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Effect of caerulein infusions on serum calcium and phosphorus levels 
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Caerulein infusions Time (min) 

0 15 30 45 60 90 120 

Nadir value 

Calcium (60 rain) 10.1 4- 0.24 9.7 4- 0.24: ~ 9.4 4- 0.27 ~ 9.2 4- 0.27 
Phosphorus (60 min) 3.0 4- 0.14 2.8 4- 0.18 2.8 ~ 0.19 2.7 4- 0.21 

Calcium (15 min) 9.8 4- 0.50 8.3 4- 0.38 o 8.2 4- 0.26 o 7.9 4- 0.20 c 

9,3 4- 0.27 o 
2.7 4- 0.19 

7.7 4- 0.45 b 

9.4 4- 0.22 o 
2.6 -t- 0.20 b 

7.8 4- 0.26 b 

9.5 4- 0.22 b 
2.8 4- 0.24 

8.3 4- 0.33 �9 

9.0 4- 0.24 c 
2.3 4- 0.15 b 

7.6 4- 0.28 c 

Means 4- S.E.M. are indicated. ~p % 0.05; bp <~ 0.02; op < 0.005 vs the 0 min value. 

4~Ca in jec ted  i.v. ~, 5, we h a v e  also e v a l u a t e d  t he  effect  of 
caeru le in  in fus ion  on t he  d i s appea rance  ra te  of 47Ca. 

Materials and methods. T h e  e x p e r i m e n t a l  p r o g r a m  
cons i s t ed  of two  s tud ies  a n d  was  carr ied  ou t  on a to t a l  of 
24 n o r m a l  sub jec t s ,  aged 59 85 years  (mean  71.6). I n  the  
f i rs t  s t udy ,  8 su b j ec t s  u n d e r w e n t  an  i.v. caeru le in  in fus ion  
(4 n g /k g  b o d y  w t . / m i n  for 60 min)  a n d  7 sub j ec t s  unde r -  
w e n t  a s imi la r  caeru le in  in fus ion  (4 n g / k g  b o d y  w t . / m i n  
for 15 min) .  Blood s amp le s  were t a k e n  on b o t h  occas ions  
a t  0, 15, 30, 45, 60, 90 a n d  120 m i n  and  t e s t ed  for s e r u m  
Ca levels ~. I n  the  f i rs t  8 subjec ts ,  s e r u m  p h o s p h o r u s  
levels  were also d e t e r m i n e d  7. In  t he  second  s t u d y ,  t he  
effect  of caeru le in  on rad ioac t ive  0a  k ine t ics  was  inves t i -  
g a t e d  in 2 g r o u p s  of sub jec t s  (4 sub jec t s  for each  group) 
b y  infus ing ,  r e spec t ive ly  60 m i n  and  90 m i n  af te r  t he  
in jec t ion  of 50 mCi  47CAC12, caeru le in  a t  a dosage  of 4 
n g / k g  b o d y  w t . / m i n  for 15 min .  V e n o u s  blood s a mp le s  
were  t a k e n  a t  5, 20, 60, 65, 75, 85, 100 and  120 m i n  in the  
f i r s t  g roup  a n d  a t  5, 45, 90, 95, 100, 105, 115, 130, 150 
a n d  180 m i n u t e s  in t he  second group,  and  e v a l u a t e d  for 
specific r a d i o a c t i v i t y  by  c o n v e n t i o n a l  sc in t i l la t ion  coun t -  
ing t echn iques .  

T h e  t e s t s  were a lways  b e g u n  a t  a b o u t  09.00 h a f te r  an  
o v e r n i g h t  f a s t  a n d  a t  leas t  1 h of bed  rest .  

Results. Th e  Tab le  ind ica tes  t he  effect  of t he  2 caerule in  
in fus ions  on s e r u m  Ca and  P levels;  the  r educ t i on  of 
s e r u m  Ca levels  was  s t a t i s t i ca l ly  s igni f icant ,  e i the r  af ter  
t h e  60 or the  15 m i n  infusion,  in eve ry  po in t  of t he  curves .  
Fol lowing t h e  f i rs t  caerule in  infusion,  a s l igh t  decrease  of 
s e r u m  P levels was  also observed,  s ign i f i cancy  be ing  
howev e r  r eached  on ly  a t  t he  90 m i n  point .  The  nad i r  
va lu e  of s e r u m  Ca was  reached  a t  a p p r o x i m a t e l y  72 min  
a n d  a t  73 rain r e spec t ive ly  a f te r  the  f i rs t  a n d  the  second 
caerule in  in fus ion ;  the  nad i r  va lue  of s e r u m  P levels was  
reached  a t  t h e  s a m e  t ime.  

