c t  o f  Ace ty l  S a l i c y l i c  Ac id on the Rate o f  A c e t i c  

Ac id  Induced Abdominal C o n s t r i c t i o n s .

S a l i c y l i c  ac id  was adm in is te red  s . c .  in  0.1 ml,  0.9% 

NaCl 20 minutes p r i o r  to coun t ing  the a c e t i c  ac id  

induced abdominal c o n s t r i c t i o n s .  Values are x + s . e .  

values o f  n are shown.

*  P < 0 .5 ;  * *  P < 0.01
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F ig u r e  R.4 E f f e c t  o f  5“ HT on the  Rate o f  A c e t i c  A c id  induced

Abdominal  C o n s t r i c t i o n .

5-H yd roxy t ryp tam in e  was a dm in is te red  i . c . v .  in  a volume 

o f  10 y 1 20 minutes p r i o r  to  coun t in g  the a c e t i c  a c id  

induced abdominal c o n s t r i c t i o n s .  Values are x + s . e . ,  

n = 10.

*  P < 0 .05 ;  — P < 0.01
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F ig u r e  R.5 E f f e c t  o f  DADLE on the  Rate o f  A c e t i c  A c id  Induced

Abdominal  C o n s t r i c t i o n s .

d - a l a - d - l e u  enkepha l in  was adm in is te re d  i . c . v .  in  a 

volume o f  10 p i  15 minutes p r i o r  to  coun t in g  the a c e t i c  

ac id  induced abdominal c o n s t r i c t i o n s .  Values are x + s .e .  

values o f  n are shown.

*  P < 0.1
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F ig u r e  R.6 E f f e c t  o f  sCT on the  Rate o f  A c e t i c  A c id  Induced

Abdominal  C o n s t r i c t i o n s .

Salmon CT was adm in is te red  i . c . v .  in  a volume o f  

10 u 1 20 minutes p r i o r  to  coun t ing  the  a c e t i c  ac id  

induced abdominal c o n s t r i c t i o n s .  Values are x + s .e .  

values o f  n are shown.

*  P < 0.05
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Table 2 E f f e c t  o f  Var ious  A n t i n o c i c e p t i v e  Drugs on House Locomotor 

A c t i v i  t y

Motor
Di scoordi  na t io n  
( f a l l s / 5  mins)

In v e s t i  g a t i  ve
Behaviour
(head d ip s /5  mins)

Vehi c l e ,  i . c . v .

5-HT, 1 ug/mouse i . c . v .  
5“ HT, 10 pg/mouse i . c . v .

DADLE, 50 pmol/mouse i . c . v .  
DADLE, 100 pmol/mouse i . c . v .

sCT, 2 U . k g " 1 i . c . v .

1 .0 + 0.3 0 * 0

0.5 + 0 .2  (8) 
1.6 + 0.6 (7)

2 .2  + 0.9 (6) 
2.2  + 0.9 (6)

1.1 + 0 . 7  (6)

16.3 + 1.9 (12)

21.7  + 2.0  (8) 
12.7 + 2.1 (7)

15.6 + 0 .7  (5) 
9 .7  + 2 .7  (6 ) *

18. k  +  1.5 (7 )

V e h ic le ,  s . c .

Ace ty l  s a l i c y l i c  ac id  
-1

0 .5  nmol.kg s . c .  
Acety l  s a l i c y l i c  ac id  

-1
1.0 nmol .kg s . c .

1.2 + 0 . A (6)

1 .9 + 0.3 (6) 

1.8 + 0 . h (6)

20 .2  + 2.0 (6)

16.0 + 1.7 (6) 

16.5 + 1.8 (6)

Locomotor a c t i v i t y  was assessed 20-30 minutes a f t e r  a d m i n i s t r a t i o n  o f  

drugs o r  v e h i c l e .  Values are x + s . e .  ( n ) , *  P < 0.05

9*t



R .2 CALCITONIN ANTINOCICEPTION AND CENTRAL MONOAMINES

I n t r o d u c t I  on

The a n t i n o c i c e p t i v e  e f f e c t s  o f  several  forms o f  CT have been 

demonstrated in  va r ious  pharmaco logica l  screens ( l . 8 . f ) .  A l though 

p re c is e  mechanisms and s i t e s  o f  a c t i o n  have ye t  to  be e lu c id a te d  i t  

is  apparent  t h a t  the a n t i n o c i c e p t i o n  produced by o p ia te s  and CT is  in 

many respects s i m i l a r ,  hence :

i )  both o p ia te  and CT induced a n t i n o c i c e p t i o n  i s  though t  to  i n v o lv e  

neuromodulatory a c t i o n  in  the CNS;

i i )  Yamamoto e t  a l  (1980) demonstrated t h a t  pCT and morphine

i n h i b i t e d  p o t e n t i a l s  In the sensory c o r te x  evoked by p a in fu l

s t i m u l i  in  a s i m i l a r  manner ( l . 8 . f ) ;

i i i )  the a n t i n o c i c e p t i v e  e f f e c t s  o f  both o p ia te s  and CT can be

antagon ised by c e n t r a l  a d m in i s t r a t i o n  o f  ca lc iu m  ions and 

ionophores,  o r  p o t e n t i a t e d  by ca lc ium a n ta g o n is ts  and c h e la to r s  

( 1 . 8 . f ) .

However, severa l  s i g n i f i c a n t  d i f f e r e n c e s  between CT and o p ia te  

induced a n t i n o c i c e p t i o n  have been rep o r te d ,  these in c lu de  the lack  o f  

to le ra n c e  w i t h  repeated a d m i n i s t r a t i o n  o f  CT (Braga e t  a l ,  1978) a 

t e n t a t i v e  r e p o r t  o f  a lack  o f  cross to le ra n ce  between morphine and CT 

(personal  communicat ion f rom M i k i ,  c i t e d  by Yamamoto e t  a l , 1979) and 

the lack  o f  e f f e c t  o f  o p i a t e  a n ta go n is ts  on CT a n t i n o c i c e p t i o n  a t  

doses which antagon ise  morphine a n t i n o c i c e p t i o n  (Braga e t  a l , 1978; 

Yamamoto e t  a l ,  1978; Bates e t  a l ,  1981b). A l though CT c l e a r l y  does 

no t  possess c e n t r a l  o p i a te  a g o n is t  a c t i v i t y  the observed s i m i l a r i t i e s  

may r e f l e c t  a c t i p n  on common neuronal systems as demonstrated by 

Yamamoto e t  al  (1980).

There i s ,  a t  p re sen t ,  very l i t t l e  ev idence a v a i l a b l e  concern ing  

the neuronal  systems invo lved  in  CT a n t i n o c i c e p t i o n .  In c o n t r a s t  the 

l i t e r a t u r e  d e t a i l i n g  the r e l a t i o n s h i p s  between o p i a te  a n t i n o c i c e p t i o n  

and c e n t r a l  n e u r o t r a n s m i t t e r  systems i s  e x te n s iv e ,  r e f l e c t i n g  i n t e n s i v e
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research c a r r i e d  ou t  p r i o r  to  c h a r a c t e r i s a t i o n  o f  endogenous op ia te s  

(Hughes, Smith,  K o s t e r l i t z ,  F o t h e r g i 11, Morgan and M o r r i s ,  1975).

This l i t e r a t u r e  ahounds w i t h  c o n t r a d i c t o r y  exper imenta l  r e s u l t s  which 

may r e f l e c t  the a c t i o n  o f  o p ia te s  on several  i n t e r a c t i n g  n e u ro t ra n s -  

m i t t e r  systems and the invo lvement o f  d i f f e r e n t  systems in the response 

to  v a ry in g  p a i n f u l  s t i m u l i  ( f o r  rev iew see Loh and Ross, 1979).

However, i t  has been shown in  v i t r o  t h a t  o p ia te s  reduce the o v e r f l o w  

o f  r a d io l a b e l l e d  dopamine, n o r a d re n a l i n e  and a c e t y l c h o l i n e  e l i c i t e d  

by s t i m u l a t i o n  o f  s l i c e s  o f  rodent  b ra in  e i t h e r  e l e c t r i c a l l y  o r  w i t h  

d e p o la r i s i n g  co n c e n t ra t io n s  o f  potassium (Celsen and Kuschinsky,

1974; Monte l ,  S tarke  and Taube, 1975; Sharkawi and Shullman, 1969).  

Experiments in  v i v o  have e s ta b l i s h e d  t h a t  acute a d m in i s t r a t i o n  o f  

morphine can increase  the ra te  o f  t u rn o v e r  o f  n o r a d re n a l i n e ,  dopamine 

and 5 “ HT in the CNS o f  ra ts  o r  mice in a naloxone r e v e r s i b l e  manner 

(Smith,  Sheldon,  Bedrorczyk and V i l l a r r e a l ,  1972; Goodlet  and Sugrue, 

197*0 and th a t  d e p le t i o n  o f  c e n t r a l  ca techolamines w i t h  a -m e th y l -p -  

t y r o s in e  (a-MT) o r  c e n t r a l  5"HT w i t h  p - c h lo r o p h e n y la la n in e  (PCPA) can 

antagon ise  o p i a t e  induced a n t i n o c i c e p t i o n . ( V e r r i , G ra e f f  and 

Corrado,  1967; Tennen, 1968).

In l i g h t  o f  the demonstra t ion  by Yamamoto e t  al  (1980) t h a t  

o p ia te s  and CT can modulate common neuronal systems i t  is  o f  i n t e r e s t  

to  determine whether pharmaco logica l  m o d i f i c a t i o n  o f  c e n t ra l  monoamine 

systems (known to be invo lved  in  o p i a t e  a n t i n o c i c e p t i o n )  a f f e c t s  a n t i -  

n o c i c e p t io n  produced by sCT in the  mouse abdominal c o n s t r i c t i o n  t e s t .

Resu l ts

i )  E f f e c t  o f  Methyserg ide on sCT A n t i n o c i c e p t i o n

_ •]
Salmon CT a t  a dose o f  2 U.kg , i . c . v .  produced a 45.4 + 8.5%

(n =  7) red uc t ion  in  the abdominal c o n s t r i c t i o n  ra te  o f  mice p re t r e a te d  

w i t h  0.1 ml ,  0.9% NaCl, i . p .  60 minutes p r i o r  to  co un t in g  o f  abdominal
_ 1

c o n s t r i c t i o n s ,  whereas a f t e r  methyserg ide (5 mg.kg in  0.9% NaCl) 

the re  was no s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  ( f i g u r e  R .7 ) .  A n a ly s is  

o f  va r iance  (ANOVA) revealed no evidence f o r  an i n t e r a c t i o n  between 

sCT and methysergide (see Appendix and f i g u r e  R.7 s u b s c r i p t ) .
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i i )  E f f e c t  o f  PCPA on sCT a n t i n o c i c e p t i o n

The abdominal c o n s t r i c t i o n  ra te  o f  4.1 + 0.2 cpm (n = 2 4 )
_ 1

a f t e r  p re t rea tm e n t  w i t h  PCPA (300 mg.kg , s . c . )  72, 48 and 24 hours

p r i o r  to  t e s t  was n o t  s i g n i f i c a n t l y  g re a te r  than the ra te  observed

a f t e r  v e h i c le  a lone (3-98 + 0.26 c . p .m . ,  n = 23) nor  were any o v e r t

behav ioura l  e f f e c t s  o f  PCPA p re t rea tm e n t  noted.  The a n t i n o c i c e p t i v e

e f f e c t s  o f  sCT were reduced by p re t rea tm en t  w i t h  PCPA so t h a t  the
-1e f f e c t  o f  sCT was o n ly  s i g n i f i c a n t  a t  a dose o f  10 U.kg , whereas

-1
doses o f  0 .1 , .  1, 2,  10 and 50 U.kg produced a n t i n o c i c e p t i o n  a f t e r  

p re t re a tm e n t  w i t h  v e h i c le  ( f i g u r e  R .8 ) .

i i i )  E f f e c t  o f  PCPA on 5~HT A n t in b c i c e p t i o n

I n t r a c e r e b r o v e n t r i c u l a r  5~HT (1, 5 and 10 pg/mouse) produced 

a s i m i l a r  dose dependent i n h i b i t i o n  o f  the abdominal c o n s t r i c t i o n  ra te  

a f t e r  both PCPA ( c o n t r o l  3*9 + 0 .4  c . p .m . ,  n = 9) and v e h i c le  ( c o n t r o l

4.0 + 0 .4  c . p . m . ,  n = 9)> f i g u r e  R.9.

i v )  E f f e c t  o f  PCPA on Ace ty l  S a l i c y l i c  Acid  A n t i n o c i c e p t i o n

-1
Acety l  s a l i c y l i c  ac id  a t  doses o f  Q.25“ 1.0 mmol.kg , s . c . ,  

produced a dose dependent i n h i b i t i o n  o f  the abdominal c o n s t r i c t i o n  ra te  

a f t e r  both PCPA (Con t ro l  3 .8  + 0 .4  c . p .m . ,  n = 10) and v e h i c l e  

( c o n t r o l  3*5 + 0.3 c . p .m . ,  n = 9 ) ,  f i g u r e  R.10.

v) Ef fect .,  o f  PCPA on d -a la - le u - e n k e ^ h a l  in  (DADLE) An t i  noci cept  i on

A f t e r  v e h i c l e  p re t re a tm e n t  5 pmol o f  DADLE, i . c . v . ,  reduced 

the abdominal c o n s t r i c t i o n  ra te  by 44.0 + 6.3% (n = 11) . Whereas 

a f t e r  PCPA p re t rea tm e n t  the i n h i b i t o r y  e f f e c t  o f  DADLE d id  not  a t t a i n  

s t a t i s t i c a l  s i g n i f i c a n c e ,  f i g u r e  R .11. Moreover,  ANOVA revealed 

s i g n i f i c a n t  ev idence f o r  i n t e r a c t i o n  ( s t a t i s t i c a l )  between PCPA and 

DADLE (see f i g u r e  R.11 s u b s c r i p t ) .
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v i )  E f f e c t  o f  PCPA on the A n t i n o c i c e p t i v e  E f fe c t s  o f  Combinat ions 

o f  5 “ HT and sCT

The abdominal c o n s t r i c t i o n  ra te  observed in animals re c e i v in g

s . c .  and i . c . v .  v e h ic le s  a lone  was reduced in a dose dependent manner

by 5“ HT ( f i g u r e  R.12) as p r e v io u s l y  shown. A f t e r  p re t rea tm e n t  w i t h
-1

p e r ip h e ra l  v e h i c l e ,  sCT a t  a dose o f  2 U.kg i . c . v .  i n h i b i t e d  the 

c o n s t r i c t i o n  ra te  i r r e s p e c t i v e  o f  the dose o f  5“ HT s im u l ta ne ous ly  

a dm in is te red  39*9 + 9-5% w i t h  0 yg;  40.0 + 6.0% w i t h  1 yg ;  69.0 + 3 . 2 %  

w i t h  10 yg 5” HT/mouse). Whereas the a n t i n o c i c e p t i v e  e f f e c t  o f  sCT alone 

was antagon ised by PCPA p re t r e a tm e n t ,  the e f f e c t  o f  sCT in combinat ion 

w i t h  1 o r  10 yg o f  5 “ HT was u na f fe c te d  by PCPA. F i n a l l y ,  the a n t i n o -  

c i c e p t i v e  e f f e c t  o f  the combinat ion  o f  2. U.kg sCT and 10 yg 5“ HT, 

i . c . v .  was found to  be g r e a te r  than t h a t  o f  e i t h e r  t rea tm en t  a lone 

( f i g u r e  R .13)•

v i i )  E f f e c t  o f  a-methyl  p - t y r o s i n e  (a-MT) on sCT A n t in o c i c e p t i o n

-1Salmon-CT a t  doses o f  0 .1 ,  1 and 10 U.kg , i . c . v .  i n h i b i t e d  the 

c o n s t r i c t i o n  ra te  a f t e r  p re t re a tm e n t  w i t h  e i t h e r  a-MT (Contro l  2 .4  +

0 .2  c . p .m . ,  n = 20) and v e h i c l e  ( c o n t r o l  2 .8  + 0 .2  c . p . m . ,  n = 18) ,  

f i g u r e  R.14.

v i i i )  E f f e c t  o f  Pharmaco logical  M o d i f i c a t i o n  on Monoamine Metabol ism 

on Motor  A c t i v i  ty

Locomotor a c t i v i t y  and i n v e s t i g a t i v e  behav iour  were not  s i g n i f i 

c a n t l y  m od i f ied  by any o f  the  drugs used above ( tab le  3 ) .  Reserpine 
-1(1 mg.kg , s . c .  in  0 .1m l ,  1% a s c o rb ic  a c id ,  8 hours p r i o r  to  e x p e r i 

mental use) which produces widespread d e p le t io n  o f  c e n t r a l  monoamines 

was no t  used in  abdominal c o n s t r i c t i o n  te s t s  because i t  was found to  

reduce i n v e s t i g a t i v e  behav iour  and motor c o o r d in a t i o n .  Reserpine has 

t h e r e f o r e  been inc luded  in  t a b le  3 as a p o s i t i v e  c o n t r o l  o n l y .
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Di scuss ion

Several  groups: have found morphine a n t i n o c i c e p t i o n  to  be 

antagonised by d e p le t i o n  o f  c e n t r a l  monamines w i t h  rese rp ine  (Ve r r i  

e t  a l ,  1968; Fennessy and Lee, 1970).  Fennessy and Lee (1970),  f o r
_ 1

example, found t h a t  re s e rp ine  (1 mg.kg ) increased the ED n o f
i?u

morphine in  the phenyIquinone w r i t h i n g  t e s t  between 2 and 24 hours 

a f t e r  t re a tm e n t .  However, as re se rp ine  a t  t h i s  dose was found to  

im pa ir  locomotor  b ehav iou r ,  a l t e r n a t i v e  means o f  d e p le t i o n  o f  c e n t ra l  

monoamines were sought .  PCPA in a dose regime t h a t  has been shown, 

by Koe and Weissman (1966), to  i n h i b i t  t ryp tophan hydroxy lase  

s e l e c t i v e l y ,  was found to  reduce the co n c e n t ra t io n  o f  5"HT w i t h i n  the 

CNS (0.9S + 0.05 g/g wet w e ig h t )  by 47-7 + 2.3%, n = 6,  w i t h o u t  

s i g n i f i c a n t l y  m od i f y ing  the  c o n t r o l  abdominal c o n s t r i c t i o n  ra te  o r  

locomotor  behav iour .  S i m i l a r l y ,  a-MT which has been shown to  i n h i b i t  

dopa decarboxylase s e l e c t i v e l y  (Specto r  e t  a l ,  1965) reduced CNS 

n o ra d re n a l i ne  56.0 + 14,4%, f rom the c o n t ro l  va lue o f  0.48 + 0.04ug/g 
wet w e igh t  (n = 4) and w a s .w i th o u t  e f f e c t  on both c o n t ro l  c o n s t r i c t i o n  

ra te  and locomotor  a c t i v i t y ,  a l though the animals d id  appear somewhat 

sedated.  The lack  of* e f f e c t  o f  PCPA, ot-MT and methyserg ide on c o n t ro l  

c o n s t r i c t i o n  ra te  i n d i c a te s  t h a t  a d ren e rg ic  and t r y p ta m i n e r g i c  

neurones are  no t  e s s e n t i a l  to  the response a l though  the  p o s s i b i l i t y  o f  

e f f e c t s  a t  h ig h e r  doses cannot  be d iscoun ted .

Pre t rea tment  w i t h  a-MT produced no s t a t i s t i c a l l y  s i g n i f i c a n t  

antagonism o f  sCT a n t i n o c i c e p t i o n , i n d i c a t i n g  t h a t  a d ren e rg ic  mechan

isms do not  p lay  a major  r o l e  in t h i s  e f f e c t  when a c e t i c  ac id  i s  used 

as the noxious s t im u lu s .  S i m i l a r l y ,  Fennessy and Lee, 1970, have 

demonstrated t h a t  ar-MT, a t  the dose employed above, does no t  modi fy 

morphine a n t i n o c i c e p t i o n  in  the phenyIquinone induced w r i t h i n g  t e s t ,  

and C lement i ,  P ra to ,  Con fo r to  and Scapagini  (1984) were unable to  

modi fy  sCT a n t i n o c i c e p t i o n  in  the  r a t  ho t  p l a te  t e s t  by p re t rea tm e n t  

w i t h  the a adrenorecep to r  a n ta g o n is t  phentolamine .
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D ep le t ion  o f  5~HT w i t h  PCPA antagon ised the a n t i n o c i c e p t i v e  

e f f e c t s  o f  both  sCT and DADLE but  was w i t h o u t  e f f e c t  on s a l i c y l a t e  

o r  5-HT a n t i n o c i c e p t i o n . The l a t t e r  two drugs can be cons idered as 

nega t ive  c o n t r o l s  s ince  n e i t h e r  cycloxygenase i n h i b i t i o n  o r  i n t e r 

a c t i o n  o f  5"HT w i t h  i t s  recep to rs  would be expected to  be antagon

ised by 5"HT d e p le t i o n .  As mentioned above (R.1) the a n t i n o c i c e p 

t i v e  e f f e c t  o f  DADLE (a 6 a g o n is t )  in  the  abdominal c o n s t r i c t i o n  

t e s t  is  cons idered by Ward and Takemor i , (1982) to  be mediated by 

>1 recep to rs .  Antagonism o f  DADLE an t i  noci  ce p t ion  by PCPA i s ,  

t h e r e f o r e ,  in  agreement w i t h  re p o r ts  o f  antagonism o f  morphine 

( the  p ro to ty p e  p a g o n is t )  a n t i n o c i c e p t i o n  w i t h  PCPA (Tennen, 1968, 

Fennesy and Lee, 1970).  The dependence o f  sCT a n t i n o c i c e p t i o n  on 

t r y p t a m i n e r g i c  mechanisms is  suppor ted  by the demonst ra t ion  t h a t  

the e f f e c t  o f  PCPA Is no t  observed when sCT and 5“ HT (which 

presumably rep laces dep le ted  s to re s )  are adm in is te red  s im u l ta n e o u s ly .

Fennessy and Lee (1970) were ab le  to  an tagon ise  morphine 

ant  i noci cept  i on in  the pheny Iqui.none. W-ri t h i  ng t e s t  wi th PCPA but  

observed no such antagonism w i t h  methyserg ide.  S i m i l a r l y ,  no 

conv inc ing  ev idence  f o r  methyserg ide induced antagonism o f  sCT 

a n t i n o c i c e p t i o n  was ob ta in ed  above. Methysergide may b lo ck  both 

p o s t - s y n a p t i c  5~HT re cep to rs  and the p re s y n a p t i c  recep to rs  which 

are necessary f o r  feedback i n h i b i t i o n  o f  S-HT re lease .  I n t e r p r e 

t a t i o n  o f  these r e s u l t s  is  t h e r e f o r e  d i f f i c u l t  because the net  

e f f e c t  o f  f a c i l i t a t e d  5“ HT re lease  and p o s t - s y n a p t i c  b lockade is  

no t  known. To f u r t h e r  confound the s i t u a t i o n  Clementi  e t  a l  (1984) 

have repor ted  t h a t  methysergide  antagon ises the a n t i n o c i c e p t i v e  

e f f e c t  o f  sCT in the r a t  h o t - p l a t e  t e s t .  Al though t h i s  r e p o r t  

supports  the o v e r a l l  conc lus ion  t h a t  c e n t ra l  t p y p ta m in e rg i c  systems 

are  in vo lved  in  CT a n t i n o c i c e p t i o n ,  i t  is  c l e a r  t h a t  r a t i o n a l  i n t e r 

p r e t a t i o n  o f  these r e s u l t s  awa i ts  a more d e t a i l e d  knowledge o f  the 

e f f e c t s  o f  methyserg ide  on the t r y p ta m in e r g i c  systems in vo lved  in 

the models.

Yamamoto e t . a l  (1980) have d i r e c t l y  demonstrated the 

neuromodulatory a c t i o n  o f  pCT and morphine on common n o c i c e p t i v e  

pathways.  S i m i l a r l y ,  the data above demonstrates the importance 

o f  t r y p t a m i n e r g i c  systems to  the a n t i n o c i c e p t i v e  e f f e c t  o f  both 

sCT and DADLE. The observed s i m i l a r i t i e s  between o p ia te  and CT 

induced a n t i n o c i c e p t i o n  might  t h e r e fo r e  r e f l e c t ,  a t  l e a s t  in  p a r t ,
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a neuromodulatory a c t i o n  on common t r y p ta m in e r g i c  neurones. I t  is  

known t h a t  s t i m u l a t i o n  o f  t r y p ta m in e rg ic .n eu ro n es  in va r ious  Raphe 

nuc le i  known to he r i c h  in 5-HT c o n ta in in g  c e l l  bodies can produce 

a n t i n o c i c e p t i o n  (Besson, O l i v e r a s ,  Chaouch and R iv o t ,  1981).  Since 

these neuronal systems are found in areas r i c h  in C T - l i k e  immunoreac- 

t i v i t y  and CT b in d in g  s i t e s ,  (1 .6 )  CT a n t i n o c i c e p t i o n  could in v o lv e  

s t i m u l a t i o n  o f  these t r y p t a m i n e r g i c  neurones, and the consequent  

m o d i f i c a t i o n  o f  5” HT tu rn o v e r  could u n d e r l i e  the CT induced increase 

in 5~HT observed by Nakhla and Majumdar (1978) and Dupuy, Peuchant , 

V i t i e l l o ,  Jensen,  Baghdiantz and Blanquet  (1983).
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F ig u r e  R.7 Lack o f  E f f e c t  o f  M e th y se rg id e  on sCT A n t i n o c i c e p t i o n

_ 1
Salmon CT (2 U.kg ) was adminste red,  to  animals which

_ ”]
had been p re t r e a te d  w i t h  methysergide (5 mg.kg i . p .

60 minutes p r i o r  to  sCT) o r  v e h i c l e ,  20 minutes p r i o r  

to  coun t ing  the a c e t i c  ac id  induced abdominal c o n s t r i c 

t i o n s .  Values are x + s . e . ,  va lues o f  n are shown.

*  P < 0.05 (comparison o f  sCT t r e a te d  animals to those 

re c e i v in g  i . c . v .  v e h i c le  and a p p r o p r ia t e  p re t r e a tm e n t ) .  

ANOVA revealed s i g n i f i c a n t  m o d i f i c a t i o n  o f  the c o n s t r i c 

t i o n  ra te  by sCT (P '< 0 .05) bu t  no evidence was 

ob ta ined  f o r  an e f f e c t  o f  methysergide (P > 0 . 1 ) ,  o r  o f  

sCT-methysergide i n t e r a c t i o n  (P > 0 . 1 ) ,  on the 

c o n s t r i c t i o n  ra te .

(See appendix f o r  s t a t i s t i c a l  methods).
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F i g u r e  R.8 Antagon ism o f  sCT A n t i n o c i c e p t i o n  by PCPA P r e t r e a t m e n t .

_ i
Animals p re t r e a te d  w i t h  PCPA (300 mg.kg ) o r  v e h i c l e ,  

72, A8 and 2 k  hours p r i o r  to  exper imen ta l  use, rece ived 

sCT o r  v e h i c l e  i . c . v .  20 minutes p r i o r  to  coun t in g  the 

a c e t i c  a c id  induced abdominal c o n s t r i c t i o n s .  Values 

are x + s . e . ,  va lues o f  n are shown.

*  P < 0 .05 ;  * *  P < 0.01 (compared to  c o n t ro l  group w i t h  

a p p r o p r ia t e  p re t r e a tm e n t ) .

10A
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F ig u r e  R.9 Lack o f  E f f e c t  o f  PCPA on 5“ HT A n t i n o c i c e p t i o n .

Animals p r e t r e a te d  w i t h  PCPA o r  v e h i c l e  received

5-HT (o r  i . c . v .  v e h i c le )  i . c . v .  20 minutes p r i o r  to  

coun t in g  the a c e t i c  a c id  induced abdominal c o n s t r i c t i o n s .  

Values are x + s . e . ,  values f o r  n are shown.

*  P < 0 .0 5 ;  * *  P < 0.01 (compared to  c o n t ro l  group w i t h

a p p r o p r ia te  p re t r e a tm e n t ) .
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F ig u r e  R.10 Lack o f  E f f e c t  o f  PCPA on A c e t y l  S a l i c y l i c  A c id

A n t i  noc i  c e p t i o n .

Animals p r e t r e a te d  w i t h  PCPA o r  v e h i c l e  rece ived 

s a l i c y l a t e  Cor v e h i c le )  s . c .  20 minutes p r i o r  to 

coun t in g  the a c e t i c  ac id  induced abdominal c o n s t r i c t i o n s .  

Values are x + s . e . ,  va lues o f  n are shown.

*  P < 0 .05 ;  * *  P < 0.01 (compared to  c o n t ro l  group 

re c e iv in g  a p p ro p r ia te  p r e t r e a t m e n t ) .

108



IN
H

IB
IT

IO
N

 
OF 

CO
NS

TR
IC

TI
ON

 
RA

TE

60

Veh i c le

PCPA

( 10)

t  » "" — T.................................
0 0.25 ■ 0.5 1.0

ACETYL SALICYLIC ACID (mmol.kg"1, s . c . )

109



F ig u r e  R.11 An tagon ism o f  DADLE A n t i n o c i c e p t i o n  by PCPA.

Animals p r e t r e a te d  w i t h  PCPA o r  v e h i c l e  rece ived  

5 pmol o f  DADLE (o r  i . c . v .  v e h i c le )  i . c . v .  15 minutes 

p r i o r  to  coun t ing  the a c e t i c  ac id  induced abdominal 

c o n s t r i c t i o n s .  Values are x + s . e . ,  va lues o f  n are 

shown.

■k-k p < o.01 (compared to  the c o n t r o l  group re c e iv in g  

a p p r o p r ia te  p r e t r e a t m e n t ) . ANOVA revealed no s i g n i f i 

c a n t ,  ev idence f o r  an e f f e c t  o f  PCPA on the c o n s t r i c t i o n  

ra te  (P > 0.1)  bu t  ev idence f o r  the a n t i n o c i c e p t i v e  

e f f e c t  o f  DADLE (P < 0.01) and i n t e r a c t i o n  between 

PCPA and DADLE (P < 0.05)  was ob ta in ed .
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F ig u r e  R.12 E f f e c t  o f  PCPA on the  A n t i n o c i c e p t i v e  E f f e c t  o f  

Combi nat ions o f  5“ HT and sCT.

Animals p re t r e a te d  w i t h  PCPA o r  v e h i c l e  rece ived 

i . c . v .  5~HT, sCT o r  v e h i c le  (o r  combinat ion  th e re o f )  

20 minutes p r i o r  to  coun t ing  the a c e t i c  a c id  induced 

abdominal c o n s t r i c t i o n s .  Values are x + s . e . ,  va lues 

o f  n are shown, i n h i b i t i o n  o f  a p p ro p r ia te  c o n t ro l  

c o n s t r i c t i o n  ra te  was s i g n i f i c a n t  a t  *  P < 0.05 and 

* *  P < 0 .01 .
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F ig u r e  R.13 A n t i n o c i c e p t i v e  E f f e c t  o f  sCT and 5“ HT, Alone and 

in Combination.

The doses o f  sCT and 5” HT in d i c a te d  were adm in is te red  

i . c . v .  20 minutes p r i o r  to  coun t ing  the a c e t i c  ac id  

induced abdominal c o n s t r i c t i o n .  Values are x + s . e . ,  

va lues o f  n are shown.

*  P < 0 .05 ;  * *  P < 0.01 (compared to  group re c e i v in g  

veh i c le  a l o n e ) .

Data shown above i s  e x t r a c te d  f rom F igure  R.12.
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F ig u r e  R.14 Lack o f  E f f e c t  o f  a - m e t h y 1- p - t y r o s i n e  P r e t r e a t m e n t

on sCT A n t i n o c i c e p t i o n .

Animals were p re t r e a te d  w i t h  v e h i c l e  (0.45 ml ,  50 mM
_ i

phosphate b u f f e r  a t  pH 7-4) o r  a-MT (200 mg.kg ) i . p .

4 hours p r i o r  to  exper iment  and rece ived i . c . v .  sCT o r  

v e h i c l e  20 minutes p r i o r  to coun t in g  the a c e t i c  ac id  

induced abdominal c o n s t r i c t i o n s .  Values are x + s . e . ,  

va lues f o r  n are shown.

*  P < 0 .0 5 ;  * *  P < 0.01 compared to  c o n t ro l  group re ce iv in g

a p p ro p r ia te  p re t rea tm e n t .
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Table 3 E f f e c t  o f  N e u r o t r a n s m i t t e r  Blockers  and Dep le to rs  on 

Locomotor A c t i v i t y

Motor
D is c o o rd in a t io n  
( f a l 1 s /5  mins)

1n ves t i  g a t i  ve
Behaviour
(head d ip s /5  mins)

V e h ic le ,  s . c . 0.40 + 0.20 (6) 18.5 + 1.5 (6)

Methyserg ide ,  s . c . 0.30 + 0.30 (7) 17.5 + 1.5 (7)

Vehi c l e ,  i . p . 0.60 + 0 . 1 5 ' ( 9 ) 18.0 + 2.0 (9)

PCPA, i . p . 0.55 + 0.25 (9) 19.0 + 1.5 (9)

Vehi c l e ,  i . p . 1.05 + 0.35 (8) 15.0 + 3.5 (8)

a-MT, i . p . 2.50 + 0.95 (7) 27.0 + 6.0  (8)

V e h ic le ,  s . c . 0.35 + 0.20 (8) 19.0 + 2.0 (8)

Reserpine,  s . c . 1.50 + 0.20 (7 ) * 11.5 ± 1.5 (8 ) *

_ i
Drug t rea tments  were as f o l l o w s ;  methysergide (5 mg.kg ) o r  v e h i c le  

(0.9% NaCl) adm in is te red  s . c .  in  0.1 ml ,  1 hour p r i o r  to t e s t ;  PCPA 

(300 mg.kg ) o r  v e h i c l e  (0.9% NaCl w i t h  0.05% B r i j )  adm in is te red  i . p .
_ i

in  0.3 ml , 72, 48 and 24 hours p r i o r  to  t e s t ;  a-MT (200 mg.kg ) o r  

v e h i c l e  (50 mM phosphate b u f f e r  a t  pH 7.4)  adm in is te red  i . p .  in 0.1 ml
_ i

4 hours p r i o r  to  t e s t ;  Reserpine (1 mg.kg ) o r  v e h i c l e  (1% a s c o rb ic  

ac id )  adm in is te red  s^c .  in  0.1 ml ,  8 hours p r i o r  to  t e s t .  Values are 

x + s .e .  (n) *  P < 0.05 compared to  a p p ro p r ia te  c o n t r o l  ( v e h ic le

t re a te d )  group
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R.3 COMPARI SON OF THE ANTINOCICEPTIVE EFFECTS OF CENTRALLY

ADMINISTERED CALCITONINS AND CALCITONIN GENE RELATED PEPTIDE

I n t r o d u c t i o n

A d m in i s t r a t i o n  o f  v a r io us  forms o f  CT i n t o  the ce rebra l  v e n t r i 

c les  o f  several  species has been shown to  r e s u l t  in  a n t i n o c i c e p t i o n  

( l . 8 . f ) .  However, the e x is ta n c e  o f  a u th e n t i c  CT in the CNS remains a 

c o n t r o v e r s i a l  m a t te r ,  as F ische r  e t  a l  (1983) de tec ted  immunoreactive 

CT's in  the r a t  CNS which were i n d i s t i n g u i s h a b l e  f rom a u t h e n t i c  hCT 

and sCT, whereas Rosenfeld e t  a l  (1983) suggest  C T - l i k e  immunoreact i -  

v i t y  w i t h i n  the  CNS r e f l e c t s  b in d in g  o f  a n t i s e r a  to  molecules o th e r  

than CT's ( I . 6 . a ) .  I t  seems p o s s ib le  t h a t  sCT a n t i n o c i c e p t i o n  invo lves  

i n t e r a c t i o n  w i t h  systems assoc ia te d  w i t h  an, as y e t ,  u n i d e n t i f i e d  

endogenous l i g a n d .  Rosenfeld e t  a l  (1983) suggest  f rom the d i s t r i b u 

t i o n  o f  CGRP in  the r a t  b r a in  t h a t  the pep t ide  may p la y  a r o le  in the 

p rocess ing  o f  p a i n f u l  s t i m u l i .  This suggest ion  and the s t r u c t u r a l  

s i m i l a r i t i e s  between CT's and CGRP ( I .10) ra ise  the  i n t r i g u i n g  p o s s ib 

i l i t y  o f  a common s i t e  o f  a c t i o n .  A l t e r n a t i v e l y ,  s ince  p roduc t ion  o f  

CGRP has o n ly  been demonstrated in ra ts  and humans, the c e n t r a l  a c t i o n  

o f  sCT in  the mouse abdominal c o n s t r i c t i o n  t e s t  could in v o lv e  i n t e r 

a c t i o n  w i t h  re cpp to rs  f o r  an endogenous CT. I t  is  t h e r e f o r e  o f  i n t e r e s t  

to  determine the p o s s ib le  a n t i n o c i c e p t i v e  e f f e c t s  o f  hCT (which d i f f e r s  

f rom r a t  CT in o n l y  two amino ac id  res idues)  and CGRP in the mouse 

abdominal c o n s t r i c t i o n  t e s t ,  and to  compare the potency and d u r a t io n  o f  

any such e f f e c t s  w i t h  t h a t  o f  sCT.

Resul ts

i )  A n t i n o c i c e p t i v e  E f f e c t  o f  sCT, hCT and CGRP

-1 -1Salmon CT a t  doses o f  0 .1 -50  U.kg (0.006-30 nmol .kg ) adm in is 

te red  i . c . v .  20 minutes p r i o r  to  i n i t i a t i o n  o f  coun t ing  o f  abdominal 

c o n s t r i c t i o n s ,  produced a dose dependent red uc t ion  in the a c e t i c . a c i d

induced abdominal c o n s t r i c t i o n  ra te  o f  4.0 + 0.2  c.p .m.  (n = 23) w i t h
-1 -1an EDj-f. o f  79 m.U.kg ( 4 .7  pmol . kg ) ,  t h i s  data which has been

-1presented in f i g u r e  R.6 has been r e p lo t t e d  a g a in s t  dose in nmol.kg
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in  f i g u r e  15a to  enable d i r e c t  comparison w i t h  the e f f e c t s  o f  o th e r  

p ep t id es .  S i m i l a r l y ,  i . c . v .  i n j e c t i o n  o f  CGRP and hCT reduced the

c o n s t r i c t i o n  ra te  (3 .4  + 0 .2 ,  n = 16 and 3.1 “  0 .2 ,  n = 22) c.p.m.
_1

r e s p e c t i v e l y )  a t  doses o f  1-10 nmol .kg , w i t h  ED ‘ s o f  0.6 and 0 .8  

nmol.kg r e s p e c t i v e l y .  A l l  th ree  pep t ides  produced s i m i l a r  maximal 

i n h i b i t i o n  o f  abdominal c o n s t r i c t i o n s  (approx im a te ly  40%) w i t h  a 

suggest ion  o f  re duc t ion  o f  'the a n t i n o c i c e p t i v e  e f f e c t  a t  the h ighes t  

doses ( f i g u r e s  15a, 16a and 17a).

The t ime course o f  the observed a n t i n o c i c e p t i v e  e f f e c t s  was 

in v e s t i g a te d  by a d m in i s t r a t i o n  o f  pep t ides  a t  va r ious  t imes p r i o r  to  

coun t in g  o f  a c e t i c  ac id  induced abdominal cons t r i c t ions  ( c o n s t r i c t i o n s  

were s t i l l  counted 10-15 minutes a f t e r  a c e t i c  ac id  a d m i n i s t r a t i o n ) .  

P r e l im in a r y  exper iments revealed the c o n t ro l  c o n s t r i c t i o n  ra te  to  vary 

con s id e ra b ly  w i t h  t im in g  o f  v e h i c l e  i n j e c t i o n ,  i t  was th e re fo re  

necessary to o b ta in  an i n t e r n a l  c o n t r o l  response f o r  each t ime.  When 

comparing the response o f  v e h i c l e  t r e a te d  groups ob ta ined  f rom the  same 

exper iment  (a s t a t i s t i c a l l y  v a l i d  comparison o f  an i n t e r n a l l y  c o n t r o l l e d  

exper iment)  the on ly  cons tan t  o b s e rv a t io n  was t h a t  the c o n s t r i c t i o n  rates  

a t  10 minutes were s i g n i f i c a n t l y  (P < 0.05) lower than those observed 

20 minutes a f t e r  a d m i n i s t r a t i o n  o f  v e h i c l e .  Hence, the  mean abdominal 

c o n s t r i c t i o n  ra tes  in  the sCT, hCT and CGRP exper iments were 1 .8 ,  2.6  

and 1.4 c .p .m .  r e s p e c t i v e l y  a t  10 m inu tes,  and 3 .3 ,  3*0 and 3.0 c.p .m.  

r e s p e c t i v e l y  a t  20 minutes.

The t ime courses o f  the a n t i n o c i c e p t i v e  e f f e c t s  o f  0 .6 ,  10 and 
-1100 nmol, kg ( i . c . v . )  o f  sCT, hCT and CGRP r e s p e c t i v e l y ,  were 

determined by c a l c u l a t i n g  X i n h i b i t i o n  o f  the c o n s t r i c t i o n  ra te  

observed in an i n t e r n a l  c o n t ro l  group ( v e h ic le  a t  the  a p p ro p r ia te  t ime) 

and are s h o w  in f i g u r e s  15b, 16b and 17b. Salmon CT was found to 

produce s i g n i f i c a n t  i n h i b i t i o n  o f  c o n s t r i c t i o n  ra te  f rom 20-120 minutes 

a f t e r  a d m in i s t r a t i o n  w i t h  no evidence f o r  loss o f  e f f e c t  w i t h  t im e .

In c o n t r a s t ,  the a n t i n o c i c e p t i v e  e f f e c t s  o f  hCT and CGRP a t t a in e d  

s t a t i s t i c a l  s i g n i f i c a n c e  o n l y  a t  20 minutes a f t e r  a d m i n i s t r a t i o n .

