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Effects of Intracerebroventr icular  Calcitonin in the Consc ious  Rabbit  

D u r i n g  t h e  e x p e r i m e n t a l  work  for t he  a s sessment  of 
pha rmaco log ica l  and  toxicological  cha rac te r i s t i c s  of 
s a lmon  calci tonin,  we decided also to  m a k e  a con t ro l  of 
t he  possible  i n t e r a c t i o n  of t he  h o r m o n e  w i t h  t he  cen t r a l  
ne rvous  s y s t e m  (CNS). B e h a v i o u r a l  a n d  e lec t roencepha-  
lographic  (EEG)  changes ,  and  also modi f i ca t ions  of t h e  
t h r e sho ld  to electr ic  s t i m u l a t i o n  of d e n t a l  pulp,  were 
chosen  as p a r a m e t e r s  of t he  control ,  recal l ing  t h a t  pa in  
relief is one of t he  r epo r t ed  effects  of ca lc i ton in  in t r e a t e d  
pa t i en t s .  

S a l m o n  ca lc i ton in  was ava i l ab le  on ly  in l imi ted  
a m o u n t  so t h a t ,  in  order  to  ach ieve  b e t t e r  ev idence  of a n  
inf luence  of ca lc i ton in  on CNS, we decided on in jec t  t he  
h o r m o n e  d i rec t ly  in to  t he  cerebra l  ven t r i c les  of r a b b i t s  
p r e p a r e d  for t he  combined  d e t e r m i n a t i o n s  of the  t h r e sho ld  
to  pa in fu l  electric s t imul i  and  t he  E E G  record  of a c t i v i t y  
of d i f fe ren t  b r a i n  areas.  

Materials  and methods. E x p e r i m e n t s  were pe r fo rmed  
us ing  u n a n a e s t h e t i z e d  male  a d u l t  r a b b i t s  we igh ing  2.5 to  
3.0 kg  w i t h  p e r m a n e n t  e lec t rodes  i m p l a n t e d  b y  s t a n d a r d  
s t e reo tax ic  t e c h n i q u e  us ing  t he  coord ina tes  of MONNIER 
and  GANaLOFF t for t he  fol lowing b r a i n  a reas :  nuc leus  
media l i s  dorsal is  t h a l a m i  (MD), fo rma t io  h y p p o c a m p a l i s  
ven t r a l i s  (HV), f o rma t io  re t i cu la r i s  mesencepha l i  (MRF),  
cor tex  motor i s  (MC), nuc leus  c a u d a t u s  (NC). Sta in less  
steel  screws served  as skul l  e lectrodes  and  g round  refer-  
ence. 

The animals were also prepared with chronically 
implanted electrodes for the analgesimetric evaluation 
according to CHEYMOL et al. 2.based on the licking reaction 
elicited by electrical stimulation of the pulp of the upper 
incisors. In each stimulation schedule, the frequency, 
pulse width and duration of the stimulus remained 
constant at 5 Hz, 5 msec and 1 sec respectively; only 
voltage was varied until licking response was elicited 
(Palmer electronic square wave stimulator C.V.P. model). 

Cannulae were chronically implanted into the lateral 
ven t r i c l e  for t he  i n t r a v e n t r i c u l a r  (IVT) mic ro in j ec t ion  of 
ca lc i ton in  accord ing  to  F~LDBERG and  SttER~VOOD a. 
Calc i tonin  (sa lmon ca lc i ton in  A r m o u r  A L  0977) was 
dissolved in sal ine buf fe red  a t  p H  4.3 and  in jec ted  in doses 
of 8 or 16 U /kg  in t he  c o n s t a n t  v o l u m e  of 50 F1 t h r o u g h  a 
smal l  r u b b e r  p l a t e  wh ich  sealed t he  c a n n u l a  above .  
Cont ro l  an ima l s  received,  IVT,  on ly  t he  d issolv ing 

solut ion.  The  cannu l a  p l a c e m e n t  was  ver i f ied  his to logical ly  
a t  t h e  end  of t he  expe r imen t .  

E E G  a c t i v i t y  was  recorded  on  a B a t t a g l i a  R a n g o n i  
E E G  a p p a r a t u s  (mod. Neuro  20) before  t he  b e g i n n i n g  of 
t he  e x p e r i m e n t  (1 m i n  of record ing  eve ry  10 • 4) and  a f t e r  
t he  I V T  in jec t ions  for 120 m i n  (1 m i n  of record ing  eve ry  
10 •  One lead (NC) was  a n a l y z e d  b y  m e a n s  of a 
vo l t age  i n t e g r a t o r  (IRossi, Milan).  

D u r i n g  t he  expe r imen t ,  t he  r a b b i t s  sa t  in  a box  wh ich  
gave  t h e m  enough  space for m o v e m e n t s .  Blood ca lc ium 
levels were d e t e r m i n e d  accord ing  to RAY SARKAR et al. * 
in samples  b led  before  the  e x p e r i m e n t  a n d  a t  30, 60 and  
90 ra in  a f te r  I V T  inject ions .  