I n  the  second  s t udy ,  caeru le in  in fused  60 or 90 m i n  
a f te r  50 mCi  4:0a012, increased  t he  specific p l a s m a  radio-  
ac t iv i ty .  Owing  to  t he  few d a t a  avai lable ,  no s ta t i s t i ca l  
ana lys i s  was  pe r fo rmed .  

Discussion. I n  the  p r e sen t  s t u d y  we h a v e  s h o w n  t h a t  
t he  a d m i n i s t r a t i o n  of caerulein,  a n a t u r a l  po lypep t ide  
s imi la r  in i ts  chemica l  s t r u c t u r e  to t he  C- t e rmina l  octa-  
pep t ide  of CCK p a n c r e o z y m i n ,  is able  to induce  hypo -  

ca lcemia  in n o r m a l  sub jec t s .  The  degree of h y p o c a l c e m i a  
de t ec t ed  in our  p a t i e n t s  is s imi la r  to t h a t  i nduc e d  b y  
calci tonin.  Th i s  resul t ,  t a k e n  t oge the r  w i th  t he  f ind ings  
of OARE et  al. 2 of a s t i m u l a t o r y  role of caerule in  on calci-  
t o n i n  secre t ion  f rom iso la ted  gu inea -p ig  t h y r o i d  in vi t ro ,  
sugges t s  t h a t  caeru le in  elicits ca lc i tonin  release also in 
m a n .  

I n  addi t ion ,  caeru le in  ha s  been  s h o w n  to affect  t h e  
regress ion  c u rve  of 4~Ca, in a m a n n e r  s imi la r  to ca lc i tonin ,  
t h o u g h  w i th  a l i t t le delay.  Th i s  de lay  would  ind ica te  t h a t  
caerule in  does no t  ac t  d i rec t ly  on ca lc ium levels, b u t  v ia  a 
s t i m u l a t i o n  of ca lc i ton in  secret ion.  

T a k e n  toge the r ,  our  r e su l t s  would  ind ica te  t h a t  caeru-  
lein s t i m u l a t e s  in h u m a n s ,  as well as in t he  gu inea-p ig ,  
ca lc i tonin  secret ion.  However ,  a t  p r e s e n t  we c a n n o t  
rule ou t  t he  poss ib i l i ty  t h a t  caerule in  af fec ts  d i rec t ly  
ca lc ium m e t a b o l i s m ,  m i m i c k i n g  ca lc i tonin  effects.  

In  a n y  case, the  effect  of caerule in  on ca lc ium m e t a b -  
o l ism is of g r e a t  in teres t ,  in t ha t ,  if our  resu l t s  will be 
conf i rmed,  caerule in  wou ld  be of a d v a n t a g e  in t hose  
bone  diseases  in w h i c h  ca lc i tonin  ha s  p roved  he lpfu l  s. 

Summary. Caeru'lein, in fused  in n o r m a l  subjec ts ,  s ignif-  
i can t ly  reduces  s e r u m  0 a l c i u m  levels;  in addi t ion ,  w h e n  
in fused  60 or 90 min  a f te r  r ad ioac t ive  ca lc ium,  it  increases  
t he  specific p l a s m a  r ad ioac t iv i ty ,  in a m a n n e r  s imi la r  to 
calc i tonin.  The se  re su l t s  sugge s t  t h a t  in m a n  caeru le in  
s t i m u l a t e s  ca lc i ton in  release. 
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Chronic  T r e a t m e n t  of I m m a t u r e  Male Rats  w i th  Synthet i c  L H - R H  1 