Maximal doses o f  a l l  th re e  pep t ides  were w i t h o u t  e f f e c t  in  t e s t s  

f o r  m o d i f i c a t i o n  o f  motor  a b i l i t y  o r  i n v e s t i g a t i v e  behav iour  ( t a b l e  4) 

and no o v e r t  behav ioura l  responses were observed w i t h  any dose o f  

pept i  de.
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Di scUss i on

In t h i s  ch ap te r ,  the p o t e n t i a l  a n t i n o c i c e p t i v e  e f f e c t s  o f  sCT, 

hCT and CGRP have been compared in  the mouse abdominal c o n s t r i c t i o n  

t e s t .  The e f f e c t  o f  sCT in t h i s  model is  in  good agreement w i t h  t h a t  

repor ted  by Eglen (1934) as p r e v io u s l y  noted (R .1 ) .  S i m i l a r l y ,  

i n t r a c e r e b r a l  hCT has been shown, by P e c i le  e t  al (1983),  to  produce 

a n t i n o c i c e p t i o n  in the r a t  ' h o t  p l a t e '  t e s t  a t  doses o f  5 and 10 

nmol .kg which are  comparable to  the e f f e c t i v e  doses repor ted above. 

Al though  Rosenfeld e t  a l  (1983) have i n f e r r e d  f rom the  d i s t r i b u t i o n  o f  

CGRP in  the r a t  b ra in  t h a t  i t  migh t  p lay  a ro le  in  the p rocess ing  o f  

p a i n f u l  s t i m u l i ,  the e f f e c t  o f  the pep t id e  in a n t i n o c i c e p t i v e  screens 

has no t  been repor ted  ( t o  the  a u t h o r ' s  knowledge,  August  1984).  I t  

has been noted p r e v io u s l y  t h a t  the abdominal c o n s t r i c t i o n  t e s t  is  

prone to f a l s e  p o s i t i v e  r e s u l t s  p a r t i c u l a r l y  f rom a n t i - i n f l a m m a t o r y  

drugs.  The a n t i n o c i c e p t i v e  e f f e c t s  o f  sCT and hCT in  the abdominal 

c o n s t r i c t i o n  t e s t  are  suppor ted  by demonst ra t ions o f  a n t i n o c i c e p t i v e  

a c t i v i t y  in  severa l  t e s t s ,  s in ce  t h i s  is  no t  so f o r  CGRP the p o s s i b i l i t y  

o f  a f a l s e  p o s i t i v e  r e s u l t  cannot  be d iscounted .

On the bas is  o f  E D ^ ' s  (sCT 4 .7 ,  hCT 800, CGRP 600 p m o l . k g "1) ,  

i t  is  p o s s ib le  to  rank the potency o f  the th ree  p e p t id e s :

sCT »CGRP > hCT

-1The a n t i n o c i c e p t i v e  e f f e c t  o f  sCT (0.6 nmol.kg ) was observed

w i t h i n  10 rfi inutes o f  a d m i n i s t r a t i o n  and was no t  a l t e r e d  s i g n i f i c a n t l y

a f t e r  120 minu tes ,  these o bs e rv a t io ns  compare w e l l  w i t h  those o f

P e c i l e  e t  al  (1975),  who found a n t i n o c i c e p t i v e  e f f e c t  o f  sCT a t  
-112 U.kg in the r a b b i t  l i c k i n g  th resh o ld  model to  have a rap id  onse t

and a d u r a t i o n  o f  a t  l e a s t  2 hours ,  P e c i le  e t  al  (1983),  who found the
-1a n t i n o c i c e p t i v e  e f f e c t  o f  2 .5  nmol .kg  sCT f rom 30-240 minutes a f t e r

a d m i n i s t r a t i o n  in  the r a t  ho t  p l a t e  t e s t ,  and Eglen (1984),  who

observed s i g n i f i c a n t  a n t i n o c i c e p t i o n  20-60 minutes a f t e r  a d m in i s t r a t i o n  
-1

o f  0.6 nmol .kg sCT in  the a c e t i c  ac id  induced abdominal c o n s t r i c t i o n

t e s t  in  mice.  The t r a n s i e n t  a n t i n o c i c e p t i v e  e f f e c t  o f  hCT (10 nmol.
-1kg ) observed in  the abdominal c o n s t r i c t i o n  t e s t  c o n t ra s t s  w i t h  the
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o bse rva t ions  o f  P e c t le  e t  a l  (1983) who ob ta in ed  s i g n i f i c a n t  

a n t i  noc i c ep t io n  wi th  the e q u i v a le n t  dose o f  10 y g / r a t  sCT a t  30, 50 

and 240 (bu t  no t  a t  120) minutes a f t e r  a d m in i s t r a t i o n  in the r a t  ho t  

p l a t e  t e s t .

Comparison o f  the a n t i n o c i c e p i t v e  potency o f  i . c . v .  sCT
_ i

(ED^q = 4 .7  pmol .kg ) w i t h  t h a t  o f  o th e r  c e n t r a l l y  a c t i n g  pep t ides 

(ED^q's o f  i . c . v .  substance P, l e u c in e -e n k e p h a l in ,  and neuro tens in  

are  app rox im a te ly  2 5 , 5000 and 1000 nmol .kg 1 r e s p e c t i v e l y )  reveals  

the marked potency o f  sCT. In hypocalcaemic assays the potency o f  sCT 

has been a t t r i b u t e d  to  the s low ra te  o f  d isappearance f rom Jthe c i r c u 

l a t i o n  (Habener e t  a l , 1972b) which may, in  t u r n ,  be dependent on the 

s low ra te  o f  metabol ism (West e t  a l ,  1969) o r  the h igh  recep to r  a f f i n 

i t y  and b in d in g  h a l f - l i f e  o f  the pep t id e  (F ische r  e t  a l ,  1981), f a c t o r s  

which could c l e a r l y  a f f e c t  the d u r a t io n  o f  the a n t i n o c i c e p t i v e  a c t i o n  

o f  the th ree  pep t ides  s tu d ie d .  I t  i s ,  t h e r e f o r e ,  u n fo r tu n a te  t h a t  

b in d in g  s tud ie s  have no t  y e t  been repor ted  f o r  CGRP o r  hCT.

S in c e , t o  date n e i t h e r  CGRP nor CGRP mRNA have been demonstrated 

in  mouse CNS the a n t i n o c i c e p t i v e  e f f e c t  o f  CGRP cannot  be considered 

o f  p h y s io lo g i c a l  s i g n i f i c a n c e .  However, i t  is  tempt ing  to  specu la te  

t h a t  molecules resembl ing e i t h e r  CGRP o r  hCT (e .g .  rCT) p lay  a 

p h y s i o l o g i c a l  r o l e  in  the c e n t r a l  p rocess ing  o f  p a i n f u l  s t i m u l i  and 

t h a t  the e f f e c t  o f  such an endogenous l i ga nd  can be mimicked by 

a d m in i s t r a t i o n  o f  s t r u c t u r a l l y  s i m i l a r  endogenous l igands  such as sCT. 

Such s p e c u la t io n  can n e i t h e r  be supported  nor re fu te d  by the l i m i t e d  

exper imenta l  data a v a i l a b l e  a t  p re se n t ,  i t  is  indeed u n fo r tu n a te  t h a t  

the p o s s i b i l i t y  o f  CGRP c o m p e t i t i o n  w i t h  CT recep to r  b in d in g  has not  

y e t  been repor ted .
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F ig u r e  R-15 Dependence o f  sCT A n t i n o c i c e p t i o n  on Dose (a) and 

Ti me (b) .

In (a) sCT o r  v e h i c le  were a dm in is te red  i . c . v .  20 

minutes p r i o r  to  coun t ing  the a c e t i c  ac id  induced 

abdominal c o n s t r i c t i o n s .  In (b) the abdominal 

c o n s t r i c t i o n  ra te  was determined a t  va r io us  t imes
_ i

(shown) a f t e r  a d m in i s t r a t i o n  o f  sCT (0.6 nmol.kg ) 

and is  expressed as % i n h i b i t i o n  o f  the ra te  observed 

in a c o n t r o l  group re c e iv in g  v e h i c l e  a t  the same t ime 

be fo re  a c e t i c  a c id .  Values are x + s . e . ,  values o f  

n are- shown.

*  P < 0 .05 ;  * *  P < 0.01 (compared to  i n t e r n a l  c o n t r o l ) .
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F i g u r e  R.16 Dependence o f  CGRP A n t i n o c i c e p t i o n  on Dose and Time

In (a) CGRP o r  v e h i c le  were adm in is te red  20 minutes 

p r i o r  to  coun t ing  the a c e t i c  ac id  induced abdominal 

c o n s t r i c t i o n s .  In (b) the abdominal c o n s t r i c t i o n  

ra te  was determined a t  va r ious  t imes (shown) a f t e r
_  1

a d m in i s t r a t i o n  o f  CGRP (10 nmol .kg ) and is  expressed 

as % i n h i b i t i o n  o f  the ra te  observed in a c o n t ro l  

group re c e iv in g  v e h i c le  a t  the same t ime be fo re  a c e t i c  

a c id .  Values are x + s . e . ,  va lues o f  n are shown.

*  P < 0 .0 5 ;  * *  P <  0.01 (compared to  i n t e r n a l  c o n t r o l )
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Figure R .17 Dependence of  hCT Antinociception on Dose and Time.

In (a) hCT o r  v e h i c l e  were adm in is te red  20 minutes p r i o r  

to  the a c e t i c  a c id  induced c o n s t r i c t i o n s .  In (b) the 

abdominal c o n s t r i c t i o n  ra te  was determined a t  va r io us
~ 1t imes (shown) a f t e r  a d m in i s t r a t i o n  o f  hCT (10 nmol .kg ) 

and is  expressed as % i n h i b i t i o n  o f  the ra te  observed 

in a c o n t ro l  group r e c e iv in g  v e h i c l e  a t  the same t ime 

be fo re  a c e t i c  a c i d .  Values are  x + s . e . ,  va lues o f  n 

are shown.

*  P < 0.05 (compared to  i n t e r n a l  c o n t r o l ) .
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Table k  Lack o f  E f f e c t  o f  C a l c i t o n i n s  and CGRP on Locomotor 

A c t i  v i  t y

Motor
Di scoordi  n a t io n  
( f a l 1 s /5  mins)

1n ves t i  g a t i  ve
Behavi our
(head d ip s /5  mins)

Vehi c l e ,  i . c . v . 1.5 + 0.6 (6) 15.0 + 2.3 (6)

CGRP, i . c . v . 1.8 + 0 .7  (6) 17.6 + 1.9 (6)

hCT, i . c . v . 1.3 ± 0 .5  (6) 16.0 + 2.0 (6)

Veh i c 1 e , i c . v . 1.0 + 0.3 (8) 16.3 + 1.9 (8)

sCT, i . c . v . 1.1 + 0 .7  (8) 18 .A + 1.5 (8)

_ 1 _ i
Pept ides (10 nmol .kg , hCT o r  CGRP, o r  0.12 nmol .kg sCT) o r  i . c . v .  

v e h i c l e  were adm in is te red  i . c . v .  in  a volume o f  10 y l ,  20 minutes p r i o r  

to  assessment o f  locomotor  a c t i v i t y .  Values are x + s . e .  ( n ) , no 

s i g n i f i c a n t  m o d i f i c a t i o n  o f  c o n t ro l  values was observed a t  P > 0.05 .
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CARDIOVASCULAR EFFECTS OF CALCITONIN

R.A.a P er iphe ra l  A d m in i s t r a t i o n

I n t r o d u c t i o n

The invo lvement o f  pep t ide  hormones such as vasopress in  and 

a n g io te n s in  in c a r d io v a s c u la r  r e g u la t i o n  has been long e s ta b l i s h e d  

(Guyton, 1981)- A l though  CT was shown to  modi fy  v a s c u la r  tone as e a r l y  

as 1972 (Charhon and P ie pe r ,  1972) and has been shown to  i n h i b i t  the 

development o f  m i n e r a l o c o r t i c o i d  induced h ype r tens ion  (Aldred, Luna,

Zeedyk and Bas t ian ,  1976), i t  was not  u n t i l  1983 t h a t  the  acute e f f e c t s  

o f  CT on MAP were rep o r te d ,  (Bates e t  a l ,  1983).

Having demonstrated t h a t  c e n t r a l  a d m in i s t r a t i o n  o f  sCT to  mice 

produced a n t i n o c i c e p t i o n  which resembled t h a t  produced by o p ia te s  ( l . 8 . f ) ,  

Bates and co-workers i n v e s t i g a t e d  the p o s s i b i l i t y  t h a t  sCT migh t  produce 

o p i a t e - l i k e  e f f e c t s  in  b i o l o g i c a l  models known to  respond to o p ia te  

agon is ts  and a n ta g o n is t s .  These i n v e s t i g a t i o n s  revealed t h a t  in 

normotensive rats'- under urethane anaBSthesi a, leu-enkephal  i n, i . v . ,  a t  

doses o f  20, 60 and 200 nM.kg , produced t r a n s i e n t  dose dependent
-1hypo tension  (Bates e t  a l ,  1983) whereas naloxone a t  a dose o f  10 mg.kg ,

-1
i . v . ,  and sCT, a t  doses o f  0 .1 -10  U.kg , i . v .  d id  no t  a l t e r  MAP. In

c o n t r a s t ,  both naloxone and sCT produced a p ressor response in ra ts  

rendered hypo tens ive  by haemorrhage. The p ressor e f f e c t  o f  sCT was
_ 1

maximal 5 minutes a f t e r  a d m i n i s t r a t i o n  and the response to  sCT (10 U.kg ) 

and naloxone (10 mg.kg ) had a d u r a t i o n  o f  up to  60 minutes .  C le a r l y  

sCT d id  no t  produce o p i a t e  agon is ts  e f f e c t s  in  t h i s  p r e p a r a t i o n ,  however 

the s i m i l a r i t y  between the response to  naloxone and sCT ra ises  the 

p o s s i b i l i t y  o f  o p ia te  a n ta g o n is t  a c t i o n ,  a l t e r n a t i v e l y  sCT might  a c t  

through mechanism(s) no t  d i r e c t l y  r e la t e d  to  o p ia te  systems.

In address ing  the problem o f  the mechanism o f  the p ressor  response 

to  sCT in haemorrhaged ra t s  pharmaco logical  and s u r g i c a l  procedures have 

been used to s e l e c t i v e l y  modi fy s p e c i f i c  c a rd io v a s c u la r  e f f e c t o r  mechan

isms in  both normotensive and hypo tens ive  ra te s .  The r e s u l t s  o f  these 

exper iments are presented  below.
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Resul ts

i )  C a rd io vascu la r  E f fe c t s  o f  sCT and Naloxone in ra t s  Rendered

Hypotensive by Haemorrhage

_ i
In haemorrhaged ra ts  10 mg.kg o f  naloxone ( i . v . )  produced a

gradual  increase  in HAP w i t h  the maximum observed increase  in MAP o f

16.8 -  3 .2  mmH§ (n “  5) o c c u r r i n g  60 minutes a f t e r  a d m in i s t r a t i o n
_1

( f i g u r e  R18). Int ravenous a d m in i s t r a t i o n  o f  10 U.kg o f  sCT a f t e r  

haemorrhage produced a s i m i l a r  p ressor  response which was maximal 5 

minutes a f t e r  a d m i n i s t r a t i o n  and remained s i g n i f i c a n t l y  d i f f e r e n t  to  

the v e h i c l e  response f o r  60 minutes ( f i g u r e  R19). In both o f  these 

exper im en ts ,  and in a l l  subsequent  exper iments on haemorrhaged r a t s ,  

the change in MAP a f t e r  v e h i c l e  d id  not  d i f f e r  s i g n i f i c a n t l y  f rom zero 

a t  any t ime a l though the t r a n s i e n t  increase in MAP 5 minutes a f t e r  

v e h i c l e  was a c o n s i s t a n t  o b s e rv a t io n .  N e i th e r  o f  the p ressor responses 

descr ibed  above were assoc ia ted  w i t h  changes in h e a r t  ra te  ( t a b le  5 ) .

i i )  E f f e c t  o f  sCT in  Normotensive Rats and E f f e c t  o f  sCT and

Naloxone on Leu-enkepha l in  Induced Hypotension

-1
In normotensive ra ts  i . v .  a d m in i s t r a t i o n  o f  10 U.kg sCT 

produced no s i g n i f i c a n t  change in  MAP (F igu re  R19 ) .  A d m in i s t r a t i o n
_ i

o f  2-600 nmol .kg le u -en ke p h a l in  ( i . v . )  to  normotens ive  ra ts  produced

t r a n s i e n t  hypo tens ion ,  t h i s  response was abo l i shed  by p re t rea tm en t  w i t h  
-110 mg.kg o f  naloxone ( i . v . )  bu t  was not  a l t e r e d  by p re t rea tm e n t  w i t h  

10 U.kg  ̂ o f  sCT ( i . v . )  f i g u r e  R20.

i i i )  E f f e c t  o f  sCT and Vasopress in in Rats Rendered Hypotensive by 

Pi th in g

A f t e r  d e s t r u c t i o n  o f  the CNS by p i t h i n g  ra ts  had markedly reduced

MAP's ( f i g u r e  R19) and were s e n s i t i v e  to  the d i r e c t  v a s o c o n s t r i c t o r
- 1a c t i o n  o f  a r g in i n e  vasopress in  (AVP) a t  10 and 100 U.kg , i . v .  The

_ i
MAP o f  these animals was not  a l t e r e d  by 10 U.kg o f  sCT ( i . v )  a l though  

the h e a r t  ra te  was s i g n i f i c a n t l y  reduced 5 and 15 minutes a f t e r  sCT 

( f i g u r e  R19 and ta b le  5 ) .
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i y )  E f f e c t  o f  sCT A f t e r  B i l a t e r a l  Vagotomy and Haemorrhage

-  -j
A d m in i s t r a t i o n  o f  10 U.kg o f  sCT, i . v . ,  a f t e r  hi l a t e r a l  

vagotomy and haemorrhage produced a p ressor  response o f  s i m i l a r  

magnitude (peak increase  in  MAP 9-7  + 2 . A mmHg) and d u r a t io n  (60 

minutes)  to t h a t  observed a f t e r  haemorrhage alone ( f i g u r e  R21 and R22). 

Again no s i g n i f i c a n t  a l t e r a t i o n  in  h e a r t  ra te  was observed.

v) E f f e c t  o f  sCT a f t e r  Vasopress in Antagonism and Haemorrhage

d(CH2)^Tyr(Me)AVP, a s e l e c t i v e  a n ta g o n is t  o f  the p ressor 

response to  AVP (Manning and Sawyer, 1982) was used to determine  the 

importance o f  vasopressin  in the p ressor  response to  sCT. The 

s t r u c t u r e  o f  t h i s  p e p t ide  and o f  a rg ine  vasopression are shown below:

/ CH2 " CH2 \ |  
2 s. y Z

CV CH2 S-

CH

CH0“ CO-Tyr(Me)Phe-Gln-Asn-Cy-Pro-Arg-Gly-NH

Vasopressin a n ta g o n is t

Cys-Tyr-Phe-G1n-Asn-Cys-Pro-Arg-Gly-NH0

I____________________I
A rg in in e  vasopress in

Manning and Sayer (1982) r e p o r t  t h a t  d(CH2)^Try(Me)AVP is  a p o ten t

a n ta g o n is t  o f  the vasopressor response to  arginine vasopress in  w i t h  a

pA„ o f  8 .67.  This a n ta g o n is t  e x e r ts  o n l y  weak a n t i d i u r e t i . c
“ 1a c t i v i t y  (0.31 U.mg ) .  P r e l im in a r y  exper iments us ing p i t h e d  ra ts

revealed th a t  vasopress in  produced a dose dependent p re ssor  response

which was abo l i shed  by p re t re a tm e n t  w i t h  the a n ta g o n is t .  There was

no evidence f o r  loss o f  e f f e c t  o f  the a n ta g o n is t  over  the th ree  hour
—  \

pe r iod  s tu d ie d  ( f i g u r e  R23) i n d i c a t i n g  t h a t  100 pg.kg  i . v .  ( the dose 

and rou te  used in  subsequent  exper iments )  o f  the vasopress in  a n ta g o n is t  

could m a in ta in  complete b lockade o f  the vasopressor response to  vaso- 

press in f o r  the d u r a t i o n  o f  the subsequent  exper iments .
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-1
The p ressor  response to  10 U.kg sCT, I . v . ,  was o f  s i m i l a r  

magnitude (peak increase  in MAP 8.3 + 2.5 mmHg) and d u r a t io n  (60 

minutes)  a f t e r ,  haemorrhage and vasopress in  a n ta g o n is t  to  t h a t  seen 

a f t e r  haemorrhage alone  ( f i g u r e  R 2 k ) . No s i g n i f i c a n t  a l t e r a t i o n  in 

h e a r t  r a te  was produced by e i t h e r  the a n ta go n is t  o r  sCT ( t a b le  6 ) .

v i )  E f f e c t  o f  sCT A f t e r  Chemical Sympathectomy and Haemorrhage

Pre t rea tment  o f  animals w i t h  6-OHDA to  produce chemical

sympathectomy caused a s i g n i f i c a n t  reduc t io n  o f  MAP, f rom the i n i t i a l

MAP o f  111.3 + ^ .0  mmHg (n = 8) observed a f t e r  p re tre a tm e n t  w i th

v e h i c l e  f o r  6-OHDA to  the i n i t i a l  MAP o f  92.0 + mmHg (n = 10) observed

a f t e r  p re t rea tm e n t  w i t h  6-OHDA. P re trea tment  w i t h  6-OHDA a lso  g r e a t l y

a t tenua ted  the p ressor  response to sCT a f t e r  haemorrhage, so t h a t  i . v .
-1

a d m in i s t r a t i o n  o f  10 U.kg o f  sCT produced a peak inc rease  in MAP o f  

o n l y  4.5  + 1.2 mmHg f i v e  minutes a f t e r  a d m i n i s t r a t i o n ,  and the response 

o n l y  a t t a i n e d  s t a t i s t i c a l  s i g n i f i c a n t  a t  t h i s  t ime ( f i g u r e  R25). As in 

p rev ious  exper iments ,  no s i g n i f i c a n t  changes in h e a r t  r a te  were observed 

a f t e r  sCT.

Di scuss ion

The response observed a f t e r  a d m in i s t r a t i o n  o f  naloxone to 

normotensive and haemorrhaged ra ts  is  in  good agreement w i t h  t h a t  

descr ibed  by Faden and Holaday.  These workers have demonstrated t h a t  

naloxone which is  w i t h o u t  e f f e c t  in  normotensive an ima ls ,  produces a 

p ressor response in those rendered hypo tens ive  by haemorrhage (Faden 

and Holaday,  1979a)> e n do to x ic  shock (Holaday and Faden, 1978) o r  by 

severage o f  the s p in a l  chord (Holaday and Faden, 1980),  and suggest  

t h a t  naloxone ac ts  by antagonism o f  the e f f e c t s  o f  endorphins  re leased 

in response to  s t r e s s .  This theory  is  supported by the  o bse rva t ions  

t h a t  p e r ip h e ra l  a d m i n i s t r a t i o n  o f  o p ia te s  produces hypo tension  in 

normotensive ra ts  (Moore and Dowl ing,  1981) and exacerbates the

hypo tens ion produced by haemorrhage (Chance, 1981). The response to
- I  -110 U.kg o f  sCT ( i . v . )  shown above was s i m i l a r  to  t h a t  o f  10 mg.kg

naloxone ( i . v . )  and was in general  agreement w i t h  t h a t  repor ted  by

Bates e t  a l (1983)* A lthough both naloxone and sCT produced p resso r

responses a f t e r  haemorrhage and were devoid o f  e f f e c t  in. normotensive
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an imals ,  the f a i l u r e  o f  sCT to  antagon ise  leu -en ke pha l in  induced 

hypo tension i n d ic a te s  t h a t  sCT does no t  a c t  as an o p i a t e  a n ta g o n is t .

The lack  o f  e f f e c t  o f  sCT on h e a r t  ra te  i n d i c a te s  t h a t  the 

p ressor  response a f t e r  haemorrhage might  in vo lve  a d i r e c t  o r  i n d i r e c t  

e f f e c t  on p e r ip h e ra l  v a s c u la tu re  such as t h a t  demonstrated by Dr iessens 

and Vanhuo t te,  (1981).  D e s t ru c t i o n  o f  the CNS by p i t h i n g  caused a marked 

reduc t ion  in  h e a r t  r a te  and MAP i n d i c a t i n g  e f f e c t i v e  d e s t r u c t i o n  o f  

c e n t r a l  c a r d io v a s c u la r  c o n t r o l  c e n te rs .  The lack  o f  e f f e c t  o f  sCT in 

p i the d  animals demonstrates the n ec e s s i t y  o f  the CNS f o r  p ro duc t io n  

o f  the p ressor  response, the d i r e c t  v a s o c o n s t r i c t o r  a c t i o n  o f  sCT on 

bone va s c u la tu re  descr ibed  by Dr iessens and Vanhou t te,  (1981) does 

no t  t h e r e fo r e  c o n t r i b u t e  s i g n i f i c a n t l y  to  the p ressor  response in 

haemorrhaged r a t s .  Al though sCT induced c o n s t r i c t i o n  o f  bone v a s c u l 

a tu re  has not  been demonstrated in the r a t  any such e f f e c t  would not  

be expected to  have marked e f f e c t s  on MAP because o f  the r e l a t i v e l y  

poor supp ly  o f  b lood to  bone.

The lack  o f  e f f e c t  o f  dtC I^J j -Try (Me)AVP on the p ressor  response 

in d i c a te s  t h a t  the response is  no t  achieved by s t i m u l a t i o n  o f  vasopress in  

re lease  f rom the p o s t e r i o r  p i t u i t a r y  gland o r  by p o t e n t i a t i o n  o f  the 

p ressor  e f f e c t  o f  the e le va te d  l e v e l s  o f  vasopressin  observed a f t e r  

haemorrhage. S i m i l a r l y ,  the lack  o f  e f f e c t  o f  b i l a t e r a l  vagotomy 

in d ic a te s  t h a t  i n h i b i t i o n  o f  vagal b a ro re ce p to r  a f f e r e n t s  is  no t  the 

mechanism by which sCT increases b lood  pressure .

The a t t e n u a t i o n  o f  the  response to  sCT a f t e r  p re t rea tm en t  w i t h  

6-OHDA demonstrates t h a t  p e r ip h e ra l  a d rene rg ic  neurones are necessary 

f o r  p ro duc t ion  o f  the response.  A f t e r  p e r ip h e ra l  a d m i n i s t r a t i o n ,

6-OHDA, an isomer o f  n o r a d re n a l i n e ,  becomes concentra ted  w i t h i n  

a d re n e rg ic  neurones by a c t i v e  uptake processes.  In s u f f i c i e n t l y  

h igh  co ncen t ra t io ns  a u t o - o x id a t i o n  o f  6-OHDA occurs  p roducing  t o x i c  

pe rox ide s ,  supe rox id es ,  h yd roxy in do les  and quinones which rea c t  non- 

s p e c i f i c a l l y  w i t h  neuronal  s t r u c t u r e s  to des t roy  the neurone 

(Kostrzewa and Jacobowitz ,  197*0 » the  s e l e c t i v e  d e s t r u c t i o n  o f  sympa

t h e t i c  g ang l ia  produced has been termed "chemical  sympathectomy"

(Theonen and T ranzer ,  1968). Chemical sympathectomy produces a dose 

dependent d e p le t i o n  o f  n o r a d re n a l i n e ,  the e x te n t  and d u r a t i o n  o f
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which va r ie s  f rom t i s s u e  to  t i s s u e .  The dose regime employed
_ 1

(100 mg.kg *t, 3 and 2 days p r i o r  to  exper iment)  has been shown by 

h i s t o l o g i c a l  and b iochemica l  means to  s e l e c t i v e l y  des t roy  a d rene rg ic  

nerve te rm in a ls  (Kostrzewa and Jacobowits ,  197*0 and was shown by 

Heath, Larson and Laakso (1980) to  reduce t h y r o p a r a th y r o id  noradren

a l i n e  co n c e n t ra t io n  to  10% o f  normal .  Both the CNS and the  adrenal  

medul la are r e s i s t a n t  to  the e f f e c t s  o f  p e r i p h e r a l l y  adm in is te red  

6-OHDA, in f a c t  i t  has been shown t h a t  the adrenal  g lands respond to  

d im in ished  sympathe t ic  f u n c t i o n  by a compensatory increase in 

ca techolamine tu rn o ve r  (Kostrzewa and Jacobowits ,  197*0* Since

6-OHDA p re t rea tm en t  does no t  reduce adrenal  n o ra d re n a l i n e  con ten t  i t  

is  apparent  t h a t  re lease  o f  n o ra d re n a l i ne  f rom t h i s  source does no t  

c o n t r i b u t e  g r e a t l y  to  the observed p ressor  response.  Release o f  

no ra d re n a l i n e  o r  a d re n a l in e  f rom the adrenal  medula, o r  re lease o f  

r e s id u a l  n o ra d re n a l i ne  f rom o th e r  t i s s u e s ,  may however u n d e r l i e  the 

a t te nua ted  p resso r  response observed a f t e r  sympathectomy. A l t e r n a t 

i v e l y ,  the response observed a t  5 minutes might  be assoc ia te d  w i t h  

o th e r  c a rd io v a s c u la r  e f f e c t o r  systems such as m o d i f i c a t i o n  o f  non 

vagal baroreeeptcr  o r  chemore.ceptor a f f e r e n t s ,  re lease  o f  a ng io ten s in  

o r  g lu c o c o r t i c o id s  e t c .

Antagonism o f  the p re ssor  response to  sCT in hypo tens ive  ra ts  

by p i t h i n g  and by chemical sympathectomy in d ic a te s  t h a t  the response 

invo lves  f a c i l i t a t i o n  o f  p ressor  sympathe t ic  o u t f l o w  f rom the  CNS 

but  leaves th ree  im p o r ta n t  ques t io ns  unanswered.

1) Where does sCT a c t  to  produce the p ressor  response?

Driessens and Vanhout te,  (1981) demonstrated t h a t  sCT d id  no t  

modi fy  the v a s o c o n s t r i c t o r  e f f e c t  o f  no rad re n a l in e  o r  e l e c t r i c a l  

s t i m u l a t i o n , f t  t h e r e fo r e  seems l i k e l y  t h a t  sCT might  e i t h e r  modulate 

t ransm iss ion  a t  sympathe t ic  gan g l ia  o r  might  d i r e c t l y  o r  i n d i r e c t l y  

a f f e c t  c e n t r a l  c a r d io v a s c u la r  c e n t re s .  The p o s s i b i l i t y  o f  a c e n t ra l  

a c t i o n  o f  c a l c i t o n i n  is  cons idered below.

2) Why is  the response not  observed in normotensive animals?

I t  has been demonstrated t h a t  the p ressor  response to  i n t r a -
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c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  pep t ides  i n c l u d i n g  substance P 

an-d enkepha l ins  are d r a s t i c a l l y  increased in spon taneous ly  h ype r te n 

s i v e  ra ts  (SHR) when compared to  the paren t  s t r a i n  o f  normotensive 

W is ta r -K y o ta  ra ts  (Schaz, S tock ,  Simon, S c h lo r ,  Unger ,  Rockhold and 

Ganten, 1930; Unger e t  a l ,  1981).  These o bse rva t io ns  and the demon

s t r a t i o n  o f  an impaired b a ro re c e p to r  r e f l e x  in SHR ra ts  (Schaz e t  a l , 

1980) led to  the conc lus io n  t h a t  the p ressor  a c t i o n  o f  these pep t ides  

was b u f fe re d  by the b a ro re c e p to r  r e f l e x  in W is ta r -K y o to  ra ts  and th a t  

the b a ro rec e p to r  r e f l e x  is  impa ired in SHR r a t s .  C l e a r l y ,  s i m i l a r  

b a ro rece p to r  b u f f e r i n g  could e x p la in  the lack o f  e f f e c t  o f  sCT in 

normotensive r a t s ,  the re d uc t io n  o f  b lood p ressure  a f t e r  haemorrhage 

would reduce i n h i b i t o r y  feedback f rom the b a ro recep to rs  to  the 

medul la  and m ig h t ,  t h e r e f o r e ,  s im p ly  i n h i b i t  b a ro re c e p to r  b u f f e r i n g  o f  

the sCT response.  A l t e r n a t i v e l y ,  i f  sCT is  unable to  i n i t i a t e  sympa

t h e t i c  o u t f l o w  f rom the CNS bu t  mere ly  p o te n t i a t e s  e x i s t i n g  neuronal  

a c t i v i t y  ( p o s s ib l y  by f a c i l i t a t i o n  o f  g a n g l i o n i c  t ransm iss io n )  i t s  

e f f e c t  would be most marked in c o n d i t i o n s  o f  e le va te d  sympathe t ic  

a c t i v i t y  such as haemorrhagic hypo tens ion .  The p o s s i b i l i t i e s  above 

could  be r e a d i l y  i n v e s t i g a t e d  by de te rm in in g  the e f f e c t s  o f  sCT in 

normotensive ra ts  w i t h  Impai red ba ro re ce p to r  re f lexes  (SHR o r  vagotom- 

ised r a t s ) ,  and the e f f e c t s  o f  sCT on the p ressor  response to 

sympathe t ic  o u t f l o w  produced by e l e c t r i c a l  s t i m u l a t i o n  o f  the sp in a l  

chord.  A l t e r n a t i v e l y ,  i t  is  known t h a t  hypoxia produced by i n s u f f i 

c i e n t  c a p i l l a r y  b lood f l o w  can inc rease  c a p i l l a r y  p e r m e a b i l i t y  in 

shock (Guyton,  1981) and t h a t  CT can reduce v a s c u la r  leakage induced 

by h is tam ine  ( S t r e t t l e ,  Bates and Buckley ,  1980).  I n h i b i t i o n  o f  

c a p i l l a r y  leakage i s ,  however,  u n l i k e l y  to  account  f o r  the observed 

p re sso r  e f f e c t  o f  sCT a f t e r  haemorrhage as such leakage on ly  occurs 

in  the l a t e  stages o f  pro longed  shock,  and i t s  i n h i b i t i o n  would no t  

t h e r e fo r e  be expected to produce such a rap id  change in HAP.

3) Why i s  f a c i l i t a t i o n  o f  sympathe t ic  a c t i v i t y  no t  assoc ia ted  w i t h

tachycard ia?

As the h e a r t  is  innerva ted  by sympathe t ic  nerves f rom the 

c a r d io a c c e lo r a to r  ce n t re  o f  the medul l a ,  i t  m ight  be assumed t h a t  

f a c i 1i t a t i o n  o f  sympathe t ic  o u t f l o w  would be assoc ia ted  w i t h  an 

inc rease  in  heart  r a te .  However, in  the r e s u l t s  presented  above,
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n e i t h e r  sCT nor v e h i c l e  s i g n i f i c a n t l y  a l t e r e d  h e a r t  ra te  o f  

normotensive o r  haemorrhaged r a t s .  S i m i l a r l y ,  the r e s u l t s  presented 

below demonstrate t h a t  the  p ressor  response o f  ra ts  to  c e n t r a l l y  

adm in is te re d  sCT i s  n o t  assoc ia ted  w i t h  m o d i f i c a t i o n  o f  h e a r t  ra te .  

Moreover,  n e i t h e r  chemical  sympathectomy nor removal o f  a r t e r i a l  

b lood produced the expected changes in h e a r t  r a te  and r e f l e x  b radych- 

a r d ia  d id  no t  occur in response to  the p ressor e f f e c t  o f  sCT. The 

p ressor  e f f e c t  o f  c e n t r a l l y  adm in is te re d  a ng io ten s in  i s  no t  e v id e n t  

in  anaes the t is ed  ra t s  (Severs and D a n ie l s -S e v e rs , 1977),  and 

urethane anaesthes ia  has been repor ted  to  e le v a te  he a r t  ra te  and to 

a t t e n u a te  b a ro re ce p to r  r e f l e x  c o n t r o l  o f  h e a r t  ra te  (F l u c k ig e r  and 

A tk in s o n ,  1984).  Hence, a l t hough  i t  is  conce ivab le  t h a t  sCT enhances 

sympathe t ic  a c t i v i t y  in vasopressor b u t  no t  in  c a r d io a c c e le r a to r y  

f i b r e s ,  i t  is  premature to  accept  such a hypo thes is  w i t h o u t  data f rom 

conscious an ima ls .

R.4.b Centra l  A d m in i s t r a t i o n

I n t r o d u c t i o n

Several neuropept ides  are b e l ieved  to  be in vo lved  in c e n t ra l  

mechanisms o f  b lood p ressure  r e g u l a t i o n .  Pept ides i n c l u d i n g  endorph ins ,  

an g io te n s in  and substance P have been found in c e n t ra l  c a rd io v a s c u la r  

r e g u la to r y  cent res  ( P a l k o v i t s ,  1981) and produce haemodynamic responses 

which can be prevented  by c o m p e t i t i v e  a n ta g o n is ts  a f t e r  c e n t r a l  admin

i s t r a t i o n  (Shcaz e t  a l ,  1980; P h i l l i p s ,  Weyhenmeyer, F e l i x ,  Ganten and 

Hof fman,  1-979) • More r e c e n t l y  CGRP, the major  proposed p roduc t  o f  CT 

gene express ion  w i t h i n  the CNS, has been found to  be l o c a l i s e d  in areas 

o f  the b ra in  invo lved  in c a r d io v a s c u la r  r e g u la t i o n  i n c l u d i n g  the pa ra -  

b ra c h ia l  nucleus and the nucleus t r a c tu s  s o l i t a r i u s  which can be 

cons ide red  as the p r im ary  re la y  s t a t i o n  f o r  b a ro re c e p to r  and chemo- 

re ce p to r  r e f l e x e s  (Rosenfeld e t  a l ,  1983). Centra l  a d m in i s t r a t i o n  o f  

t h i s  p ep t ide  was found to  produce marked p ressor  responses in conscious 

ra ts  w i t h  an assoc ia ted  inc rease  in both h e a r t  ra te  and plasma 

n o ra d re n a l i n e ,  the au thors  suggest  t h a t  the response in vo lves  c e n t ra l  

s t i m u l a t i o n  o f  sympathe t ic  o u t f l o w .  In t h i s  s e c t i o n  the p o s s i b i l i t y  o f  

c e n t r a l l y  adm in is te red  CT e x e r t i n g  haemodynamic e f f e c t s  has been 

in v e s t i g a te d  in  both normotensive ra ts  and in ra ts  may hypo tens ive  by 

haemorrhage.
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Resul ts

i )  E f f e c t  o f  i . c . v .  sCT on MAP o f  Normotensive and Hypotensive Rats

-1I n t r a c e r e b r o v e n t r i c u l a r  a d m in i s t r a t i o n  o f  0 .1 ,  1 and 10 U.kg 

o f  sCT produced a dose dependent p ressor  response in both normotensive 

animals ( f i g u r e  R.26)and in those made hypotens ive  by haemorrhage ( f i g -  

ure R.27) ,  whereas v e h i c l e  produced no s i g n i f i c a n t  change in e i t h e r  

group.  The p ressor  e f f e c t  o f  sCT was most pronounced a f t e r  haemorrhage 

and MAP was s i g n i f i c a n t l y  e le v a te d  f rom 5~60 minutes a f t e r  a d m in i s t r a 

t i o n  o f  the h ig he r  doses.  N e i t h e r  v e h i c le  nor sCT s i g n i f i c a n t l y  a l t e r e d  

the h e a r t  r a te  ( t a b l e  5 ) .

i i )  E f f e c t  o f  6-OHDA on the Response o f  Haemorrhaged Rats to  i . c . v .  sCT

Fu r the r  groups o f  ra ts  were p re t r e a te d  w i t h  6-OHDA o r  v e h i c l e  to

dete rmine the  e f f e c t  o f  chemical  sympathectomy on the p ressor response
-1e l i c i t e d  by i . c . v .  i n j e c t i o n  o f  1 and 10 U.kg o f  sCT to  ra ts  made 

hypotens ive  by haemorrhage.  In the v e h i c l e  p re t r e a te d  group the MAP's 

be fo re  and a f t e r  haemorrhage o f  126.9 + 6.6  and 101.2 + 6.6  mm Hg resp

e c t i v e l y  (n -  12) were aga in  h ig h e r  than those in  the  ch em ica l l y  sympa- 

thectomised animals which were 107.1 + 3*9 and 86.8 + 3.6  mm r e s p e c t i v e l y  

(n = 10) a l though the re duc t ion  in  MAP caused by removal o f  a r t e r i a l

b lood d id  not  d i f f e r  s i n g i f i c a n t l y . A f t e r  p re t re a tm e n t  w i t h  the  v e h i c le
_ ^

f o r  6-OHDA 1 and 10 U.kg o f  sCT ( i . c . v . )  produced a dose dependent 

p ressor  response ( f i g u r e  R.28) wh ich ,  u n l i k e  the  e f f e c t  o f  i . v .  sCT on 

MAP o f  haemorrhaged r a t s ,  was no t  s i g n i f i c a n t l y  a t te n ua te d  by chemical 

sympathectomy ( f i g u r e  R.29).

Di scussion

The r e s u l t s  presented above demonstrate t h a t  c e n t r a l l y  a dm in is te red
- 1sCT, a t  doses as low as 0.1 U.kg (^  2 p m o l / r a t ) ,  produces a p ressor

response w i t h  MAP being s i g n i f i c a n t l y  e le va ted  5 “ 60 minutes a f t e r  admin-
- 1 _ i s t r a t i o n  o f  10 U.kg ( *  200 p m o l / r a t ) .  The peak inc rease  in MAP p ro -

-1duced by i . c . v .  a d m i n i s t r a t i o n  o f  sCT a t  10 U.kg to  normotensive ra ts  

was 17.7 + 1.7 mmHg. C ons ide ra t io n  o f  the c a rd io v a s c u la r  e f f e c t s  o f  

o th e r  c e n t r a l l y  adm in is te re d  pep t id es  in normotensive ra ts  reveals t h a t  

the e f f e c t s  o f  sCT are o f  compara t ive ly  long d u r a t io n  and t h a t  the hormone
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i s  com para t ive ly  p o te n t .  Hence, peak increases in MAP o f  app rox im a te ly  

15~30 mmHg have been observed a f t e r  i n t r a v e n t r i c u l a r  a d m in i s t r a t i o n  o f  

36-360 nmol o f  l e u -  o r  raet-enkephal in  and a f t e r  50 jig ( -  48 nmol) 

a n g io te n s in ,  the  d u r a t i o n  o f  these e f f e c t s  d id  not  exceed 20 minutes 

(Simon, Schaz, Ganten, S tock,  SchJor and Ganten, 1978; Severs,  Summy- 

Long, Dan ie ls -Severs  and Connor, 1971)* Of p a r t i c u l a r  re levance to 

t h i s  work,  i n t r a v e n t r i c u l a r  CGRP was found to produce a peak increase

in  MAP o f  app rox im a te ly  10 and 15 mmHg, w i t h  doses o f  0 .2  and 2 .2  nmol.
■“ 1kg , and the d u r a t i o n  o f  these e f f e c t s  d id  no t  exceed 10 minutes (F ishe r  

e t  a l ,  1983).