Resul ts  and discussion. The  effect  of ca lc i ton in  in jec t ion  
in to  t he  r a b b i t  b r a i n  ven t r ic les  on  t h e  noc icep t ive  electr ical  
s t i m u l a t i o n  is r epo r t ed  in F igure  1. Whi l e  d issolving 
so lu t ion  is no t  effect ive on  t he  t h r e sho ld  vol tage ,  ca lc i ton in  
in t he  dose of 8 U /kg  enhances  t he  t h r e s h o l d  to t he  
pa in fu l  s t imulus .  The  an t i noc i cep t i ve  ac t ion  ha s  a r ap id  
onse t  a n d  progress ive ly  increases  r each ing  i ts  m a x i m u m  
90 m i n  a f t e r  I V T  inject ion.  The  analgesic  effect  st i l l  
pers is ts  b y  the  end  of t h e  2nd h o u r  of obse rva t ion .  I f  t he  
resul t s  are cons idered  on a pe rcen t age  scale (basal  
t h r e s h o l d  = 100) u n d e r  t h e  I V T  ca lc i ton in  t he  vo l t age  
rises up  to  500% of basa l  th resho ld .  Such  a n  increase  is 
ve ry  m a r k e d  since t he  we igh t  of 8 U of s a lmon  ca lc i ton in  
cor responds  approx ,  to  2 ~g of t he  po lypep t ide .  I n  t he  
l i t e ra tu re ,  i t  is r epo r t ed  5 t h a t  40 ~g I V T  of m o r p h i n e  are 
necessa ry  to  induce  a 800% t h r e s h o l d  increase.  

I n  s epa ra t e  r a b b i t s  we h a v e  observed ,  us ing  t he  16 U /kg  
dose of calc i tonin ,  an  increase  of t he  t h r e s h o l d  to  t he  
pa in fu l  s t imul i  wh ich  was of even  h igher  degree and  of 
longer  d u r a t i o n  t h a n  t h a t  observed  w i t h  8 U/kg.  Such 

1 M. MONNIER and H. GANGLOFF, Atlas /or Stereotaxic Brain 
Research on the Conscious Rabbit (Elsevier, Amsterdam 1961). 

2 j .  CHEYMOL, R. MONTAGNE, C. PAEILE, J. DALION and J. DUTELIL, 
Th@rapie 7d, 350 (1959). 

3 W. FELDBERG and S. L. SHERWOOD, J. Physiol., Lond. 120, 3P 
(1953). 

4 ]3. C. RAY SARKAR and U. S. P. CHAU~AN, Ann. Bioehem. 20, 
155 (1967). 

5 A. HERZ and H. TESCHEMACHER, Experientia 29, 64 (1973). 

�9 . . . .  / . . . . .  

I [ Y', ? 

-,..." 
0 

-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120rain 

Fig. 1. Threshold for the licking reaction in rabbits given IVT either vehicle (+ + +)  or s (8 U/kg) solution ( - - - - )  at various 
times after injection (Mean values and S.D. of 8 animals). The dotted line ( . . . .  ) which represents the inte~ated EEG voltage recorded 
from NC is included oMy to show how changes of electrogenesis paralleI analgesia development. 
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Fig. 2. Effect of IVT vehicle (O O O O) or ealcitonin (8 U/kg) injection ( . . . .  ) on conscious rabbit brain eleetrogenesis at various times after 
administration (Mean values and S.D. of 8 animals). The integrated EEG recorded from NC is taken as representative of the tracings 
from aI] the areas considered. 

d a t a  would  sugges t  t h a t  the  effect  m i g h t  be dose-re la ted,  
b u t  t h e y  are no t  inc luded  in F igure  1 because  on ly  a few 
a n i m a l s  h a v e  been  so far  tes ted .  

The  ca lc ium levels a l t e r  I V T  ca lc i ton in  showed  a 
progress ive  decrease  f rom t h e  basa l  m e a n  va lue  of 
11.8 • 1.1 rag/100 ml  to 10.6 • 1.3, 7.7 =h 0.5, 7.5 ! 0.2 
rag/100 ml  a t  30, 60 a n d  90 ra in  respect ive ly .  Th i s  fac t  
ind ica tes  a l eak ing  of t he  p o l y p e p t i d e  f rom t he  b r a i n  to  
the  p e r i p h e r a l  blood. The  s igni f icance  of changes  of 
ca lc ium ions in ana lges ia  is h i gh l i gh t ed  also b y  t he  
r epo r t ed  increase  of t he  analgesic  ac t ion  of m o r p h i n e  
a n d  o the r  op ia tes  c o n s e q u e n t  to  a deca lc i fy ing  agen t  
a d m i n i s t r a t i o n  6. On t h e  o t h e r  h a n d ,  a n  i n v o l v e m e n t  of 
changes  of ca lc ium w i t h i n  t h e  neu rons  induced  b y  
ca lc i ton in  seems a w o r t h w h i l e  hypo thes i s ,  since a n  in- 
f luence of t he  p o l y p e p t i d e  on  inf raee l lu la r  ca lc ium 
d i s t r i b u t i o n  is sugges ted  as t he  m e c h a n i s m  t h r o u g h  wh ich  
ca lc i ton in  carr ies  ou t  i ts  h o r m o n a l  ac t ion  on  t a r g e t  cells 7. 