T h e  n eu ro en d o c r ine  m e c h a n i s m s  wh ich  in i t ia te  t he  
s ex u a l  m a t u r a t i o n  are n o t  well known .  I t  s eems  t h a t  t he  
p r o d u c t i o n  an d  l ibera t ion  of gonado t rop in - r e l ea s ing  
h o r m o n e s  b y  t h e  h y p o t h a l a m u s ,  t he  secre t ion  of gonado-  
t rop ins  b y  t h e  p i t u i t a r y  and  t he  p r o d u c t i o n  of sex  
h o r m o n e s  b y  t h e  gonads  are d e t e r m i n a n t  fac tors  2. 
S tud ies  ca r r ied  o u t  in m a t u r i n g  a n i m a l s  3 and  p r e p u b e r t a l  

1 LH-RH (Synthetic LH-releasing hormone), was kindly supplied 
by Serono Laboratories, Rome, italy. 

2 H.  G. SCHRODER, J .  SANDOW, K. SEEGER, K. ENGELBART a n d  
H. G. VOGEL, in Hypolhalamic Hypophysiotropic Hormones (Ed. 
C. GUAL and E. ROSE~XBERG; Exeerpta MGdiea, Amsterdam 1973), 
p. 48. 

3 L. DEBELJUK, A. ARIMURA and A. V. SCHALLu Endocrinology 90, 
585 (1972). 
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Immature rats chronically treated with LH-RH. Differential cell counts 

EXPERIENTIA 31110 

Age 
(days) I 2 3 4 5 6 7 8 

Controls Sup. Cell 12.80 4- 0.46 �9 16.04-t- 0.35 16.52 :k 0.43 23.56 4-0.58 27.88 -4- 0.61 25.92 4- 0.74 31.24 4- 0.89 40.24 4- 1.01 
Go 2.00 4- 0.14 1.56 4- 0.13 1.72 4- 0.19 1.32 4- 0.20 0.88 4- 0.16 0.64 :k 0.15 0.52 4- 0.14 0.52 4- 0.13 
Cy . . . . . . . .  

LH-RH Sup. Cell 14.00 4- 0.46 15.08 4- 0.49 16.24:k 0.43 22.56 4- 0.53 29.04~= 0.88 27.52 4- 0.97 31.12 4- 0.87 40.48 4- 0.95 
treated Go 2.44 4- 0.19 1.78 4- 0.12 1.96 ~ 0.20 1.20 4- 0.17 0.88 4- 0.16 0.72 -4- 0.15 0.52 4- 0.14 0.52 :t= 0.12 

Cy . . . . . . . .  

AM 
[days) 9 10 11 12 13 14 15 

Controls Sup. Cell 36.12 4- 0.78 35.44 4- 0.78 35.16 4- 0.92 36.12 4- 0.55 35.32 4- 0.87 35.72 4- 0.59 35.00 4- 0.55 
Go 0.52 4- 0.13 1.16 4- 0.09 3.48 4- 0.26 2.40 4- 0.22 5.36 4- 0.23 9.92 4- 0.52 12.04 4- 0.52 
Cy . . . .  2.88 4- 0.36 6.36 4- 0.85 11.96 4- 1.25 

LH-RH Sup. Cell 35.04 4- 0.88 35.00 + 0.85 34.64 =L 0.73 36.24 4- 0.75 34.36 4- 0.81 35.40 4- 0.67 34.72 4- 0.65 
treated Go 0.48 4- 0.13 1.20 4- 0.10 2.72 4- 0.20 2.28 4- 0.20 5.08 4- 0.28 6.88 4- 0.42 12.04 4- 0.49 

Cy . . . .  2.92 4- 0.36 5.80 4- 0.68 11.56'4- 0.84 

~All values are mean number of cells per tubular cross section -4- SEM. Sup. Cell, supporting cells and/or Sertoli ceils; Go, gonocytes, pri- 
mitive type spermatogonia and/or spermatagonia; Cy, primary spermatocytes. 

boys*, ~ showed  t h a t  t he  p i t u i t a r y  is ab!e to  r e spond  to a 
single in j ec t ion  of LH- re l eas ing  h o r m o n e  ( L H - R H)  w i t h  
a n  increase  of L H  a n d  F S H  p l a s m a  levels. 