A comparison o f  the peak p ressor  responses to  i . c . v .  sCT
_ 1

(10 U.kg ) reveals  t h a t  t h i s  e f f e c t ,  l i k e  t h a t  o f  i . v .  sCT, is  more 

marked a f t e r  haemorrhage where the  peak increase in  MAP was 35.8 +

3.9 mmHg (n = 6 ) ,  than in  normotensive animals where the  peak 

inc rease  in  MAP was 17*7 + 1.7 mmHg (n = 6 ) .  The p o s s i b i l i t y  t h a t  t h i s  

might  merely r e f l e c t  b a ro re ce p to r  d i s i n h i b i t i o n  produced by haemorrhage, 

could be i n v e s t i g a te d  by d e te rm in in g  the e f f e c t  o f  i . c . v .  (and i . v . )  

sCT in  SHR ra ts  and in  ra ts  sub jec ted  to b i l a t e r a l  vagotomy and /o r  

s i n o a t r i a l  den e rva t ton .

As the  p ressor  response to  i . c . v .  sCT was o f  g re a te r  magnitude 

than the response to  i . v .  sCT (see f i g u r e s  R.19, R.26 and R.27) i t  

can be assumed t h a t  c e n t r a l l y  adm in is te re d  sCT ac ts  d i r e c t l y  on the 

CNS r a th e r  than by leakage i n t o  the p e r ip h e ra l  c i r c u l a t i o n .  However, 

the p o s s i b i l i t y  o f  a d i r e c t  c e n t r a l  a c t i o n  o f  p e r i p h e r a l l y  adm in is te red  

sCT must a ls o  be cons ide red .  Chemical sympathectomy, which antagonised 

the p ressor  response o f  haemorrhaged ra ts  to i . v .  sCT d id  not  g r e a t l y  

modi fy  the response to  i . c . v .  sCT, i n d i c a t i n g  t h a t  s t i m u l a t i o n  o f  

sympathe t ic  neuronal  a c t i v i t y  is  no t  o f  major  importance in the 

l a t t e r  response.  I f  p e r i p h e r a l l y  a dm in is te re d  sCT was a c t i n g  d i r e c t l y  

on the same CNS s t r u c t u r e s  as the c e n t r a l l y  adm in is te re d  p e p t id e ,  the 

response t o i . v .  sCT would be expected to  be r e s i s t a n t  to  the e f f e c t  

o f  chemical sympathectomy. As t h i s  was not  the case, these r e s u l t s  

i n d i c a t e  t h a t  both the s i t e  and mechanism o f  a c t i o n  o f  c e n t r a l l y  

and p e r i p h e r a l l y  adm in is te re d  sCT may d i f f e r - .  Moreover,  as F ishe r

139



e t  a l  (1983) have suggested t h a t  the  p ressor  e f f e c t  o f  CGRP is  

achieved by s t i m u l a t i o n  o f  n o rad re n e rg ic  sympathe t ic  o u t f l o w  the 

mechanism o f  a c t i o n  o f  the c a r d io v a s c u la r  e f f e c t s  o f  sCT and CGRP 

may d i f f e r .



F ig u r e  R . l $ E f f e c t  o f  Naloxone ( i . v . )  on MAP o f  Haemorrhaged Rats .

The i n i t i a l  MAP o f  127.1 + **.7 mm Hg was reduced to

103.2 + 5.3 mm Hg by removal o f  a r t e r i a l  b lo od .  Values 

a r e x + s . e . ,  n = 5

*  P < 0.05 (compared to  i n t e r n a l  c o n t r o l  ( v e h ic le )

response ) .
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F ig u r e  R.19 E f f e c t  o f  sCT ( i . v . )  on MAP o f  Normotensive,  

Haemorrhaged and P i thed  r a t s .

(a) The i n i t i a l  MAP o f  the normotensive ra ts  was

103.2 + 4.9 mm Hg (n = 5).

(b) The i n i t i a l  MAP o f  108.1 + 5.1 mm Hg (n = 6) was

reduced to  82.7 + 3.4 mm Hg by removal o f  b lood.

(c) The i n i t i a l  MAP o f  111.5 + 5.0 mm Hg (n = 4) was

reduced to 48.7 + 5.0 mm Hg by p i t h i n g .

Values are x + s . e . ,  n = 4 -6 .

*  P < 0 .05 ;  * *  P < 0.01 (compared to  i n t e r n a l  c o n t ro l  

( v e h ic le )  response).
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Table 5 E f f e c t  o f  C a l c i t o n i n ,  Naloxone and V eh ic le  on Heart  Rate 

o f  Normotensive,  P i thed  and Haemorrhaged Rats

Treatment Drug, rou te Heart  Rate 
b.p .m.

A Heart  Rate 
b.p.m.

In i  t i a l t  = 0 t  = 5 t  = 15 t  = 60

NORMOTENSIVE

Vehi c l e ,  i . v. 

sCT, i . v .

412+16
( 5 ) “

401+14
( 5 ) “

+3+4
(5 ) "

-2+5
(5 ) ”

+6+7
( 5 ) "

+10+4
( 5 ) ”

+T1 +6 
( 5 ) "

+ 13+9 
(5 ) ”

PITHED

Vehi c l e ,  i . v. 

sCT, i . v .

450+24 
(4 F

405+13 
(4) -  ’

+5+5
( 4 ) “

-12+9
(4)*

+7+5
( 4 ) “

-22+9
(4)*

0+22
( 4 ) ”

-30+34
(4)

HAEMORRHAGED

V e h ic le ,  i . v .  

sCT, i . v .

396+16 
( 6 ) ”

394+17
( 6 ) ”

+2+7
(6 ) "

12+7
( 6 f

+2+9
( 6 ) “

+10+5 
( 6 ) “

-6+11
(6)"”

+10+4
(6 ) "

HAEMORRHAGED

Vehi c l e ,  i . v .  

Naloxone,  i . v .

399+12
(15)

379+13
(15)

+5+14 
( 6 ) “

-27+21
(5)

0+16 
(6)~

+1+17
( 5 ) “

-2+10
(5)

+12+18
( 5 ) “

NORMOTENSIVE

Veh i c l e ,  i . c . v  

s CT, i . c . v
— 445+8

(13)

+18+6 
(6 ) "

+11+8
( 7 ) "

+5+5
(6)

+17+10
( 7 ) ’

+12+10
(6)~

+33+9 
(7) ”

HAEMORRHAGED

Veh i c l e ,  i . c . v  

sCT, i . c . v

420+23
( 4 ) ”

395+31
(4)

+2+13
( 4 ) “

+10+8
( 5 ) “

+2+13 
( 5 ) ”
+18+11
( 5 ) ’

+6+12
( 5 ) "

+27+11 
( 4 ) "

_ i
Animals rece ived  v e h i c l e  (0.9% NaCl w i t h  1% BSA), naloxone (10 mg.kg ) 

o r  sCT (10 U.kg ) in  a volume o f  0.1 ml i . v . ,  o r  rece ived  v e h i c l e  

(100 mM NaCl, 1% BSA in  50 mM T r i s  a t  pH 7-4) o r  sCT (10 U.kg ” 1) in a 

volume o f  10 y l  i . c . v .  a t  t  = 0. Heart  ra te  was not  s i g n i f i c a n t l y  

a l t e r e d  by haemorrhage o r  p i t h i n g  (P > 0 .0 5 ) .  Values are x + s .e .  (n)

*  P « 0.05 compared to  i n t e r n a l  c o n t ro l  ( v e h ic le )  response.
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F ig u r e  R.20 Hypotensive  Response o f  Normotensive Rats to 

le u -e n k e ph a l in  a f t e r  P re trea tment  w i t h  Naloxone,  

sCT o r  Veh i c l e .

Animals were p re t r e a te d  w i t h  v e h i c l e ,  naloxone o r

sCT ( i n  0.1 ml ,  i . v . )  and the e f f e c t  o f  l e u -en ke pha l in

on MAP was assessed 20-100 minutes t h e r e a f t e r .  A l l

animals rece ived  each dose o f  leu -enkepha1in and the

consequent  red uc t ion  in MAP is expressed as a percentage

o f  the re d u c t io n  in MAP produced by the  maximal dose
~7 -1o f  l e u -e n k e ph a l in  (6 x 10 mol .kg ) .  This maximum 

dose o f  l e u -en k e ph a l in  produced a t r a n s i e n t  hypo tens ive  

response o f  -1 1 .5  + 1.9 mm Hg. Values are x + s . e . ,  

n ~ 6.

ANOVA revealed evidence f o r  i n t e r a c t i o n  between 

naloxone and le u -enke ph a l in  (P < 0.01)  bu t  no evidence 

f o r  i n t e r a c t i o n  between sCT and le u -en ke p h a l in  (P > 0 . 1 ) .

146



OF 
MA

XI
MU

M 
HY

PO
TE

NS
IV

E 
RE

SP
ON

SE

Veh Ic le

Naloxone (10 mg.kg )

L0G1n DOSE OF LEU-ENKEPHALIN (mol .kg i . v . )



F ig u re  R.21 Pressor E f f e c t  o f  i . v .  sCT in  Pooled P re trea tment  

Contro l  Group o f  Haemorrhaged Rats.

The i n i t i a l  MAP o f  113.3 + 2.5 mm Hg was reduced to  

8 7 . A + 5 . 1  mm Hg by removal o f  a r t e r i a l  b lood .  Values 

are x + s . e . ,  va lues o f  n are shown.

*  P < 0.05 compared to  i n t e r n a l  c o n t r o l  ( v e h ic le )  

response.
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Fi gure ^.22 Lack o f  E f f e c t  o f  B i l a t e r a l  Vagotomy on the Pressor  

Response o f  Haemorrhaged Rats to  i . v .  sCT.

I n i t i a l  MAP o f  122 .A + 4.3 mm Hg was reduced to  

95-9 + ^*7 mm Hg by removal o f  a r t e r i a l  b lood .  Animals 

rece ived  b i l a t e r a l  vagotomy 5“ 10 minutes a f t e r  

haemorrhage. Values are x + s . e . ,  va lues o f  n are 

shown.

*  P < 0.1 (compared to  i n t e r n a l  c o n t ro l  ( v e h ic le )  

response) .
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F ig u r e  R.23 E f f e c t  o f  V a s o p re s s in  A n t a g o n i s t  on the P re s s o r

Response o f  P i t h e d  Rats t o  A r g i n i n e  V a s o p r e s s in .

Animals were p i the d  (MAP 52.0 + 7.9 mm Hg, n = 6)

and the e f f e c t  o f  i . v .  a r g i n i n e  vasopress in  on MAP

was determined app rox im a te ly  10 ( ---------) and

180 (--------- ) minutes a f t e r  v e h i c l e  ( • )  o r  d(CH9) ly r (M e )
~ 1AVP (o,  100 g.kg ) .  Values are means o f  four  

determi  n a t i o n s .
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F ig u r e  R.2A Lack o f  E f f e c t  o f  V a s o p re s s in  A n t a g o n i s t  on the

P r e s s o r  Response o f  Haemorrhaged Rats t o  i . v .  sCT.

The i n i t i a l  MAP o f  10A .5 + 3.9 mm Hg was reduced to  

83*7 + A .3 mm Hg by removal o f  a r t e r i a l  b lood .
”  _ 1

d(CH2) 5Tyr(Me)AVP (100 pg.kg ) was adm in is te red  

i . v .  5 minutes p r i o r  to  haemorrhage. Values are x + 

s . e . ,  va lues o f  n are shown.

*  P < 0.05 compared to  i n t e r n a l  c o n t ro l  ( v e h ic le )  

response .
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F ig u r e  R.25 Antagonism o f  the Pressor  Response o f  Haemorrhaged 

Rats to i . v .  sCT w i t h  6-hydroxydopamine.

- 1
Animals p re t r e a te d  w i t h  6-OHDA (100 mg.kg i . p .  in 

0.1% a s c o r b ic  a c id  k ,  3 and 2 days p r i o r  to  e x p e r i 

mental use) had an i n i t i a l  MAP o f  92.0 + 3 .2  mm Hg 

which was reduced to  75 .^  + 1.7 mm Hg by removal o f  

a r t e r i a l  b lood .  Values are x  + s . e . ,  va lues o f  n 

are shown.

*  P < 0.05 compared to  i n t e r n a l  c o n t ro l  ( v e h i c le )  

response .
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Table 6 Lack o f  E f f e c t  o f  P re t rea tment  and A d m in i s t r a t i o n  o f  sCT 

and V e h ic le  on Heart  Rate

P re t rea tm en t Drug, Heart  Rate 
(b .p .m . )

A Heart  Rate 
(b .p .m . )

I n i t i a l t  = 0 t  -  5 t  = 15 t  = 60

Grouped 
Con t  ro 1

Vehi c le  

sCT

407+10 
(18)

373+12
(14)

+6+2
(13)
+1+4

(17)

+7+4
(18)

+7+3
(19)

+7+7
( I 8 f

+8+5
(18)

B i 1 a te ra 1 
Vagotomy

Vehi c le  

sCT
418+17
( 6 ) “

424+22
( 5 ) "

0+3
( 7 ) ”
+10+6
(5 ) "

+3+2
( 7 ) “
+8+4

( 5 ) "

+13+8
( 6 f

+12+2
( 5 ) “

Chemi cal 
Sympathectomy

Vehi c le  

sCT
405+15
(11)

396+12
(10)

+4+4
(10)

+11+5
(11)

+5+5
(13)

+19+6 
(11)

+22+8
(12)

+22+8
(12)

Vasopress i n 
Antagohi  s t

V e h ic le

sCT

415+22
( 6 ) "

385+22
( 4 ) ”

-2+3 
( 6 ) "

+8+5
( 6 ) "

+7+9
(6)

+12+5
( 6 ) ”

+10+8 
( 6 ) "

+15+6
( 6 ) ”

Groups o f  animals were p r e t r e a te d  as descr ibed in methods and rendered 

hypotens ive  by removal o f  a r t e r i a l  b lood 20 minutes p r i o r  to  adm in is -
_ i

t r a t i o n  o f  v e h i c l e  (0.9% NaCl w i t h  1% BSA) o r  sCT (10 U.kg ) in a 

volume o f  0.1 ml i . v .  Values are x + s . e .  ( n ) . I n i t i a l  h e a r t  r a te  d id  

no t  d i f f e r  between groups and haemorrhage d id  n o t  s i g n i f i c a n t l y  a l t e r  

the h e a r t  r a te .  S i m i l a r l y  comparison o f  sCT and v e h i c l e  responses 

revealed no s i g n i f i c a n t  d i f f e r e n c e s
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F ig u r e  R.26 P r e s s o r  E f f e c t  o f  i . c . v .  sCT in  Normotens ive  Rats .

The i n i t i a l  MAP was 113.2 + 4.3 mm Hg. Values are 

x  + s . e . ,  n = 5” 6 except  pooled v e h i c l e  where n = 16

* *  P < 0.01 compared to  i n t e r n a l  c o n t ro l  ( v e h i c le )  

response.

159



A 
MA

P 
(mm

 
Hg

)

TIME (minutes)



F ig u r e  R.27 P r e s s o r  E f f e c t  o f  i . c . v .  sCT a f t e r  Haemorrhage

The i n i t i a l  MAP o f  121.2 + 3•2 mm Hg (n = 14) was 

reduced to  90.9 + 2 .8  mm Hg by removal o f  a r t e r i a l  

b lood .  Values are x + s . e . ,  n « 5“ 6 excep t  pooled 

v e h i c l e  where n = 14.

*  P < 0 .0 5 ;  * *  P < 0.01 (compared to  i n t e r n a l  c o n t ro l  

( v e h ic le )  response) .
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F ig u r e  R.28 P r e s s o r  E f f e c t  o f  i . c . v .  sCT Haemorrhage and

P r e t r e a t m e n t  w i t h  V e h i c l e  f o r  6-OHDA.

The i n i t i a l  MAP o f  126.9 + 6 .6  mm Hg (n 12) was 

reduced t o  101.2 + 6 .6  mm Hg by removal o f  a r t e r i a l  

b lood .  Values a r e x + s . e . ,  n = 5~6 except  pooled 

v e h i c l e  where n =  12.

*  P < 0.05> * *  P < 0.01 (compared to  i n t e r n a l  c o n t ro l  

( v e h ic le )  response).
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F ig u r e  R.29 Pressor E f f e c t  o f  i . c . v .  sCT a f t e r  Haemorrhage and

6-OHDA P re t rea tm e n t .

The i n i t i a l  MAP o f  107.1 + 3.9 mm Hg (n = “  10) was 

reduced to  86.8 + 3.6 mm Hg by removal o f  a r t e r i a l  

b lood .  Values are x + s . e . ,  n^= 5 excep t  pooled 

vehi c le  where n = 10.

*  P < 0 .05 ;  * *  P < 0.05 (compared to  i n t e r n a l  c o n t ro l  

( v e h ic le )  response).
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R.5 ACCUMULATION OF ^CALCIUM BY RAT BRAIN SLICES

I n t r o d u c t i o n

I t  i s  g e n e r a l l y  accepted t h a t  the major  p h y s i o l o g i c a l  a c t i o n  o f

c a l c i t o n i n  in humans is  on bone, where i t  d i r e c t l y  i n h i b i t s  bone

r e s o r p t i o n  (Friedman and Raisz,  1965).  C a lc i t o n i n  has a lso  been shown

to  i n h i b i t  ca lc iu m  e f f l u x  f rom o th e r  t i s su es  i n c l u d i n g  k idney  (B o r le ,

1969) and l i v e r  (Yamaguchi e t  a1,  1976).  Such an e f f e c t  could

c l e a r l y  e x p la in  the c a l c i t o n i n  induced increase in ca lc ium co n ten t

o f  k idney  (Kenny and H e i s k e l l ,  1965)? l i v e r  (Yamaguchi e t  a l , 1976) and

myocardium (Chausmer e t  a l ,  1965).  C e n t r a l l y  CT has been found to  i n h i b i t

ca lc ium uptake by hypotha lamic  e xp lan ts  (M or ley  and Levine f 198I )

and s l i c e s  (Koida,  e t  a l , 1982). As numerous b i o l o g i c a l  processes

are known to  be ca lc ium ,  o r  c a l c i  urrrcalmodul i n ,  dependent ,  f t  is

apparent  t h a t  a d i r e c t  e f f e c t  o f  CT on ca lc ium d i s t r i b u t i o n  could be

the mechanism by which the pharmaco logica l  e f f e c t s  o f  the  hormone are
45 2+brought  about .  The uptake o f  Ca by s l i c e s  o f  r a t  b ra in  has,

t h e r e f o r e ,  been used as a model to  s tudy the p o s s ib le  e f f e c t s  o f  sCT

on c e n t ra l  ca lc ium metabol ism. An in h e re n t  problem in the use o f  

ra d io iso to pe s  to  f o l l o w  the t r a n s p o r t  o f  ca lc ium in  l i v i n g  t i s s u e s  is 

the la rge  p r o p o r t i o n  o f  ca lc ium  found in e x t r a c e l l u l a r  f r e e  and bound 

pools as compared to  the  smal l  i n t r a c e l l u l a r  compartments which are 

o f t e n  o f  g re a te r  i n t e r e s t .  P r e l im i n a r y  exper iments  were th e r e fo r e  

designed to  e s t a b l i s h  a s u i t a b l e  exper imenta l  p ro to c o l  f o r  assessment 

o f  the uptake o f  ra d io i s o to p e s  i n t o  the i n t r a c e l l u l a r  compartment o f  

the t i s s u e .  Th is exper imenta l  p ro to c o l  was then used in de te rm ina t io n  

o f  the e f f e c t s  o f  lanthanum, sodium a z id e ,  potasium and sCT on 

uptake o f  the rad ioso tope  by b r a in  s l i c e s .

Res u 1 ts

I )  E f f e c t  o f  Dura t ion  o f  Wash

P r e l im in a r y  exper iments  were per formed in  which b ra in  s l i c e s
4-5 2+were p re incubated  f o r  30 m inu tes ,  incubated in the presence o f  Cat 

f o r  6 minutes and then washed by t r a n s f e r r i n g  through a s e r ie s  o f  tubes
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c o n ta in in g  5 ml o f  iced in cu b a t io n  medium w i t h o u t  r a d i o l a b e l .  The

’r a d i o a c t i v i t y  in  the t i s s u e  a t  va r ious  t imes a f t e r  t e rm in a t i o n  o f

the in cu b a t io n  was then c a l c u la te d  f rom the a c t i v i t y  o f  the separa te

washing s o lu t i o n s  and f rom t h a t  remaining in the t i s s u e  s l i c e s .  A

p l o t  o f  c a l c u la te d  ca lc ium uptake (expressed as a % o f  t h a t  which

would have been ob ta ined  w i t h o u t  washing) a ga in s t  t ime ( f i g u r e  R.30)

reveals  t h a t  app rox im a te ly  60% o f  the iso tope  was removed by a s i n g le

wash o f  1 minute d u r a t i o n .  Pharm acok inet ic  a n a ly s is  o f  t h i s  data
45 2+

( f i g u r e  R30, i n s e t )  revealed  t h a t  e f f l u x  o f  Ca behaved e s s e n t i a l l y

as e f f l u x  f rom a two compartment system, f o l l o w i n g  f i r s t  o rde r  ra te  
45 2+k i n e t i c s .  Hence, Ca is  removed r a p i d l y ,  t ± -  1.0 m inu tes ,  f rom

45 2 2+a compartment w i t h  o f  55% o f  the t i s s u e  Ca , and more s l o w ly ,

tj_ = 15.7 minu tes ,  f rom a second compartment w i t h  a V . o f  27% o f  t i s -
2 45 2+ 3sue Ca . As washout  o f  the e x t r a c e l l u l a r  marker H - i n u l i n ,  f rom

b r a in  behaves as e f f l u x  f rom a r a p i d l y  e l im in a te d  s i n g l e  compartment

( t ,  = 2 .7  m inutes ,  data no t  shown),  i t  can be assumed t h a t  t h i s
2

compartment represen ts  e x t r a c e l l u l a r  f r e e  ca lc ium.  Using the e f f l u x  

data p l o t t e d  above i t  has been c a l c u la t e d  t h a t  the 30 minute wash 

in  iced in cu ba t io n  medium, used in a l l  subsequent  exper im en ts ,  would 

be expected to  remove over 99% o f  the  e x t r a c e l l u l a r  f r e e  r a d i o l a b e l ,  

and app rox im a te ly  70% o f  the remainder.

i i )  E f f e c t  o f  Lanthanum Wash

45 2+As the ra p id  phase o f  Ca e f f l u x  f rom the  b ra in  s l i c e s  is 

though t  to rep resen t  e l i m i n a t i o n  o f  e x t r a c e l l u l a r  f r e e  ca lc iu m ,  i t  

can be assumed t h a t  the slow e l i m i n a t i o n  compartment represen ts  a l l  

remaining sources o f  ca lc iu m ,  namely e x t r a c e l l u l a r  bound, and i n t r a 

c e l l u l a r  f r e e  and bound ca lc ium .  Van Breemen, Fa r in as ,  Gerba and 

McNaughton (1972) have used a wash in 2 mM lanthanum c h l o r i d e  to 

d i s p la c e  e x t r a c e l l u l a r  ca lc iu m  f rom b in d in g  s i t e s  in r a b b i t  a o r ta

and t h i s  techn ique  can t h e r e f o r e  be used to dete rmine the e x te n t  to

which e x t r a c e l l u l a r  b in d in g  c o n t r i b u t e s  to  the observed apparent  

ca lc iu m  uptake.  Apparent  ca lc iu m  uptake was determined in b ra in

s l i c e s  p re incubated  f o r  30 minutes p r i o r  to  in cu b a t io n  f o r  6 minutes 
45 2+in  the presence o f  Ca and washing f o r  a f u r t h e r  30 minutes in

iced in cu b a t io n  medium c o n ta in in g  0 o r  2 mm LaCI^.  This exper iment

was performed using a Hepes b u f fe re d  in cuba t ion  medium as a d d i t i o n  

o f  LaCL^ to  the  m od i f ied  Krebs'  s o l u t i o n  used elsewhere re s u l t e d  in  

p r e c i p i t a t i o n  o f  lanthanum phosphates. The apparent  ca lc iu m  uptake

168



- 1  - 1  
o f  0.87 + 0.04 mo l .g  (n = 12) was reduced to  0.72 + 0.06 mol .g

(n p 8) by i n c l u s i o n  o f  2 mM LaCl^ in the wash s o l u t i o n .  These

r e s u l t s  i n d i c a t e  t h a t  app ro x im a te ly  18% o f  the es t im a ted  ca lc ium

uptake can be a t t r i b u t e d  to b in d in g  a t  e x t r a c e l l u l a r  s i t e s ,  and t h a t  
45 2+the m a j o r i t y  o f  Ca uptake ob ta ined  in subsequent  exper iments 

(30 minute wash w i t h o u t  LaCl^) represen ts  uptake o f  the ra d io la b e l  

i n t o  the c e l l s  o f  the t i s s u e  s 1ice .

i i i )  E f f e c t  o f  P re in cub a t ion  Time

Bor le  (1981) has argued t h a t  s teady s t a t e  c o n d i t i o n s  are 

needed f o r  the s tudy  o f  ca lc ium t r a n s p o r t  in  v i t r o , as the lack  o f  

e q u i l i b r i u m  between t i s s u e  and in cu ba t io n  media can lead to  a r t e f a c t u a l  

r e s u l t s ,  In an i n v e s t i g a t i o n  o f  the  e f f e c t  o f  p re in c u b a t io n  t ime,  

apparent  ca lc iu m  uptake d id  not  d i f f e r  w i t h  p re in c u b a t io n  per iods  o f  

10, 30 and 60 minutes (0.77 + 0 .04 ,  0.68 + 0 . 01, 0.79 + 0.07 ymol .g  1 

r e s p e c t i v e l y  (n = 6 ) .  However, a r e l a t i v e l y  long p e r iod  o f  30 minutes 

was chosen f o r  subsequent  exper iments as Varon and Mc l lwa in  (1961) 

have shown t h a t  in cu ba t io n  o f  b ra in  t i s s u e s  can r e s u l t  in  t i s s u e  

s w e l l i n g ,  p a r t i c u l a r l y  d u r ing  the f i r s t  10-15 minutes o f  i n c u b a t i o n ,  

which could be a ssoc ia ted  w i t h  a r t e f a c t u a l  ion f l u x e s ,  assoc ia ted  

w i t h  anoxia and t i s s u e  s w e l l i n g  due to  loss o f  i n t r a c r a n i a l  p ressure .

i v )  E f f e c t  o f  Incuba t ion  Time

Apparent ca lc ium  uptake was determined a f t e r  in cuba t io n  f o r  

6-60 minutes in  e i t h e r  normal (5.9 mM K ) o r  d e p o la r i s i n g  (56 mM K ) 

in cuba t ion  medium ( f i g u r e  R31). The uptake which was g r e a te r  a t  a l l  

t imes in  d e p o la r i s i n g  medium, increased in a h y p e r b o l i c  fash io n  as 

p r e v io u s l y  demonstrated by Cooke and Robinson (1971) b u t  d id  n o t  appear 

to  be maximal a f t e r  an in cu ba t io n  o f  60 minu tes .  This data p rov ides  

f u r t h e r  ev idence t h a t  a s u i t a b l e  p re in c u b a t io n  p e r io d  has been chosen 

as Bor le  (1981) has found t h a t  in cu b a t io n  in  non-s teady  c o n d i t i o n s  

o f t e n  r e s u l t s  in  n o n -h y p e r b o l i c  qptake curves.  The pe r iod  o f  6 minutes 

was chosen f o r  a l l  subsequent  in cu ba t ions  as the use o f  a s h o r t  in cu 

b a t io n  t ime has the advantage o f  m in im is in g  r e d i s t r i b u t i o n  o f  rad io  

label  taken up.
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v) E f f e c t  o f  Sodium Az id e^P o ta ss iu rn  and Lanthanum

As shown in  f i g u r e  R.32,  the apparent  ca lc ium uptake by r a t  

m idb ra in  s l i c e s  in standard  in cu ba t io n  c o n d i t i o n s  was increased by 

26 + 2.0% in the presence o f  56 mM K and by 88 + 15% in the presence 

o f  3mM sodium a z ide .  In a f u r t h e r  exper iment  us ing a Hepes b u f fe re d  

in cu ba t io n  medium, 0.2  and 2.0 mM LaCl^ was found to  reduce the 

apparent  ca lc ium uptake by 2 k  and 72% r e s p e c t i v e l y  ( f i g u r e  R.33)*

v i ) E f f e c t  o f  sCT in  Normal and in D e p o la r i s in g  Media

The apparent  ca lc ium uptake in normal (58 mM K+) medium was not

m o d i f ied  in  the presence o f  5 o r  50 nM sCT. However, the s t i m u l a t o r y

e f f e c t  .o f  d e p o la r i s i n g  i n c u b a t io n  medium (apparent ca lc iu m  uptake

increased 26% by 56 mM potassium in the absence o f  sCT) was no t  seen
_ 1

in the presence o f  5 and 50 nM sCT ( 70 and 700 U . l  ) as shown in

f i g u r e  R.3^.

Di scuss ion 

kS  2+When Ca i s  used to  f o l l o w  the uptake o f  ca lc ium  by t i s s u es  

the r a d io i s o to p e  in the in cu ba t io n  medium becomes r e d i s t r i b u t e d  w i t h  

t ime u n t i l  e v e n t u a l l y  the r a t i o  o f  iso tope  to  ca lc iu m  is  equal in a l l  

i n t r a -  and e x t r a c e l l u l a r  exchangeable poo ls .  I n i t i a l l y  uptake o f  r a d io 

iso tope  predominates,  bu t  l a t e r  as the i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  

r a d io l a b e l  in c reases ,  e f f l u x  o f  ra d io i s o to p e  in c reases ,  so t h a t  

u l t i m a t e l y  the amount o f  r a d io l a b e l  in  the t i s s u e  s t a b i l i s e s  a t  a 

leve l  where uptake arid e f f l u x  are equ a l .  I t  is  t h e r e f o r e  necessary

to  d i s t i n g u i s h  between apparent  ca lc ium  uptake,  which is  dependent on 
kS  2 +r e d i s t r i b u t i o n  o f  Ca taken up f'fom the medium, and ac tua l  ca lc ium 

uptake,  which is  n o t .  The r e s u l t s  presented  above i n d i c a t e  t h a t  use 

o f  a 30 minute p re in c u b a t io n  p e r iod  fo l lo w ed  by a 6 minute in cuba t ion  

and a 30 minute wash enables assessment o f  apparent  ca lc ium uptake,  

c h i e f l y  i n t o  i n t r a c e l l u l a r  compartments.  However, as the wash was 

es t im a ted  to  remove, as much as 70% o f  the e x t r a c e l l u l a r  bound and 

i n t r a c e l l u l a r  f r e e  and bound r a d i o l a b e l ,  and e f f l u x  o f  ra d io la b e l  may 

be s i g n i f i c a n t  even in a s h o r t  in cu b a t io n  p e r io d ,  the apparent  ca lc ium 

uptake presumably underest imates ac tu a l  ca lc ium uptake.
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Using an exper imen ta l  p ro to c o l  s i m i l a r  to  t h a t  descr ibed above,
45 2+Cooke and Robinson (1971) demonstrated t h a t  uptake o f  Ca by 

s l i c e s  o f  r a t  ce reb ra l  hemispheres was increased 46% by in cu ba t ion  

in 50 mM potassium and by 84% on in cu ba t io n  w i t h  3 mM sodium az id e .  

Moreover,  measurement o f  r e s t i n g  membrane p o t e n t i a l s  (average -50 mV) 

in d ic a te d  maintenance o f  i n t r a c e l l u l a r  sodium and potassium in c o n t ro l  

medium. This data which is  in  good agreement w i t h  t h a t  presented above, 

in d i c a te s  th a t  v i a b l e  b r a in  t i s s u e s  accumulate ca lc iu m  by passive
45 2+

d i f f u s i o n  f o l l o w i n g  the e le c t ro c h e m ic a l  g r a d ie n t  and t h a t  Ca 

accumula t ion  can be increased by d e p o la r i s a t i o n  w i t h  potassium o r  by 

use o f  the m e tabo l ic  i n h i b i t o r  sodium azide (p reven t ion  o f  a c t i v e  

e x t r u s i o n  by Ca-ATPase). The marked i n h i b i t o r y  e f f e c t  o f  the i n o rg a n ic  

ca lc ium  a n t a g o n i s t ,  lanthanum, f u r t h e r  suggests t h a t  the major rou te  

o f  ca lc ium uptake is  v i a  ca lc ium  channels.  These c o n t ro l  exper iments 

using sodium a z id e ,  d e p o la r i s i n g  co nc e n t ra t io n s  o f  potass ium,  and 

lanthanum t h e r e fo r e  p ro v id e  evidence o f  the v i a b i l i t y  o f  the t i s su e s  

used.

Levine  and Morley (1981) found t h a t  i . c . v .  sCT supressed both

spontaneous and CaCl^ (1.25 nmol, i . c . v . )  induced feed ing  in r a t s ,  and

supported t h e i r  sugges t ion  t h a t  c a l c i t o n i n  migh t  produce i t s  a n o r e c t i c

e f f e c t  by an a c t i o n  on hypo tha lamic  ca lc ium metabol ism by demonst ra t ing
A5 2+an i n h i b i t o r y  e f f e c t  o f  sCT on uptake o f  Ca by hypo tha lamic  e x p la n t s .

_ •]

Doses o f  0 .2  and 2.0 U.ml (approx im a te ly  15 and 150 nM) were found 

to  reduce ^ C a ^ + uptake by 25 and 30% r e s p e c t i v e l y .  These concen t ra 

t i o n s  were cons idered by the authors  to  be e q u i v a le n t  to t  those which

i n h i b i t e d  feed ing  in  v i v o .  A more d e t a i l e d  s tudy by Koida e t  a l  (1932)
2+

demonstrated t h a t  sCT a t  c o n c e n t ra t io n s  o f  10-1000 nM reduced Ca 

uptake by small  b locks o f  r a t  hypothalamus by a pp rox im a te ly  10-15%.

This e f f e c t  was observed o n ly  in  the hypothalamus and o n l y  a f t e r  an 

in cu ba t io n  o f  60 m inu tes.  U n fo r tu n a te l y  these authors do no t  comment 

on the  f a c t  t h a t  Levine and Morley (1981) observed an i n h i b i t o r y  e f f e c t  

w i t h  an in cu ba t io n  p e r iod  o f  o n l y  10 minutes.

The lack  o f  e f f e c t  o f  sCT on uns t im u ta ted  apparent  ca lc ium 

uptake by r a t  b ra in  s l i c e s  is in  c o n t r a s t  to  the repor ted  i n h i b i t o r y  

e f f e c t  in  the hypothalamus. This d iscrepency  may r e f l e c t  d i f f e r e n c e s  

in  exper imenta l  p r o t o c o l ,  p a r t i c u l a r l y ,  the d u ra t io n  o f  in cu ba t io n  

and t i s s u e  used may be c r i t i c a l  ( the  t i s s u e  used in these exper iments  

conta ined  m id b ra in ,  b ra ins tem ,  thalamus and sub thalamus in a d d i t i o n  to
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the hypotha lamus). However, the f a c t  t h a t  sCT a t  doses o f  5 and 50 nM 

prevented the potassium induced s t i m u l a t i o n  o f  apparent  ca lc ium uptake 

p rov ides  f u r t h e r  ev idence t h a t  sCT can modi fy ca lc ium f lu x e s  o f  CNS 

der ived  t i s s u es  i n v i  t r o g s p e c i f i c a l l y  the hormone may p la y  a re g u la to r y  

r o le  in  d e p o la r i s a t i o n  e l i c i t e d  ca lc iu m  f l u x .

F i n a l l y ,  i t  has been suggested by Koida e t  a l  (1982) t h a t  sCT
IfC 2 +

induced i n h i b i t i o n  o f  Ca uptake by the hypothalamus could be used 

as a model to  e l u c i d a t e  the c e l l u l a r  events in vo lved  in the c e n t ra l  

e f f e c t s  o f  CT. I t  shou ld  be- noted,  however, t h a t  i n t e r p r e t a t i o n  o f  

the re s u l t s  o f  such exper iments  i s  d i f f i c u l t  when the c o n t r i b u t i o n  o f  

e x t r a c e l l u l a r  f r e e  and bound ca lc iu m  to  the uptake o f  ra d io s io to p e  is  

no t  known (as is  the case in the exper iments o f  Lev ine and Mor ley ,
h e

1981 and Koida e t  a l ,  1982),  and t h a t  accumula t ion  o f  Ca is 

dependent on ra tes  o f  uptake and e f f l u x ,  and the s i z e  o f  the exchang

eab le  poo l .  Such c o n s id e ra t io n s  w a r ra n t  the use o f  more d e t a i l e d  

pha rm acok ine t ic  a n a ly s i s  o f  uptake and e f f l u x  curves than has been used

to  date .  Moreover,  Koida and co-workers have found t h a t  I C,_n f o r  
125disp lacement o f  l -sCT f rom r a t  hypothalamus by sCT (1 .08 nM)

to  be c ons ide rab ly  lower than the minimum e f f e c t i v e  dose f o r  i n h i b i t i o n  
Zf 5 2+

o f  Ca up take,  and t h a t  C‘ te rm ina l  f ragments o f  sCT which d is p la c e
125 bS  2+1-sCT are w i t h o u t  e f f e c t  on Ca uptake.  I t  Is  t h e r e fo r e

conce ivab le  t h a t  t h i s  e f f e c t  is  no t  r e c e p to r  mediated.
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Figure  R.30 E f f e c t  o f  Dura t ion  o f  Wash on Apparent  Calcium 

Uptake by S l i c e s  o f  Rat M id b ra in .

Apparent ca lc ium uptake was c a l c u la te d  f rom the 

r a d i o a c t i v i t y  o f  the washing medium and t h a t  remaining 

in  the t i s s u e  a f t e r  60 minutes.  The in s e t  shown the 

same data w i t h  the n a tu ra l  log o f  the ca lc ium uptake 

p l o t t e d  on the y ax is  enab l ing  ’ p e e l i n g 1 procedures 

f o r  d e te rm in a t io n  o f  pharm acok ine t ic  parameters o f  

ca lc ium e f f l u x .  Values are x + s . e . ,  n = A.
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F i g u r e  R.31 E f f e c t  o f  Dura t ion  o f  Incubat ion  on Apparent  

Calci  um Uptake.

SI bees were p re incubated  f o r  30 minu tes ,  p r i o r  to

in c u ba t io n  in  medium c o n ta in in g  56 mM ( d e p o la r i s i n g )
45 2+

o r  5.9  mM (normal potass i urn) ,and Ca f o r  the 

per iods shown, and then washed f o r  30 minutes in  iced 

Krebs. Values are x + s . e . ,  n = k .
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F ig u r e  R.32 E f f e c t  o f  Potassium and Sodium Azide on Apparent  

Ca i ci  urn Uptake .

+The e f f e c t  o f  S o mM K on apparent  ca lc ium  uptake was

assessed as desc r ibed  in R.30. Sodium azide was added

( i f  a p p ro p r ia te )  10 minutes p r i o r  to  in cu b a t io n  w i t h  
k  2+

Ca . Values are x + s . e . ,  va lues o f  n are shown.

* *  P < 0.01 (compared to  c o n t r o l ) .
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F i g u r e  R.33 E f f e c t  o f  Lanthanum on Appa re n t  Ca lc ium Uptake.

This exper iment  was performed us ing  Hepes b u f fe re d

media (methods) LaCl ,  was added '1-0 minutes p r i o r  to 
hS 2+Ca . Values are x  + s . e . ,  va lues o f  n are shown. 

*  P < 0 .05 ;  * *  P < 0.01
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F ig u r e  R .31* E f f e c t  o f  sCT on Contro l  and Potassium S t im u la ted  

Apparent  Calcium Uptake.

Salmon CT was added to  the in cu ba t io n  media 10 

minutes p r i o r  to  in cu ba t io n  in normal o r  d e p o la r i s i n g  

s o l u t i o n .  Values are  x + s . e . ,  va lues o f  n are shown.

*  P < 0.05 compared to  i n t e r n a l  c o n t r o l  (5*9 mM K ) .

5 nM sCT « 70 U . T 1
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R.6 CALCITONIN AND CENTRAL CYCLIC ADENOSINE 3 ‘ , 5 '-MONOPHOSPHATE 

METABOLISM

In t r o d u c t I o n

I t  Is now w e l l  e s ta b l i s h e d  t h a t  numerous b i o l o g i c a l l y  a c t i v e  

substances,  i n c lu d in g  CT, can modi fy  c y c l i c  n u c le o t i d e  metabol ism in 

a wide range o f  t i s s u e s .  P e r i p h e r a l l y ,  CT has been found to  e le v a te  

le ve ls  o f  cAMP in  k id n e y ,  bone and mononuclear phagocytes and to 

increase  adeny la te  cyc la se  a c t i v i t y  in  renal plasma membranes ( l . 9 . b )  

C e n t r a l l y ,  L o f f l e r  e t  al  (1982) have repor ted  CT to  s t im u la t e  cAMP 

accumula t ion in c u l t u r e d  g l i a l  c e l l s ,  y e t  p a r a d o x i c a l l y ,  adeny la te  

cyc lase  a c t i v i t y  o f  r a t  whole b ra in  homogenates has been repor ted  to  

be i n h i b i t e d  by CT (Rizzo and Gol tzman, 1981).  As m o d i f i c a t i o n  o f  

c e n t r a l  c y c l i c  n u c le o t i d e  metabol ism could c l e a r l y  u n d e r l i e  the 

pharmaco logical  e f f e c t s  o f  c e n t r a l l y  adm in is te re d  CT, these p revious 

exper iments have now been extended by assessment o f  the e f f e c t s  o f  

sCT on mouse b ra in  cAMP and adeny la te  cyclase a c t i v i t y .

Resul ts

i )  B ind ing  Assay Standard Curves

The p r o te i n  b in d in g  assay used f o r  cAMP is  s i m i l a r  in  p r i n c i p l e

to  radioimmunoassay.  In both cases a ra d io la b e le d  l ig a nd  is  d isp lace d

from a h igh a f f i n i t y  b in d in g  s i t e  (on a n a t u r a l l y  o c c u r r i n g  p r o te i n

f o r  cAMP o r  on an an t igen  in radioimmunoassay) by un labe led  l i g a n d .