As to t h e  resu l t s  of t he  E E G  s tud ies  (Figure  2), we 
h a v e  seen a n  in i t i a l  decrease  in t he  ave rage  e lect rogenesis  
recorded  f rom all  t he  d i f fe ren t  b r a i n  areas  wh ich  pers is ts  
a b o u t  10 m i n  a f t e r  t he  I V T  a d m i n i s t r a t i o n  b o t h  of t he  
vehic le  and  of ca lc i ton in  solut ion.  Then,  on ly  in calci- 
t o n i n - t r e a t e d  r abb i t s ,  a phase  of progress ive  increase  of 
E E G  vo l t age  follows w h i c h  reaches  i ts  peak  a p p r o x i m a t e l y  
in co inc idence  w i t h  t h e  m a x i m a l  a n t i n o c i c e p t i v e  effect  
(Figures  1 a n d  2). The  i n t e g r a t e d  vo l t age  va lues  cor- 
r e s p o n d i n g  to  t he  a rea  of t he  nuc leus  c a u d a t u s  p l o t t ed  in 
F igu re  1 are r e p r e s e n t a t i v e  also of o t h e r  b r a i n  areas  
recorded.  

Cons ider ing  t h a t  all t he  s t r u c t u r e s  f rom w h i c h  E E G  
t rac ings  h a v e  been  recorded  showed s imi l a r  changes ,  i t  is 
imposs ib le  to  i nd i ca t e  a specific cen t re  for the  ac t ion  of 

ca lc i tonin .  The  para l le l  increase  of all  e lectr ical  b r a i n  
p o t e n t i a l s  and  of t h e  th re sho lds  to  pa in fu l  s t imul i  f avours  
t he  poss ib i l i ty  of a diffuse i n v o l v e m e n t  of neu rons '  
p o p u l a t i o n s  b y  calc i tonin ,  b u t  does no t  exclude  t h a t  o t h e r  
areas,  no t  ye t  inves t iga ted ,  m a y  be  more  specif ical ly  
responsive .  

U n d e r  I V T  a d m i n i s t r a t i o n  of calc i tonin ,  t he  conscious  
r a b b i t s  were a t  f i rs t  b e h a v i o u r a l l y  exc i ted  w i t h  signs of 
h y p e r t o n i a  p a r t i c u l a r l y  e v i d e n t  in  t h e  neck  muscles.  
S u b s e q u e n t l y  t h e y  showed  per iod ica l ly  res t lessness  w i t h  
s p o n t a n e o u s  r u n n i n g  m o v e m e n t s .  

I n  conclusion,  ca lc i ton in  in jec ted  in to  t he  b r a i n  ven t r i c l e  
el ici ts  c lear -cu t  effects  inc lud ing  analges ia ,  t he  m e c h a n i s m  
of w h i c h  r ema ins  largely  u n k n o w n  b u t  deserves  f u r t h e r  
inves t iga t ion .  

Riassunto. La  iniezione di  ca l c i ton ina  net  ven t r i co l i  
ce rebra l i  di  conigl i  n o n  a n e s t e t i z z a t i  induce  ana lges ia  e 
va r i az ion i  e le t t roencefa lograf iche  con p r e v a l e n t e  inna l -  
z a m e n t o  dei po t enz i a l i  e le t t r ic i  di  d iverse  aree cerebra l i  
cons idera te .  
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Potent iat ion of the Effect of Hi s tamine  by PGE 2 in the Isolated Perfused Rabbit Kidney and 
Guinea-Pig  Lung 

W e  recen t ly  i nd i ca t ed  t h a t  h i s t a m i n e  p roduces  a 
v a s o c o n s t r i c t o r  effect  on  t he  i so la ted  per fused  r a b b i t  
k i d n e y  and  gu inea -p ig  lung  ac t ing  on  h i s t a m i n e  HI-  
receptors .  The  v a s o c o n s t r i c t o r  ac t ion  of t h e  a m i n e  was 
c o n v e r t e d  in to  a va s od i ] a t o r  one b y  h i s t a m i n e  H 1- 
r ecep to r  blockers .  The  v a s o d i l a t o r  ac t ion  of h i s t a m i n e  
is due to t h e  s t i m u l a t i o n  of H~-receptor  since t he  compe t i -  
t i ve  i n h i b i t o r s  of these  recep tors  ( b u r i m a m i d e  a n d  met i -  

amide)  can  s ign i f i can t ly  i nh ib i t  t h i s  effect1. 2. The  H 2- 
r ecep to r  b lockers  added  to  t he  pe r fus ion  m e d i u m  cause a 
p o t e n t i a t i o n  on  t h e  va socons t r i c t o r  effect  ot the  a m i n e  
because  of t he  e l i m i n a t i o n  of m a s k e d  va sod i l a t o r  ac t ion  
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