This  work  was car r ied  ou t  in  order  to  explore  t he  pos-  
s ib i l i ty  t h a t  L H - R H  m i g h t  ac t  as a t r igger  of t h e  sexua l  
m a t u r a t i o n  process.  W e  i n t e n d  to  i nves t i ga t e  w h e t h e r  
th i s  p r epa ra t i on ,  ch ron ica l ly  a n d  precocious ly  admin i s t e r -  
ed to  i m m a t u r e  ra ts ,  m i g h t  be  able  to  acce lera te  t he  
in i t i a t ion  of spe rma togenes i s  a n d  t he  f ina l  d i f f e ren t i a t ion  
of Leydig  ceils. 

M a t e r i a l  a n d  methods .  Two s imi la r  groups  of male  W i s t a r  
r a t s  were used, one of t h e m  as control .  The  an i ma l s  of 
the  second group  were da i ly  i n j ec t ed  s.c. w i t h  t he  s y n t h e t i c  
LH-1RH f rom 1st to  t h e  15th  d a y  of age;  5 ~zg of L H - R H  
were g iven  to  each  r a t  a t  08.00, 12.00, 16.00 and  20.00 h. 
The  da i ly  dose of 20 [zg was g iven  f r ac t iona ted ,  due  to  t he  
p roved  sho r t  half- l i fe  of th i s  p r e p a r a t i o n  a f t e r  in j ec t ion  6. 
L H - R H  was dissolved in 0.1 ml  of a so lu t ion  con ta in ing  
8 %  of gela t in ,  0 .9% sod ium chlor ide  a n d  0.057% of 
ace t ic  acid. The  con t ro l  a n i m a l  rece ived  0.1 ml  of t he  
s ame  so lven t  4 t imes  a day.  

Af te r  b e g i n n i n g  t h e  t r e a t m e n t ,  some an ima l s  f rom 
b o t h  g roups  were ki l led eve ry  24 h, 2 h a f te r  t he  las t  
in ject ion.  Tes tes  were r e m o v e d  and  f ixed in Bou in ' s  
fluid. Pa ra f f i n  sec t ions  were s t a ined  w i t h  hema lumeos in .  

The  chrono logy  of a p p e a r a n c e  of m a t u r e  Leydig  cells 
a n d  t h e  d e v e l o p m e n t  of t h e  spe rma togenes i s  was de te r -  
mined .  The  ge rmina l  e p i t h e l i u m  was  e v a l u a t e d  b y  means  
of d i f fe ren t ia l  cell counts .  To t h i s  end,  s u p p o r t i n g  (or 
Sertol i  cells), s p e r m a t o g o n i a  (p r imi t ive  or  adu l t  types)  
a n d  p r i m a r y  s p e r m a t o c y t e s  were  coun t ed  in 25 t r a n s -  
ve rsa l  sect ions  of semini fe rous  t ubu l e s  and  t he  m e a n  
pe r  t ubu le s  was de t e rmined .  These  coun t s  were s ta t i s t i ca -  
l ly ana lysed  b y  t h e  t- test .  

Resul t s .  Our  resu l t s  are s u m m a r i z e d  in t h e  Table.  I t  
can  be  obse rved  t h a t ,  in  t h e  n o r m a l  u n t r e a t e d  animals ,  
s u p p o r t i n g  cells ( i m m a t u r e  Sertol i  cells) s t ead i ly  increased  
in n u m b e r  un t i l  t h e  8 th  d a y  a f t e r  b i r t h  a n d  r e m a i n e d  
u n c h a n g e d  a f te rwards .  T h e n  changes  in t he  qua l i t a t i ve  
cond i t ions  b e g a n ;  m a n y  of these  cells showed  inc reas ing ly  
m a t u r e  cha rac te r i s t i c s ;  a r o u n d  t he  12 th  day,  t h e i r  
m a t u r a t i o n  was a l m o s t  comple te .  