The p r o p o r t i o n  o f  ra d io l a b e l  bound (determined as the s p e c i f i c  a c t i v i t y

in the presence o f  b in d in g  p r o te i n  as a percentage o f  the a c t i v i t y

in  the same amount o f  la be le d  l i g a n d  in the absence o f  b in d in g  p r o te i n )

is  t h e r e fo r e  dependent on the co n c e n t ra t io n  o f  unlabe.led l i gand  as

shown in f i g u r e  R„35 ( i n s e t ) . .  To s i m p l i f y  c a l c u l a t i o n s  a l i n e a r

c a l i b r a t i o n  curve  can be ob ta ined  by c a l c u l a t i n g  the a c t i v i t y  in the

absence o f  un labe led l i gand  (Cq) d iv id e d  by the a c t i v i t y  in the

presence o f  the  standard  (C ) and p l o t t i n g  t h i s  va lue (C /C ) a g a in s t
X  o x

the c o n c e n t r a t io n  o f  the s tandards .  The standard  curves obta ined  f o r  

cAMP were l i n e a r  ove r  the range 1-16 pmol/sample.
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i i )  R e l a t i o n s h i p  between Sample C o n c e n t r a t i o n  and cAMP Conten t

As shown above, when us ing  the p r o te i n  b in d in g  assay f o r  cAMP 

a s tandard curve can be co ns t ruc ted  which is  l i n e a r  ove r the range o f  

1-16 pmol per  50 y l  sample o f  s tandard .  I t  was, however, cons idered  

p rudent  to  i n v e s t i g a t e  the  e f f e c t  o f  t i s s u e  homogenate on the b in d in g  

assay and to  dete rm ine the  r e l a t i o n s h i p  between sample c o n c e n t r a t io n  

and cAMP con te n t .

To i n v e s t i g a t e  the p o s s i b i l i t y  t h a t  the homogenate might  i n t e r f e r e  

w i t h  the p r o te i n  b in d in g  assay a standard curve was prepared f rom 

standards d i l u t e d  in homogenate (one hypothalamus in 5 ml o f  50 mM T r i s /  

EDTA b u f f e r  a t  pH 7**0 and compared to  a normal s tandard  curve prepared 

by d i l u t i o n  o f  cAMP in b u f f e r  a lone .  The curve prepared in the presence 

o f  homogenate had a lower  g r a d ie n t  than the normal s tandard  curve ,  

presumably r e f l e c t i n g  n o n - s p e c i f i c  b in d in g  o f  cAMP to  the  homogenate 

( f i g u r e  R .3 6 .b ) .  However, as both s tandard  curves appeared l i n e a r ,  

n o n - s p e c i f i c  b in d in g  is  p r e d i c te d  to  cause a cons tan t  unde res t im a t ion  

(20-30%;; o f  the ac tua l  cAMP con te n t  o f  samples in the range o f  homo

genate co nc e n t ra t io n s  used.

When a homogenate (one hypothalamus in 2.5 ml Tr is/EDTA b u f f e r )  

was s e r i a l l y  d i l u t e d  in b u f f e r  the assayed cAHP c o n c e n t r a t io n  o f  the 

* samples was found to  be d i r e c t l y  dependent on the c o n c e n t r a t io n  o f  

the samples ( f i g u r e  R.36.a)  p r o v id i n g  f u r t h e r  ev idence t h a t  any under

e s t im a t i o n  o f  cAMP c o n c e n t r a t io n  due to  n o n - s p e c i f i c  b in d in g  produces a 

cons tan t  e r r o r  over the range o f  sample co n c e n t ra t io n s  used.

i i i )  E f f e c t  o f  sCT on House Bra in  C y c l i c  N uc leo t id e  Levels

The cAMP concen t ra t ions  o f  mouse hypothalami and c o r t i c e s

a f t e r  i . c . v .  a d m i n i s t r a t i o n  o f  v e h i c l e  were 4.49 +  0 .16 and A. 83 + 0.60 
_ 1

pmol.mg p r o te i n  (n - 1 4 )  r e s p e c t i v e l y .  The c o n c e n t r a t io n  o f  cAMP in 

the hypothalami was increased by i . c . v .  a d m in i s t r a t i o n  o f  sCT atadose 

o f  50 iL&j' '1 tui  Was uhajfkl'ed kj  10 0 ^ 4  1 U.kg  ̂ . The cAHP concen

t r a t i o n  in the c o r t i c e s  was n o t  s i g n i f i c a n t l y  a l t e r e d  by i . c . v .  sCT a t
-1

doses o f  1, 10 o r  50 U.kg ( f i g u r e  R.37) .

184



i v )  A d e n y la te  Cyc lase  A c t i v i t y  o f  House Hypothalamus Homogenates

Adenyla te  cyc la se  a c t i v i t y  was assessed by the method o f  

A lb a r o e t  a l  (1973) in  which the ra te  o f  cAMP accumula t ion  is  determined 

in  a Tr i s -HCl b u f fe re d  in cu ba t io n  medium c o n ta in in g  ATP and a 

phosphodies terase i n h i b i t o r  ( t h e o p h y l l i n e ) .  Adeny la te  cyc lase  a c t i v i t y  

is  expressed as pmol cAMP produced /mg p r o te in /m in u te  (pmol /mg/m in ) . 

A f t e r  in cu b a t io n  a t  30°C adeny la te  cyc lase  a c t i v i t y  was te rm ina ted  by 

b o i l i n g  : f o r  3 minu tes.  P r e l im in a r y  exper iments were per formed to  f i n d  

a s u i t a b l e  in cu ba t io n  p e r iod  (d u r i ’ng which cAMP accumula t ion is  l i n e a r l y  

dependent on t ime) and to  assess the e f f e c t s  o f  b o i l i n g  on the assay. 

C y c l i c  AMP accumula t ion  in a homogenate o f  mouse hypothalamus was found 

to be d i r e c t l y  dependent on t ime f o r  the f i r s t  20 minutes o f  i n cu ba t io n  

( f i g u r e  R.38b).  The in cu ba t io n  p e r iod  o f  10 minutes was se le c te d  f o r  

a l l  subsequent  assays.  When a s e r ie s  o f  cAMP standards were b o i l e d  

p r i o r  to  the p r o t e i n  b in d in g  assay the  g r a d ie n t  o f  the s tandard  curve 

was not  s i g n i f i c a n t l y  a l t e r e d  by b o i l i n g  ( f i g u r e  R.3$.a)  i n d i c a t i n g  

the s u i t a b i l i t y  o f  t h i s  procedure f o r  t e r m in a t i o n  o f  the in c u b a t io n .

v) E f f e c t  o f  Sodium F lu o r id e  on Adenyla te  Cyclase

The adeny la te  cy lcase  a c t i v i t y  o f  homogenates o f  mouse hypo th 

alamus was 2712 + 1.4 pmol/mg/min (n = 6) w i t h  10 pM, guanoSine

t r ip h o s p h a te  (GTP), and 28.7 + 3 . 5  pmol/mg/min (n = 6) w i t h o u t  GTP, and 

was found to  be increased by sodium f l u o r i d e  a t  5 and 15 mM in the 

presence and in the absence o f  GTP ( f i g u r e  R.39) .

v j ) E f f e c t  o f  sCT on Adeny la te  Cyclase

Adenyla te  cyc la se  a c t i v i t y  o f  homogenates o f  mouse hypothalamus

( c o n t r o l -= 24.7 + 1.6 pmol /mg/min, n = 9) was found to  be increased
- I  - 1in a dose dependent manner by sCT a t  60 pU.ml -60 U.ml ( 3.6 pM- 

3.6 pM) in the standard i n c u b a t io n  medium c o n ta in in g  10 pM GTP 

( f i g u r e  R.40).  In a subsequent  i n t e r n a l l y  c o n t r o l l e d  exper im en t ,  sCT 

a t  c o n c e n t ra t io n  o f  60 pU-2 U.ml  ̂ again produced a dose dependent 

s t i m u l a t i o n  o f  basal adeny la te  cyc lase  a c t i v i t y  in  the presence o f  GTP, 

whereas in  incuba t ion  medium la c k in g  GTP on ly  a modest s t i m u l a t i o n  o f  

enzyme a c t i v i t y  was observed a t t a i n i n g  s t a t i s t i c a l  s i g n i f i c a n c e
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-1o n ly  a t  2 U.ml ( f i g u r e  R.41) .  The hasal adeny la te  cyc lase  

a c t i v i t i e s  in the presence and absence o f  GTP were the  same as those 

g iven above f o r  the e f f e c t  o f  sodium f l u o r i d e  on adeny la te  cyc lase  

a c t i v i  t y .

Di scuss ion

The p r e l im i n a r y  exper iments  descr ibed  above i n d i c a t e  t h a t  the 

assays employed are s u i t a b l e  f o r  the d e te rm ina t ion  o f  cAMP and cGMP 

c o nc e n t ra t io n s  and adeny la te  cyc la se  a c t i v i t y  in  the b ra in s  o f  mice.

The e x t r a c t i o n  e f f i c i e n c y  was es t ima ted  a t  app rox im a te ly  70-80% cAMP 

and adeny la te  cy lcase  values quoted are  presumably, t h e r e f o r e ,  under

es t ima ted  by app rox im a te ly  20-30%. Procedures requ i red  f o r  the c o r r e c 

t i o n  o f  t h i s  e r r o r  were not  cons idered  necessary as a l l  experfments were 

i n t e r n a l l y  c o n t r o l l e d  and were designed f o r  e s t im a t i o n  o f  hormone induced 

changes ra th e r  than f o r  d e te rm ina t io n  o f  abso lu te  va lues .

The co nce n t ra t io n s  o f  c y c l i c  n uc le o t id e s  in  the mouse b ra in  are  

known to be g r e a t l y  a f f e c t e d  by post  mortem changes ( S te in e r ,

F e r r e n d e l l i  and K ip n i s ,  1972), which may p a r t l y  account  f o r  the g rea t  

v a r i a t i o n  in  repor ted  va lues .  However, even when rap id  methods o f  

s a c r i f i c e  and t i s s u e  f i x a t i o n  are  employed co ns ide rab le  v a r i a t i o n s  are 

seen in  repor ted  r e s u l t s .  Hence, S te in e r  e t  al (1972) us ing l i q u i d  

mi t rogen to  p reven t  pos t  mortem changes ob ta in ed  c o n t r o l  va lues o f
_ i

1.4 and 2.0 pmol.mg p r o te i n  in the  ce rebra l  c o r t e x  and hypothalamus,

whereas Schne ider ,  F e l t ,  Murphy and Goldman (1981),  us ing  microwave

i r r a d i a t i o n  ob ta ined  c o n t r o l  values  o f  app rox im a te ly  26 and 20 pmol.
- 1mg p r o te in  in  these t i s s u e s .  N o tw i ths ta nd ing  the e r r o r  in t roduced

by e x t r a c t i o n  o f  cAMP, i t  is  apparent  t h a t  the c o n t ro l  va lues o f
-14-5 pmol.mg p r o te in  repor ted  above are w i t h i n  the  repor ted  range.

As w i t h  basal le v e ls  o f  c y c l i c  n u c le o t i d e s ,  the  repor ted  

es t ima tes  o f  c e n t ra l  adeny la te  cyc lase  a c t i v i t y  vary g r e a t l y ,  presumably 

r e f l e c t i n g  d i f f e r e n c e s  in  exper imenta l  p r o t o c o l .  However, Kerwin e t  

a l  (1980),  us ing  a s i m i l a r  assay method and incuba t ion  medium 

c o n ta in in g  10 yM GTP repor ted  a va lue f o r  the adeny la te  cyc lase  

a c t i v i t y  o f  r a t  hypo tha lamic  homogenates(35•3 pmol/mg/min) which is  

in  good agreement w i t h  the va lues ob ta ined  above (24-29 pmol /mg/min) .
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_ “ 1Centra l  a d m in i s t r a t i o n  o f  sCT ( 50 U.kg ) was found

to produce a modest b u t  s i g n i f i c a n t  increase in  the cAMP co n c e n t ra t io n
-1

o f  the hypothalamus, no such e f f e c t  was ob ta ined  w i t h  1 ,U.kg and 

a l though a s i m i l a r  tendency was observed in the c o r t e x  t h i s  d id  no t  

a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e .  The CT induced e le v a t i o n  o f  hypo th-
t

a lm a ic  cAMP could  however, c l e a r l y  be assoc ia ted  w i t h  the hormones 

c e n t ra l  e f f e c t s .  E le v a t io n  o f  cAMP in v i v o  could . t h e o r e t i c a l l y  be 

achieved by d i r e c t  o r  i n d i r e c t  i n h i b i t i o n  o f  cAMP metabol ism by phos

phod ies te ra se ,  o r  by d i r e c t  o r  i n d i r e c t  s t i m u l a t i o n  o f  cAMP p ro d u c t io n  

by adeny la te  cyc lase .  P e r i p h e r a l l y  CT induced e l e v a t i o n  o f  t i s s u e  cAMP 

can be a t t r i b u t e d  t o i t s d i r e c t  s t i m u l a t o r y  e f f e c t  on adeny la te  cyc lase ,  

and t h i s  p o s s i b i 1i t y  was t h e r e f o r e  in v e s t i g a te d  c e n t r a l l y  us ing 

homogenates o f  hypothalamus.

Salmon CT was found to  produce a dose dependent s t i m u l a t i o n  o f  

the adeny la te  cyc lase  a c t i v i t y  o f  hypotha lamic  homogenates in. the 

standard assay medium ( c o n ta in in g  10 yM GTP) w i t h  s i g n i f i c a n t  s t i m u l a 

t i o n  a t  0.12 nM-3.6 yM. These r e s u l t s  are in r e l a t i v e l y  good agreement 

w i t h  those o f  Loreau,  L a j o t t e ,  Wahbe and A r d a i l l o u  (1978) who s t im u la te d  

adeny la te  cyc la se  o f  r a t  renal  c o r t e x  membrane w i t h  app rox im a te ly  

0.01 nM-10 j j \  sCT, and those o f  Goltzman (1980) who s t im u la te d  r a t  and 

r a b b i t  renal  membrane a deny la te  cyc la se  w i t h  app rox im a te ly  0 . 1 -  10 p W  

sCT. Al though  L o f f l e r  e t  a l  (1982) found sCT to  inc rease  the accumula

t i o n  o f  cAMP in  c u l t u r e s  o f  r a t  g l i a l  c e l l s  a t  app rox im a te ly  0 .1 -2  yM^ 

sCT d id  no t  modi fy the accumula t ion  in mouse g l i a l  c e l l s .  The s t i m u l a 

t o r y  e f f e c t  on mouse adeny la te  cyc lase  may t h e r e f o r e ,  no t  i n v o lv e  an 

a c t i o n  on g l i a l  c e l l s .

The r e s u l t s  o f  the  exper iments to  dete rmine the e f f e c t  o f  GTP

on the responses to  sCT and NaF were in good agreement w i t h  those o f

Loreau e t  al (1978) who found t h a t  a d d i t i o n  o f  100 yM GTP increased

the potency o f  sCT a t  s t i m u l a t i o n  o f  renal membrane adeny la te  cyc lase

by a pp rox im a te ly  t h r e e - f o l d  (EDcn reduced f rom 1.97 to  0.67 nM),i>u
whereas a d d i t i o n  o f  guany1imidophosphate d id  no t  modi fy  the response 

to  NaF. The r e s u l t s  presented  above i n d i c a t e  t h a t ,  l i k e  p e r ip h e ra l  

CT re ce p to r  l i n k e d  adeny la te  cyc la se ,  the adeny la te  cyc lase  o f  

hypo tha lamic  homogenates can be s t im u la te d  by sCT in a GTP dependent
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manner. I t  is  no t  c l e a r ,  however, whether the tendency toward^ 

s t i m u l a t i o n  o f  adeny la te  cyc la se  by sCT in the absence o f  added GTP 

can be a t t r i b u t e d  to  a GTP independent  e f f e c t  o r  to the e f f e c t  o f  

t i s s u e  d e r ived  GTP.

The s i m i l a r i t y  between p e r ip h e ra l  recep to r  l i n k e d  adeny la te

cyc lase  and c e n t ra l  adeny la te  cyc lase  w i t h  regard to  GTP dependent

s t i m u l a t i o n  by sCT p rov ides  ev idence t h a t  the c e n t ra l  e f f e c t  is  a lso  

recep to r  mediated and thus ,  may be p h y s i o l o g i c a l l y  o r  p h a rm a co lo g i ca l l y  

r e le v a n t .  However, these r e s u l t s  a re  in d i r e c t  c o n t r a s t  w i t h  those o f

Rizzo and Goltzman (1981) who repor ted  i n h i b i t i o n  o f  r a t  hypo tha lamic

homogenates adeny la te  cyclases a c t i v i t y  a t  doses o f  app rox im a te ly  

0 .3"10 yM sCT. Th is d iscrepency  may w e l l  r e f l e c t  d i f f e r e n c e s  in e x p e r i 

mental p r o t o c o l ,  Since Rizzo and Goltzman (1981) es t im a ted  the enzymes 

a c t i v i t y  a t  4°C, and used a washed membrane f r a c t i o n  in an in cu ba t ion  

mediurn w i t h o u t  added guanyl n u c l e o t i d e .  The l a t t e r  p o i n t  is  p a r t i c u l a r l y  

s u r p r i s i n g  as the p re p a ra t io n  was u n l i k e l y  to  c o n ta in  t i s s u e  de r ived  

guanyl n u c le o t id e s  and these au thors  had p r e v io u s l y  repor ted  the s t im u 

l a t o r y  e f f e c t  o f  sCT on renal  membrane adeny la te  cyc lase  to  be p o t e n t i a t e d  

by g u a n y l - 5 ‘ -a te  imidophosphatey a GTP analogue which is  r e s i s t a n t  to  

h y d r o l y s i s  to  GDP. Moreover, the  IC^q o f  the repor ted  i n h i b i t o r y  e f f e c t

(approx im a te ly  6 yM) was c o ns id e ra b ly  h ig h e r  than the co n c e n t ra t io n
125re q u i re d  to produce ha l f -max im a l  i n h i b i t i o n  o f  b in d in g  o f  1-sCT to 

hypo tha lamic  homogenates (1 nM). The authors  suggest  t h a t  t h i s  d i f f e r e n c e  

may r e f l e c t  the  d i f f e r e n t  p o p u la t ion s  o f  CT b in d in g  s i t e s  repor ted?n  the 

CNS by Koida e t  al (1980) but  as both b in d in g  and adeny la te  cyc lase  

s t i m u l a t i o n  were determined on r a t  b r a in  hypo tha lamic  homogenates the 

recep to rs  would have been f rom the same p o p u la t i o n .  The repor ted  

i n h i b i t o r y  e f f e c t  o f  h igh  doses o f  sCT on c e n t ra l  adeny la te  cyc lase  

a c t i v i t y  appears,  t h e r e f o r e ,  not  to be assoc ia ted  w i t h  re ce p to r  b in d in g  

and may r e f l e c t  a non s p e c i f i c  o r  t o x i c  e f f e c t .
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Figure  R. 35 C y c l i c  Adenosine 3% 5 1 “ monophosphate P ro te in  B inding 

Assay Standard Curves.

50 pi  samples o f  cAMP in  T r i s -HCl b u f f e r  were assayed
■5

as descr ibed  in methods. The percentage [ H ] —cAMP 

remaining bound a f t e r  i n cu ba t io n  w i t h  cAMP standards is  

p l o t t e d  a g a in s t  cAMP in the in s e t  diagram. The

same da ta ,  r e p lo t t e d  as Cq/C^  a ga in s t  cAMP g ives a

l i n e a r  standard  curve .  Values are means o f  two 

determi  n a t i  ons .
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F ig u r e  36a R e l a t i o n s h i p  Between P r o t e i n  and cAMP C o n c e n t r a t i o n

Hypothalamic homogenate was s e r i a l l y  d i l u t e d  p r i o r  to  

assay o f  cAMP and p r o t e i n .  Values are means o f  two 

determi  n a t i o n s .

F igure  R.36b E f f e c t  o f  Homogenate on cAMP Standard Curve.

cAMP s tandards were prepared in T r i s -HC l o r  in 

hypo tha lamic  homogenate ( i n  T r i s  HCl) ,  Values are 

the means o f  d u p l i c a t e  d e te rm in a t io n s .
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F ig u r e  R.37 E f f e c t  o f  i . c . v .  sCT on cAMP Concen t ra t ion  o f  Mouse 

Brain.

V e h ic le  o r  sCT were adm in is te red  20 minutes p r i o r  to 

s a c r i f i c e ,  and cAMP was assayed as descr ibed  in methods 

Values are x + s . e . ,  va lues o f  n are shown.

*  P <  0 .05 compared to  animals r e c e i v i n g  v e h i c l e .
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F ig u r e  R.38a Lack o f  E f f e c t  o f  B o i l i n g  on cAMP S tandard  Curve

Standards were e i t h e r  assayed d i r e c t l y  (o) o r  were 

b o i l e d  f o r  3 minutes p r i o r  to  assay ( • ) .  Values are 

means o f  th ree  d e te rm in a t io n s .

Figure  R.38b Accumulat ion  o f  cAMP in Hypothalamic Homogenate.

Samples o f  homogenate were b o i l e d  to  te rm in a te  

enzyme a c t i v i t y  a t  the t imes shown. Values are means 

o f  th ree  d e te rm in a t io n s .
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F igure  R.39 E f f e c t  o f  GTP on NaF S t im u la t i o n  o f  Mouse 

Hypotha lamic  Adeny la te  Cyclase.

Adeny la te cyc lase  a c t i v i t y  was determined in  the 

presence o r  absence o f  10 yM GTP (basal adeny la te  

cyc lase  a c t i v i t y  was 28.7  + 3*5 and 27.2 + 1 . k  pmol /  

mg/minute r e s p e c t i v e l y ) .  Values are x + s . e . ,  n = 6

*  P < 0 .05 ;  * *  P < 0.01 (compared to  a p p r o p r ia te  c o n t ro l  

g ro u p ) .
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Figure  R.AO S t im u la t i o n  o f  Adeny la te  Cyclase in Mouse 

Hypothalamic Homogenates by sCT.

Enzyme a c t i v i t y  determined f rom the cAMP produced by 

hypotha lamic  homogenate incubated  f o r  10 minu tes,  a t  

30°C in a T r is -HC l b u f fe re d  medium (pH 7 . A) 

c o n ta in in g  2 mM ATP, 6 mM th e o p h y l l i n e  and 10 yM GTP. 

Incubat ion  was te rm in a ted  by b o i l i n g  f o r  3 minu tes .  

S i g n i f i c a n t  s t i m u l a t i o n  was observed w i t h  0.12 nM-3.6 yM
_ -j

sCT (' = 2 mU-60 U.ml ) .  Contro l  adeny la te  cyc lase  was 

2^ .7  + 1.6 pmol/mg/min (n = 9 ) .  Values are x  + s . e . ,  

values o f  n are shown.

*  P< 0 .05 ;  * *  P < 0.01
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F ig u r e  R.41 E f f e c t  o f  GTP on sCT S t i m u l a t i o n  o f  A d e n y la te  Cyc lase

o f  House H yp o th a la m ic  Homogenate.

Adeny la te cyc la se  a c t i v i t y  was determined in the 

presence o r  absence o f  10 yM GTP (basal  a c t i v i t y  was 

28.7  + 3 .8  and 27.1 + 1.4 pmol /mg/minute r e s p e c t i v e l y ) .  

Values are x + s . e . ,  n -  6.

*  P < 0.05 (compared to  a p p ro p r ia te  c o n t r o l ) .
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R.7 EFFECT OF CALCITONIN ON CENTRAL TRYPTAMINERGIC METABOLISM

I n t r o d u c t i o n

I t  is  apparent  t h a t  the pharmaco logical  e f f e c t s  o f  c e n t r a l l y  

adm in is te red  CT may be produced by a d i r e c t  o r  i n d i r e c t  a c t i o n  to  modu

l a t e  neuronal a c t i v i t y .  Hence, Yamamoto e t  a l  (1980) have demonstrated 

t h a t  c e n t ra l  a d m i n i s t r a t i o n  o f  pCT (8 and 17 U.kg i n h i b i t e d  e l e c t r i 

cal p o t e n t i a l s  in  the sensory c o r t e x  o f  immob i l ised  ra b b i t s  evoked by 

e l e c t r i c a l  s t i m u l a t i o n  o f  the t o o th  pu lp  o r  s c i a t i c  nerve,  and 

Miyahara and Oomura (1981) found t h a t  i o n to p h o r e t i c  a p p l i c a t i o n  o f  CT 

onto  g lucose s e n s i t i v e  neurones o f  the  l a t e r a l  hypothalamus caused a 

re d uc t io n  in neuronal  a c t i v i t y .  However, very few pub l i shed  repor ts  

have addressed the problem o f  the i d e n t i t y  o f  the n e u r o t r a n s m i t t e r  

systems thought  to  be modulated by CT. A no tab le  excep t io n  is  the work 

o f  Nakhla and co-workers who have repor ted  t h a t  a s i n g l e  in t ra m u scu la r
_ 1

dose o f  pCT (20 U.kg ) increases both 5~HT c o n c e n t r a t io n  and a c e t y l c h 

o l i n e s t e r a s e  (AchE) a c t i v i t y  in the  r a t  b ra in  (Nakhla and Majumdar, 1978) 

C le a r l y  e i t h e r  o r  both o f  these e f f e c t s  could modulate neuronal a c t i v i t y  

and u n d e r l i e  the pharmaco logical  e f f e c t s  o f  the hormone. Al though  the 

s t i m u l a t o r y  e f f e c t  o f  CT on r a t  b r a in  5-HT has r e c e n t l y  been supported 

by Dupuy e t  al  (1983)» the e f f e c t  o f  CT on b ra in  AchE is  in  d i r e c t  c o n t 

r a s t  to  the  r e s u l t s  o f  Bates e t  a l  (1982b) who f a i l e d  to  observe any a l t 

e r a t i o n  in the  enzyme a c t i v i t y  a f t e r  p e r ip h e ra l  a d m in i s t r a t i o n  o f  sCT 

(20 U.kg- 1 ) .

The r e s u l t s  presented  in  t h i s  chap ter  were o b ta in ed  f rom a s e r ie s  

o f  exper iments designed to extend p rev ious  s tud ies  o f  the e f f e c t s  o f  CT 

on c e n t ra l  5~HT. The assays used were based on those descr ibed  by Curzon 

and Green (1970) in which 5“ HT and 5-HIAA are e x t r a c te d  from' crude b ra in  

homogenates and reacted w i t h  o -p th a la lde hyde  (OPT) to  produce h i g h l y  

f l u o r e s c e n t  p roduc ts .

Res u 1 ts

i )  F luorescence Spec t ra ,  Standard Curves and E x t r a c t i o n  E f f i c i e n c i e s

When a range o f  s tandard  co n ce n t ra t io n s  o f  5“ HT and 5-HIAA were 

assayed as descr ibed  above (M.10) the r e l a t i o n s h i p  between f luo rescence  

and indoleamine c o n c e n t r a t io n  was found to  be l i n e a r  ove r the range o f  

0 .0 5 -1 .0  ug, f o r  5-HT and 0 .0 25-1 .0  pg f o r  5-HIAA. Furthermore,  the
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e x c i t a t i o n  and emiss ion  spec t ra  ob ta in ed  f o r  5~HT and 5-HIAA were 

e s s e n t i a l l y  s i m i l a r  to  those descr ibed  by M a icke l ,  Cox, S a i l l a n t  

and Mi 1l e r . 0 9 6 8 )  f o r  the 5-HT-QPT complex w i t h  e x c i t a t i o n  and 

emission maximal a t  app rox im a te ly  360 and 470 nM r e s p e c t i v e l y .  Using 

a f  lyo-pimet r i  c assay s i m i l a r  to  t h a t  descr ibed above, Curzon and 

Green (1970) repor ted  the e f f i c i e n c y  o f  e x t r a c t i o n  o f  both 5-HT and 

5~HIAA f rom a c i d i f i e d  n -b u tano l  to  be 95~100%. However, as t i s s u e  

indoleamines are e x t r a c te d  f rom anhomogenate in n - b u ta n o l ,  r a th e r  than 

f rom the  s o lv e n t  a lo ne ,  i t  was considered prudent  to  determine  the 

p o s s ib le  e f f e c t  o f  the t i s s u e  on the e x t r a c t i o n  e f f i c i e n c y .  Known 

standards  o f  5~HT and 5-HIAA in  phosphate b u f f e r  were e i t h e r  added to  

samples o f  a c i d i f i e d  n -bu tano l  o r  t i s s u e  homogenate in n -butano l  

p r i o r  to  e x t r a c t i o n  and assay,  o r  were assayed w i t h o u t  e x t r a c t i o n .

A f t e r  c o r r e c t i o n  f o r  sample d i l u t i o n  through the assay,  and s u b t r a c t i o n  

o f  a p p r o p r ia t e  b la nk  va lues  (phosphate b u f f e r  a lone  e x t r a c te d  f rom 

n -bu tano l  o r  homogenate p r i o r  to  assay o r  assayed w i t h o u t  e x t r a c t i o n )  

graphs o f  f luo rescence  a g a in s t  5“ HT o r  5"HIAA c o n c e n t r a t io n  were 

p l o t t e d  ( f i g u r e  R.42) and used f o r  e s t im a t i o n  o f  e x t r a c t i o n  e f f i c i e n c y ,  

in agreement w i t h  the o b s e rv a t io n  o f  (Quezon and Green (1970),  the 

e f f i c i e n c y  o f  e x t r a c t i o n  o f  5~HT and 5-HIAA f rom n -bu tano l  d id  not  

d i f f e r  s i g n i f i c a n t l y  f rom 100%. However, in  the presence o f  t i s s u e  

homogenate, e x t r a c t i o n  e f f i c i e n c y  was reduced to 69.4  + 8.0% f o r  5-HT 

and 68.9 + 5% f o r  5"HIAA. Al though  the reasons f o r  t h i s  reduc t io n

in  e f f i c i e n c y  are u nc lea r  ( p o s s i b i l i t i e s  in c lu de  s p e c i f i c  o r  non

s p e c i f i c  b in d in g  o f  indoleamines to  the t i s s u e )  i t  is  apparent  t h a t  the 

i n t e r n a l  s t a n d a r d i s a t i o n  procedure adopted f o r  subsequent  assays should 

compensate f o r  indoleamines l o s t  in  the e x t r a c t i o n .

i i )  R e la t io n s h ip  between Homogenate Concent ra t ion  and Fluorescence

When a sample o f  mouse b ra in  was homogenised in 10 volumes o f  

a c i d i f i e d  n -bu tano l  and s e r i a l l y  d i l u t e d ,  p r i o r  to  assay o f  5“ HT and 

5 -HIAA, the p l o t s  o f  f lu o resce n ce  a g a in s t  c o n c e n t ra t io n  o f  homogenate 

were both found to  be l i n e a r  ( f i g u r e  R.43).  In subsequent  assays, 

t i s s u e  samples were homogenised in  a t  l e a s t  10 volumes o f  s o l v e n t  and 

a l i n e a r  r e l a t i o n s h i p  between indoleamine c o n c e n t r a t io n  and f luo rescen ce  

o f  these samples can t h e r e f o r e  be assumed.
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i i i )  Assay S p e c i f i c i t y

As s i m i l a r  e x c i t a t i o n  and emission spec t ra  have been ob ta in ed  

f o r  5 “ HT and 5-HIAA, f lu o rescence  alone cannot  be used to  d i s t i n g u i s h  

between these two indoleamines.  The s e l e c t i v i t y  o f  the assays are 

t h e r e fo r e  dependent on the  e f f i c i e n c y  o f  sepa ra t ion  in the e x t r a c t i o n .  

The s e l e c t i v i t y  o f  the assays used was assessed by a d d i t i o n  o f  5-HT 

to  t i s s u e  homogenates p r i o r  to  assay o f  5~HIAA and by a d d i t i o n  o f

5-HIAA p r i o r  to  assay o f  5” HT. As shown in f i g u r e  R . k k ,  5“ HT was no t

found to i n t e r f e r e  w i t h  the d e te rm ina t io n  o f  5-HIAA, whereas 5 “ HIAA 

was found to  increase the  f luo resce nce  obta ined  in the 5-HT assay.  In 

o rde r  to  compensate f o r  t h i s  i n t e r f e r e n c e ,  samples o f  homogenate p lus 

5-HT o r  5-HIAA were assayed f o r  5“ HIAAand 5“ HT r e s p e c t i v e l y .  In 6 

separa te  exper iments ,  1 yg 5“ HIAAwas found to  produce f lu o rescence  

e q u iv a le n t  t o  t h a t  produced by 0.19 + 0.02 yg 5“ HT in the 5~HT assay.  

Where p o s s ib le ,  the values ob ta in ed  f o r  5-HIAA i n t e r f e r e n c e  in the 

5“ HT assay and the 5“ HIAA co n te n t  o f  the samples were used to  . c o r re c t  

5-HT d e te rm ina t ions  f o r  5-HIAA f luo rescence .

i v )  E f f e c t  o f  P a r g y l i n e ,  Probenecid and p -c h lo r p h e n y la l a n in e  (PCPA)

on Mouse Bra in  5“ HT and 5- HIAA

In a s e r ie s  o f  i n t e r n a l l y  c o n t r o l l e d  exper im en ts ,  the e f f e c t s

o f  p a r g y l i n e ,  probenecid  and PCPA on mouse whole b r a in  5-HT and 5-HIAA 

c o n c e n t ra t io n  vinca determi  ned. The r a t i o n a l e  f o r  the use o f  these drugs 

in c o n t ro l  exper iments is  e v id e n t  f rom f i g u r e  R.45 and the  r e s u l t s  o f  

these exper iments are shown in f i g u r e s  R.^6 and R . k 7 .  The c o n t ro l  

values ( v e h i c le  p r e t r e a te d )  ob ta ined  f o r  5“ HT c o n c e n t r a t io n  were 

1.08 + 0 .17,  0.75 + 0.06 and 0.98 + 0.05 yg/g wet w e ig h t  in  th ree  

separa te  exper iments ( n ' = 6 ~ 9 )  and f o r  5-HIAA c o n c e n t r a t io n  were 

0 .^3  + 0.03 and 0.61 + 0.07 yg wet w e ig h t  in  two separa te  exper iments 

(n = 6- 9 ) ,  these values are in  good agreement w i t h  values repor ted  in 

the s c i e n t i f i c  l i t e r a t u r e .  Hence, Curzon and Green (1970) found the 

co n c e n t ra t io n  o f  5“ HT and 5-HIAA in the  r a t  whole b r a in  to  be 0.83 and 

0.35 ug/g wet w e igh t  r e sp ec t ive ly .  T h i r t y  minutes a f t e r  i n h i b i t i o n
_ 1

o f  monoamine ox idase w i t h  75 mg.kg o f  p a ra g y l in e  ( i . p . )  mouse whole 

b ra in  5“ HT was found to  be e le va ted  by 62.0 + 5.0% and 5-HIAA was 

reduced by 17.1 ± ^.8%. In c o n t r a s t ,  b lockade o f  5-HIAA e f f l u x  f rom
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“ 1t he  CNS w i t h  200 mg.kg o f  probenecid ( i . p . )  e le va te d  whole b ra in  

5-HIAA by 28.6 + 13*1% w i t h o u t  s i g n i f i c a n t l y  a l t e r i n g  the  concen tra 

t i o n  o f  5“ HT. These r e s u l t s  are e s s e n t i a l l y  s i m i l a r  to  those o f  Ne f f  

e t  a l  (1967) who used the ra te  o f  5“ HIAA accumula t ion a f t e r  p robenecid ,  

and Tozer,  N e f f  and Brod ie  (1966) who used the ra te  o f  d e c l i n e  o f  5” HT 

a f t e r  p a r g y l i n e ,  to  e s t im a te  the ra te  o f  5” HT tu rn o v e r  i n  the r a t
“ 1

b r a in .  I n h i b i t i o n  o f  t ryp tophan  hydroxy 1ase w i t h  PCPA (300 mg.kg ,

72, k 8  and 2 k  hours p r i o r  to exper imenta l  use) reduced the co n c e n t ra t io n  

o f  both 5~HIAA and 5“ HT by ~ /k . 6 + 6 .2  and k~J. 1  ±  2 .3 % r e s p e c t i v e l y ,  the 

n e c e s s i t y  f o r  repea t  a d m i n i s t r a t i o n  was demonstrated by the modest 

reduc t ion  in  5“ HT (23.1 + 6.6%, n = 8) produced by a s i n g le  i n j e c t i o n
i  1

o f  PCPA (300 mg.kg1 2 k  hours p r i o r  to  exper imenta l  use) .  Koe and 

Wiessman (1966) have repor ted  t h a t  t h i s  dose o f  PCPA reduced r a t  

b r a in  5“ HT to 7 + U  o f  c o n t r o l  values i n d i c a t i n g  the  marked s e n s i t i v i t y  

o f  ra ts  to  t h i s  t re a tm en t .

v) Rate o f  Turnover o f  House Bra in  5 “ HT

As mentioned above, the ra te  o f  c e n t ra l  5“ HT tu rnove r  has been 

es t ima ted  f rom the ra te  o f  accumula t ion  o f  5-HIAA a f t e r  b lockade o f  

ac id  t r a n s p o r t  f rom the  CNS w i t h  probenec id (Nef f  e t  a l , 1967) and 

f rom the ra te  o f  d e c l i n e  o f  c e n t ra l  5” HIAA a f t e r  monoamine ox idase 

i n h i b i t i o n  w i t h  p a r g y l i n e  (Tozer e t  a l ,  1966).  P r e l im i n a r y  exper iments 

( f i g u r e  R.A8) revealed t h a t  mouse whole b ra in  5~HIAA increased l i n e a r l y  

f o r  90 minutes a f t e r  a d m in i s t r a t i o n  o f  p robenecid ,  the 5“ HT tu rno ve r  

r a te  (es t im a ted  f rom the g r a d ie n t  o f  t h i s  graph) o f  0.27 + 0.0A p g / g / h r  

is  in  good agreement w i t h  the values o f  O .k  and 0.192 p g / g / h r  ob ta in ed  

by N e f f  e t  al (1967) and Goodlet  and Sugrue (197*0 r e s p e c t i v e l y ,  iusing 

s i m i l a r  methods o f  assessment in  r a t s .  The lack  o f  e f f e c t  o f  proben

ec id  on c e n t ra l  5 “ HIAA a f t e r  p a r g y l i n e  p re t rea tm e n t  has a lso  been 

demonstrated in  ra ts  by N e f f  e t  a l  (1967).

v i )  E f f e c t  o f  sCT on Mouse and Rat Bra in  5 ” HT and 5~H1AA

As shown in t a b le  7> c e n t r a l  and p e r ip h e ra l  a d m i n i s t r a t i o n  o f
-1 -1 sCT a t  doses o f  20 U.kg i . p .  and 1-10 U.kg i . c . v .  f a i l e d  to modi fy

the  c o n c e n t ra t io n  o f  e i t h e r  5” HT o r  5"HIAA in e i t h e r  m idb ra in  o r
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cerebe l lum plus c o r t e x  r e g io n s o f  mouse b r a i n ,  determined a t  va r ious
-1 •t imes a f t e r  a d m in i s t r a t i o n  o f  sCT. Fur thermore,  20 U.kg l»P»

f a i l e d  to  modi fy  the c o n c e n t r a t io n  o f  these indoleamines in  e i t h e r

region o f  r a t  b ra in  ( t a b le  8 ) .  These r e s u l t s  are in  d i r e c t  c o n t r a s t

to those o f  Nakhla and Majumdar (1978) who found t h a t  r a t  b ra in  5-HT

was e le va ted  by 5&%> 30 minutes a f t e r  i n t ra m u s c u la r  a d m i n i s t r a t i o n  o f
-1

pCT a t  a dose o f  20 U.kg , and those o f  Dupuy e t  al (1983) who found

r a t  whole b r a in  5-HT to  be increased by approx im a te ly  45%, 45 minutes
_1

a f t e r  p e r ip h e ra l  a d m in i s t r a t i o n  o f  sCT (20 U.kg ) .

Di scuss i on

The r e s u l t s  o f  the p r e l im i n a r y  exper iments descr ibed  in s e c t io n s

i ~ i v above, p ro v ide  ev idence  t h a t  the exper imenta l  procedures adopted

are s u i t a b l e  f o r  a s imp le  and s p e c i f i c  s p e c t r o f 1u o r i m e t r i c  assay o f

b r a in  5“ HT and 5-HIAA. The r e l i a b i l i t y  o f  these assays are f u r t h e r

supported by the  f a c t  t h a t  the determined va lu es ,  which do not  vary

g r e a t l y  ( " w i t h i n  expe r im en t "  s tandard  e r r o r s  are  t y p i c a l l y  below 10%),

are in  good agreement w i t h  p r e v io u s l y  repor ted  va lu es ,  and can be m od i f ied

in  a p r e d i c t a b le  manner by va r ious  pharmaco logical  procedures.  However,

in d i r e c t  c o n t r a s t  to the work o f  Nakhla and Majumdar (1978) and Dupuy
_■]

e t  a l  (1983) sCT a t  20 U.kg , i . p . ,  was found no t  to  modi fy  the concen

t r a t i o n  o f  5“ HT in r a t  b r a in  5“ HT. Moreover,  c e n t r a l  a d m in i s t r a t i o n  o f  

sCT to  mice, a t  doses known to  produce a n t i n o c i c e p t i o n  (1 and 10 U.kg ^) 

and a t  t imes when a n t i n o c i c e p t i o n  might  be expected (20, 45 and 90 

minutes a f t e r  a d m i n i s t r a t i o n ) ,  f a i l e d  to  modi fy c e n t ra l  c o n c e n t ra t io n s  

o f  5“ HT o r  5"HIAA. These r e s u l t s  suggest  t h a t  the pharmaco logical  e f f e c t s  

o f  CT are u n l i k e l y  to  be achieved by gross e le v a t i o n  o f  c e n t ra l  5~HT l e v e l s .

As repor ted  e f f e c t s  o f  CT on r a t  b ra in  AchE a c t i v i t y  and 5-HT 

c o n c e n t r a t io n  are c o n t r a d i c t e d  by the work o f  Bates e t  a l  (1982c) and 

by the r e s u l t s  presented above, i t  seems p e r t i n e n t  to d iscuss  the 

work o f  Nakhla and Majumdar and o f  Dupuy and co-workers in some d e t a i l .