Gonocy tes  appea red  a t  b i r t h  a t  an  ave rage  of 2.0 pe r  
t u b u l a r  cross-section.  A l t h o u g h  t h e y  d iv ide  giving rise 
to  i n t e r m e d i a t e  a n d  p r imi t i ve  t y p e  A s p e r m a t o g o n i a  ~, 
t he  ave rage  n u m b e r  of gonia l  cells decreased  because  
m a n y  of these  ceils degene ra t ed  b y  t h e  9 th  day.  Type  A 
s p e r m a t o g o n i a  appea red  a n d  t he  ave rage  n u m b e r  of 
gonial  cells pe r  cross t u b u l a r  sect ions  progress ive ly  
increased.  F r o m  t h e  13th  d a y  on, o the r  types  of spe rma to -  
gonias  a n d  s p e r m a t o c y t e s  are p r e sen t  a n d  a s u d d e n  
increase  of t h e  t u b u l a r  d i a m e t e r  t akes  place.  M a t u r e  
Leydig  ceils appea red  in t h e  10 th  d a y  a n d  no t i ceab ly  
increased  a f te r  13 th  d a y  of age (Figures 1-6). 

The  sequence  of even t s  in t h e  an ima l s  t r e a t e d  w i t h  L H -  
RH,  as t h e  Tab le  shows, was  n o t  d i f fe rent  f rom qua l i t a t i ve  
p o i n t  of v iew respec t  of t he  con t ro l  an imals .  A d u l t  gonial  
types  of ge rm cells appea red  also a r o u n d  t h e  9 th  d a y  a n d  
s p e r m a t o c y t e s  a t  t he  13 th  day.  M a t u r e  Leydig  cells 
were n o t  seen before  t h e  10 th  day.  S ta t i s t i ca l  ana lys i s  
n e i t h e r  showed  s igni f ican t  changes  in t he  d i f ferent ia l  cell 
counts ,  excep t  for  d a y  14 w h i c h  d e m o s t r a t e d  a h igher  
n u m b e r  of spe rma togon i a s  in  t h e  u n t r e a t e d  animals .  

D i s c u s s i o n .  I t  was  obse rved  in p r e p u b e r t a l  boys  w i t h  
one c r y p t o r c h i d  tes t i s  t h a t ,  a f t e r  rece iv ing  da i ly  500 to  
1000 ~g of L H - R H  for 1 m o n t h ,  t h e  r e m a i n i n g  se ro ta l  
tes t i s  showed  no s igni f icant  changes  c o m p a r i n g  w i t h  t he  
t es tes  of a n o r m a l  p o p u l a t i o n  of t h e  s ame  age s. On t h e  
o the r  h a n d ,  c o m p a r i n g  before  a n d  a f t e r  L H - R H  t r e a t -  
m e n t  t e s t i cu la r  biopsies  of p a t i e n t s  w i t h  p r e p u b e r t a l  
h y p o g o n a d o t r o p i c  h y p o g o n a d i s m ,  t h e  same  a u t h o r s  

4 j .  C. ROTH, 1VL M. GRUMBACH and S. L. KAPLAN, J. clin. Endocr. 
IV[etab. 37, 680 (1973). 

5 A. J. KASTIN, A. V. SCHALLY, D. S. SCHALCH, S. G. KORENMAN, 
M. C. MILLER III, C. GUAL and E. PEREZ-PAsTEN, Pediat. Res. 6, 
481 (1972). 

6 T. W. REm)ING and A. V. SCHALLY, Life Sciences 12, 23 (1973). 
O. VILAR, in The Human Testis (Ed. R. ROSEMBERa and C. A. 
PA~JLS~N; Plenum Press, New York 1970), p.95. 

8 C. BERGADA, R. E. MANCINI, O. VILAR, IV[. A. RIVAROLA, J. c. 
CALAMERA, C. BIANCULLI, A. V. SCHNLLY and A. J. KASTIN, in 
Hypothalamic Hypophysiotropic Hormones (Ed. C. GUAL and E. 
t{OSEMBERG; Excerpta Medica, Amsterdam 1973), p. 299. 
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Fig. 1. Control 1-day-old rat testis. The seminiferous tubules show gonocytes and supporting cells. Occasional Leydig ceils. HE, • 320. 
Fig. 2. LH-RH treated, l-day-old rat testis. Similar cell types. HE, • 320. 
Fig. 3. Control ll-day-old rat testis. The tubular diameter and the nmnber of supporting cells has increased. Primitive type A spermatogortia 
are seen. He, • 320. 