In 1978, Nakhla and Majumdar repor ted  t h a t  a s i n g le  i .m .  i n j e c t i o n  o f
_ 1

pCT (20 U.kg ) to  ra ts  o f  150-200 g caused a re d uc t io n  in  plasma 

ca lc ium and f r e e  t ryp tophan  c o n c e n t r a t i o n s ,  and increased ce reb ra l  AchE 

a c t i v i t y  andi whole b r a in  5“ HT. Nakhla and Majumdar proposed t h a t  CT 

increased c e n t r a l  AchE a c t i v i t y  by promot ing the uptake o f  t ryp tophan
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i n t o  the  CNS and t h a t  t h i s  caused an increase  in c o n t ro l  5"HT which in

tu rn  increased c e n t r a l  AchE a c t i v i t y .  The authors  suggested t h a t  t h i s

hypo thes is  is  suppor ted  by the demonstra t ion  t h a t  PCPA p re t rea tm en t

prevented the re duc t io n  in  plasma t ryp tophan  and the increase  in

ce rebra l  AchE a c t i v i t y  (Nakhla,  1980).  Fu r the r  suppo r t  f o r  t h i s

hypo thes is  was p rov ided  by Dupuy e t  al  (1983) who found t h a t  a s i n g le
_  1

dose o f  sCT (20 U.kg ) e le va ted  c e n t ra l  5-HT in  ra ts  a t  45, bu t  no t  

a t  90,  minutes a f t e r  a d m i n i s t r a t i o n .  However, mechanisms und e r l y in g  

the e f f e c t  o f  c e n t r a l  5-HT on AchE a c t i v i t y  have no t  been proposed by 

e i t h e r  group,  indeed,  Bates e t  a l  (1982c) have f a i l e d  to  modi fy  c e n t ra l  

AchE a c t i v i t y  o f  ra ts  w i t h  i . p .  sCT, and in  mice were unable to modi fy

c e n t ra l  AchE a c t i v i t y  w i t h  a range o f  t rea tments  i n c l u d i n g  p e r ip h e ra l
- 1  ~1 a d m in i s t r a t i o n  o f  t ryp tophan  (300 mg.kg s . c .  and 300 o r  600 mg.kg

~1 -1 
p .o . )  PCPA (300 mg.kg i . p . ) ,  sCT (20 U.kg s . c . )  and c e n t ra l  admin

i s t r a t i o n  o f  sCT (50 U.kg  ̂ i . c . v . )  and 5“ HT (0.67 mg.kg  ̂ i . c . v . ) .

In a d d i t i o n  to  the c o n t ro ve rsy  su r round in g  the p o s s ib le  e f f e c t s  o f  CT 

on AchE a c t i v i t y ,  the repor ted  re d uc t io n  in plasma f r e e  t ryp tophan a f t e r  

pCT (Nakhla e t  a l ,  1978) is  in  d i r e c t  c o n t r a s t  to  the inc rease  observed 

by Dupuy e t  a l  (1983) us ing sCT. A p o s s ib le  e x p la n a t io n  f o r  t h i s  l a t t e r  

d isc repency  is  t h a t  Nakhla and Majumdar (1978) c o l l e c t e d  b lood samples 

in h ep a r in ise d  tubes,  whereas Dupuy* e t  al (1983) avoided the use o f  

hepa r in  which they s ta te d  can mod i fy  the b in d in g  o f  t ryp tophan to  serum 

a lbumin .  I t  i s ,  o f  course,  p o s s ib le  t h a t  s i m i l a r  d i f f e r e n c e s  in e x p e r i 

mental p ro toco l  ( r o u te  o f  a d m i n i s t r a t i o n ,  type o f  CT used, age, sex and 

species o f  exper imenta l  an im a l ,  t rea tmen t  o f  t i s s u e s  a f t e r  removal e tc )  

m ig h t ,  a t  l e a s t  in  p a r t ,  e x p l a in  d i f f e r e n c e s  in repor ted  e f f e c t s  on AchE 

a c t i v i t y  and 5-HT l e v e l s .  However, a se r ious  c r i t i c i s m  o f  the  work o f  

both Nakhla and Majumdar and o f  Dupuy and co-workers is  t h a t  t h e i r  

exper iments were g e n e r a l l y  no t  s u f f i c i e n t l y  c o n t r o l l e d .  Hence, c e n t ra l  

5-HT c o n c e n t ra t io n s  a f t e r  CT a d m i n i s t r a t i o n  have been compared to  the 

va lues ob ta in ed  p r i o r  to  a d m i n i s t r a t i o n ,  and the p o s s i b i l i t y  o f  a r t i f -  

ac tua l  e f f e c t s  due to  h an d l ing  s t re s s  and d iu rn a l  v a r i a t i o n  in 5“ HT 

le v e ls  can t h e r e fo r e  no t  be r e j e c t e d .  The importance o f  s u i t a b l e

i n t e r n a l  c o n t r o l s  is  demonstrated by r e f e r r i n g  to the e f f e c t  o f  sCT 
-1(20 U.kg i . p . )  on r a t  b r a i n  5~HT ( t a b le  8 ) .  Al though  the c o n c e n t ra t io n  

o f  mi 'dbrain 5“ HT was s i g n i f i c a n t l y  g re a te r  45 minutes a f t e r  sCT a dm in is 

t r a t i o n  t h a t  a t  20 o r  90 m inu tes ,  (P < 0.05)  t h i s  e f f e c t  cannot be 

a t t r i b u t e d  to  the  hormone, as the c o n t ro l  va lue  was a ls o  e le va ted  a t  45
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minutes.  Fur thermore,  n e i t h e r  group have commented on the f a c t  t h a t  

t h e i r  c o n t ro l  va lues  f o r  c e n t r a l  5“ HT co nc e n t ra t io n s  (2.5  and -  3-0 

yg /g  repor ted  by Dupuy e t  a l ,  1983, and Nakhla and Majumdar, 1978, 

r e s p e c t i v e l y )  are 2-4 t imes h ig h e r  than the values repor ted  e lsewhere.
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F ig u r e  R.k l Graphs to  Show E f f i c i e n c y  o f  E x t r a c t i o n  o f  5~HT (a) 

and 5-HIAA (b)

The f luo resce nce  shown is  t h a t  produced when 

indoleamines were e i t h e r  not  e x t r a c te d  ( • )  o r  were 

e x t r a c te d  f rom butanol  (o) o r  f rom homogenates (A).

A l l  va lues are co r re c ted  by s u b t r a c t i o n  o f  a p p ro p r ia te  

b lank  and f o r  d i l u t i o n  du r ing  assay.  Gradients 

were determined by l i n e a r  re g ress ion  and were used 

f o r  d e te rm ina t io n  o f  e x t r a c t i o n  e f f i c i e n c i e s .  Values 

are means o f  th ree  d e te rm in a t io n s .
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F ig u r e  R.43 R e la t io n s h ip  Between Homogenate C oncen t ra t ion  and 

Fluorescence o f  Ex t rac te d  5“ HT and 5~HIAA.

The o r i g i n a l  homogenate (CNS t i s s u e  in 10 volumes 

o f  a c i d i f i e d  n -b u ta n o l )  was assayed d i r e c t l y  o r  

d i l u t e d  f u r t h e r  p r i o r  to assay.  Values are means o f  

t h ree  d e te rm in a t io n s .  P h o t o m u l t i p l i e r  gain was se t  

to  normal f o r  5-HIAA and high f o r  5~HT.
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F ig u r e  R.kk S p e c i f i c i t y  o f  5“ HT and 5~HIAA Assays.

The 5~HT and 5~HIAA con ten t  o f  samples o f  mouse 

b r a in  homogenate w i t h  added indoleamines (shown) was 

determined.  In subsequent  assays 1 yg 5“ HIAA was 

found to  produce f luo rescence  e q u i v a le n t  to  t h a t  o f

0.19 + 0.02 yg 5“ HT in  the 5~HT assay,  whereas 5“ HT 

d id  not  c o n s i s t a n t l y  produce f luo rescen ce  in the 

5-HIAA assay. Values are means o f  th ree  d e te rm in a t io n s .



5“
H

T
/5

“H
IA

A 
11

9/9
 

we
t 

w
e

ig
ht

i

1 . 5 0 n

1.25

1 . 0 0  1

0 . 7 5 -

0 . 5 0  -

0 . 2 5 “

Q)4->(0Ca)
05O
EO

_C

a)co
05

CD
■M
05C
a)
05o
EO

-C

<<
_JLI
LA

05
PL

O
+

<<
ZSZI
L A

05
53.

CNI

O
+

I
L A

05
PL

O
+

I— or 1
L A

05
PL

CNI

O
+

ASSAYED FOR 5“ HIAA ASSAYED FOR 5“ HT

215



F ig u r e  R.45 Diagram to  I l l u s t r a t e  Main Features o f  Centra l  5“ HT 

Turnover (Adapted f rom N e f f  e t  a l ,  1967).

I n h i b i t i o n  o f  t ryp tophan  hydroxy lase  w i t h  PCPA leads 

to  reduc t ion  in c e n t ra l  5“ HT and 5"H1AA c o n c e n t r a t io n s .  

I n h i b i t i o n  o f  monoamine oxidase w i t h  p a r g y l i n e  

increases c e n t r a l  5~HT and reduces c e n t r a l  5-HIAA 

c o n c e n t r a t i o n .  I n h i b i t i o n  o f  t r a n s p o r t  o f  5” HIAA across 

the b lo o d - b r a in  b a r r i e r  w i t h  probenec id causes 

accumula t ion  o f  5“ HIAA in the  CNS.
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gure  R.46 E f f e c t  o f  P a r g y l i n e ,  P robenec id  and PCPA on Mouse

Whole B r a i n  5“ HT.

Animals were s a c r i f i c e d  30 minutes a f t e r  p re t rea tm en t
_  i

w i t h  v e h i d l e ,  p a r g y l i n e  (75 mg.kg ) o r  probenecid  
_ 1

(300 mg.kg ) ,  o r  were p re t r e a te d  w i t h  PCPA (300 mg.kg 

o r  v e h i c l e  (0.9% NaCl w i t h  0.5% B r i j  30) e i t h e r  2 k  

hours (PCPA x 1) o r  72, 48 and 2 k  hours (PCPA x 3) 

p r i o r  to  s a c r i f i c e .  Values are x + s . e . ,  values o f  n 

are shown.

* *  P < 0.01 compared to  a p p ro p r ia te  c o n t r o l  ( v e h ic le )  

group.
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F ig u r e  R.47 E f f e c t  o f  P a r g y l i n e ,  Probenec id  and PCPA on Mouse

Whole B r a i n ,  5-HIAA.

Animals were s a c r i f i c e d  30 minutes a f t e r  p re t rea tm en t
_ i

w i t h  v e h i c l e ,  p a r g y l i n e  (75 mg.kg ) o r  probenecid
_ i

(300 mg.kg ) i n a volume o f  0.1 ml , i . p . ,  o r  were 

p re t r e a te d  w i t h  v e h i c le  (0.9% NaCl w i t h  0.5% B r i j  30)
_ i

o r  PCPA (300 mg.kg ) 72, 48 and 24 hours p r i o r  to  

s a c r i f i c e .  Values are x + s.e._, values o f  n are shown.

*  P < 0 .05 ;  * *  P <  0.01 (compared to  a p p ro p r ia te  c o n t ro l  

( v e h ic le )  group.
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F igure  R.A8 E f f e c t  o f  P a r g y l in e  P re trea tment  on Probenecid 

Induced Accumulat ion  o f  5"HIAA in Mouse B ra in .

_ i
A n i m a l s  rece ived  p a r g y l i n e  (75 mg.kg ) o r  v e h i c le

i . p .  30 minutes p r i o r  to  a d m in i s t r a t i o n  o f  probenecid
_ i .

(300 mg.kg ; i . p . ) .  5“ HIAA accumulated a t  the ra te  

o f  0.27 + 0 .0^  y g /g /h o u r  and 0.00 + 0.02 yg /g /h o u r  

a f t e r  v e h i c l e  and p a r g y l i n e  r e s p e c t i v e l y .  Values are 

x + s . e . , n = 6-8
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T ab le  7 Lack o f  E f f e c t  o f  sCT on Mouse B r a in  5-HT and 5 “ HIAA

“ Mi d b r a in 11 Cortex  and Cerebellum
5-HT 5-HIAA 5“ HT 5-HIAA

Vehi c l e ,  
20 mins

i .p. 1.025+0.056 
(6)

0.666+0.034
(6)

0.510+0.044
(5)

0.318+0.025
(6)

sCT 20 U.kg i . p  
20 mins

1.147+0.111 
(6)

0.696+0.039
(6)

0.474+0.018
(6)

0.312+0.014
(6)

Vehi c l e , 
45 mi ns

i ,p . 1.102+0.053
(5)

0.811+0.069
(5)

0.377+0.062
(4 r  ~

0.548+0.158
(4)

sCT 20 U.kg" i .p 
45 mins

1.251+0.131 
(5)

0.845+0.115
(5)

0.353+0.077
(4)

0.586+0.155
(4)

Veh i c 1e , 
20 mi ns

i . c . v 0.705+0.030
(6)

- 0.447+0.039
(6)

-

sCT 1 U.kg" 
i . c . v . , 20 mi ns

sCT 10 U .k g "1 
i . c . v . , 20 mi ns

0.731+0.046 
(6) “

— 0.448+0.031
(6)

0.712+0.030
(6)

— 0.490+0.010
(6)

—

Vehi c l e ,  
20 mins

i . c. v 1.488+0.072 
(6)

0.390+0.043
(6)

0.364+0.029
(6)

0.119+0.008
(6)

sCT, 10 
i . c . v . ,

U.kg 1 
20 mins

1.408+0.101 
(6)

0.391+0.023
(6)

0.401+0.012
(6)

0.135+0.010
(6)

Vehi c l e ,  
45 mins

i . c .  v 1.436+0.103
(6)

0.419+0.026
(6)

0.381+0.015
(6)

0.131+0.006
(6)

sCT, 10 
i . c . v . ,

U . k g '1 
45 mins

1.555+0.055 
(6)

0.413+0.020
(6)

0.366+0.016
(6)

0.146+0.007
(6)

Veh i c 1e , 
90 mins

i . c . v . 1.585+0.089
(5)

0.414+0.022
(6)

0.398+0.032
(6)

0.127+0.006
(6)

sCT, 10 
i . c . v . ,

U.kg 1 
90 mins

1.523+0.020 
(6) '

0 .427+0.013 
(6) “

0.384+0.017
(6)

0.144+0.006
(6)

Indoleamine c o n c e n t ra t io n s  (expressed in yg /g  wet w e ig h t )  a f t e r  sCT d id  

not  d i f f e r  s i g n i f i c a n t l y  (P > 0.05)  f rom those o f  a p p ro p r ia te  c o n t ro l  

( v e h i c le )  groups.  Where 5-HIAA was no t  de te rmined,  5"HT is  no t  

co r re c te d  f o r  5“ HIAA f lo u re s c e n c e .  Values are x + s . e .  ( n ) .
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Tab le  8 Lack o f  E f f e c t  o f  sCT on Rat B ra in  5 “ HT and 5-HIAA

"Hi  db ra i n*'1 Cortex and Cerebellum
5-HT 5-HIAA 5-HT 5-HIAA

V e h ic le ,  i . p .
20 mins

sCT, 20 U . k g " 1 i . p  
20 mins

1.617+0.122 
(6) ”

1471+0.106
(5)

1. 024+0.07** 
(6)

1.055+0.098 
(6)

0.441+0.036
(5)

0.422+0.013
(6)

0.290+0.018
(5)

0.288+0.010
(6)

Veh i c 1e , i . p .
45 mins

- i
sCT, 20 U.kg i . p  
45 mins

1.908+0.131 
(5)

1.893+0.082 
(5)

1.023+0.039 
( $ )  ~

1.048+0.044 
(6)

0.484+0.097 
(6) '

0 .463+0.017
(6)

0.284+0.012 
(6) ”

0.303+0.020
(6)

Vehi c l e ,  i . p .
90 mins

sCT, 20 U.kg” 1 i .p 
90 mins

1.5^3+0.093 
(6)

1.593+0.131
(6)

1.006+0.059 
(6)

1.214+0.115
(6)

0.476+0.023
(6)

0.518+0.053
(6)

0.323+0.010
(6)

0.330+0.011
(6)

Indoleamine c o n c e n t ra t io n  (expressed in yg /g  wet we ig h t )  a f t e r  sCT d id  

not  d i f f e r  s i g n i f i c a n t l y  (P > 0.05)  f rom those a p p ro p r ia te  c o n t ro l  

( v e h ic le )  groups.  Values are x + s . e .  ( n ) .
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DISCUSSION



D.1 SUMMARY OF RESULTS AND SCOPE OF DISCUSSION

C e n t r a l l y  mediated e f f e c t s  o f  CT can be assumed to in v o lv e  

d i r e c t  o r  i n d i r e c t  m o d i f i c a t i o n  o f  neuronal  a c t i v i t y .  S i m i l a r l y ,  

ev idence has been presented  i n d i c a t i n g  t h a t  the p ressor  response o f  

haemorrhaged ra ts  to  p e r i p h e r a l l y  adm in is te red  ( i . v . )  sCT invo lves  

modula t ion  o f  the a c t i v i t y  o f  p e r ip h e ra l  sympathe t ic  nerves .  The work 

presented in t h i s  t h e s i s  t h e r e fo r e  f a l l s  i n t o  th ree  d i s t i n c t  c a te g o r ie s :

i )  De term inat ion  o f  the  pharmaco logical  e f f e c t s  o f  drugs and 

pep t ides  using in v i v o  models s u i t a b l e  f o r  the . q u a n t i f i c a t i o n  o f  

the responses to  CT induced a l t e r a t i o n  o f  neuronal  a c t i v i t y .

The models used in the m a j o r i t y  o f  exper iments  were,  the mouse 

a c e t i c  ac id  induced abdominal c o n s t r i c t i o n  t e s t ,  in  which sCT, 

hCT and CGRP were found to  produce a n t i n o c i c e p t i o n  a f t e r  c e n t ra l  

a d m i n i s t r a t i o n ,  and the normotensive and hypotens ive  urethane 

anaes the t is ed  r a t  in  which sCT was found to  produce profound 

p ressor  responses,  p a r t i c u l a r l y  a f t e r  c e n t ra l  a d m i n i s t r a t i o n ,  

o r  in  ra ts  rendered hypo tens ive  by haemorrhage.
r 't
i i )  The use o f  pharmaco logical  and s u rg i c a l  procedures to  determine 

the i d e n t i t y  o f  the neuronal  systems a f f e c t e d  by sCT. The a n t i 

n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  adm in is te red  sCT in the mouse 

a c e t i c  ac id  abdominal c o n s t r i c t i o n  t e s t  was found to  be dependent 

on the i n t e g r i t y  o f  c e n t ra l  t r y p t a m i n e r g i c  systems but  a p p a re n t l y  

not  dependent on c e n t ra l  no rad ren e rg ic  systems. The p ressor  

e f f e c t  o f  p e r i p h e r a l l y  adm in is te re d  sCT* in haemorrhaged ra ts  was 

found to be dependent on the i n t e g r i t y  o f  both the CNS and the 

p e r ip h e ra l  sym pa the t ic  nervous system, whereas the  l a t t e r  appears 

no t  to  be necessary f o r  the p ressor  e f f e c t  o f  c e n t r a l l y  admin

i s t e r e d  sCT.

i i i )  De te rm ina t ion  o f  the b iochemica l  e f f e c t s  o f  sCT in o rd e r  to 

e l u c i d a t e  mechanisms by which CT might  a l t e r  neuronal  a c t i v i t y .

In c o n t r a s t  to  p rev ious  re po r ts  CT was found no t  to  a l t e r  

c e n t ra l  5 “ HT (o r  5~HIAA) conce n t ra t io n s  i n d i c a t i n g  t h a t  gross 

a l t e r a t i o n s  in  the c o n c e n t r a t io n  o f  t h i s  indoleamine do not  

produce (o r  occur as a r e s u l t  o f )  the c e n t ra l  neuronal  a c t i o n  

o f  CT. I n v e s t i g a t i o n  o f  p o s s ib le  second messenger systems 

revealed t h a t  sCT can e le v a te  the c o n c e n t r a t io n  o f  cAMP and 

the a c t i v i t y  o f  adeny la te  cyclase  in the mouse hypothalamus
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h5 2+and can i n h i b i t  potassium s t im u la te d  uptake o f  Ca by 

s l i c e s  o f  r a t  ra idbra in .

In the f o l l o w i n g  d iscu ss ion  i t  i s  the a u th o r ' s  i n t e n t i o n  to 

r e l a t e  these obse rva t io ns  to  each o t h e r ,  to the p ub l i shed  r e s u l t s  o f  

o t h e r  worke rs ,  and to  broader concepts o f  re levance  to the under 

s tand in g  o f  the pharmaco logica l  e f f e c t s  o f  CT. I t  is  a ls o  intended 

to  propose models and mechanisms to account  f o r  the observed e f f e c t s  

and to  d iscuss  the p h y s i o l o g i c a l ,  pharmaco logical  and t h e ra p e u t i c  

re levance o f  the e f f e c t s  o f  CT re por ted  h e re in .

227



D.2 THE RELATIONSHIP BETWEEN CALCITONIN AND CALCITONIN GENE- 

RELATED PEPTIDE'

Several groups have employed biochemical  techniques to 

i n v e s t i g a t e  the na tu re  o f  C T - l i k e  immunoreact ive m a te r ia l  demonstrated 

in  the CNS and p i t u i t a r y .  For example, Catherwood and Deftos (1980) 

e x t r a c te d  immunoreact ive m a te r i a l  f rom po rc ine  p i t u i t a r y  which was 

recognised by a n t i  sera ra ise d  a g a in s t  pCT, but  no t  by t h a t  ra ised  

a g a in s t  hCT and was found to  be o f  s i m i l a r  s i z e  to  pCT when sub jec ted  

to  gel f i l t r a t i o n  chromatography. S i m i l a r l y ,  F ische r  e t  al (1981) 

found the predominant  forms o f  immunoreactive CT e x t r a c te d  f rom 

human p i t u i t a r y  to  c o - e lu t e  w i t h  s y n th e t i c  monomeric hCT and i t s  

su lphox ide  on reve rse  phase HPLC. More r e c e n t l y  t h i s  group (F ische r  

e t  a l ,  1983) repor ted  app rox im a te ly  equ imo la r  co n c e n t ra t io n s  o f  

immunoreactive hCT and i t s  carboxy te rm ina l  f l a n k i n g  p e p t ide  (CCAP) 

in  e x t r a c t s  o f  human b r a in  (again i n d i s t i n g u i s h a b l e  f rom the 

a u th e n t i c  pep t ides  by HPLC). These r e s u l t s  p ro v ide  evidence th a t  

a u t h e n t i c  CT's e x i s t  in  the CNS and th a t  the p re c u rs o r  i s  processed 

(and presumably produced) c e n t r a l l y .

In c o n t r a s t ,  the o pp o s i te  conc lus ion  is  in d i c a te d  by the 

r e s u l t s  o f  Rosenfeld and co-w orke rs .  Amara e t  al  (1982) have 

demonstrated t h a t  the CT genome, which is  t r a n s c r i b e d  to CT mRNA in 

the t h y r o i d ,  is  t r a n s c r ib e d  to  CGRP mRNA in the neural  t i s s u es  o f  

r a t s .  Fur thermore,  Rosenfeld e t  al  (1983) demonstrated CGRP immuno

re a c t i  v i t y  in  the r a t  CNS but  f a i l e d  to  demonstrate c e n t ra l  CTLI w i t h  

a n t i s e r a  which recogn ised t h y r o i d  CT. Cooper e t  a l  (1980a) had 

p re v io u s l y  repor ted  t h a t  o n l y  a smal l  p r o p o r t i o n  (two o u t  o f  f i f t e e n )  

o f  a n t i s e r a  capable o f  re c ogn is in g  a u th e n t i c  CT's detec ted  CTLI in 

the b r a in  o r  p i t u i t a r y ,  c l e a r l y  i n d i c a t i n g  t h a t  the immunoreactive 

molecules demonstrated in the b r a in  and p i t u i t a r y  a re -n o t  i d e n t i c a l  

to those found p e r i p h e r a l l y  bu t  t h a t  these immunoreact ive molecules 

are s i m i l a r  enough to  cross re a c t  w i t h  some a n t i  sera .

S t r u c t u r a l  s i m i l a r i t i e s  between CT and CGRP (which may prove 

to  be more s t r i k i n g  when the t e r t i a r y  s t r u c t u r e  o f  CGRP is  determined,  

see 1.10) ra is e  the p o s s i b i l i t y  t h a t  CGRP may be the endogenous 

molecule recognised by a n t i s e r a  ra ise d  a g a in s t  CT's.  A l o g i c a l  

ex tens io n  o f  t h i s  argument is  t h a t  the CT b in d in g  s i t e s  w i t h i n  the
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CNS might  prove to  be recep to rs  f o r  CGRP and t h a t  re ce p to r  mediated 

c e n t ra l  e f f e c t s  o f  CT's migh t  be r e l a t e d  to  the p h y s io lo g i c a l  r o l e  o f  

endogenous CGRP. Wi th  the presen t  lack  o f  exper imenta l  data concern ing 

the secondary s t r u c t u r e  o f  CGRP, the a f f i n i t y  o f  CGRP f o r  c e n t ra l  CT 

b in d in g  s i t e s  and the d i s t r i b u t i o n  o f  ce n t ra l  CGRP b in d in g  s i t e s ,  

these p o s s i b i l i t i e s  can on ly  be exp lo red  by comparison o f  a) the 

a f f i n i t y  o f  a n t i s e r a  re c ogn is ing  c e n t ra l  CTLI f o r  s y n t h e t i c  CT's and 

CGRP's; b) the d i s t r i b u t i o n  o f  c e n t ra l  CGRP-l ike and C T - l i k e  immuno- 

r e a c t i v i t i e s ; and c) the pharmaco logical  p r o f i l e s  o f  c e n t r a l l y  admin

i s t e r e d  CT and cGRP. These compar isons,  which are l i m i t e d  by a 

p a u c i t y  o f  exper imenta l  data are  exp lo red  below.

The m a j o r i t y  o f  demonstra t ions  o f  c e n t ra l  CTLI were repor ted  

p r i o r  to  the a v a i l a b i l i t y  o f  CGRP and p o s s ib le  cross r e a c t i v i t y  o f  

a n t i s e r a  w i t h  CGRP has no t  t h e r e f o r e  been assessed.  One no tab le  

excep t ion  is  the re p o r t  o f  F isch e r  e t  a l  (1983) in  which separa te  

a n t i s e r a  recogn is ing  human CTLI and salmon CTLI in e x t r a c t s  o f  human 

b r a in  d id  no t  cross re a c t  w i t h  r a t  CGRP in amounts o f  up to  1.3 nmol 

(50% b in d in g  o f  sCT and hCT was observed w i t h  6 and 9 fmol r e s p e c t i v e l y )  

i n d i c a t i n g  t h a t  these a n t i  sera were not  recogn is ing  r a t  CGRP in the 

human b ra in  e x t r a c t s  (cross r e a c t i v i t y  w i t h  human CGRP was not  

determi  n ed ) .

Rosenfeld e t  a l  (1983) repor ted  ' that  the d i s t r i b u t i o n  o f  CGRP 

l i k e  im m uno re ac t iv i t y  was d i f f e r e n t  to  t h a t  o f  any known neu ropep t id e .  

A l though the  d i s t r i b u t i o n s  o f  c e n t r a l  CGRP l i k e  im m un o reac t iv i t y  and 

CTLI are b road ly  s i m i l a r  (both are concen tra ted  in the hypothalamus,  

b ra in  stem and a n t e r i o r  lobe d f  the p i u i t a r y  g land and sparse in the 

c o r t e x  and c e re b e l lu m ) ,  d e t a i l e d  comparison o f  d i s t r i b u t i o n s  is  

imposs ib le  because c e n t ra l  CTLI has no t  been tho rou gh ly  mapped.

At p resen t  (August 1984) the on ly  repor ted  pharmaco logical  

e f f e c t s  o f  c e n t r a l l y  a dm in is te re d  CGRP are the p rodu c t ion  o f  a n t i  no

c i c e p t i o n  in mice (chap te r  R.3)> e l e v a t i o n  o f  MAP in ra ts  (F ischer  

e t  a l , 1983) and i n h i b i t i o n  o f  g a s t r i c  ac id  s e c re t i o n  in ra ts  (Lenz, 

Mor t rud ,  R i v i e r ,  Vale and Brown, 1984). Comparisons o f  the e f f e c t s  

o f  i . c . v .  sCT and CGRP on the ra te  o f  a c e t i c  a c id  induced abdominal 

c o n s t r i c t i o n s  in  mice ( r e s u l t s  presented in the p resen t  work)  reveals
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t h a t  both pep t ides  produce a n t i n o c i c e p t i o n  but  t h a t  the  potency
_1

(ED,-q « 600 pmol .kg ) and d u r a t i o n  o f  a c t i o n  o f  CGRP were co n s id e ra b l y  

less  than those o f  sCT (ED^q ^ 4.7 pmol .kg ^ ) .  The a n t i n o c i c e p t i v e  

e f f e c t  o f  CGRP was found t o  resemble t h a t  o f  hCT in both potency
_ i

(EDj-q k 800 pmol.kg ) and d u r a t i o n .

Comparison o f  the  e f f e c t s  o f  c e n t r a l l y  adm in is te re d  sCT and

CGRP on r a t  blood p ressure  (chap te r  R .4 .b .  and F ish e r  e t  a l ,  1983)
-1 ” 1 revea ls  t h a t  sCT a t  doses o f  0 .1 —10 U.kg ( 0 .0 6 -0 .6  nmol.kg )

produces a p ressor response in normotens ive  r a t s  w i t h  MAP e leva ted  5~60

minutes a f t e r  a d m i n i s t r a t i o n  o f  the  h ig he r  doses,  whereas,  the  p ressor

response produced by i . c . v .  a d m i n i s t r a t i o n  o f  CGRP, a t  doses o f  1 and 
-110 nmol.kg , had a d u r a t i o n  o f  no more than ten m inu tes .  I t  would 

c l e a r l y  be advantageous t o  compare the  haemodynamic e f f e c t s  o f  CT's 

and CGRP in i n t e r n a l l y  c o n t r o l l e d  exper iments  using the  same animal 

model ( e .g .  a l l  animals conscious  o r  a l l  animals a na e s th e t i s e d ) .

Comparison o f  the  i n h i b i t o r y  e f f e c t s  o f  CT and CGRP on g a s t r i c  

a c id  s e c re t i o n  is  hampered because the  e f f e c t s  o f  CGRP have, as y e t ,  

o n l y  been repor ted  in the  form o f  a b r i e f  a b s t r a c t .  However, i t  is  

apparent  t h a t  both pep t id es  can i n h i b i t  g a s t r i c  ac id  s e c re t i o n  in r a t s  

a f t e r  c e n t r a l  o r  p e r ip h e ra l  a d m i n i s t r a t i o n  ( l . 8 . c .  and Lenz e t  a l , 

1 984 ) ,and t h a t  both pep t ides  are h i g h l y  po tent  (Lenz e t  a l ,  1984, 

repor ted  i n h i b i t i o n  o f  g a s t r i c  ac id  s e c re t i o n  a f t e r  a d m i n i s t r a t i o n  

o f  0.22-2200 pmol CGRP, and Bueno e t  e l ,  1983, observed reduced 

g a s t r i c  ac id  s e c r e t i o n  a f t e r  i . c . v .  a d m in i s t r a t i o n  o f  a pp ro x im a te ly  

1.2 and 12 pmol sCT). Lenz e t  a l  (1984) were unable t o  an tagon ise  

the  e f fe c t  o f  i . c . v .  CGRP by p e r ip h e ra l  a d m i n i s t r a t i o n  o f  CGRP a n t i 

bod ies ,  i n d i c a t i n g  t h a t  CGRP, l i k e  CT (Mor ley e t  a l , 1981a),  can ac t  

c e n t r a l l y  to  i n h i b i t  g a s t r i c  a c id  s e c r e t i o n .

The o bse rva t io ns  descr ibed  above are com pat ib le  w i t h  the 

suggest ions t h a t  CGRP may p lay  a c e n t r a l  r o l e  in the  p rocessing  o f  

p a i n f u l  s t i m u l i ,  c a r d io v a s c u la r  r e g u la t i o n  (Rosenfeld e t  a l ,  1983) and 

r e g u la t i o n  o f  g a s t r i c  ac id  s e c r e t i o n ,  and t h a t  CT's migh t  a c t  as 

a go n is ts  a t  c e n t r a l  CGRP re c e p to rs .  However the  p ressor  e f f e c t  o f  

c e n t r a l l y  adm in is te red  sCT in haemorrhaged ra t s  was not  a t te nua ted  by 

chemical sympathectomy (chap te r  R . 6 . ) ,  and the  p ressor  e f f e c t  o f
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c e n t r a l l y  a dm in is te red  CGRP was repor ted  to  be assoc ia ted  w i t h  increased 

l e v e l s  o f  plasma a d r e n a l in e  and n o ra d re n a l i n e  (F ishe r  e t  al  , 1983).  

Accept ing  the  conc lus ion  o f  F ishe r  and co -worke rs ,  t h a t  c e n t r a l l y  

adm in is te red  CGRP e le v a te s  b lood p ressure  by in c reas ing  n o rad re ne rg ic  

sympathet ic  o u t f l o w ,  these r e s u l t s  i n d i c a t e  t h a t  the  p ressor  responses 

t o  c e n t r a l l y  adm in is te red  sCT and CGRP are achieved by d i f f e r e n t  

mechanisms and presumably a t  d i s t i n c t  s i t e s  o f  a c t i o n .  An a l t e n a t i v e  

i n t e r p r e t a t i o n  o f  the  o bs e rv a t io n s  o f  F ishe r  e t  a l  (1983) is  t h a t  the  

e le va ted  l e v e l s  o f  plasma a d r e n a l in e  and no rad re n a l in e  do not  occur  

as a r e s u l t  o f  enhanced no rad re n e rg ic  sympathe t ic  a c t i v i t y  ( these 

catecholamines could  be secre ted  f rom the  adrenal  m e d u l l a ) ,  o r  t h a t  

the  enhanced sympathe t ic  a c t i v i t y  does not  c o n t r i b u t e  t o  the observed 

response.  These a l t e r n a t i v e  i n t e r p r e t a t i o n s  could r e a d i l y  be reso lved  

by compar ison o f  the  e f f e c t s  o f  chemical  sympathectomy on the  pressor 

responses t o  c e n t r a l l y  adm in is te re d  sCT and CGRP in the  same model.

I t  is  apparent  f rom the  preced ing paragraphs,  t h a t  the  na tu re  

o f  CTLI and the  p o s s i b i l i t y  o f  CT a c t i o n  on c e n t r a l  CGRP re cep to rs  

remain unreso lved ,  and may remain so u n t i l  c e n t r a l  C T - l i k e  m a t e r i a l s  

are  e x t r a c te d  and sequenced and c e n t r a l  CGRP recep to rs  are  c h a r a c te r 

ised .  When c o n s id e r in g  the  r e l a t i o n s h i p  between c e n t r a l  CTLI and CGRP 

i t  should be noted t h a t  d u p l i c a t i o n  o f  the  CT gene is  though t  t o  have 

occur red .  Assuming s i m i l a r  o r g a n i s a t i o n  o f  the  two CT genes, the  

in fo r m a t io n  coding f o r  CGRP w i l l  a l s o  be d u p l i c a t e d ,  e x p l a i n i n g  the  

ob s e rv a t io n  o f  two separa te  forms o f  rCGRP in the  r a t  b ra in  (Rosenfeld 

e t  a l ,  1983) and two separa te  forms o f  CTLI in the  human b ra in  (F ische r  

e t a l ,  1983).  Moreover, the  recen t  re p o r t  t h a t  human CGRP d i f f e r s  

f rom the  r a t  p e p t id e ,  in t h a t  i t  is  found in t h y r o i d  t i s s u e s  (M or r is  

e t  a l , 198^), may be s i g n i f i c a n t .  C le a r l y  i t  i s  unwise a t  the  p resen t  

t ime to  be dogmatic about  the  d i s t r i b u t i o n  o f  the  m u l t i p l e  pep t ide  

products  o f  the  CT/CGRP genomes which may be expressed t o  va ry in g  

degrees in d i f f e r e n t  t i s s u e s  and spec ies .
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D.3 SITE OF ACTION OF PERIPHERALLY ADMINISTERED CALCITONIN

P e r i p h e r a l l y ,  the  a c t i o n s  o f  CT are though t  to be mediated by 

b in d in g  to h i g h l y  s p e c i f i c ,  h igh  a f f i n i t y  b in d in g  s i t e s  such as those 

demonstrated in  bone and k idney  (Marx e t  a l ,  1972a) and in pulmonary 

carcinoma c e l l s  (Hunt e t  a l ,  1977).  The b lo o d - b r a in  b a r r i e r  is 

no rm a l ly  though t  to  p reven t  la rge  p e p t id e  hormones in the p e r ip h e ry  

f rom e x e r t i n g  d i r e c t  e f f e c t s  on the CNS. However, co ns ide ra b le  

evidence e x i s t s  sugges t ing  t h a t  t h i s  may not  be the case f o r  CT.

This ev idence which is  o f  d i r e c t  re levance  to  the haemodynamic e f f e c t s  

o f  p e r i p h e r a l l y  adm in is te re d  sCT descr ibed in chap te r  R.A.a,  is  

d iscussed below.

i )  Pharmacological  a c t i o n s  o f  CT which are g e n e r a l l y  though t  to  be 

c e n t r a l l y  mediated are  o f t e n  observed a f t e r  p e r ip h e ra l  adm in is 

t r a t i o n  o f  the hormone. For example, Levine and Morley (1981a) 

found i . c . v .  CT to  be 1000 t imes more po ten t  than the p a re n t 

e ra l  l y  a dm in is te re d  hormone a t  i n h i b i t i o n  o f  g a s t r i c  ac id  

s e c re t i o n  in  the r a t .  S i m i l a r l y ,  Bueno e t  al (1983) found 

th a t  i . v .  CT was 100 t imes less e f f e c t i v e  than i . c . v .  CT at 

a b o l i s h i n g  the  fa s te d  p a t t e r n  o f  e l e c t r i c a l  a c t i v i t y  o f  the r a t  

i n t e s t i n e .  Doepfner (1983) s ta te d  t h a t  p e n e t r a t i o n  o f  the 

b lood b ra in  b a r r i e r  by pep t ides  was app rox im a te ly  0 - t% ir id ica t ing  

th a t  p e r i p h e r a l l y  adm in is te red  CT’ s could  e x e r t  d i r e c t  c e n t r a l  

e f f e c t s .

i i )  S te k o ln ik o v  and Abdukarimov (1969) employed sp ec t ro p h o to m e t r ic  

and chromatograph ic  techn iques to  demonstrate the  appearance 

o f  CT w i t h i n  the  CSF a f t e r  p e r ip h e ra l  a d m i n i s t r a t i o n  to  the 

r a b b i t .  S i m i l a r l y ,  p e r ip h e ra l  a d m i n i s t r a t i o n  o f  sCT (40 pg)

■ has been-found to  inc rease  radioimmunoassayable CT in the CSF
_ 1

o f  man f rom 75.8  to  220.2 pg.ml (Fabbr i e t  a l ,  1981), a l though 

the p o s s i b i l i t y  o f  plasma con tam ina t ion  o f  CSF samples cannot 

be excluded.  In c o n t r a s t ,  who le  body a u to rad iog raphy  o f  mice 

(Hicks e t  a.1, 1971) and ra ts  (Fors lund e t  a l ,  1980) has f a i l e d  

to  demonstrate r e d i s t r i b u t i o n  o f  p e r i p h e r a l l y  adm in is te red  

CT to  the CNS.
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i l l )  P e r i p h e r a l l y  adm in is te re d  CT may e x e r t  e f f e c t s  on areas o f  the 

CNS no t  p ro te c te d  hy tt ie b lo o d -b ra in  b a r r i e r .  S p e c i f i c  b in d in g  

s i t e s  (considered by the authors  to  be recep to rs )  f o r  b lood- 

borne CT have been demonstrated in the c i r c u m v e n t r i c u l a r  organs 

which are not  p ro te c te d  by the b lo o d -b ra in  b a r r i e r  (Vanhouten 

e t  a l ,  1981). These h i g h l y  s p e c ia l i s e d  organs are thought  to 

serve as the main re c e p t i v e  system f o r  med ia t in g  the d i r e c t  

e f f e c t s  o f  b lood-borne  pep t ides  on the b r a i n .

I r r e s p e c t i v e  o f  the a b i l i t y  o r  lack  o f  a b i l i t y  o f  the hormone

to  cross the b l o o d - b r a in  b a r r i e r ,  i t  is  apparent  t h a t  p e r i p h e r a l l y

adm in is te red  CT could e x e r t  d i r e c t  c e n t ra l  e f f e c t s .  As the m a j o r i t y

o f  the r e s u l t s i p r e s e n t e d  above concern the a n t i n o c i c e p t i v e  and

haemodynamic e f f e c t s  o f  CT, i t  is  p e r t i n e n t  to  cons ide r  the p o s s i b i l i t y

o f  such a c t i o n s  o c c u r r i n g  c e n t r a l l y  a f t e r  p e r ip h e ra l  a d m i n i s t r a t i o n .

In the abdominal c o n s t r i c t i o n  t e s t  i . c . v .  sCT has been shown to
-1

produce a n t i n o c i c e p t i o n  a t  doses o f  0 .1 -50 U.kg whereas s . c .  doses 
— 1o f  0.001-1000 Uikg produced no such e f f e c t  (Bates e t  a l *  1981a).

P e c i l e  e t  a l  (1983) have repo r ted  t h a t  sCT a t  20 y g / r a t  s . c ,  produced

s i g n i f i c a n t  a n t i n o c i c e p t i o n  ( i n  the r a t  ho t  p l a t e  t e s t )  on the second

and t h i r d  dose o f  a c h ro n ic  t rea tm e n t  schedule (two i n j e c t i o n s  per  day
-1g i v i n g  a d a i l y  dose o f  a pp rox im a te ly  600 U.kg ) .  I t  t h e r e fo r e  seems 

p o s s ib le  t h a t  t e s t s  f o r  the a n t i n o c i c e p t i v e  e f f e c t s  o f  CT‘ s adm in is 

tered  a c u te l y  by p e r ip h e ra l  i n j e c t i o n  merely p rov ide  i n s u f f i c i e n t  t ime 

f o r  the r e d i s t r i b u t i o n  of, the  hormone to  the CNS.