Fig. 4. LH-RH treated l l-day-old rat testis. Similar to the Figure 3. HE, x320. 
Fig. 5. Control 13-day-old rat testis. Tubular diameter increased. Adult type spermatogonia and primary spermatocyt@s are present in the 
germinal epithelium. HE, • 320. 
Fig. 6. LH-RH treated 13-day-old-rat. Testes similar to the control. HE, • 320. 

r epor ted  only  s l ight  s t imula t ion  of t he  testis.  RAMIREZ 
and  MCCANN 9 have  suggested t h a t  the  onse t  of ' pube r ty '  
in the  ra t  is de t e rmined  by  a change  in the  hypophys i s  
sens i t iv i ty  to releasing hormones  r a the r  t h a n  by changes  
of t he  gonado t rop in  con ten t  of the  glands. In  human ,  
ROTH et al.~ s t a t ed  t h a t  puber t a l  and  adul t  t es tes  
appears  to be more  responsive  t h a n  the  i m m a t u r e  tes t is  
in releasing tes tos te rone  after  the  admin i s t r a t ion  of LH-  
RH.  Also SANDOW and BABEJ 10 specula ted  t h a t  chronic 
L H - R H  t r e a t m e n t  m a y  have  a negat ive  feed-back effect  
on p i tu i t a ry  sens i t iv i ty  to  the  gonado t rop in  releasing 
hormones .  

Our  results  showed t h a t  admin is te red  syn the t i c  LH-  
R H  is ne i ther  able to in i t ia te  per  se the  deve lopmen t  of 
spermatogenes is  and  ma tu ra t i on  of Leydig  cells, nor  to 
accelerate the  normal  r h y t h m  of the  na tu ra l  evolut ion  of 
the  gonads.  I t  is qui te  possible t h a t  o ther  mechan i sms  
migh t  be involved in the  onset  of puber ty .  On the  o ther  
hand ,  we h a d  no evidence of a nega t ive  feed-back 
induced  by  the  in jec ted  L H - R H ,  since b o t h  t r e a t ed  and 
un t r ea t ed  animals  showed ne i ther  qual i ta t ive  nor  
quan t i t a t i ve  histological  differences in the  testis.  The 
significance of the  h igher  n u m b e r  of spermatogonia l  cells 
in un t r ea t ed  14-day-old ra t s  is open  to quest ion.  

Resumen. Ratas  machos  inmaduros  t r a t a d o s  cr6ni- 
camen te  con factor  l iberador  sintdtico de L H  desde el 
p r imero  has t a  el 15 dia de edad  a l a s  ddsis de 5 ~xg sub- 
cutAneos cuatro  veces al dia c a d s  cua t ro  horas  por  animal,  
fueron incapaces  de iniciar o acelerar  el proceso de madu-  
racidn tes t icu lar  es tud iando  el proceso espermatog6nico 
por  contages  eelulares diferenciales en secciones t rans -  
versales y el desarrollo de las c61ulas de Leydig  maduras .  
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Effect  of C a s t r a t i o n  on  the  Rat  P i n e a l  G land:  a F l u o r e s c e n c e  H i s t o c h e m i c a l  and  B i o c h e m i c a l  S t u d y  

Earl ier  invest igat ions1 a d e m o n s t r a t e d  t h a t  some 
pinealocytes  of the  rabbi t ,  rat ,  hedgehog and mole 
conta in  a yellow autof luorescent  substance.  In  r abb i t  and 
ra t  pinealocytes ,  th i s  mater ia l  appeared  to  be a t r y p t o -  
phan- r i ch  pro te in  1, 2 the  funct ion  of which  is still unknown.  
i t  m i g h t  possibly be a carrier pro te in  of pineal  ho rmones  2. 
Considering th is  hypothes is ,  i t  seemed of in te res t  to 

de termine ,  in the  ra t  pineal  gland, the  q u a n t i t y  of cells 
con ta in ing  yellow autof luorescent  mater ia l  under  va ry ing  

1 A. R. SMITH, J. F. JONGKIND and J. ARIJ~NS KAPPERS, Gen. 
cotnp. Endoer. 78, 364 (1972). 

2 A. R. SmTu, Thesis (Amsterdam 1972). 
a p. PEVET, not published. 