The p o s s i b i l i t y  o f  a c e n t r a l  e f f e c t  o f  p e r i p h e r a l l y  adm in is te red  

CT is  o f  p a r t i c u l a r  re levance to  i n t e r p r e t a t i o n  o f  the haemodynamic 

e f f e c t s  o f  sCT repor ted  in  chap ter  R.A .b .  As the  p ressor response
_ 1

o f  haemorrhaged ra ts  to p e r i p h e r a l l y  adm in is te red  sCT (10 U.kg , i . v . )
- 1was o f  s i m i l a r  magni tude and d u r a t io n  to  t h a t  produced by 1 U.kg 

i . c . v .  i t  might  be concluded t h a t  app rox im a te ly  10% o f  the p e r ip h e ra l  

dose is  r e d i s t r i b u t e d  to  a c e n t r a l  s i t e  o f  a c t i o n .  Th is hypo thes is  

would no t  however, be in accord w i t h  the f a c t  t h a t  the p e r ip h e ra l  

doses requ ired  to a f f e c t  g a s t r i c  ac id  s e c re t i o n  and i n t e s t i n a l  

e l e c t r i c a l  a c t i v i t y  are 100-1000 t imes g re a te r  than the correspond ing  

c e n t r a l  doses. Moreover, as the p ressor  response to  i . v .  sCT was 

markedly a t tenua ted  by chemical sympathectomy, whereas the response
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t o  i . c . v .  sCT was n o t ,  separa te  mechanisms and s i t e s  o f  a c t i o n  are 

i n d i c a te d .  Hence, a l though  the  s i t e s  a t  which p e r i p h e r a l l y  adm in is 

te red  sCT produces i t s  haemodynamic e f f e c t s  a r e  not  known, i t  

presumably does no t  i n v o lv e  a d i r e c t  a c t i o n  on the CNS. As no 

evidence was ob ta ined  f o r  a d i rec t  v a s o c o n s t r i c t o r  a c t i o n  in p i thed  

r a t s ,  and the hormone has been shown not  to p o t e n t i a t e  the  vasocon

s t r i c t o r  e f f e c t  o f  exogenous n o rad re n a l i n e  (Dr iessens and Vanhou t te,  

1981),  i t  appears t h a t  sCT may a c t  p e r i p h e r a l l y  to  modulate the 

a c t i v i t y  o f  n o ra d re ne rg ic  sympathe t ic  neurones.
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D.b SITE OF ACTION OF CENTRALLY ADMINISTERED CALCITONIN

In the p rev ious  chap ter  i t  has been argued t h a t  a l though  

mechanisms e x i s t  by which p e r i p h e r a l l y  adm in is te red  CT may a c t  

d i r e c t l y  upon the CNS, the haemodynamic e f f e c t s  o f  i . v .  sCT 

repor ted  in chap te r  R.A.a appear to  in v o lv e  a p e r ip h e ra l  s i t e  o f  

a c t i o n .  Al though  the p o s s i b i l i t y  is  no t  g e n e r a l l y  cons ide red ,  i t  

is  a l s o  conce ivab le  t h a t  c e n t r a l l y  adm in is te red  CT's could  a c t  

p e r i p h e r a l l y ,  e i t h e r  by c ro s s in g  the b lo o d -b ra in  b a r r i e r  o r  by 

leakage i n t o  the  p e r ip h e ry  a t  the s i t e  o f  i n j e c t i o n .  However, Bates 

e t  al  (1981a) f a i l e d  to  demonstrate a n t i  n o c i c e p t io n  in the mouse abdominal

c o n s t r i c t i o n  t e s t  w i t h  p e r ip h e ra l  a d m in i s t r a t i o n  ( s . c . )  o f  0.01-1000
-I -1U.kg sCT, whereas c e n t r a l  a d m in i s t r a t i o n  o f  0 .1 -50  U.kg has been

found to produce s i g n i f i c a n t  a n t i n o c i c e p t i o n  in the same t e s t  (R .2 ) .

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  the a n t i n o c i c e p t i v e  e f f e c t  o f  

c e n t r a l l y  a dm in is te red  sCT, which has been s tu d ie d  in  t h i s  t h e s i s ,  

invo lves  a d i r e c t  a c t i o n  on the CNS. S i m i l a r l y ,  the p ressor  

response o f  haemorrhaged and normotensive ra ts  to c e n t r a l l y  adm in is 

te red  sCT is  e i t h e r  a t te n ua ted  o r  absent  a f t e r  p e r ip h e ra l  a d m in i s t r a 

t i o n ,  i n d i c a t i n g  again t h a t  the c e n t r a l l y  adm in is te red  p ep t ide  

produces the observed e f f e c t s  by a d i r e c t  a c t i o n  on the CNS.

As the regions  o f  the CNS a cc e s s ib le  to c e n t r a l l y  adm in is te red  

CT's have no t  been re p o r te d ,  i t  is  o n l y  p o s s ib le  to  assume th a t  

c e n t r a l l y  adm in is te red  CT's a c t  on the s p e c i f i c  b in d in g  s i t e s  

demonstrated in several  regions o f  the CNS. The d i s t r i b u t i o n  and 

c h a r a c t e r i s a t i o n  o f  such b in d in g  s i t e s  is  t h e r e fo r e  o f  c r u c ia l  

importance to  the unders tand ing  o f  the c e n t ra l  r o le  and e f f e c t s  

o f  CT and r e la te d  pep t ides  and is  d iscussed below.

D.A.a The D i s t r i b u t i o n  o f  Centra l  Ca lc i ton in .  Binding  S i t e s ,  and

t h e i r  S ta tus  as Receptors

As s ta te d  p r e v io u s l y ,  the p e r ip h e ra l  a c t i o n s  o f  CT are though t  

to  be mediated by b in d in g  to  h i g h l y  s p e c i f i c  h igh a f f i n i t y  b in d in g  

s i t e s .  S p e c i f i c  b in d in g  o f  CT to  p e r ip h e ra l  t i s s u e s  has been shown 

to  be dependent on both t ime and temperature and to  be h ig h l y  

s e l e c t i v e  (Goltzman, 1980),  and renal  CT b in d in g  s i t e s  have been
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shown to  be assoc ia ted  w i t h  c e l l  membranes and membrane bound adeny la te  

cyc lase  (Marx and Aurbach,  1975).  Convincing evidence t h a t  such b ind ing  

s i t e s  represent  f u n c t i o n a l  recep to rs  assoc ia ted  w i t h  ade ny la te  cyc lase  

is  t h a t  the  r e l a t i v e  po tenc ies  o f  salmon, p o rc ine  and human CT's are 

s i m i l a r  whether assessed by compete t ive  b in d ing  a n a ly s i s  ( 4 0 :1 :0 .0 5 ,

Marx e t  a l , 1972a), adeny la te  cyc lase  a c t i v a t i o n  ( 2 0 :1 ; 0 . 05) o r  in v i v o  

b ioassay (20 :1 :0 .0 5 ,  P o t t s , N i a l l  and Keutman, 197^)- Evidence o f  t h i s  

n a tu re  has led t o  the  general  acceptance t h a t  p e r i p h e r a l l y ,  CT s p e c i f i c  

b in d in g  s i t e s  rep resen t  CT re c e p to rs .

S i m i l a r  ev idence has accumulated i n d i c a t i n g  t h a t  c e n t r a l  CT
125s p e c i f i c  b in d in g  s i t e s  might  a l s o  rep resen t  r e c e p to rs .  Hence, I-CT 

b in d in g  to  r a t  b ra in  homogenates has been shown t o  be dependent on t im e ,  

tempera ture  and pH and t o  be i n h i b i t e d  by salmon, eel and po rc ine  CT's 

w i t h  ICj-q ' s p r o p o r t i o n a l  t o  t h e i r  hypocalcaemic a c t i v i t y  (Nakamuta e t  

a l , 1931, see 1 .6 ) ,  and CT has been shown to  mod i fy  c e n t r a l  c y c l i c  

n u c le o t i d e  metabol ism both in v i t r o  and in v i v o  (R .6 ) .  Evidence o f  

t h i s  na tu re  led Rizzo and Goltzman (1981) to  suggest  t h a t  c e n t r a l  CT 

b in d in g  s i t e s  rep resen t  s p e c i f i c  CNS recep to rs  f o r  the  hormone. In 

l i g h t  o f  the  co n t ro v e rs y  su r round ing  the  e x is te n ce  o f  a u t h e n t i c  CT in 

the  CNS (above) the  a l t e r n a t i v e  sugges t ion  made by Nakamuta e t  a l  (1981),  

and more r e c e n t l y  by Rosenfeld e t  a l  (1983),  t h a t  c e n t r a l  CT b in d in g  

s i t e s  rep resen t  re ce p to rs  f o r  an u n i d e n t i f i e d  C T - l i k e  mo lecule  in the  

CNS cannot  be d iscoun ted .  A l though the  endogenous l ig and  f o r  these 

re ce p to rs  may not  be a u t h e n t i c  CT, the  f a c t  t h a t  a u t h e n t i c  CT's b ind  to  

such re cep to rs  and t h a t  such b in d in g  may r e s u l t  in the  behav ioura l  

e f f e c t s  o f  c e n t r a l l y  adm in is te red  CT's is  not  d is p u te d .

Evidence f o r  the  r o l e  o f  CNS b in d in g  s i t e s  in the  pharmaco logr*

i ca l  e f f e c t s  o f  c e n t r a l l y  adm in is te red  CT can be de r ived  f rom c a l c u l a t e

ions based on the  es t ima ted  d e n s i t y  o f  such b in d in g  s i t e s  w i t h i n  the

CNS and the  p ha rm a c o lo g i c a l l y  e f f e c t i v e  doses o f  CT. Koida e t  a l  (1980)
125repor ted  the  maximum amount o f  s p e c i f i c  b ind ing  (B ) o f  1-sCT to

*| l"n£l
r a t  whole b ra in  homogenates to  be 56 fmol.mg . Assuming the  r a t  b ra in

125t o  c o n ta in  a p p ro x im a te ly  180 mg o f  p r o te i n  and t h a t  50% o f  I-sCT 

b in d in g  is  n o n - s p e c i f i c ,  these re ce p to rs  can be es t imated  to  be f u l l y  

occupied by a d d i t i o n  o f  a pp ro x im a te ly  10 pmol o f  sCT per r a t  i f  the 

sCT is  d i s t r i b u t e d  r a p i d l y  and even ly  th roughout  the  CNS. The
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-1
e q u iv a le n t  dose o f  lU .kg  is  c lo se  t o  the dose repor ted  in chap te r  R.2

“ 1to  produce the  maximum a n t i n o c i c e p t i v e  e f f e c t  in mice (2U.kg ) ,  and 

has been found t o  produce haemodynamic and a n t? u lc e ro g e n ic  e f f e c t s  as 

w e l l  as i n h i b i t i o n  o f  g a s t r i c  a c id  s e c re t i o n  and m o d i f i c a t i o n  o f  

p r o l a c t i n  s e c r e t i o n .  A l though  t h i s  c a l c u l a t i o n  can c l e a r l y  be 

c r i t i c i s e d  on the  grounds t h a t  in  v i v o  b ind ing  c h a r a c t e r i s t i c s ,  ra tes  

o f  d isp lacement o f  CT f rom c e n t r a l  r e c e p to rs ,  and the  d i s t r i b u t i o n  o f  

c e n t r a l l y  adm in is te red  CT's are  no t  known, the  r e s u l t s  a re  compatable 

w i t h  the  suggest ion  t h a t  the  pharmaco logical  e f f e c t s  o f  c e n t r a l l y  

adm in is te red  CT's are mediated by b in d in g  t o  the  c e n t r a l  h igh  a f f i n i t y  

b in d in g  s i t e s .

In c o n c lu s io n ,  co ns id e ra b le  evidence e x i s t s  t o  suggest  t h a t  

some o f  the  c e n t r a l  CT b in d in g  s i t e s  rep resen t  recep to rs  f o r  an 

endogenous C T - l i k e  mo lecu le .  I r r e s p e c t i v e  o f  the  n a tu re  o f  t h i s  

endogenous mo lecu le ;£ee  D.2) i t  i s  known : t h a t '  a u t h e n t i c  CT's b ind to  

these recep to rs  w i t h  h igh  a f f i n i t y  and i t  can be assumed t h a t  the  

pharmaco logica l  e f f e c t s  o f  c e n t r a l l y  adm in is te red  CT's occur as a 

r e s u l t  o f  b in d ing  to  the  re c e p to rs .  in o rd e r  t o  f u r t h e r  understand the  

c e n t r a l  pharmaco logical  a c t i o n s  o f  CT i t  is  necessary t o  cons ide r  the  

anatomica l  d i s t r i b u t i o n  o f  c e n t r a l  CT b ind ing  s i t e s ,  the  mechanism by 

which re c e p to r  b in d in g  modulates t a r g e t  c e l l  a c t i v i t y  and the  pharmaco- 

l o g i c a l  c l a s s i f i c a t i o n  o f  these t a r g e t  c e l l s .

D.A.b C o r r e l a t i o n  Between the  Centra l  Pharmacological  E f f e c t s  o f

C a l c i t o n i n  and the  Anatomical  D i s t r i b u t i o n  o f  Centra l  C a l c i t o n i n  

B ind ing  S i te s

In r a t  and human b ra in s  the  g r e a te s t  d e n s i t y  o f  CT s p e c i f i c  

b in d in g  s i t e s  is  found in reg ions  such as the hypothalamus and b ra in  

stem and the  lowest  d e n s i t y  occurs in the  c o r t e x  and cerebe l lum 

(Nakamuta e t  a l , 1981; F ische r  e t  a l , 1981a). In the  human b r a in ,  

a t  l e a s t ,  the  d e n s i t y  o f  CT b in d in g  s i t e s  appears t o  c o r r e l a t e  we l l  

w i t h  the  d i s t r i b u t i o n  o f  CTLI , w i t h  the  no tab le  excep t io n  o f  the 

p i t u i t a r y  which was found to  c o n ta in  a h igh c o n c e n t r a t io n  o f  CTLI but  

ve ry  few CT b in d ing  s i t e s .  More r e c e n t l y  the  techn ique  o f  in v i t r o  

au to rad iog ra phy  has been used t o  p ro v ide  a more d e t a i l e d  knowledge 

o f  the  d i s t r i b u t i o n  o f  c e n t r a l  CT b in d in g  s i t e s .  As p e p t i d e r g i c
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neurones are  though t  no t  t o  possess reuptake systems f o r  p e p t id e s ,  the  

s i t e s  l a b e l l e d  in t h i s  manner presumably rep resen t  re ce p to rs  r a t h e r  than 

neuronal  p e p t ide  s to r e s .  The d i s t r i b u t i o n  o f  c e n t r a l  CT b in d in g  s i t e s  

re por ted  by Henke e t  a l  (1983) and O l i g a t i  e t  al  (1983) is  in general  

agreement w i t h  the d i s t r i b u t i o n  o f  b ind in g  s i t e s  in homogenates, i . e .  

reg ions o f  h ig he s t  d e n s i t y  in c lu d e  the  hypothalamus and b ra in  stem arid' 

l i t t l e  o r  no b in d ing  is .obse rve d  in the  c o r te x  and ce rebe l lum .  More 

s p e c i f i c a l l y ,  in the  hypothalamus,  dense l a b e l l i n g  was observed in 

the  a n t e r i o r  and dorsomedial  areas whereas b in d ing  was sparse in the  

vent romed ia l  and l a t e r a l  p a r t s .  In hypo tha lamic  c o n t r o l  o f  feed ing  

and g a s t r i c  ac id  s e c r e t i o n ,  i t  is  assumed t h a t  the  vent romed ia l  

nucleus balances the  s t i m u l a t o r y  e f f e c t  o f  the  l a t e r a l  hypo tha lm ic  a rea.  

An i r i h i b i t o r y  e f f e c t  o f  CT on the  l a t e r a l  hypo tha lamic  area could 

t h e r e f o r e  produce the  i n h i b i t i o n  o f  feed in g  and g a s t r i c  a c id  s e c re t i o n  

observed a f t e r  c e n t r a l  a d m i n i s t r a t i o n .  Indeed, i o n t o p h o r e t i c a l l y  

a p p l ie d  CT has been shown t o  i n h i b i t  t he  a c t i v i t y  o f  g lucose  se nse t ive  

neurones o f  the  l a t e r a l  hypothalamus. S i m i l a r l y ,  dense l a b e l l i n g  was 

observed in the  mediobasal hypothalamus,  which is  thought  t o  be 

invo lved  in the  c o n t r o l  o f  p r o l a c t i n  s e c r e t i o n ,  and in the  a n t e r i o r  

p a r t  o f  the  hypothalamus which rece ives  a f f e r e n t  in p u ts  assoc ia ted  

w i t h  . the s u c k l in g  s t im u lu s  o f  p r o l a c t i n  s e c r e t i o n  ( O l i g i a t i  e t  al  1983).  

These b ind in g  s i t e s  could  c l e a r l y  be re le v a n t  t o  the  repor ted  e f f e c t s  

o f  CT on basal and s u c k l in g  s t im u la te d  p r o l a c t i n  re le ase .  ( 1 . 7 - h ) .

O l i g i a t i  e t  a l  (1983) considered the  most s t r i k i n g  f e a tu r e  

o f  CT b in d in g  to  r a t  b ra in  t o  be the  dense c l u s t e r i n g  o f  b in d in g  s i t e s  

in reg ions  o f  the  b ra in  stem and s p in a l  chord t h a t  re g u la te  pain 

p e r c e p t io n .  These areas inc luded the  dorsa l  horns o f  the  sp ina l  

chord a t  laminae IV and V, the  nucleus o f  the  sp in a l  t r a c t  o f  the  

t r i g e m in a l  nerve,  v a r io u s  Raphe r i uc le i  and the  pe r iaqueduc ta l  g rey  

m a t te r  which re ce ive  n o c i c e p t i v e  inpu t  f rom laminae IV and V o f  the  

s p in a l  chord.  Assuming r e d i s t r i b u t i o n  f rom the  s i t e  o f  c e n t r a l  

a d m i n i s t r a t i o n  t o  such b in d in g  s i t e s  CT might  produce a na lges ia  by 

i n h i b i t i o n  o f  n o c i c e p t i v e  inp u ts  t o  the  b ra in  o r  by i n h i b i t i o n  o f  

ascending o r  descending pain pathways.  Of p a r t i c u l a r  re levance  to  

the  mechanism o f  the  a n t i n o c i c e p t i v e  e f f e c t  o f  sCT i n v e s t i g a te d  in 

t h i s  t h e s i s ,  I t  should be noted t h a t  the  ascending pathways descr ibed
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above, and the Raph€ nuc le i  a re  r i c h  in the c e l l  bodies o f

t r y p t a m i n e r g i c  neurones (be low).  I n t e r a c t i o n  w i t h  these neuronal

systems, migh t  a l s o  be r e le v a n t  to  the  c a rd io v a s c u la r  e f f e c t s  o f

c e n t r a l l y  adm in is te re d  sCT re por ted  in  chap te r  R . b  as the Raphe n uc le i
125w i t h  the h ig h e s t  d e n s i t y  o f  I-sCT b in d in g  s i t e s  (Raphe obscurus,  

p a l l i d u s  and magnus) a re  loca ted  in the medul la c lo se  to  the vasomotor 

and c a r d io a c c e le r a to r  c e n t re s ,  and t r y p t a m i n e r g i c  neurones f rom the 

medu l la ry  Raphe n uc le i  i n ne rva te  the  dorsal  horns o f  the l a t e r a l  

sympathe t ic  column. The deve lop ing  unders tand ing o f  the c o r r e l a t i o n  

between the pharmaco logical  e f f e c t s  o f  ce n t r .a l l y  adm in is te red  CT and 

the  f u n c t i o n a l  regions o f  the CNS in which CT b in d in g  s i t e s  are found 

p rov ides  f u r t h e r  ev idence t h a t  the  e f f e c t s  o f  c e n t r a l l y  adm in is te red  

CT may r e f l e c t  p h y s i o l o g i c a l  ro le s  o f  the endogenous p ep t id e .

D . k . c  Pharmacological  I d e n t i t y  o f  Neuronal Systems Modulated by

Ca lc i  to n in

Al though i o n t o p h o r e t i c  o r  i . c . v .  a p p l i c a t i o n  o f  CT has been 

shown to  modulate neuronal  a c t i v i t y ,  the n e u ro t ra n s m i t te r s  used by such 

neurones remain l a r g e l y  a m a t te r  o f  s p e c u la t io n .  The f i r s t  s tudy o f  

d i r e c t  re levance to  the n e u r o t r a n s m i t t e r  systems modulated by CT was t h a t  

o f  Nakhla and Majumder (1978) who repor ted  t h a t  p e r ip h e ra l  a d m in i s t r a t i o n  

o f  CT to ra ts  e le va ted  c e n t r a l  AchE a c t i v i t y .  This r e p o r t  does n o t ,  

however, appear to  have found suppo r t  in  subsequent i n v e s t i g a t i o n s .

The p o s s i b i l i t y  o f  CT induced modulat ion o f  c e n t ra l  dopaminergic 

a c t i v i t y  was i n v e s t i g a t e d  by N i c o l e t t i ,  F e r ra ra ,  B e rna d in i ,  Clement i ,  

P ra to ,  Drago and Scapagnini  (1982).  This group repo r ted  t h a t  c e n t r a l l y  

adm in is te red  sCT and hCT (0.25 and 1 y g  r e s p e c t i v e l y )  produced a n t i d o p -  

am in erg ic  a c t i v i t y  in  ra ts  ( p o t e n t i a t i o n  o f  h a lo p e r id o l  induced ca ta le psy  

and i n h i b i t i o n  o f  apomorphine induced h y p e r m o b i l i t y ) .  The models used 

are though t  to r e f l e c t  s t r i  a to t i i  g ra l  dopaminergic a c t i v i t y ,  y e t  

c o ncen t ra t io ns  o f  dopamine and i t s  major  p re cu rso r  d ihydroxyphenyl  a c e t i c  

ac id  (DOPAC) were found to  be unchanged in the corpus s t r ia tu m  . As CT 

was found to  decrease the a c t i v i t y  o f  the  gamma amino b u t y r i c  ac id  

(GABA) s y n th e s i s in g  enzyme, g lu tamate  decarboxy lase,  in the s u b s ta n t ia  

n ig ra  i t  was suggested t h a t  CT m od i f ies  n i g r o s t r i a t a l  GABA-ergic a c t i v i t y  

which i n d i r e c t l y  modulates s t r i a  t o n i g r a l  dopaminergic a c t i v i t y .
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The p o s s i b i l i t y  o f  CT induced modula t ion  o f  c e n t r a l  n o rad re ne rg ic  

a c t i v i t y  has not  y e t  been in v e s t i g a t e d  in dep th ,  a l though  the a n t i n o c i 

c e p t i v e  e f f e c t  o f  CT, a t  l e a s t ,  appears to  be u n re la te d  to  c e n t ra l  adren

e r g i c  systems. Hence, r e s u l t s  presented above demonstrate t h a t  the a n t i 

n o c i c e p t i v e  e f f e c t  o f  i . c . v .  sCT in  the mouse abdominal c o n s t r i c t i o n  t e s t  

i s  no t  s i g n i f i c a n t l y  m o d i f ied  by p re t rea tm en t  w i t h  the  dopa decarboxy lase 

i n h i b i t o r  a-MT (a t  a dose which  reduced the c o n c e n t r a t io n  o f  noradrena

l i n e  w i t h i n  the CNS by 56%). Fur thermore,  the a n t i n o c i c e p t i v e  e f f e c t  

o f  c e n t r a l l y  adm in is te red  sCT ( i n  the r a t  ho t  p l a t e  t e s t )  has been repor 

ted to be u n a f fe c te d  by b lockade o f  c e n t ra l  a -a d r e n e rg i c  recepto rs  w i t h  

phentolamine (Clement? e t  a l ,  1984).

In a d d i t i o n  to the proposed e f f e c t  o f  CT on c e n t r a l  dopaminergic 

a c t i v i t y ,  co ns ide ra b le  ev idence has now accumulated t o  suggest  a l i n k  

between c e n t ra l  CT and 5“ HT:

i )  P e r iphe ra l  CT s e c r e t i n g  c e l l s  ‘ C c e l l s '  d e r i v e  f rom the embryonic

neuroectoderm la y e r  and r e t a i n  the a b i l i t y  f o r  uptake and 

d e c a rb o x y la t io n  o f  p recu rso rs  to 5~HT and dopamine in accord 

w i t h  the APUD concept  o f  Pearse (1969, 1977).  I t  t h e r e f o r e  seems 

reasonable to  assume t h a t  c e n t r a l  neurons c o n ta in in g  CTLI migh t  

a l s o  possess t h i s  a b i l i t y .  As co -s to rage  and c o - re le ase  o f  

neuropep t ides  and c l a s s i c a l  n e u ro t ra n s m i t te r s  appears as a d e v e l 

oping  " p a t te rn  f o r  CNS o r g a n i s a t i o n  (e .g .  co -s to ra g e  o f  substance 

P and 5~HT, Chan; - P a la y ,  1981) the p o s s i b i l i t y  o f  co -s to rage  and 

co - re le as e  o f  5~HT arid C T - l i k e  pep t ides  e x i s t s .

i i )  CT a d m i n i s t r a t i o n  has been repor ted  to  inc rease  the c o n c e n t ra t io n

o f  c e n t r a l  5"HT (Nakhla and Majumdar, 1978; Dupuy e t  a l , 1983).  

Al though these r e s u l t s  are not  supported by those presented above 

(R.6) reasons f o r  t h i s  d iscrepency  are not  known. The p rev ious  

re p o r ts  o f  CT induced e le v a t i o n  o f  c e n t ra l  5"HT le v e l s  cannot  

t h e r e fo r e  be d isco un ted ,  moreover i t  is  conce ivab le  t h a t  CT 

might modulate 5“ HT tu rno ve r  w i t h o u t  a l t e r i n g  abso lu te  concen

t r a t i o n  .

i i i )  The. s id e  e f f e c t s  o f  p e r i p h e r a l l y  adm in is te red  CT in humans have

been s u c c e s s f u l l y  t r e a te d  by the 5“ HT a n ta g o n is t  p i z o t i f e n  

(C r i s p ,  1981).
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i v )  C e n t r a l l y  adm in is te re d  CT produces a wide range o f  b i o l o g i c a l  

responses in  which c e n t r a l ' t r y p ta m i n e r g i c  mechanisms may p la y  a 

re g u la to r y  r o l e .  Hence, c e n t r a l  a d m in i s t r a t i o n  o f  CT and, d i r e c t  

o r  i n d i r e c t ,  s t i m u l a t i o n  o f  c e n t ra l  5~HT recep to rs  has been 

found to  i n h i b i t  fee d in g  (see l . 8 . d  and B lu n d e l l ,  1977). Centra l  

a d m in i s t r a t i o n  o f  5“ HT is  known to  s t im u la t e  p r o l a c t i n  re lease  

(Kamber i,  Mical  and P o r t e r ,  1973) and c e n t ra l  t r y p t a m i n e r g i c  

neurones are  thought  to  be in vo lved  in the s u c k l i n g  induced r i s e  

in  plasma p r o l a c t i n  (Kordon,  B lake,  Terke l  and Sawyer, 197*0, 

i n d i c a t i n g  t h a t  CT induced m o d i f i c a t i o n  o f  p r o l a c t i n  s e c r e t i o n

( I . 8 . h) could be r e la t e d  to  e f f e c t s  on c e n t r a l  t r y p ta m i n e r g i c  

neurones.  Drugs such as PCPA, which i n h i b i t  c e n t r a l  t r y p ta m in -  

e r g i c  a c t i v i t y  have been repor ted  to  reduce a r t e r i a l  p ressure  

(Chalmers, 1975),  r a i s i n g  the p o s s i b i l i t y  t h a t  the p ressor  resp

onse to  c e n t r a l l y  a d m in is te red  sCT (R.4 .b)  migh t  be a ssoc ia ted  

w i t h  an inc rease  in  c e n t ra l  t r y p t a m i n e r g i c  a c t i v i t y .  F i n a l l y ,  

several  groups have repor ted  the a n t i n o c i c e p t i v e  e f f e c t  o f  

enhanced c e n t r a l  t r y p t a m i n e r g i c  a c t i v i t y  produced by c e n t ra l  

a d m in i s t r a t i o n  o f  5“ HT (R.2 and Post ,  Fasmer, Holm and Ogren,

1984; Yaksh and W i lson ,  1979),  b lockade o f  monoamine ox idase 

o r  reuptake (Yaksh and W i lson ,  1979),  o r  by e l e c t r i c a l  s t i m u l a 

t i o n  o f  va r io us  Raph£ nuc le i  (Besson e t  a l ,  1981).  The a n t i 

n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  adm in is te red  CT m ig h t ,  t h e r e f o r e ,  

be re la t e d  to  an enhancement o f  c e n t ra l  t r y p ta m i n e r g i c  neurone 

a c t i  v i  t y .

v) In v i  t r o  a u to rad iog raphy  has revealed t h a t  CT b in d in g  s i t e s  are

very  dense in the dorsal  horns o f  laminae IV and V o f  the sp ina l  

chord ,  in  the medu l la ry  Raphe n uc le i  and in the  pe r iaqueduc ta l  

grey m a t te r .  A major  group o f  descending t r y p ta m i n e r g i c  

neurones w i t h  t h e i r  c e l l  bodies in the medu l l a ry  Raphe n u c le i  

su r round in g  the  p re iaqueduc ta l  grey m a t te r  in n e rva te  the  sp ina l  

chord and the dorsa l  and v e n t ra l  horms o f  the l a t e r a l  sympathe t ic  

column. I t  i s  t h e r e f o r e  p o s s ib le  t h a t  a t  l e a s t  some o f  the  CT 

b in d in g  s i t e s  in these reg ions r e f l e c t  recep to rs  on t r y p t a m i n e r g i c  

neurones.
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v i )  Resu l ts  presented above demonstrate t h a t  the an t  i. noci cept  i ye 

e f f e c t  o f  c e n t r a l l y  adm in is te re d  sCT in the mouse abdominal 

c o n s t r i c t i o n  t e s t  i s  dependent on the i n t e g r i t y  o f  c e n t ra l  

t r y p t a m i n e r g i c  systems (CT a n t i n o c i c e p t i o n  was antagonised 

by PCPA p re t rea tm e n t  and re tu rned  a f t e r  c e n t ra l  a d m in i s t r a t i o n  

o f  5 “ HT) . A l though methyserg ide produced no s i g n i f i c a n t  m o d i f i 

c a t i o n  o f  CT a n t i n o c i c e p t i o n  in t h i s  t e s t ,  Clementi  e t  a l  (1984) 

have r e c e n t l y  repor ted  t h a t  methysergide antagonised the 

a n t i n o c i c e p t i v e  e f f e c t  o f  c e n t r a l l y  adm in is te red  CT in the ra t  

hot  p l a te  t e s t .  The reasons f o r  t h i s  d isc repency  are unknown 

(see R.2) bu t  the  re p o r t  o f  Clementi and co-workers i n d ic a te s  

t h a t  the  dependence o f  CT a n t i n o c i c e p t i o n  on c e n t r a l  t r y p t a m i n 

e r g i c  systems is  no t  p e c u l i a r  to mice o r  to  the abdominal 

c o n s t r i c t i o n  t e s t .

Taken to g e the r  these r e s u l t s  p rov ide  s t ro ng  evidence f o r  a l i n k  

between c e n t ra l  CT and t r y p t a m i n e r g i c  neuronal systems. S p e c i f i c a l l y ,  

t r y p t a m i n e r g i c  neurones o f :  the Raphe n u c l e i ,  b ra in  stem o r  sp in a l  

chord are im p l i c a te d  as the  s i t e  a t  which the a n t i n o c i c e p t i v e  e f f e c t s  

o f  CT are produced.  A s imple  model to  account f o r  such obse rva t io n s  is 

shown in  F igure  D.1.  This model is  n o t  in tended to  p r e c i s e l y  desc r ibe  

the anatomical  arrangement o f  c e n t r a l  neuronal  systems in vo lved  in CT 

induced and o p i a t e  induced a n t i n o c i c e p t i o n , nor  is  i t  in tended to  imply 

t h a t  t h i s  is  the o n l y  p o s s ib le  model compat ib le  w i t h  the r e s u l t s  

presented in  t h i s  t h e s i s .  The model is  however in accord w i t h  the observa 

t io n s  repor ted  in chap ter  R.2, t h a t :

i )  5~HT adm in is te re d  c e n t r a l l y  produces a n t i n o c i c e p t i o n  which is  no t  

antagon ised by the p re t rea tm e n t  w t th  PCPA whereas the a n t i n o c i 

c e p t i v e  e f f e c t s  o f  c e n t r a l l y  adm in is te red  sCT and DADLE are 

a t te nua ted  by PCPA p re t r e a tm e n t ,  and

i i )  the a n t i n o c i c e p t i v e  e f f e c t  o f  the maximal e f f e c t i v e  dose o f  sCT 

(2U.kg~^) was enhanced by s imu l taneous a d m i n i s t r a t i o n  o f  5~HT 

suggest ing  t h a t  maximal a c t i v i t y  o f  CT a t  i t s  c e n t r a l  b in d in g  

s i t e s  may produce i n s u f f i c i e n t  re lease o f  5 “ HT f o r  t r y p t a m i n e r g i c  

neurones to  maximal ly  s t i m u l a t e  5~HT recepto rs  in the p ro duc t io n  

o f  a n t i n o c i c e p t i o n .
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F ig u r e  D.1 S i m p l i s t i c  Model to  Account  f o r  Dependence o f  CT 

Ant i  n o c i c e p t io n  on Centra l  T ry p tam in e rg ic  System.
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Although  t h i s  model can be used to  account  f o r  several  o f  the 

r e s u l t s  ob ta ined  in the  exper iments  repor ted  in t h i s  t h e s i s ,  i t  is  

presumably an o v e r s i m p l i f i c a t i o n  o f  the  s i t u a t i o n  found in v i v o , and 

several  p o in t s  c l e a r l y  w a r ra n t  f u r t h e r  d is c u s s io n .

F i r s t l y ,  i t  should be noted t h a t  the  d is ta n c e  between the  s i t e  

o f  re lease  o f  the  C T - l i k e  p e p t id e  and the  recep to rs  f o r  the  pep t ide  could 

be a few pm o r  several  mm. C l a s s i c a l l y ,  n e u r o t r a n s m i t t e r s  are  though t  t o  

ac t  a t  recep to rs  on p o s t - s y n a p t i c  membranes which a re  in t i g h t  

j u x t a p o s i t i o n  w i t h  the  s y n a p t i c  membrane o f  the p r e - s y n a p t i c  neurone.  

However, neuropept ides p la y in g  a p a r a c r in e ,  neuroendocr ine  o r  neuromodu- 

l a t o r y  r o le  may a c t  a t  rece p to rs  more d i s t a n t  f rom the s i t e  o f  re lease .

Secondly,  an e n k e p h a l in e rg ic  neurone is  shown in n e rv a t i n g  the  

t r y p t a m i n e r g i c  pathway as such an arrangement could u n d e r l i e  the o bse rva t io n  

t h a t  both CT and morphine produce s i m i 1ar i n h i b i t i o n  o f  the  neuronal  

p o t a n t i a l s  evoked by p a i n f u l  s t i m u l i  (Yamamoto e t  a l ,  1980).  However 

i t  i s  no t  the  au thors  i n t e n t i o n  t o  imp ly  t h a t  t h i s  is  always the  case 

o r  t h a t  recep to rs  f o r  enkepha l ins  and CT-1ike .pep t ides  are  n e c e s s a r i l y  

lo ca ted  on p re s y na p t i c  nerve t e r m in a l s .

T h i r d l y ,  i t  should be s t ressed  t h a t  C T - l i k e  pep t id es  and 

endogenous o p ia te s / i a c t  as i n h i b i t o r y  t r a n s m i t t e r s  and CT has been shown 

to  i n h i b i t  the  a c t i v i t y  o f  g lucose s e n s i t i v e  neurones in the  l a t e r a l  

hypothalamus (Miyahara and Oomura, 1981).  I t  t h e r e f o r e  seems conce ivab le  

t h a t  these pep t ides  produce a n t i n o c i c e p t i o n  by i n h i b i t i n g  the  a c t i v i t y  

o f  in te rneurones  which themselves i n h i b i t  5” HT re lease  f rom t r y p t a m i n e r g i c  

neurones.

F i n a l l y ,  i t  should be noted t h a t  re lease  o f  5-HT f rom the  

t r y p t a m i n e r g i c  neurone is  shown i n h i b i t i n g  the  a c t i v i t y  o f  a neurone in 

the  p r im ary  pain pathway. Th is  pathway has been inc luded in the  model 

t o  account  f o r  the  o b s e rv a t io n  t h a t  c e n t r a l l y  adm in is te red  ca lc ium ions 

and ionophores produce hype ra lg es ia  and can antagon ise  the  a n t i n o c i c e p t i v e  

e f f e c t s  o f  CT's and o p ia te s  ( seeD .5 .b ) .  I f  i t  is  assumed t h a t  c e n t r a l  

a d m i n i s t r a t i o n  o f  ca lc ium  ions enhances neuronal  a c t i v i t y  i n d i s c r i m i n a n t l y ,  

i t  must a ls o  be assumed t h a t  the  enhanced a c t i v i t y  in pathways incr/easiirig
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the  response to  p a i n f u l  s t i m u l i  i s  s u f f i c i e n t  t o  mask the  e f f e c t  o f  

increased a c t i v i t y  in pathways tend in g  to  reduce the  response to  such ’ 

s t i m u l i .  Accep t ing  such a model,  i t  is  ev id en t  t h a t  antagonism o f  the 

a n t i n o c i c e p t i v e  e f f e c t s  o f  CT's and o p ia te s  by c e n t r a l  a d m i n i s t r a t i o n  

o f  ca lc ium ions and ionophores,  and p o t e n t i a t i o n  o f  such e f f e c t s  by 

a d m i n i s t r a t i o n  o f  ca lc ium c h e l a t o r s  and a n ta go n is ts  does not  n e c e s s a r i l y  

i n d i c a t e  modula t ion  o f  c e n t r a l  ca lc iu m  metabol ism to  be the  p r imary  

mechanism o f  a c t i o n  o f  these pep t ides  (see D .5 .b ) .
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D.5 MECHANISMS OF THE EFFECTS OF CALCITONIN ON THE CNS AT THE 

CELLULAR AND SUBCELLULAR LEVELS

P h y s i o l o g i c a l l y  s i g n i f i c a n t  hormonal e f f e c t s  are mediated by 

b in d in g  o f  the hormone to  recep to rs  on o r  in the t a r g e t  c e l l ,  and 

second messenger systems may serve to  t r a n s l a t e  the e x t r a c e l l u a r  even t  

(hormone b in d in g )  to the u l t i m a t e  cel 1 ular response ( 1 .9 ) .  As the 

r o le  o f  CT in ca lc iu m  homeostasis is  e s ta b l i s h e d ,  i t  is  n o t  s u r p r i s i n g  

t h a t  e x te n s iv e  research e f f o r t  has focused on m o d i f i c a t i o n  o f  c e l l u l a r  

ca lc ium metabol ism as a mechanism f o r  the hormones e f f e c t s  on c e l l u l a r  

a c t i v i t y .  Cons iderab le  b iochemica l  and behavioura l  ev idence has 

accumulated to  suggest  t h a t  a l t e r a t i o n  o f  c e l l u l a r  ca lc ium  metabol ism 

Is the mechanism by which CT (and o p ia te s )  produces i t s  p h y s io lo g i c a l  

and pharmaco logical  e f f e c t s .  This ev idence ,  and ev idence  which i n d ic a te s  

t h a t  CT may ac t  by a l t e r n a t i v e  means, such as a l t e r a t i o n  o f  c y c l i c  

n u c le o t i d e  metabol ism, is  d iscussed below.

D.5-a E f fe c t s  o f  C a l c i t o n i n  on C e l l u l a r  and S u b c e l l u l a r  Calcium

Metabo l i  sm

C a lc i ton im  has been shown to  i n h i b i t  the e f f l u x  o f  ca lc ium f rom 

bone (Friedman and Raisz,  1965),  k idney  (Kenny and H e i s k e l l ,  1965),  

l i v e r  (Yamaguchi e t  a l ,  1975) and nyocardium (Chausmer e t  a l , 1965),  an 

e f f e c t  which could c l e a r l y  account  f o r  the increased l e v e l s  o f  ca lc ium 

observed in most t i s s u e s  (B o r le ,  1975). K i n e t i c  a n a ly s i s  o f  the uptake 

o f  ^ C A ^ + by k idney c e l l s  i n d i c a te d  to  Bor le  (1975) t h a t  CT increased the 

c e l l u l a r  accumula t ion by in c re a s in g  the s i z e  o f  the  s lo w ly  exchangable 

ca lc ium pool (assumed by Bor le  to  be m i t o c h o n d r i a l ) .  Bor le  (1983) p r o 

posed t h a t  the fundamental mechanism o f  a c t i o n  o f  CT is  s t i m u l a t i o n  o f  

m i to c h o n d r ia l  ca lc iu m  uptake ( c y t o s o l i c  ca lc ium is  thought  to  be 

ma in ta ined  by uptake I n to  m i to c h on d r ia ,  endoplasmic r e t i c u lu m  and plasma 

membranes), and t h a t  i t  is  the re d uc t io n  in cy toso l  ca lc iu m  co n c e n t ra t io n  

t h a t  leads to  an i n h i b i t i o n  o f  e f f l u x  and consequent  increase in c e l l u l a r  

ca lc ium .  In neural  t i s s u e  Eglen (1983) f a i l e d  to  show t h a t  CT induced 

an increase in the t o t a l  ca lc ium  c o n c e n t r a t i o n ,  any i n h i b i t o r y  e f f e c t  

on e f f l u x  in neural  t i s s u e  must t h e r e f o r e  be assoc ia ted  w i t h  a reduced

uptake.  The net  e f f e c t ,  re d u c t io n  in  ca lc ium tu rnove r  in  neural  t i s s u e
Zf5 2+could c l e a r l y  account  f o r  the observed reduc t io n  In Ca uptake.
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B o r le ' s  hypo thes is  can,  however, be f i r m l y  c r i t i c i s e d ,  as i t  is  

dependent on the o b s e rv a t io n  t h a t  CT s t im u la te s  ^ C a 2+ t r a n s p o r t  i n t o  

i s o la t e d  m i to c h o n d r ia .  A l th o u g h  i t  i s  suggested t h a t  e x t r a c e l l u l a r

CT becomes i n t e r n a l i s e d  in  v i v o  to  e x e r t  t h i s  e f f e c t  (B o r le ,  1975),
" 125Marx andAurbach (1975) were ab le  to  separa te  the 1-sCT b in d in g

f r a c t i o n  o f  renal  homogenates f rom the m i to c h o n d r ia l  f r a c t i o n  by

means o f  sucrose d e n s i t y  g r a d ie n t  c e n t r i f u g a t i o n .  The d i r e c t  e f f e c t

o f  CT on m i to ch ond r ia  can n o t ,  t h e r e fo r e  be recep to r  mediated and is

u n l i k e l y  to  be o f  p h y s i o l o g i c a l  o r  pharmaco logical  s i g n i f i c a n c e .

Al though the repor ted  d i r e c t  e f f e c t  o f  CT on m i to c h o n d r ia l  

ca lc iu m  uptake may no t  be p h y s i o l o g i c a l l y  o r  p h a rm a c o lo g i c a l l y  r e le v a n t ,
45 2+

B o r l e ' s  k i n e t i c  a n a ly s is  o f  Ca uptake by k idney  c e l l s  p rov ides

a v a lu a b le  i n d i c a t i o n  o f  the mechanism by which CT might  modify

c e l l u l a r  ca lc ium metabol ism. As noted above, Bor le  (1975) found th a t
45 2+

CT increased c e l l u l a r  accumula t ion  o f  Ca and increased ca lc ium

sequester ing ,  in a s lo w ly  exchangeable p o o l ,  the consequent  red uc t io n

in  c y t o s o l i c  ca lc iu m  c o n c e n t r a t io n  was thought  to account  f o r  the observed

i n h i b i t i o n  o f  c e l l u l a r  e f f l u x .  In the CNS Eglen (1983) f a i l e d  to

modi fy  the ca lc ium c o n c e n t r a t io n  o f  regions o f  mouse b ra in  by c e n t ra l
” 1a d m in i s t r a t i o n  o f  sCT (0.5~20 U.kg , i . c . v . ) .  There fo re  any CT

induced i n h i b i t i o n  o f  ca lc ium  e f f l u x  f rom c e n t ra l  t i s s u e s  must presumably

be assoc ia ted  w i t h  i n h i b i t i o n  o f  up take .  Indeed, CT has been found to
45 2+i n h i b i t  the uptake o f  Ca by u ns t im u la ted  hypo tha lamic  t i s s u e

(Lev ine  and Mor ley ,  1981a; Koida e t  a l ,  1982) and potassium s t im u la te d

s l i c e s  o f  r a t  m id b ra in  (R .5 ) .  I n t e r p r e t a t i o n  o f  the r e s u l t s  repor ted

f o r  hypo tha lamic  ca lc ium i uptake is  d i f f i c u l t  as the au thors  do not

appear to  have adopted procedures s u i t a b l e  f o r  d e te rm in ing  whether the

ra d io la b e l  is  taken up i n t o  i n t r a c e l l u l a r  o r  e x t r a c e l l u l a r  compartments.

However, p r e l im i n a r y  exper iments repor ted  in chap ter  R.5, have provided

a s u i t a b l e  p ro to co l  f o r  the  assessment o f  the e f f e c t s  o f  CT on uptake 
45 2+

o f  Ca in c e n t ra l  t i s s u e s ,  in which the m a j o r i t y  o f  ra d io la b e l  is

taken i n t o  the i n t r a c e l l u l a r  compartment . In these exper iments sCT
45 2+

was w i t h o u t  e f f e c t  on basal Ca uptake,  bu t  p revented  potassium
45 2+

s t im u la te d  uptake.  I f  i n h i b i t i o n  o f  d e p o la r i s a t i o n  induced Ca 

uptake occurs as a r e s u l t  o f  reduced^rieuronal e x c i t a b i l i t y ,  these 

r e s u l t s  may r e f l e c t  a neuromodula tory ro le  o f  the p e p t id e .  In 

t i s s u e  s l i c e  exper iments  i t  is  imposs ib le  to  determine whether  CT ac ts
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d i r e c t l y  to  mod i fy  ca lc iu m  d i s t r i b u t i o n ,  o r  whether a l t e r a t i o n  o f  

ca lc ium f l u x  occurs as a r e s u l t  o f  d i r e c t  a c t i o n  on a d i s t i n c t  second 

messenger system. Second messenger systems which might  i n d i r e c t l y  

account  f o r  the c e l l u l a r  e f f e c t s  o f  CT ( i n c l u d in g  e f f e c t s  on ca lc iu m  

metabol ism) are  d iscussed below.

D.5 .b Evidence f o r  the Dependence o f  Centra l  Opiate  and C a lc i t o n i n  

induced A n t? n o c ic e p t io n  on Centra l  Calcium Metabol ism

Many.stud ies  have demonstrated the im por tan t  r o le  o f  ca lc ium in 

the  c e n t ra l  a c t i o n s  o f  o p ia te  a n a lg e s ic s .  I t  has been shown t h a t  c e n t ra l  

a d m in i s t r a t i o n  o f  ca lc ium can produce hype ra lg es ia  whereas c e n t ra l  

a d m i n i s t r a t i o n  o f  ca lc ium a n ta go n is ts  o r  the ca lc iu m  c h e l a t i n g  agent  

EGTA (e thy lene  g l y c o l - b i s ( 3 - a m in o  e th y l  e th e r )  t e t r a c e t i c  ac id )  can 

produce a n t i n o c i c e p t i o n  (Schmidt  and Way, 1980). Moreover,  c e n t ra l  

a d m i n i s t r a t i o n  o f  s u b e f f e c t i v e  doses o f  ca lc ium can antagon ise  the 

a n t i n o c i c e p t i v e  e f f e c t  o f  morphine ( H a r r i s ,  Loh and Way, 1975),  and 

c e n t r a l  a d m i n i s t r a t i o n  o f  s u b e f f e c t i v e  doses o f  EGTA o r  ca lc iu m  ■ 

a n ta go n is ts  can p o t e n t i a t e  morphine a n t i  noci cept  ion (H a r r i s  e t  a.l , 1975; 

Iwamato, H a r r i s ,  Loh and Way, 1978).  In a d d i t i o n  to  these behav ioura l  

s tu d ie s  acute n a r c o t i c  a d m in i s t r a t i o n  has been found to  reduce the  t o t a l  

ca lc iu m  con ten t  o f  c e n t ra l  t i s s u e s  (Cardenas and Ross, 1975) and to  

reduce both the ra te  o f  ca lc iu m  uptake and the t o t a l  ca lc ium  con te n t  o f  

synaptosomes prepared f rom r a t  o r  mouse b ra ins  (Cardenas and Ross, 1975).

As n e u r o t r a n s m i t t e r  re lease  i s  known to  be ca lc ium dependent ,  Schmidt 

and Way (1980) have proposed t h a t  the reduc t ion  in ca lc ium a v a i l a b l e  to 

the  nerve t e r m in a l ,  a f t e r  acute  o p i a t e  a d m i n i s t r a t i o n ,  i n h i b i t s  neuro 

t r a n s m i t t e r  re lease  (see R.2) and t h a t  t h i s  i n h i b i t o r y  e f f e c t  produces 

a n t i n o c i c e p t i o n  by an undef ined mechanism.

S im i l a r  ev idence e x i s t s  to  suppor t  the dependence o f  CT a n t i n o c i -  

cep t ion  on c e n t ra l  ca lc ium  metabol ism. Hence, Satoh e t  aT (1979) and 

Bates e t  a l  (1981c) have shown c e n t r a l  CT a n t i  n o c i c e p t io n  to  be a n tag 

onised by i . c . v .  doses o f  ca lc ium  which were themselves w i t h o u t  e f f e c t .  

Th is antagonism presumably invo lves  an increase s<n c e l l u l a r  ca lc ium ,  

as Bates e t  al  (1981d) found CT a n t i n o c i c e p t i o n  to  be antagon ised by 

the ca lc ium ionophore A25187 (again a t  a dose which was not  h y p e r a l g e s i c ) . 

Moreover,  Bates e t  a l  (1982b) have shown t h a t  CT a n t i n o c i c e p t i o n  can be 

p o te n t i a t e d  by c e n t ra l  a d m i n i s t r a t i o n  o f  EGTA and the o rg a n ic  ca lc ium 

a n ta g o n is t s ,  n i f e d e p in e  and PY 108 068 (a t  doses which do n o t  themselves 

produce a n t i n o c i c e p t i o n ) .
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C a lc i t o n i n  i s  though t  no t  to a c t  on ce n t ra l  o p ia te  re c e p to rs ,  but  

cons ide ra b le  s imi  l a r i  t i e s  e x i s t  between o p ia te  and CT induced a n t i n o 

ci  c e p t i o n ,  wh ich  may r e f l e c t  a common mechanism o f  a c t i o n .  Hence, the 

proposal  o f  Schmidt and Way. 0 9 8 0 )  -  t h a t  the p r imary  mechanism o f  

o p i a t e  a c t i o n  is  a re d u c t io n  in  neuronal ca lc ium uptake may be extended

to account  f o r  the mechanism o f  a c t i o n  o f  CT. I t  should be noted

however, t h a t  the evidence in  suppo r t  o f  t h i s  mechanism o f  a c t i o n  f o r  

o p ia te s  is  cons ide rab ly  s t r o n g e r  than t h a t  f o r  CT (e .g .  ce n t ra l  a dm in is 

t r a t i o n  o f  CT appears no t  to  reduce ca lc ium con te n t  o r  uptake o r  to  

i n h ib i - t  n e u r o t r a n s m i t t e r  e f f l u x )  and t h a t  the o b se rva t io ns  descr ibed above 

do not  prove m o d i f i c a t i o n  o f  ca lc iu m  metabol ism to  be the pr imary  

mechanism o f  a c t i o n  o f  e i t h e r  o p ia te s  o r  CT. Furthermore,  t h i s  hypo thes is  

can be f i r m l y  c r i t i c i s e d  on two grounds:

i )  I t  is  assumed t h a t  reduced neuronal  a c t i v i t y  produces a na lg es ia ,

a l though  t h i s  may be the net  e f f e c t  o f  increased neuronal  

a c t i v i t y ,  ev idence o u t l i n e d  above (D .^ .c )  i n d i c a te s  t h a t  an increase  

in  the a c t i v i t y  o f  some groups o f  neurones produces a n t i n o c i c e p 

t i o n .  The a n t i n o c i c e p t i v e  e f f e c t  o f  enhanced t r y p ta m in e r g i c  

a c t i v i t y  in  the CNS is  o f  d i r e c t  re levance to  the exper iments 

descr ibed in  chap te r  R.2, and is  d iscussed above. I t  can, 

t h e r e f o r e ,  be assumed t h a t  c e n t ra l  a d m in i s t r a t i o n  o f  ca lc ium

o r  ca lc ium ionophores e i t h e r  s e l e c t i v e l y  enhances the a c t i v i t y

o f  neuronal  systems, p roducing  n o c i c e p t i o n ,  o r  t h a t  the ne t  

e f f e c t  o f  ca lc ium and ca lc iu m  ionophores on neuronal  systems 

w i t h  d iv e rg e n t  e f f e c t s  is  enhanced n o c i c e p t i o n .

i i ) '  Rad io l igand b in d in g  to  p u t a t i v e  o p ia te  and CT recep to rs  o f  CNS 

membrane p re p a ra t io ns  has been shown to  be i n h i b i t e d  by ca lc ium 

ions ,  an e f f e c t  which c o u ld ,  a t  le a s t  in p a r t ,  account  f o r  

antagonism o f  the  p ep t ide  induced e f f e c t s  (P e r t  and Snyder,  1973 

F ische r  e t  a l  1981b) .

In c o nc lus io n ,  the a n t i n o c i c e p t i v e  e f f e c t s  o f  c e n t r a l l y  a dm in is 

te red  CT and o p ia te s  are unden iab ly  dependent on c e n t r a l  ca lc ium metab

o l i s m ,  i t  is  no t  c l e a r  however, whether  t h i s  merely r e f l e c t s  the ca lc ium 

dependence o f  the neurones modulated- by these pep t ides  o r  the p o s s i b i l i t y  

t h a t  these pep t ides  a l t e r  neuronal  a c t i v i t y  by d i r e c t  m o d i f i c a t i o n  o f  

neuronal  ca 1ciurn metabol ism.
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D.5* c E f fe c t s  o f  C a l c i t o n i n  on Centra l  C y c l i c  Adenosine 3 ' , 5 ' -

monophosphate Metabo l ism

P er iphe ra l  CT recep to rs  o f  k idney  and bone have been shown to  be 

assoc ia ted  w i t h  membrane bound adeny la te  cyc lase  i n d i c a t i n g  t h a t  

modula t ion  o f  cAMP p ro du c t io n  might  be the mechanism by which recep to r  

b in d in g  u l t i m a t e l y  leads to modu la t ion  o f  the a c t i v i t y  o f  the t a r g e t  

c e l l s .  As adeny la te  cyc la se  a c t i v a t i o m  is  observed in membrane p re pa r 

a t i o n s ,  t h i s  e f f e c t  cannot occur as a r e s u l t  o f  m od i f ied  ca lc ium 

metabol ism ( e f f e c t s  o f  CT on c e l l u l a r  ca lc ium metabol ism o f  i n t a c t  c e l l s  

o r  t i s su e s  cou ld ,  however, be achieved as a r e s u l t  o f  adeny la te  cyc lase  

a c t i v a t i o n ) .  In CNS t i s s u e  CT has been shown to a l t e r  c y c l i c  n uc leo 

t i d e  metabol ism both in v i v o  (CT induced increase in hypo tha lamic  cAMP 

repor ted  above) and in v i t  ro ( in c rea se  in cAMP accumula t ion  o f  r a t  g l i a l  

c e l l s  repor ted  by L o f f l e r  e t  a l ,  1982 , and m o d i f i c a t i o n  o f  adeny la te  

cyc lase  a c t i v i t y  repor ted  by Rizzo and Goltzman, 1981 and above).

The s t i m u l a t o r y  e f f e c t  o f  sCT on hypo tha lamic  adeny la te  cyc lase  

repor ted  in chap te r  R.6 is  in  d i r e c t  c o n t r a s t  to  the i n h i b i t o r y  e f f e c t  

repor ted  by Rizzo and Goltzman (1981).  However, the s tu d ie s  o f  Rizzo 

and Goltzman were performed in the absence o f  added GTP, and the 

co n ce n t ra t io n s  o f  sCT found to  I n h i b i t  adeny la te  cyclase  in  h y p o th a l 

amic homogenates were a t  l e a s t  1000 t imes g re a te r  than the concen t ra -
125t io n s  requ i red  to  i n h i b i t  b in d in g  o f  -q -sC T lo the  same p re p a ra t io n

(EDj_q sj 1 nM, I Cj-g K 6 ft M) . These r e s u l t s  t h e r e fo r e  c o n t r a s t  to  the

s i t u a t i o n  in the p e r ip h e ry  as the E D ^ ' s  repor ted  f o r  adeny la te

cyc lase  s t i m u l a t i o n  are g e n e r a l l y  in  good agreement w i t h  the !C 's 
- 1 2 5f o r  d isp lacement o f  1-sCT f rom p e r ip h e ra l  recep to rs  (e .g .  Loreau e t  

a l ,  1978, repor ted  the I C ^  and E D ^  f o r  CT b in d in g  and s t i m u l a t i o n  o f  

adeny la te  cyc lase  in the r a t  renal  c o r te x  were app rox im a te ly  0.5 and 

1.6 nM r e s p e c t i v e l y ) .  A p o s s ib le  i n t e r p r e t a t i o n  o f  these r e s u l t s  is  

t h a t  the i n h i b i t o r y  e f f e c t  o f  CT on c e n t ra l  adeny la te  cyc la se  is  not  

r e c e p to r  mediated and is  presumably, t h e r e f o r e ,  not  p h y s i o l o g i c a l l y  

o r  p h a rm aco lo g i ca l l y  r e le v a n t .

In d i r e c t  c o n t r a s t  t o  the r e s u l t s  o f  Rizzo and Goltzman (1981),  

the c h a r a c t e r i s t i c s  o f  the  s t i m u l a t o r y  e f f e c t  o f  sCT on hypo tha lamic  

adeny la te  cyc lase  demonstrated in chap te r  R.6 are compat ib le  w i t h  the
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suggest ion  t h a t  the enzyme s t i m u l a t i o n  occurs as a r e s u l t  o f  recep to r

b in d in g .  Hence, the e f f e c t  appears to  be dependent on the presence o f

GTP (as is  the case f o r  the renal  membrane, CT re ce p to r  l i n k e d ,
125

adeny la te  cyc la se ) ,a r id  occurs a t  doses known to  i n h i b i t  1-sCT b in d in g

to hypo tha lamic  homogenates. The va lue  repor ted  by Rizzo and Goltzman 
125to  reduce l -sCT b in d in g  to  hypo tha lamic  homogenates by 50% was 1 ,nM, 

t h i s  c o n c e n t ra t io n  l i e s  w i t h i n  the range o f  doses found to  s t im u la te  

hypotha lamic  adeny la te  cyc lase  a c t i v i t y .  C le a r l y  f u r t h e r  c h a r a c t e r i s a 

t i o n  o f  the c e n t ra l  sCT dependent adeny la te  cyc lase  enzyme is  re qu ired  

to e s t a b l i s h  whether  t h i s  e f f e c t  is  recep to r  mediated ( f o r  example 

guanyl n u c le o t id e  dependence could  be reassessed in washed membrane 

p repa ra t ions  to avoid  con tam in a t ion  w i t h  endogenous GTP and the p o s s ib le  

c o r r e l a t i o n  between the d i s t r i b u t i o n  o f  c e n t ra l  CT b in d in g  s i t e s  and 

c e n t ra l  CT dependent adeny la te  cyc lase  could be i n v e s t i g a t e d ) .  I f  the 

enzyme proves to  be re ce p to r  l i n k e d ,  t h i s  p r e p a r a t i o n ,  assoc ia ted  w i t h  

b in d in g  s t u d ie s ,  could  p ro v ide  a v a lu a b le  model f o r  i n v e s t i g a t i o n  o f  the 

r e l a t i o n s h i p  between s t r u c t u r e  and a c t i v i t y  a t  c e n t r a l  CT b in d in g  s i t e s .

D.5-d I n t e r a c t i o n s  and A l t e r n a t i v e s

In the p reced ing se c t ion s  CT induced a l t e r a t i o n s  o f  c e l l u l a r  

cAMP and .cal.cium metabol ism have been cons idered as p o s s ib le  mechanisms 

by which CT could mod i fy  neuronal  a c t i v i t y .  I t  shou ld ,  however, be 

recognised t h a t  CT might  modulate the  a c t i v i t y  o f  t a r g e t  c e l l s  by 

e x e r t i n g  e f f e c t s  on o th e r  second messenger systems. In t h i s  re sp ec t ,  

the p o s s i b i l i t y  t h a t  CT migh t  a f f e c t  c y c l i c  guanosine 3 1>51-monophosphate 

o r  phospha t idy l  i n o s i t o l  (PI) metabol ism c l e a r l y  w a r ra n t  i n v e s t i g a t i o n .

The p o s s i b i l i t y  o f  CT induced m o d i f i c a t i o n  o f  PI metabol ism is 

o f  p a r t i c u l a r  i n t e r e s t  because o f  the l i n k  between PI h y d r o l y s i s  and 

m o b i l i s a t i o n  o f  i n t r a c e l l u l a r  ca lc ium  ( f o r  review see Downes, 1933).

In the PI response re ce p to r  b in d in g  is  though t  to a c t i v a t e  phosphol ipase 

C to  hyd ro lyse  p h o sp ho in o s i t ide s  o f  the plasma membrane forming 

i n o s i t o l  phosphates and d i a c y 1g l y c e r o l . P hospho inos i t ides  which are 

h i g h l y  p o l a r ,  are  though t  to  i n f l u e n c e  the p r o p e r t i e s  o f  ca lc ium 

b in d in g  s i t e s  a n d /o r  ca lc iu m  channels w i t h i n  the plasma membrane, 

and t h e i r  h y d r o l y s i s  may lead to  m o b i l i s a t i o n  o f  ca lc iu m .  A l t e r n a t i v e l y ,  

i n o s i t o l  phosphates ( p a r t i c u l a r l y  the t r i p h o s p h a te s )  may a c t  by 

m o b i l i s a t i o n  o f  ca lc ium f rom i n t r a c e l l u a r  s to res  (Burgess and Putney,
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S t im u la t i n g  Agents: I n h ib i  t i  ng Agents : 

a a d ren e rg ic  a g o n is t s ,
o p ia te s ,  musca r in ic  agon is tsglucagon,  ACTH e tc

GTP

GTP ++
ATP cAMP

Figure  D.2 Schemat ic r e p re s e n ta t io n  o f  dual r e g u la t i o n  o f  adeny la te  

cyc lase  system by s t im u la t o r y  and i n h i b i t o r y  hormones 

and n e u r o t r a n s m i t t e r s ,  f rom Rodbel1 , 1980.

B ind ing  o f  GTP to  the n u c le o t id e  re g u la to r y  component (N) 

on the inner  face o f  the c e l l  membrane e i t h e r  s t im u la te s  

(Ng) o r  i n h i b i t s  (N.) the a c t i o n  o f  the adenyla te  cyc lase  

c a t a l y t i c  u n i t  (C) . Under normal c o n d i t i o n s  the re cep to r  

u n i t  (R) and the n u c le o t id e  re g u la to r y  u n i t  e x i s t  as the 

complex R-N, in  t h i s  s i t u a t i o n  R i n h i b i t s  the b in d in g  o f  

GTP to  N. Hormone o r  n e u r o t r a n s m i t t e r  b in d in g  to  R 

t r i g g e r s  the re lease  o f  t h i s  i n h i b i t o r y  e f f e c t  lead ing  to 

GTP b in d in g  and consequent s t i m u l a t i o n  (GTP b in d in g  to  Ng) 

o r  i n h i b i t i o n  (GTP b in d in g  to  N.) o f  adeny la te  cyc lase  

a c t i v i t y .  C a l c i t o n i n  is  assumed to  b ind  to  an R& type 

re ce p to r  whereas NaF acts d i r e c t l y  on the c a t a l y t i c  u n i t .
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1984, repor ted  t h a t  i n o s i t o l  t r ip h o sp h a te s  caused m o b i l i s a t i o n  o f  

^ C a 2*  f rom the endop lasm ic . re t !cu lu rn  o f  h e p a to c y te s ) . When co ns id 

e r in g  the p o s s i b i l i t y  o f  a c t i o n  o f  CT and PI metabol ism, i t  should be 

noted t h a t  d i r e c t  i n t e r a c t i o n s  hetween CT's and phospho l ip ids  have been 

repor ted  (see 1 .10 ) .  Hence Epand e t  al  (1983) have repor ted  t h a t  

CT's b ind to  p h o p h o l i p i d s , i n c l u d i n g  PI., and t h a t  such b in d in g  enhances 

adop t ion  o f  the a - h e l i c a l  confo rm at ion  in  the CT mo lecu le .  I f  t h i s  

ob se rva t io n  is  o f  p h y s i o l o g i c a l  s i g n i f i c a n c e ,  i t  i s  conce ivab le  t h a t  

CT's might  mod i fy  the ra te  o f  PI metabol ism by reduc ing  the amount o f  

s u b s t ra te  ava i lab- le  to  phosphoi i pase C ra the r  than d i r e c t  modulat ion 

o f  the enzymes a c t i v i t y .

A f u r t h e r  p o s s i b i l i t y  which war ran ts  d is c u s s io n ,  is  t h a t  CT 

might  e x e r t  d i r e c t  e f f e c t s  on more than one second messenger sys tem /^u /o  1). 

This p o s s i b i l i t y  is  e x e m p l i f i e d  by the c e l l u l a r  a c t i o n s  o f  ad rene rg ic  

a g o n is t s .  Hence, a g o n is t  b in d in g  to 3^ and 8 ^  adrenorecep tors  a c t i v a t e s  

adeny la te  cyc lase  to  inc rease  i n t r a c e l l u l a r  cAMP concent  r a t i o n  I 

a c t i v a t i o n  o f  a^  ad renorecep to rs  i n h i b i t s  adeny la te  cyclase and 

a  ̂ a c t i v a t i o n  increases i n t r a c e l l u l a r  l e v e ls  o f  f r e e  ca lc ium by 

p rovok ing  the h y d r o l y s i s  o f  i n o s i t o l  pho spho l ip id s  in the c e l l  membrane 

(Downes, 1983).  As Koida e t  al  (1980) have demonstrated two d i s t i n c t  

pop u la t ion s  o f  CT b in d in g  s i t e s  in the r a t  b r a i n ,  i t  would be i n t e r e s t 

ing to determine whether these b in d in g  s i t e s  are a ssoc ia ted  w i t h  

d i s t i n c t  second messenger systems.

Because o f  the p a u c i t y  o f  exper imenta l  ev idence i t  is  on ly  

p o s s ib le  to  specu la te  on the p o s s ib le  i n t e r r e l a t i o n s h i p s  between 

second messenger systems- in vo lved  in  the c e l l u l a r  e f f e c t s  o f  CT. The 

c lose  r e l a t i o n s h i p  between PI metabol ism and ca lc ium metabol ism has 

been mentioned above. S i m i l a r l y ,  c y c l i c  n u c le o t i d e  metabol ism is  

c l o s e l y  l i n k e d  to  c e l l u l a r  ca lc iu m  metabol ism. Hence, a d i r e c t  

e f f e c t  on c e l l u l a r  ca lc ium t r a n s p o r t ,  o r  a general  e f f e c t  on ca lc ium 

d i s t r i b u t i o n  w i t h i n  the CNS, could modulate neuronal  a c t i v i t y  by 

invo lvement in ca lc ium o r  Ca-ca lmodul in  dependent processes (d e p o la r -  

i s a t i o n - s e c r e t i o n  c o u p l in g ,  n e u r o t r a n s m i t t e r  re lease  and s y n th e s i s ,  

c y c l i c  n u c le o t i d e  metabol ism, p r o t e i n  p h o s p h o ry la t io n ,  a c e t y l c h o l i n e 

s te rase  and t ryp tophan  hydroxy lase  a c t i v i t y  e tc .  f o r  review see 

Carvalho,  1982).  A l t e r n a t i v e l y , . ^  d i r e c t  e f f e c t  on c y c l i c  n u c le o t i d e



metabol ism c q u I c! modulate neuronal  a c t i v i t y  and e x e r t  secondary 

e f f e c t s  on ca lc ium metabol ism ( p o s s ib l y  by phosphory1a t i o n  o f  

ca lc ium channels and pumps o r  by a l t e r i n g  the d i s t r i b u t i o n  o f  

ca lm odu l in  between cy toso l  and c e l l  membrane).

In the p reced ing d iscu ss io n  i t  has been assumed t h a t  the e f f e c t s  

o f  CT on c e n t ra l  c e l l u l a r  a c t i v i t y  a re  mediated by re c e p to r  b in d in g  

and consequent modula t ion  o f  the  a c t i v i t y  o f  second messenger systems. 

The p o s s i b i l i t y  t h a t  CT might  i n d i r e c t l y  mod-i f y  c e n t ra l  neuronal 

a c t i v i t y  by e x e r t i n g  more widespread e f f e c t s  on c e n t r a l  ca lc ium 

metabol ism is  o f  i n t e r e s t ,  bu t  does no t  appear to  be supported by 

exper imenta l  ev idence (e .g .  Eglen,  1983, found t h a t  c e n t r a l  and 

p e r ip h e ra l  a d m in i s t r a t i o n  o f  sCT d id  not  a l t e r  the c o n c e n t r a t io n  o f  

ca lc ium in regions o f  mouse b r a i n ,  and S te k o ln ik o v  and Adukarimov,

1969, repor ted  t h a t  CT a d m i n i s t r a t i o n  d id  not  modi fy  the concen t ra 

t i o n  o f  ca lc ium in  the CSF) and has th e re fo re  not  rece ived  d e t a i l e d  

a t t e n t i o n  in t h i s  t h e s i s .

F i n a l l y ,  the p o s s i b i l i t y  t h a t  CT migh t  modulate Ca-ca lmodul in  

dependent c e l l u l a r  a c t i v i t y  by a d i r e c t  a c t i o n  must be cons idered as 

recent  s tud ie s  by Gnessi ,  C a m i l l o n i ,  F a b b r i , P o l i t i ,  DeLuca, D iS ta z io n ,  

M o re t t i  and F r a i o l i  (1984) have i n d ic a te d  t h a t  CT might  i n t e r a c t  

d i r e c t l y  w i t h  ca lm odu l in .  Th is  group prepared a f l u o r e s c e n t  con juga te  

o f  dansyl c h lo r i d e  and ca lm odu l in  and observed t h a t  the i n t e n s i t y  o f  

f . luorescence,  which was ca lc iu m  dependent , could be m o d i f ied  by CT’ s. 

C a l c i t o n i n  was a ls o  found to  i n h i b i t  ca lm odu l i n  dependent phosphodie

s te rase  in a dose dependent manner. A p o s s ib le  e x p la n a t i o n  o f  these 

obse rva t io ns  is  t h a t  CT binds to  ca lm odu l in  and m o d i f ies  the a b i l i t y  

o f  ca lmodu l i n  to b ind  ca lc iu m .  Reid (198*0 has in d i c a te d  t h a t  many o f  

the  drugs which b ind to  ca lm odu l in  (such as several  major  t r a n q u i 1is e rs )  

do so by i n t e r a c t i o n  w i t h  a s p e c i f i c  a m p h i p i l l i c  a - h e l i c a l  reg ion  in 

the ca lm odu l in  mo lecule.  $ -endo rph in ,  f o r  example,  is  though t  to 

c o n ta in  an a m p h i p h i l l i c  a - h e l i c a l  region which promotes b in d in g  to  a 

s i m i l a r  reg ion in the ca lmodu l in  molecule.  I t  is  tempt ing  to  sp ecu la te  

t h a t  the  proposed a m p h i p h i l l i c  a “ h e l i c a l  reg ion a t  res idues  8-22 in 

CT's (and p o s s ib l y  CGRP's) could  promote b in d in g  o f  these pep t ides to 

ca lmodu l i n  and consequent  a l t e r a t i o n  o f  Ca-ca lmodul in  dependent 

c e l l u l a r  a c t i v i t y .  This p o s s i b i l i t y  remains to  be i n v e s t i g a t e d ,  as
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does the p h y s i o l o g i c a l  o r  pharmaco logica l  re levance  o f  i n t e r a c t i o n s  

between CT's and ca lm odu l in .

id



D.6 SIGNIFICANCE OF THE HAEMODYNAMIC AND ANTINOCICEPTIVE EFFECTS OF 

CALCITONIN

D.6.a P h y s io lo g i c a l  S ig n i f i c a n c e

Centra l  a d m i n i s t r a t i o n  o f  CT produces a wide v a r i e t y  o f  pharmaco

lo g i c a l  e f f e c t s .  The doses re qu i red  f o r  pharmaco logical  a c t i v i t y  are
_1  _ 1

u s u a l l y  ex t rem e ly  low ( t y p i c a l l y  0.1 — 10 U.kg ^ 6-600 pmol.kg ^

6 .5-650 n g / ra t ) ^  in  good agreement w i t h  the amounts es t ima ted  to  produce 

100% occupancy o f  the CNS re cep to rs  (D .A .a ) .  The c e n t r a l  pharmaco logical  

e f f e c t  o f  the hormone may, t h e r e f o r e ,  r e f l e c t  a p h y s i o l o g i c a l  r o le  o f  

the endogenous p e p t id e .  As the p ressor  e f f e c t  o f  sCT (which is  most 

marked a f t e r  haemorrhage) and the a n t i n o c i c e p t i v e  e f f e c t  o f  the hormone 

p ro v id e  suppor t  f o r  the a n t i s t r e s s  hypo thes is  o f  Dupuy (1983),  the 

pharmaco logical  e f f e c t s  o f  c e n t r a l l y  adm in is te re d  CT may prove to  r e f l e c t  

such a p h y s i o l o g i c a l  r o l e  f o r  the endogenous p e p t id e .  I t  would,  however,  

be premature to accept  t h i s  hypo thes is  as the natu re  and e f f e c t s  o f  the 

endogenous C T - l i k e  molecule remain unknown.

D.6.b Pharmacological  S ig n i f i c a n c e

Since the d is c o v e ry  o f  the endogenous o p ia te s  (Hughes e t  a l , 1975), 

co ns ide ra b le  e f f o r t  has been spent  In e l u c i d a t i n g  the i d e n t i t y ,  mechanism 

and a c t i o n  and s i t e  o f  a c t i o n  o f  c e n t r a l  neuropep t ides .  The u 11iirrate 

aim o f  t h i s  research being  the p r o v i s io n  o f  drugs o r  methods f o r  

t h e r a p e u t i c a l l y  usefu l  m o d i f i c a t i o n  o f  c e n t ra l  p e p t i d e r g i c  a c t i v i t y .  A 

fundamental problem, p a r t i c u l a r l y  w i t h  the behav ioura l  aspects o f  such 

research,  is  t h a t  neuropept ides  are o f t e n  r a p id l y  metabo l ised  by p e p t i d 

ases,  consequent ly  t r a n s i e n t  e f f e c t s  are  produced which are o f t e n  not  

r e a d i l y  q u a n t i f i e d .  Salmon CT is  t h e r e fo r e  an a t y p i c a l  p ep t id e ,  in  as 

much as the hormone has a long d u r a t io n  o f  a c t i o n  (a n a lge s ic  e f f e c t s  o f  

sCT were observed as much as 5 days a f t e r  a d m in i s t r a t i o n  o f  sCT, F ra J o l r  

e t  a l ,  1982 a and b) which may be re la te d  to s t a b i l i s a t i o n  o f  the 

recep to r  hormone complex,  and the hormone produces several  q u a n t i f i a b l e  

e f f e c t s .  The rep o r ts  o f  Amara e t  al  (1982) and Rosenfeld e t  al (1983) 

i n d i c a t i n g  t h a t  a u t h e n t i c  CT does not  e x i s t  in the mammalian CNS have 

added impetus to  CT research as the genome o f  CT and r e la te d  pep t ides  

p rov ides  a model f o r  the s tudy o f  pep t id e  gene t r a n s l a t i o n  and p recu rso r
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p rocess ing .  Moreover,  these r e s u l t s  i n d i c a t e  the n e c e s s i t y  f o r
j

reassessment o f  exper iments on the hormones c e n t ra l  e f f e c t s .  I f  

a u th en t ic -C T  does no t  e x i s t  c e n t r a l l y  the observed e f f e c t s  o f  c e n t r a l l y  

adm in is te red  CT presumably r e f l e c t  a g o n is t  (o r  a n ta g o n is t )  a c t i o n  a t  

r e c e p to rs  f o r ,  as y e t ,  undef ined c e n t ra l  pep t ides .  Salmon-CT m ig h t ,  

t h e r e fo r e  be cons idered as a power fu l  pharmacological  too l  f o r  

i n v e s t i g a t i o n  o f  the e f f e c t s  o f  t h i s  pep t ide .

D .6 .c  Therapeu t ic  Relevance

I t  has been s ta te d  t h a t  the a n t i n o c i c e p t i v e  and haemodynamic e f f e c t s  

o f  CT were s e le c te d  as models f o r  s tudy because .these e f f e c t s  are r e a d i l y  

q u a n t i f i e d  and may prove to  be t h e r a p e u t i c a l l y  u s e f u l .  In f a c t  t h i s  

t h e r a p e u t i c  p o t e n t i a l  may a l re a d y  be p a r t l y  r e a l i s e d .  In the t rea tm en t  

o f  P age t ic  bone disease w i t h  CT, ana lg es ia  is  o f t e n  repor ted  p r i o r  to  

any o th e r  s igns o f  improvement such as reduc t ion  o f  serum a l k a l i n e  

phosphatase o r  u r i n a r y  h y d r o x y p r o l i n e .  Continued t re a tm en t  o f t e n  r e s u l t s  

in  a re tu r n  o f  u r i n a r y  h y d r o x y p ro l i n e  and serum a l k a l i n e  phosphatase to  

p re t rea tm en t  values ( i n d i c a t i n g  a re tu rn  to  e le va te d  ra tes  o f  bone 

tu rno ve r )  w i t h o u t  loss o f  the a n a lg e s ic  e f f e c t  o f  the hormone. These 

o bse rva t ions  c l e a r l y  i n d i c a t e  t h a t  the  ana fges ic  e f f e c t  o f  CT in Page t ’ s 

d isease  cannot  be e n t i r e l y  a t t r i b u t e d  to i t s  e f f e c t s  on bone tu r n o v e r ,  

and may r e f l e c t  a p e r ip h e r a l  a n t i n o c i c e p t i v e  e f f e c t  o f  the  hormone, 

s i m i l a r  to  t h a t  observed a f t e r  repeated p e r ip h e ra l  a d m in i s t r a t i o n  o f  

la rge  doses o f  sCT to  ra ts  ( P e c i l e ,  1983). A second e f f e c t  o f  CT 

therapy o f te n  observed p r i o r  to  b iochemica l  s igns o f  improvement i s  the 

re d uc t io n  in tempera ture  and redness over Page t ic  bone i n d i c a t i n g  the 

occur rence o f  loca l  haemodynamic e f f e c t s .  As CT has been shown to 

e x e r t  a d i r e c t  c o n s t r i c t o r  e f f e c t  on skefetal  va s c u la tu re  (Dr iessens and 

Vanhout te,  1981) the red uc t ion  In b lood  f lo w  to  bone might  c o n t r i b u t e  

to  both  the re d uc t io n  in  ca lc ium  tu r n o v e r  and to the  observed red uc t io n  

in  s w e l l i n g ,  heat  and redness.  These r e s u l t s  p rov ide  a s t rong  i n d i c a t i o n  

t h a t  the haemodynamic and a n t i n o c i c e p t i v e  e f f e c t s  o f  the hormone might  

c o n t r i b u t e  to  i t s  t h e r a p e u t i c  e f f i c a c y  in  the t rea tm en t  o f  P ag e t ic  bone 

di sease.

A second area o f  t h e r a p e u t i c  use which has a t t r a c t e d  much i n t e r e s t  

r e c e n t l y  Is the p o te n t  and du rab le  ana lg e s ic  e f f e c t  observed a f t e r  

subarachnoid a d m i n i s t r a t i o n  o f  CT's to  humans. Because o f  the  r i s k s
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i n h e re n t  in  c e n t ra l  i n j e c t i o n s ,  i t  is  apparent  t h a t  t h i s  therapy can 

on ly  be considered in the most severe cases such as c h ro n ic  i n t r a c t a b l e  

pa in  o f  te rm in a l  carc inoma. A more promis ing  means o f  a d m in i s t r a t i o n  

is  e p id u ra l  i n j e c t i o n  as sCT has r e c e n t l y  been found to  produce long 

l a s t i n g  ana lges ia  when adm in is te re d  by t h i s  rou te  (F io re  e t  a l ,  1983).

No e x te n s ive  re p o r ts  have y e t  been pub l i shed  on the s id e  e f f e c t s  o f  

c e n t r a l l y  a dm in is te red  CT's in  humans (a l though Shaw, 1982, has warned 

t h a t  c e n t ra l  i n j e c t i o n  o f  sCT can produce convu ls ions  and death in 

dogs),  W t  would indeed be i n t e r e s t i n g  to  know whether  the hormone produces 

any change in  b lo od -p re ssu re .

Faden and Holaday (1979) have suggested t h a t  naloxone could be 

used to  inc rease  MAP in the t rea tmen t  o f  hypovolaemic and endo tox ic  

shock. A major  problem w i t h  such the rapy is  t h a t  the a n a lg e s ic  e f f e c t  

o f  endogenous and exogenous o p ia te s  migh t  be an tagon ised.  In d i r e c t  

c o n t r a s t  to  the v iew o f  Faden and Holaday,  Guyton (1981) s ta te s  t h a t  

morphine,  by i n h i b i t i o n  o f  neurogen ic elements c o n t r i b u t i n g  to  hypo ten

s ion  in  shock,  can be t h e r a p e u t i c a l l y  usefu l  in  the t rea tm en t  o f  

shock.  C le a r l y  CT, which produces ana lges ia  and e leva te s  a r t e r i a l  

p ressure ,  might  prove use fu l  in  the t rea tm en t  o f  t r a u m a t i c  shock 

assoc ia ted  w i t h  both pain  and hypo tens ion .
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STATISTICAL ANALYSIS BY GENERALISED INTERACTIVE MODELLING (jQLfM ) 

PROCEDURES

The s t a t i s t i c a l  ana lyses  repo r ted  in t h i s  t h e s i s  were per formed, 

in  p a r t ,  by means o f  a ge n e ra l i s e d  i n t e r a c t i v e  m o d e l l i n g  procedure 

(GLIM I I  package on a DEC 20 computer) .  This procedure  Is based on the 

assumpt ion t h a t  a v a r i a b l e  under i n v e s t i g a t i o n  has a s t r u c t u r e ,  and t h a t  

the v a r i a b l e  i s  in  some way dependent on more b as ic  v a r i a b l e s  o r  f a c t o r s  

(e .g .  b i o l o g i c a l  response i s  dependent on dose o f  drug a d m in i s te re d ) .

The GLIM package p rov ides  a means o f  c o n s t r u c t i n g  a model in which the 

observed v a r i a b l e  is  descr ibed  in  terms o f  i t s  l i n e a r  dependence on these 

f a c t o r s  ( t r a n s fo rm a t io n s  o f  data are o f t e n  req u i red  to meet the assumpt ion 

o f  l i n e a r  dependence).  As the r e l a t i o n s h i p  between the dependent v a r i a b l e  

and the p r e d i c t o r  v a r i a b l e  ( f a c t o r )  is  assumed to  be l i n e a r ,  the a p p r o p r ia te  

mathemat ical d e s c r i p t i o n  o f  t h i s  r e l a t i o n s h i p  can r e a d i l y  be ob ta in ed  by 

l i n e a r  reg ress ion  a n a ly s i s  which p rov ides  an e s t im a te  o f  the "goodness 

o f  f i t "  o f  the  model (sum o f  squares o f  r e s i d u a l s ) .  Th is  procedure 

t h e r e f o r e ,  has much in  common w i t h  a n a ly s i s  o f  va r ia nce  by l i n e a r  re g res -  

s io n ,  and c o n s t r u c t i o n  o f  l i n e a r  models in  an i n t e r a c t i v e  session on GLIM 

prov ides  data which can be presented in the form o f  an ANOVA t a b le  o r  

in  the form o f  a mathemat ical  model.

The GLIM procedure has been used in  p re fe rence  to  more t r a d i t i o n a l  

s t a t i s t i c a l  procedures f o r  the f o l l o w i n g  reasons;

i )  The m ode l l ing  sess ion is  i n t e r a c t i v e  so t h a t  la rge  numbers o f

f a c to r s  can be inc lu ded  o r  excluded when c o n s t r u c t i n g  the model.

i i )  The GLIM package has a powerfu l  " c a l c u l a t e "  f u n c t i o n ,  s i m p l i f y i n g

r o u t i n e  c a l c u l a t i o n s  per formed on raw data .

i i i )  The GLIM package o f f e r s  a conven ien t  means o f  a p p ly in g  mathemat

i c a l  t r a n s fo rm a t io n s  to  data (e .g .  P r o b i t  t r a n s fo rm a t io n  o f  dose 

response curve data f o r  d e te rm in a t io n  o f  E D ^ ' s ) ,  and assessing 

whether such t ra n s fo rm a t io n s  s i g n i f i c a n t l y  improve the f i t  o f  

the model .



An example o f  the use o f  the  GLIM procedure f o r  a n a ly s i s  o f  

v a r iance  is  shown.below:

(data 

CON -  

MTS -  

ICV -

A n a ly s is  o f  the E f f e c t  o f  Methysergide  on sCT A n t i n o c i c e p t i o n  

(see R.2)

*  $UN(TS 26

$DATA CON ANT SCT 

$DINPUT 30

is read f rom f o r t r a n  f i l e  30, t h i s  data is  coded as f o l l o w s :  

c o n s t r i c t i o n s  per  5 m inu tes ;
-1

methyserg ide ,  1 -  v e h i c l e ,  2 - 5  mg.kg ;
-1i . c . v .  dose o f  sCT, 1 -  v e h i c l e ,  2 - 2  U.kg 

$FACTOR MTS 2 ICV 2

$ F1T : +1 CV : +MTS : +MTS. ICV.

Deviance d . f .

1 1089 25

2 811 24

3 769 23
4 746 22

$D 1S E L

Es t i  mate s . e . parameter

1 18.29 2.200 sqm

2 -  8.286 3.112 ICV (2)

3 -  4.452 3.239 MTS (2)

b 3.786 4.580 ICV ( 2 ) . MTS

LINEAR PREDICTOR 1CV MTS ICV.MTS

User commands a re  p r e f i x e d  $, computer o u tp u t  is  shown 

indented bu t  not  p r e f i x e d



The model co ns t ru c te d  to  d esc r ibe  the c o n s t r i c t i o n  ra te  in 

terms o f  the dose o f  methyserg ide and sCT i s :

C o n s t r i c t i o n  ra te  18.29 + . (-8.286 x  ICV(2))  + ( -4 .452  x MTS(2)

+ ( ICV(2) x  MTS (2) x  3-786)

(Standard e r r o r s  have been o m i t t e d  f o r  c l a r i t y ) .  A more f a m i l i a r  

p re s e n ta t io n  o f  t h i s  data i s :

Source o f  v a r i a t i o n s . s d. f m .s . F

i . c . v  sCT 278 1 •278 8.1 (1,25)

Methysergi  de h i 1 h i 1 .2 (1,24)

1n t e r a c t i o n 23 1 23 0.7 (1,23)

Resi dual 746 22 34

To ta l 1089 25

The F va lues reveal  t h a t  the presence o r  absence o f  sCT is  a 

s i g n i f i c a n t  source o f  v a r i a t i o n  (P < 0 .0 1 ) ,  bu t  t h a t  methyserg ide,  

which is  i t s e l f  no t  a s i g n i f i c a n t  source o f  v a r i a t i o n  (P > 0 . 1 ) ,  does 

no t  i n t e r a c t  s i g n i f i c a n t l y  w i t h  sCT (P > 0 . 1 ) .  This a n a ly s is  t h e r e fo r e  

revea ls  no s i g n i f i c a n t  ev idence f o r  m o d i f i c a t  ion o f  sCT a n t i n o c i c e p t i o n  

by methyserg ide  (see R.2 ) .



CHART SHOWING COMPARATIVE P OT EN C Y' S  OF s C T ,  hCT a n d  pCT.
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Conversions have been based on the  f o l l o w i n g  potency e s t im a t e s  ; 

hCT, 120 U.mg ; pCT, 200 U.mg ; sCT, *4500 U.mg , ( v a lu e s  o b t a in ed  

from Diem, K.and L e n t n e r ,  C. 1972 ,  Documenta Geigy ,  and from potency  

of  s y n t h e t i c  sCT s u p p l i e d  by the  Armour Ph armac eut ica l  Co. ) .  The 

potency o f  s y n t h e t i c  and e x t r a c t e d  c a l c i t o n i n s  may d i f f e r  and may 

vary  from ba tch  to  b a t c h ,  va lue s  g iven  must t h e r e f o r e  be t r e a t e d  as 

rough app ro x im at es .

One MRC u n i t  is d e f i n e d  as the ca lc iu m lower ing  a c t i v i t y  o f  

one MRC s tandard  ampoule.  Ten MRC mU lowers plasma ca lc i um  

a p p ro x i m a t e l y  10 t  in s t a rv e d  150g r a t s  b led  1 hour a f t e r  i . v .  i n j e c t i o n



B r .  J .  Pharmac .  7 6 ,  27 0 P ,  ( 1 9 8 2 ) .

LACK OF EFFECT OF CALCITONIN ON THE RESPONSE OF THE RAT COLON TO 
LEU- AND MET- ENKEPHALIN, OR ACETYLCHOLINE, IN VITRO

R.F.L. Bates, G.A. Buckley, R.M. Eglen, C.A. McArdle and R.J. Strettle*, Depart
ment of Life Sciences, Trent Polytechnic, Nottingham and ^Division of Biology, 
Preston Polytechnic, Lancashire.
Calcitonin, administered by central injection, possesses analgesic properties 
(Braga et al, 1978; Bates et al, 1981a) not observed when the hormone is adminis
tered peripherally. Calcitonin-induced analgesia in the mouse shares several fea
tures in common with opiate analgesia, including antagonism by calcium ions and 
naloxone. However, the dose of naloxone required to antagonise calcitonin-anal- 
gesia in the mouse is 10-100 fold greater than those required to antagonise opiate 
analgesia (Bates et al, 1981b), which suggests that calcitonin may not interact 
directly at the opiate receptor.
We have studied the effect of calcitonin on the rat colon, a tissue which contains 
excitatory opiate receptors of the p and 6 types (Boura and Olley, 1981, Gillan 
and Pollock, 1980). In this tissue, opiates produce a contractile response, pos
sibly by activation of serotoninergic neurones (Huidoboto-Toro et al, 1981).
The middle third of the colon was removed from CFY rats , 200-300g) and sus
pended from an isotonic transducer under lg tension. The tissue was superfused 
with warmed (37°C), gassed (5% C02/95% O2) Krebs solution (Boura et al, 1981) at 
a rate of Ami min~*. Agonists and antagonists were injected into the superfusion 
fluid. Each piece of tissue was tested with acetylcholine (10~®-10“^M) prior to 
the application of the opioid peptides leu and met- enkephalin or salmon calcit
onin (4700 i.u. mg- *; mw = 3600). Agonist potency was determined from the EC50, 
and the potency of the antagonists was determined by estimation of the pA2 value.
The preparation contracted in response to acetylcholine (EC50 - 3 x 10”^M) and the 
response was antagonised by atropine (pA2 = 7.1). Both leu and met- enkephalin 
elicited a contractile response (leu- enkephalin EC^q = 3 x 10~^M; met- enkephalin 
EC50 - 6 x 10-&M), with a threshold concentration of 10*"®M and a maximum response 
at 10“6m. The maximum response to both peptides was only 20-50% of the maximum 
response to acetylcholine. The response of the rat colon to the opioid peptides 
was antagonised by naloxone with a pA2 value of 7.1 for leu- enkephalin and 7.0 
for met- enkephalin. These results for naloxone and the maximum enkephalin res
ponse are similar to those of Boura and Olley, 1981.
Salmon calcitonin (2.5 x 10“* 2 _ 2.5 x 10“^M; n ® 4) did not stimulate the rat 
colon; nor did it affect the responses to either of the opioid peptides. Similar 
observations have been reported by Braga et al (1978) using the transmurally 
stimulated guinea-pig ileum as the opiate bioassay preparation.
We conclude that calcitonin does not interact with the p or 6 opiate receptors in 
this preparation. Since opiate-induced analgesia in the abdominal constriction 
test is mediated via the p receptor, we also conclude that the central analgesic
effect of calcitonin is not mediated by direct interaction with opiate receptors
of the p type.
The salmon calcitonin was generously donated by Armour Pharmaceuticals Corporation 
Eastbourne, U.K.
Bates, R.F.L. (1981a) Br.J.Pharmac. 72, 575P
Bates, R.F.L. (1981b) Br.J.Pharmac. 74, 279P
Boura, A.L. and Olley, J.E. (3981) Br.J.Pharmac. 74, 246P
Braga, P. et al (1978) Life Sciences 22, 921-978
Gillan, M.G.C. and Pollock, D. (1980) Br.J.Pharmac. 68, 381-392
Huidoboro-Toro,J.P. and Way, E.L. (3 983) Br.J.Pharmac. 681-694.
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INHIBITION OF ABDOMINAL CONSTRICTIONS BY CALCIUM ANTAGONISTS AND 
THEIR INTERACTION WITH CALCITONIN AND DIVALENT CATIONS

R.F.L. Bates, G.A. Buckley, R.M. Eglen, C.A. McArdle and R.J. Strettle1, Depart
ment of Life Sciences, Trent Polytechnic, Nottingham and division of_Biology, 
Preston Polytechnic, Lancashire.
The analgesia induced by the opiates (Chapman and Way, 1980) and calcitonin (Bates 
et al, 1981) may result from changes in the distribution of calcium ions within 
the cells of the brain. In addition, the central injection of lanthanum ion, a 
calcium flux inhibitor, also results in analgesia which is reversed by naloxone. 
However, the possible analgesic properties of the ’slow' calcium channel antagon
ists have not been studied. In this investigation, the analgesic properties of 
the calcium antagonists nifedipine and PY 108-068 have been studied.
Groups of 10 CFLP mice (? 30g) were given intracerebroventricular (i.c.v.)
injections of nifedipine, PY 108-068, salmon calcitonin (SCT), CaCl2 or MgCl2, 
dissolved in 10pl of tris-saline pH 7.4 containing 50% dimethyl sulphoxide. 10 
minutes later, mice were given an i.p. injection of acetic acid (0.3ml of 1% w/v) 
and the frequency of abdominal constrictions was counted between the 10-14th min
ute following the injection of acid. In the control mice, which received an i.c.v. 
injection of vehicle, the rate of abdominal constrictions was 3.02 ± 0.1 min- *
(x ± se). Some groups of animals did. not receive acetic acid, but were used to 
assess locomotor activity and investigative behaviour, using standard rotating 
drum and hole board tests respectively.
The i.c.v. injection of 0.33, 3.3 or 6.6 pmoles kg-* nifedipine caused 5 ± 5, 26 
± 4* and 50 i 2%* ( x ± se, *p<0.005) inhibition of the frequency of abdominal con
strictions. At these doses, there was not impairment of locomotor or investiga
tive behaviour.
The simultaneous i.c.v. injection of CaCl2 (1.7 pmoles kg-*), together with 3.3 
pmoles nifedipine, reversed the effect of the calcium antagonist. This dose of 
CaCl2 is inactive by itself. In contrast, the simultaneous i.c.v. injection of 
MgCl2 (3.3 pinoles kg-*) together with nifedipine (3.3 pmoles kg- *) did not reverse 
the effect of nifedipine.
Intracerebroventricular injection of SCT (0.1 or 2 i.u. kg- '*) inhibited the freq
uency of abdominal constrictions by 22 ± 4* and 49 ± 4%* (* i se;*p<0.005). The 
simultaneous i.c.v. injection of SCT (0.1 i.u. kg-* and nifedipine (0.33 pmoles 
kg-*) produced a summation of the effects of these agents. Similar results were 
obtained when SCT (2 i.u. kg-*) and nifedipine (3.3 pmoles kg-*) were simultane
ously injected i.c.v.
The i.c.v. injection of 0.33, 3.3 or 6.6 pmoles kg-* PY 108-068 caused 34 i 3*,
43 ± 6* and 57 i 4%* (* ± se;*p<0.005) inhibition of abdominal constrictions. At 
these doses, there was no impairment of locomotive or investigative behaviour.
In summary, nifedipine and PY 108-068 given by i.c.v. injection, significantly re
duce the frequency of abdominal constrictions induced by acetic acid. The effect 
of nifedipine was additive with that of calcitonin and, like the effect of calcit
onin, could be reversed by i.c.v. injection of calcium ion but not by i.c.v. in
jection of magnesium ion.
The drugs used were generously donated by the following: salmon calcitonin (Armour 
Pharmaceutical Corp.), nifedipine (Bayer UK Ltd.) and PY 108-068 (Sandoz Ltd.).
Bates, R.F.L. (1981) Brit. J. Pharmac. 72, 575P
Chapman, D.B. & Way, E.L. (1980) Ann. Rev. Pharmacol. Toxicol. 20, 553-579.



B r .  J .  Pharmac .  7J_,51 8 P ,  ( 1 9 8 2 ) .

SALMON CALCITONIN AND CENTRAL ACETYLCHOLINESTERASE ACTIVITY

R.F.L. Bates, G.A. Buckley, R.M.*Eglen, C.A. McArdle and R.J. Strettle*, Depart
ment of Life Sciences, Trent Polytechnic, Nottingham and *Division of Biology, 
Preston Polytechnic, Lancashire.
Nakhla and Majumdar (1978) reported that intramuscular administration of porcine 
calcitonin decreases plasma tryptophan and increases central 5-hydroxytryptamine 
{5—HT) in rats; this rise is thought to mediate an increase in central acetyl
cholinesterase (AchE) activity. Either of these changes might be associated with 
the anti-nociceptive action of calcitonin {Pecile et al, 1975; Bates et al, 1981)
To test this hypothesis, groups o f -10 CFLP mice (<5&g,30g) or Wistar rats (£)&$, 
250-300g) were given drugs or appropriate vehicle. One hour later (15 min in the 
case of eserine) the brains were removed. Cortex, cerebellum and the remaining 
tissue were homogenised separately in lOml, O.1M phosphate buffer at the appro
priate pH. The protein concentration of the homogenates was determined according 
to the method of Lowry et al (1951) and AchE activity was determined according to 
Ellman et al (1961) at pH 7.4°C and 21°C for mouse brain or pH 8 and 37°C for rat 
brain.- The results are shown in Table 1.
Table 1 AchE activity of brain homogenates
Treatment Cerebellum Cortex Remainder
Tryptophan 300mg.kg~1 s.c. 1.32 + 0.05 6.50 4 0.50 5. 18 4 0.46

(Control Mice) 1.36 ± 0.23 6.07 4 0,22 5.84 4 0.29
5-HT 0.67mg.kg-1 i.c.v. 1.57 + 0.09 6.11 4 0.23 4.91 4 O. 19

(Control Mice) 1.75 ± 0.09 6.54 4 0.21 5.37 4 0. 19
p-chlorophenylalanine 300mg. kg-1 p.o. 1. 24 ± 0.07 5.17 4 O. 17 4.53 4 O. 14

(Control Mice) 1.39 ± O. JO 5.20 4 0.29 4.45 4 0.27
Salmon calcitonin 20 IU.kg-1 s.c. 1.02 ± O. 12 4.15 4 0.21 3.90 4 0.05

(Control Mice) 1.05 + 0.08 4.37 4 0.27 3.91 4 O. 18
Salmon calcitonin 50 IU.kg”1 i.c.v. 1.45 -f O. 14 6.44 4 O. 30 5.48 4 0. 18

(Control Mice) 1.76 ± 0.19 6.45 4 0.32 5.18 4 0.20
Salmon calcitonin 20 IU.kg-1 s.c. 4.41 ± 0.21 7.53 4 0.34 7.07 4 0.32

(Control Rats) 4.33 ± 0.27 7.18 4 0.37 7.23 4 O. 4 3
Eserine 2mg.kg-1 s.c. 1.77 4 0.20 3.30 4 O.25** 3. 16 4 0.24*

(Control Mice) 2.06 ± 0.24 5.65 4 0.25 4.48 4 O. 4 1
Results expressed in p.mol.hr 1 (mg protein)""1, x ± s.e., n = 7-10, *P<0.02, 
**P<0.001.
No significant change in AchE activity was observed after any of these treatments 
except for eserine, which was used as a control for the assay system.
In conclusion, we are unable to provide evidence either that agents which modify
5-HT metabolism influence AchE activity in the brain or that the central anti
nociceptive action of salmon calcitonin is likely to be associated with changes in 
AchE activity.
We thank Armour Pharmaceutical Corporation for the donation of salmon calcitonin.
Bates, R.F.L. et al (1981) Brit. J. Pharmacol. 72, 559P- 
Ellman, G.L. et al (1961) Biochem. Pharmacol. 7, 88-95.
Lowry, O.H. et al (1951) J. Biol. Chem. 193, 265-275.
Nakhla, A.M. and Majumdar, A.P.N. (1978) Biochem. J . 170, 445-448.
Pecile, K , et al Experientia 31, (3) 332-337 (1975).
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CALCIUM ANTAGONISTS: DIFFERENTIAL EFFECTS ON GUINEA~PIG AND RAT
INTESTINAL SMOOTH MUSCLE

R.F.L, Bates, G.A. Buckley, R.M. Eglen, C.A. McArdle and S.J. Wilkinson,
Department of Life Sciences, Trent Polytechnic, Nottingham.
The effects of the calcium slow channel blocking agents (calcium antagonists) on 
cardiac and vascular smooth muscle have been extensively studied (e.g. Naylor and 
Poole-Wilson, 1981). There are, however, relatively few reports on the effects of 
these agents on the smooth muscle of the alimentary tract of species other than 
the guinea pig. We have compared the effects of the calcium antagonists, 
verapam il, nifedipine and PY 108-068 upon the response of smooth muscle from the 
alimentary tract of rats and guinea pigs to stimulation by acetylcholine.
Segments of colon (middle third) and ileum were isolated from rats (Sprague- 
Dawley, 250g,£>,£) or guinea pigs (Duncan-Hartley, 350g,o,o) and suspended under 
Ig tension in Krebs solution at 37°C, gassed with 5% CO2 in oxygen. The calcium 
ion concentration of the Krebs solution was 2.5 mmol.I”1. In experiments using 
lanthanum, the tissue was immersed in Hepes buffered solution containing the same 
concentration of calcium ion and gassed with oxygen.
Cumululative dose-response curves to acetylcholine were obtained in the presence 
or absence of the calcium antagonists in normal or calcium deficient Krebs, The 
antagonists were added 1 or 60 minutes prior to the addition of acetylcholine.
The responses of the guinea pig ileum and colon to acetylcholine were antagonized 
noncompetitively by all four agents. The responses of both tissues were completely 
abolished by lO-^M of the organic antagonists and 2mmol.1~T lanthanum. These 
results are similar to those of Ticku and Triggle (1976).
In contrast, the rat ileum and colon were relatively insensitive to the organic 
antagonists which failed to significantly reduce the response to acetylcholine at 
concentrations up to 10~&M (n = 4).. Pre-incubation of the rat tissue with the 
calcium antagonists for periods up to 1 hour did not increase their potency (n = 4) 
nor was the effect of nifedipine increased by pre-incubation of the tissue in 
calcium deficient Krebs solution (n = 4), containing the minimum concentration of 
calcium ions (0.Smmol.1~1) required to maintain a maximum response to acetylcholine 
However, the maximum responses of the rat ileum and colon were reduced (63 ± 3% and 
83 ± 7% respectively; x ± se, n = 4) by 2mmol.l-1 lanthanum ion. Pre-incubation 
of the tissue in calcium free solution abolished the response to acetylcholine.
We conclude that in contrast to similar tissue from the guinea pig, the responses 
to acetylcholine of the rat ileum and colon are very insensitive to the organic 
calcium antagonists verapamil, nifedipine and PY 108-068.
The drugs used were generously donated by the following: verapamil (Abbott Labora
tories Ltd.), nifedipine (Bayer UK Ltd.) and PY 108-068 (Sandoz Ltd.).
Nayler, W.G. and Ph. Poole-Wilson (1981) Basic Res. Cardiol. 76, 1-15.
Ticku, M.K. and D.J. Triggle (1976) Gen. Pharmacol. 7, 133-140.
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CALCITONIN IN HAEMORRHAGIC SHOCK

R.F.L. Bates, G.A. Buckley, R.M. Eglen*, C.A. McArdle, R.J. Strettle1 and D.A.R. 
Wood*, Department of Life Sciences, Trent Polytechnic, Nottingham, NG1 4BU and 
^Division of Biology, Preston Polytechnic, Preston.
The hypotension observed after haeroorrhagic or endotoxic shock, has been shown to 
be exacerbated by morphine (Chance et al, 1982) and reversed by naloxone (Faden & 
Holaday, 1979). We have studied the effects of calcitonin, a centrally acting 
antinociceptive agent (Bates et al, 1981), on the blood pressure in anaesthetised, 
norxnotensive, haemorrhaged and pithed rats.
Sprague-Dawley rats (150-350g) were anaesthetised with i.p. urethane (1.4g kg-1). 
The jugular vein and carotid artery were cannulated for drug administration and 
blood pressure recording respectively. Vehicle (0.154M NaCl, with lmg ml” 1 BSA) 
or drugs (leucine enkephalin (LE), naloxone and salmon calcitonin (sCT)), were 
administered on a latin-square system.
Separate groups of animals were bled by withdrawing arterial blood, until the mean 
arterial pressure (MAP) was reduced by 20%. After a 20 minute stabilisation per
iod, vehicle or drugs (naloxone or sCT) were administered. The MAP was monitored 
for 60 minutes thereafter. The change in MAP was determined from the post
haemorrhage value, and statistical analysis was undertaken by Student’s t test.
In normotensive animals, LE produced a significant, (p < 0.05) transient hypo
tension. Pretreatment with naloxone (lOmg kg”1) , administered, i.p., 30 minutes 
prior to LE, completely abolished the responses to IE. sCT (0.01-100 i.u. kg"*) 
was without effect on the blood pressure of normotensive animals.
Table 1 Change in MAP, after drug treatment in haemorrhaged animals (mean 1 SE 

MEAN, *p < 0.05

Change in MAP (mm Hg) - Post-Baemmorrhage
Treatment 5 Minutes 15 Minutes 60 Minutes

Vehicle +4.3 ± 3.3 -3.8 ± 2.9 -3.5 ± 3.6
sCT (0.1 i.u. kq”1) +2.6 ± 3.3 +1.8 ± 2.4 +6.4 t  0.87*
sCT (1 i.u. kg-1) +7.0 ± 3.2* +6.6 ± 3.0* +7.0 + 2.1*
sCT (lO i.u. kg"1) +16 + 4.8* +15.8 ± 4.2* +11.4 ± 6.2
Naloxone +5.7 ± 2.9 +11.0 ± 3.8* +17.2 ± 2.8*

As shown in Table 1 Naloxone produced a rise in MAP, which was significantly dif
ferent at 15 minutes, and was sustained for 60 minutes. sCT (0.1-10 i.u. kg"1) 
produced a dose-dependent increase in MAP, at 5 minutes which was sustained for 
60 minutes. In pithed animals, sCT (10 i.u. kg-1) produced no observable effect, 
although these animals were responsive to a direct-acting vasoconstrictor such as 
vasopressin (1.5-30CtaU kg"1).
We have shown that sCT exerts a pressor effect in rats rendered hypotensive by 
haemorrhage. There was no effect observed with sCT in normotensive animals. The 
absence of an effect in the pithed animal indicates that the pressor action of 
sCT in haemorrhage is probably not by direct peripheral vasoconstriction.
Bates, R.F.L. (1981) Br.J.Pharmac. 72(3), 575P 
Chance, E. (1981) Br.J.Pharmac. 74 (4), 930-931P 
Fadan, A.I. & J.W. Holaday (1979) Science 205, 317-31B.
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CALCITONIN ANTINOCICEPTION AND SEROTONERGIC TRANSMISSION

R.F.L. Bates, G.A. Buckley, R.M. Eglen and C.A. McArdle, Department of Life 
Sciences, Trent Polytechnic, Nottingham.
Morphine antinociception in mice can be antagonised by inhibition of serotonin 
synthesis with p-chlorophenylalanine (pCPA) (Fennessy and Lee, 1970), and potenti
ated by intracerebral (i.e.) administration of serotonin (Sewell and Spencer,
1975). Much evidence of this nature exists linking opiate antinociception with 
central serotonergic systems. We have investigated the possible involvement of 
serotonin in the central antinociceptive action of salmon calcitonin (SCT) in the 
abdominal constriction test (Bates et al, 1981).
Groups of mice (CFLP, cT, p » 25-30g) were treated with vehicle or pCPA (300 mg.Kg“l 
S.C. in 0.92 NaCl with 0..05Z polyoxyethylene-4-lauryl ether, pH 7.4) 72, 48 and 24 
hours prior to test. On the day of test the mice were given SCT (0.01 - 50 IU, 

or serotonin (0.5 — 10 pg/mouse) in lOpl of vehicle (50mM Tris, lOOmM NaCl 
in IX bovine serum albumin at pH 7.4) using the i.e. injection technique of Haley 
and McCormick (1957). Ten minutes later the mice received, i.p., 0.3 ml of a 
solution containing IX acetic acid in 0.9X NaCl and the abdominal constriction rate 
was counted between the 10th and 14th minutes after injection.
The statistical validity of the results was assessed using analysis of variance 
and Student's ' t* test. In all cases groups of mice (6-10) under test were corn- 
paired to an internal control group receiving the appropriate vehicle.
The abdominal constriction rate after treatment *-?ith vehicle (i.p. and i.e.) was 
3.98 ± 0.26 (* ± s.e., n « 23; pooled controls) constrictions.min”1. Pretreatment 
with pCPA had no significant effect on the abdominal constriction rate (4.12 ±
0.22, n » 24), whereas, SCT (0.1, 1, 2, 10, 50 IU.Kg”1) produced a dose dependent 
reduction of the abdominal constriction rate (23.6 ± 7.62, 38.1 ± 4.8X, 45.4 ±
8.5X, 41.3 ± 7.8X, 33.0 ± 6.7X respectively, n » 6-9, P < 0.025). After pretreat
ment with pCPA, SCT (i.e.) produced no significant reduction in abdominal constri
ction rate at 0.1, I, 2 or 50 IU.Kg”1, although at 10 IU.Kg”* SCT, the constriction 
rate was reduced by 19.9 ± 6.12, n » 7, P < 0.05. Intracerebral serotonin (1, 5,
10 fig/mouse) caused a dose dependent reduction in abdominal constriction rate 
(32.3 ± 10.02, 49.2 + 10.32, 56.7 ± 10.42 respectively, n * 9-10, P < 0.025) which 
was not antagonised by pretreatroent with pCPA. Furthermore, simultaneous i.e. 
administration of serotonin (10 Jig/mouse) and SCT (2 IU.Kg” *) caused a reduction 
in abdominal constriction rate (86.6 ± 4.02, n * 9) which was significantly 
(P < 0.02) greater than the effect observed with either serotonin (56.7 ± 10.4, 
n * 10) or SCT (39.8 ± 9.52, n ■* 10) alone. In addition the antagonism of SCT 
antinociception by pCPA was not apparent when serotonin (1 or 10 pg/mouse) was 
injected simultaneously with the SCT (2 IU.Kg”*).
These results suggest that central serotonergic systems may be involved in the 
antinociceptive action of SCT.
The salmon calcitonin was generously donated by Armour Pharmaceutical Corporation.
Bates, R.F.L. et al (1981) Br.J.Pharmac. 72(3), 559P 
Fennessy, M.R. and Lee, J.R. (1970) J.Pharm.Pharmac. 22, 930-935 
Haley, T.J. and McCormick, W.G. (1957) Brit .J.Pharmac. 12, 12-15 
Sewell, R.D.E. and Spencer, P.S.J. (1975) Psychopharmacologia. 42, 67-71.
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POSSIBLE MECHANISMS OF ACTION OF CALCITONIN IN HAEMORRHAGIC 
HYPOTENSION

R.F.L. Bates, G.A. Buckley, R.M. Eglen1 and C.A. McArdle, Department of Life 
Sciences, Trent Polytechnic, Nottingham 1present address, Syntax Research Centre, 
*Heriot-Watt University, Edinburgh.
It has been reported that i.v. salmon calcitonin (SCT) produces a pressor 
response when administered to rats rendered hypotensive by haemorrhage (Bates 
et al, 1983) . This effect was not due to peripheral vasoconstriction and was not 
observed in normotensive animals. We have investigated the mechanism(s) of this 
response by determining the effect of SCT after bilateral vagotomy, chemical 
sympathectomy (Kostrzewa et al,1974)^, and vasopressin antagonism (Kruszyski et al, 
1980, Htzinikolaou et al, 1981).
Sprague-Dawley rats (<*,9, 150-350g) were anaesthetised with urethane, cannulated 
for drug administration and blood pressure recording and bled to reduce the mean 
arterial pressure (MAP) as previously described (Bates et al,19S3). After a 20 
minute stabilisation period SCT (10 i.u. Kg-1 in O.lml, O.ISM NaCl with img ml-1 
(BSA) or vehicle were admin istered i.v. The change in MAP was monitored for a 
further 60 minutes.
Groups of 6-10 animals were pretreated with 6-Hydroxydopamine (6-OHDA, lOOng Kg"1 
i.p. in lmg ml-1 ascorbic acid, 4,3 and 2 days prior to experimental use) , 
bilateral vagotomy (5-10 minutes after bleeding) or the vasopressin antagonist 
[I~e-mercapto-e,0-cyclopentamethylene propionic acid), 2-(0-methyl) tyrosine' 
arginine vasopressin (dfCH^)^Tyr(Me)AVP, O.lmg kg-1, i.v. in 0.15M NaCl with lmg 
ml"1 BSA, 5 minutes prior to bleeding) . In each case control groups received ' 
appropriate pretreatment vehicle. There were no differences between these 3 groups 
which have therefore been combined as the pretreatment control.
Table 1. (Change in MAP After Drug Treatment (x - s.e., mraHg)
Pretreatment Drug 5 minutes 15 minutes 60 minutes
Combined vehicle +1.4+0.8 -0.3+1.1 -0 .8+0 .9
controls(n,18-21) SCT +7.6+0 .7 * +6.2+0.8 * +5.3+1.2 *
Bilateral vehicle + 2. 2+1.4 -0 .2+1.8 -3.4+2.5
vagotcmy(n,6-8) SCT +9.6+2.4 * + 8.7+1.6 * +4.5+2.6 *
6-OHDA vehicle +1.1+0.9 -O.3+1.0 +0.9+1.3
(n, 10-12) SCT + 4. 5+1.2 * +1. 8+1.5 -0.1+1.4
d(Ci^) oyr- vehicle + 2.0+.2.0 +1.4+1.2 -0.3+2.4
(Me) AVP (n,6-8) SCT +7.7+0.8 ★ +6.3+1.7 * +7.4+2.1 *
*P<0.05, 2 tailed Students 't* test.
The pressor response to SCT was unaffected by bilateral vagotomy or d (CH2) ̂ Tyr (Me) 
AVP (at a dose which, in pithed rats, has been shown to abolish for 3 hrs. the 
pressor response of 1-100 mU Kg 1 vasopressin). However after pretreatment with
6-0HDA the pressor response only reached statistical significance at 5 minutes. 
These results suggest that pressor response to SCT in rats rendered hypotensive by 
haemorrhagic shock may involve an increase in sympathetic tone, rather than 
modification of vagal afferents or the secretion of vasopressin.
Bates, R.F.L. et al (1983) Br.J.Pharmac. 79, 255P Htzinikolaou,P et al (1981) Am.J.Physiol. 240, H827-831 
Kostrzewa, R.M. and Jacobowitz, D.M. (1974) Pharmacol.Rev. 26, 199 
Kruszynski, M. et al (1980) J.Med.Chem. 23, 364-368
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COMPARISON OF THE ANTINOCICEPTIVE EFFECTS OF CENTRALLY ADMINISTERED 
CALCITONINS AND CALCITONIN GENE-RELATED PEPTIDE

R.F.L. Bates, G.A. Buckley and C.A. McArdle, Department of Life Sciences, Trent 
Polytechnic, Nottingham.
RoBenfeld et al (1983) have demonstrated that alternative processing of the 
RNA transcribed from the calcitonin gene produces tissue specific forms of 
mRNA. Thyroid mRNA encodes a precursor to the hormone calcitonin whereas neural 
mRNA encodes a novel peptide termed calcitonin genet-related peptide (CGRP).
The distribution of CGRP suggests that peptide may be involved in processing 
of painful stimuli. Several forms of calcitonin produce anrinociception when 
administered centrally (Pecile et al, 1975; Bates et al, 1983). In this communica
tion we compare the antinociceptive effects of centrally administered CGRP, 
human calcitonin (hCT) and salmon calcitonin (sCT).

—1 —1Groups of mice (CFLPj, d, p, 25-35g) received bCT (10 U.kg = 0.6 nmol.kg ). 
hCT (0.01-10 nmol.kg ) or CGRP (0.01-10 nmol.kg ) in 10ul of vehicle (50 
mM Tris, lOO mM NaCl in 1% BSA, pH 7.4) by the intracerebroventricular (i.c.v.) 
injection technique of Haley and McCormick (1957). Ten minutes later the animals 
received, i.p., 0.3ml of a solution containing 1% acetic acid in 0.9% NaCl.
The rate of consequent abdominal constrictions (constrictions per minute, c.p.m.) 
was determined between the 10th and 14th minute after injection. The possibility 
of peptides modifying locomotor or investigative behaviour was also assessed 
by the rotating drum and hole board tests.
The statistical validity of the results was assessed using Student's *t' tests, 
groups ol mice under test being compared to an internal control group receiving 
vehicle alone.
The control abdominal constriction rate (3.12±0.22 c.p.m., n=22) was significantly 
reduced by i.c.v. hCT at 5 and 10 nmol.kg (36.6±8.5, 27.5±11.4% inhibition
of internal control respectively, n=ll~12, P<0.05). CGRP at 1, 5 and 10 nmol.kg”
i.c.v. reduced the control constriction rate (3.45±0.15, n=25) by 25.117.0,
34.919.0 and 33.319.4% respectively (n=19-20, P<0.01). Doses below those shown 
were without effect and maximal doses of peptides did not significantly modify 
locomotor or investigative behaviour.
In a further experiment significant inhibition o£ abdominal constriction was 
observed 20, 60 and 120 min. after sCT (10 U.kg »0^6 nmol.kg , i.c.v) whereas 
antinociceptive effects of CGRP and hCT (lOnmol.kg ) were only evident 20 
minutes-after administration.
We have previously reported a minimum antinociceptive dose of 0.1 U.kg (=6 
pmol.kg ) sCT in this model. The marked potency and duration of action of 
sCT as compared to hCT has been reported for the hypocalcaemic action of the 
hormones and may be associated with its higher receptor affinity and binding 
half-life.
In summary,we have demonstrated tiiat central administration of relatively high 
doses of both hCT and CGRP can produce transient antinociception in mice, these 
results support the suggestion of Rosenfeld et al, 1983, that CGRP might play a 
role in central processing of painful stimuli.
The sCT and hCT were donated by the Armour Pharmaceutical Corporation and Ciba- 
Geigy respectively, CGRP was purchased from Merseyside Laboratories.
Bates. R.F.L. et al (1983) Br. J. Pharmac. 80, 518P 
Haley, T.J. and McCormick, W.G. (1957) Br.J.Pharmac.12, 12-15 
Pecile, A. et al (1975) Experientia. 31, 332-333 
Rosenfeld, M.G. et al (1983) Nature. 304, 129-135



S u b m i t te d  f o r  IUPHAR 9 t h  I n t e r n a t i o n a l  Congress o f  
Pharm aco logy .  London.  September 1984.
CALCITONIN IN HAEHORHAGIC HYPOTENSION. |

1 '* IC.A.M c A r dl e , R.M.Eglen , R.F.L.Bates and G.A.Buckley 
Department of life sciences, Trent polytechnic, Nottingham 
and Syntex research centre, Herriot-Watt University, 
Edinburgh.
The hypotension observed in haemorrhagic shock has 
been shown to be exacerbated by morphine and reversed 
by naloxone. Bates et al (1983) have reported that 
i.v. administration of salmon calcitonin (sCT) a 
peptide hormone with central antinociceptive activity 
produces a pressor response in rats rendered hypotensive j 
by haemorrhage, but is without effect in normotensive 
animals or those made hypotensive by pithing. I
Administration of sCT (10 U.kg , i.v. in 0.1ml, !
0.9% NaCl with lmg.ml BSA) to urethane anaesthetised i

rats 20 minutes after removal of arterial blood to 
reduce MAP (mean arterial pressure) by 20% produced 1
a pressor response (change in MAP significantly greater 
after sCT than after vehicle, P<0.05) with a duration 
of at least 60 minutes. A similar response was observed 
when animals received bilateral vagotomyjor vasopressin 
antagonist (dfCH^Jj-Tyr-fHejAVPjO.lmg.kg ^i.v.), whereas 
chemical sypathectomy (6-OHDA, lOOmg.kg , A , 3, and 
2 days prior to experiment) markedly attenuated the 
increase in MAP. Me conclude that the pressor response 
to sCT in rats rendered hypotensive by haemorrhage 
may involve an increase in sympathetic tone rather 
than modification of vagal afferents or the secretion 
of vasopressin.
Bates, R.F.L. et al (1983) Br. J. Pharmac. 79,255P
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PRESSOR EFFECT OF CENTRALLY ADMINISTERED CALCITONIN.
R. F. L. Bates, G. A. Buckley and C. A. McArdle, Department 
of Life Sciences, Trent Polytechnic, Nottingham.

We have recently reported that salmon calcitonin (sCT) produces 
a pressor response after peripheral administration to rats 
rendered hypotensive by haemorrhage, but is without effect 
in normotensive rats (Bates et al., 19S3).Similarly calcitonin 
gene-related peptide, the product of calcitonin gene transcription 
in the rat CNS, has been found to increase mean arterial pressure 
(MAP) after intracerebroventricular (i.c.v) administration 
(Fisher et al., 1983). We have therefore determined the effect 

•of i.c.v. sCT on MAP of urethane anaesthetised normotensive 
;rats and those rendered hypotensive by removal of arterial 
blood.

Change in MAP (mmHg) produced by i.c.v. sCT in normotensive 
rats (A), and rats rendered hypotensive by haemorrhage (B).

Dose 5 min. 15 min. 30 min. 60 min.
U.kg-^n)

A 0 t (16) —2.0+1.0 -0.911.1 -0.211.9 -1.411.8
0.1 (5) 3.4±1.2 * 1.411.0 0.210.9 -1.411.7
1.0 (5) 8.8±3.0 * 12.212.0 •* 9.812.0 * 4.813.8 *
10 (6) 13.5±1.7 * 17.511.5 * 17.212.1 * 10.314.2 ■*

B 0 t (14) —0.6±0.3 1.911.1 -0.311.0 -4.111.1
0.1 (4) 2.712.7 1.010.6 4.511.4 ■* 3.711.4 •*
1.0 (5) 9.813.1 •* 14.614.7 * 13.412.9 * 9.211.9 -*
10 (6) 31.013.2 * 33.014.9 * 30.614.3 * 23.014.2 *

Values are x±s .e ; n=number of animals; tpooled vehicle »
♦significantly greater than vehicle (P<0.01), Students •t ' 
test.

In summary, i.c.v. administration of sCT produced a dose 
dependent pressor response in both normotensive animals and 
those rendered hypotensive by haemorrhage. This effect which 
was most marked after removal of arterjal blood, had a duration 
of at least 60 minutes (1 and 10 U.kg ). These results indicate 
that the previously reported pressor effect of sCT after haemcrrhag? 
may involve actions on the CNS and that CT, or structurally 
related peptides, might play a role in central mechanisms of 
cardiovascular regulation.
Bates et al (1983) Brit.J. Pharmac. 79, 255P.
Fisher et al (1983) Nature. 305, 534-536.
The sCT were kindly donated by the Armour pharmaceutical Co.
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PRESSOR EFFECT OF CENTRALLY ADMINISTERED SALMON CALCITONIN (sCT)

R.F.L. Bates, G.A. Buckley and C.A. McArdle, Department of Life Sciences,
Trent Polytechnic, Nottingham.
We have previously demonstrated that sCT produces a dose dependent pressor 
response when administered peripherally to rats made hypotensive by haemorrhage, 
but is without effect in normotensive rats and those made hypotensive by 
pithing (Bates et al., 1983). An increase in sympathetic tone has been 
implicated as the mechanism underlying the pressor response of haemorrhaged 
rats to i.v. sCT (Bates et al., 1984), and of normotensive rats to 
intracerebroventricular (i.c.v) calcitonin gene-related peptide (Fisher et al., 
1983). We have therefore determined the effect of i.c.v. sCT on mean arterial 
pressure (MAP) of normotensive rats and those rendared hypotensive by haemorrhage, 
and assessed the effect of chemical sympathectomy on the response observed in 
haemorrhaged animals.
Groups of Sprague-Dawley rats which were untreated or were pretreated with 
either 6-hydroxydopamine (6-OHDA, 100 mg.kg”1 i.p. in 1 mg.ml-1 ascorbic acid, 
4,3, and 2 days prior to experimental use) or with appropriate vehicle, were 
cannulated for blood pressure recording under urethane anasthesia as previously 
described (Bates et al., 1983). The animals were then placed in a stereotaxic 
frame to facillitate i.c.v. injection and were given a single sham i.c.v. 
injection (needle entry without fluid ejection) followed by a 30 minutes 
stabilisation period. Where appropriate, arterial blood was removed to reduce 
MAP by approximately 20%, 10 minutes after the sham injection. After 
stabilisation, sCT (0.1, 1 or 10 U.kg""1) or vehicle (50 mM Tris, 100 mM NaCl, 
in 1% bovine serum albumin, pH 7.4) was administered (i.c.v) in a volume of 
10 pi and the change in MAP was monitored for 60 minutes thereafter.
All animals received a single dose of sCT and of vehicle in varied order, 
statistical analysis was by comparison (Student's *t' test) of sCT induced 
effects with those of the vehicle treated internal controls.
In normotensive rats i.c.v. sCT produced a dose dependent pressor response 
with peak increases in MAP of 12.4 ± 1.4 and 17.7 ± 1.7 mm Hg for 1 and 10 U.kg 
respectively, (n=4-6, P <0.05), whereas vehicle produced no significant change 
in MAP. A greater pressor response was produced by i.c.v. administration of 
sCT to rats rendered hypotensive by haemorrhage (peak increases in MAP;
14.6 ± 4.6 and 35.8 ± 3.9 mm Hg for 1 and 10 U.kg""1 . Furthermore, the pressor 
response of hypotensive animals to i.c.v. sCT (1 and 10 U.kg-1) was not 
significantly altered by chemical sympathectomy. In contrast, the pressor 
effect of i.v. sCT (10 U.kg”-*-) has been shown to be greatly attenuated by 
chemical sympathectomy (Bates et al., 1984).
These results provide further evidence that calcitonin or structurally related 
peptides might play a role in central cardiovascular regulatory systems, and 
indicate that the mechanisms underlying the haemodynamic effects of centrally 
and peripherally administered sCT may differ.
The sCT was kindly donated by the Armour Pharmaceutical Corporation.
Bates R.F.L. et al., (1983) Br. J. Pharmac 79, 255P
Bates R.F.L. et al. , (1984) Br. J. Pharmac 81., 157P
Fisher, L.A. et al., (1983) Nature 305, 534-536.


