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A gonadotropin releasing hormone analog induces spermiation in intact and hypophysectomized frogs, 
Rana esculenta 1 
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Summary. The sperm-releasing activity of a gonadotropin releasing hormone (GnRH) agonist, Buserelin (GnRH*) 
and hypophysis homogenate (PD) preparations was studied in intact and hypophysectomized (PDX) frogs, Rana 
esculenta. In addition, human chorion gonadotropin (hCG) was tested in PDX animals, and GnRH antagonist 
(GnRHA) treatments were carried out in intact and PDX animals, in combination with the hormonal injections. 
GnRH* or PD treatments were able to elicit spermiation in intact and PDX animals. While GnRH*, injected 24 h 
later, was again effective in inducing spermiation in intact animals, this was not the case in PDX frogs. GnRHA 
counteracted GnRH* effects in intact frogs. Moreover, in PDX animals GnRHA injections counteracted the sperm- 
releasing activity induced by hCG or GnRH*, but failed to inhibit sperm-releasing activity induced by PD ho- 
mogenate. 
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Spermiation in Amphibia is under hypophysial control. 
Gonadotropins appear to play a central role, but it has 
been suggested that substances other than gonadotropins 
may also effect spermiation 2. In particular, a peptide 
called sperm-releasing substance (SPRS), which is differ- 
ent from LH or FSH, seems to act as an active principle 3. 
Recently, a direct effect exerted on gonads by gonado- 
tropin-releasing hormone (GnRH)-like substances has 
been shown in frogs. As in the rat 4, this GnRH-like 
material interferes with steroid production 5 11, and ap- 
parently supports spermatogenesis v, s. Mc Creery et al. 12 
also suggested that GnRH may affect spermiation in 
Rana catesbeiana, since they found that a GnRH antago- 
nist was able to block spermiation in frogs characterized 
by high gonadotropin levels in blood. The work de- 
scribed here was designed in order to investigate whether 
or not treatment with a GnRH agonist (GnRH*) pro- 
vokes spermiation in the hypophysectomized frog, Rana 
esculenta. 

Materials and methods 
One hundred male frogs (Rana esculenta) were collected 
in the vicinity of Naples. Fifty animals were hypophysec- 
tomized (PDX) within a week from capture under anes- 
thesia with MS 222 (Sigma). Intact and PDX frogs were 
divided into four groups receiving either: vehicle (Krebs 
Ringer bicarbonate buffer, 100 lal), vehicle plus i btg Gn- 
RH agonist (GnRH*; Buserelin, supplied by Hoechst), 
crude hypophysis homogenate (PD) (1/3 hypophysis 
equivalent), or GnRH* plus 10 lag GnRH antagonist 
(GnRHA; D-pGlu a, D-Phe 2, D-Trpa '6-LHRH from 
Peninsula Laboratories Ltd.). Intact and PDX animals 
(n = 12) which responded to the GnRH* treatment re- 
ceived a further dose (1 lag) of  the agonist 24 h later. In 
a second experiment male frogs (n = 28) were hypophy- 

sectomized and divided into five experimental groups 
receiving vehicle alone, or vehicle containing 20 gg hCG 
or hCG plus GnRHA (10/~g). PD homogenate (1/3 hy- 
pophysis equivalent), or PD plus GnRHA, respectively. 
Injections were made into the craniodorsal lymph sac. 
Samples were taken with a Pasteur pipette from the cloa- 
cae of the frogs at 90 and 150 min after the injections, and 
examined for presence of spermatozoa under a micro- 
scope (magnification x 100). All frogs were examined 
before the injections to eliminate false positive results. In 
addition, at the end of the treatment, frogs were decapi- 
tated after anesthesia with MS 222 (Sigma) and the testes 
were excised and placed in Bouin's fluid for histological 
examination. Data were evaluated statistically by Fish- 
er's method.  

Results' and discussion 
Spermiation occurs in intact frogs (table 1) treated either 
with GnRH or with PD homogenate, which confirms 
that gonadotropin has a central role in sperm-releasing 
activity 2. The GnRH antagonist inhibits the GnRH*-in- 
duced effect, thus indicating that the GnRH action is 
mediated via specific receptors located at the pituitary or 
testicular level s,12. Histological sections of the testes 

Table 1. Sperm-releasing activity in intact frogs treated with vehicle (I), 
hypophysis homogenate  (PD), buserelin (GnRH*)  or Gn RH*  plus an 
antagonist (Gn RHA)  

I I + G n R H *  I + PD I + G n R H *  + G n R H A  

n n n n 
+ - + - + - + 

0 10 14 1 14 1 1 10 
a b b a 

a vs b, p < 0.001; a vs a, N.S.; n = sample size; + and - represent 
spermiating and non-spermiating animals. 
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Figure 1. Seminifcrous tubule full of spermatozoa from intact frogs tion, and practically empty seminiferous tubule from frogs treated with 
treated with vehicle (A) or with GnRH* plus GnRHA (D) in combina- pituitary homogenate (B) or GnRH* (C), x 350. 

(fig. 1) show empty tubules in spermiating PD or G n R H *  
treated animals,  whereas in G n R H *  plus G n R H A  inject- 
ed frogs the testes are full of  spermatozoa.  Interestingly, 
spermiat ion occurs in GnRH*- t rea ted  PDX animals and 
this effect is prevented by G n R H A  injection which sug- 
gests a direct act ion of  G n R H *  on frog testes (table 2). 

Once again, empty tubules are observed in spermiating 
PD or G n R H  treated frogs, whereas spermatozoa appear  
in G n R H *  plus G n R H A  injected animals (fig. 2). PD is 
also able to induce sperm release 24 h later, while Gn-  
RH* does not  (table 3), which strongly suggests that PD 
and G n R H *  act via different mechanisms. In this respect, 
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Figure 2. Seminiferous tubule full of spermatozoa from hypophysec- m combination, and practically empty seminiferous tubule from flogs 
tomized frogs treated with vehicle (A) or with GnRH* plus GnRHA (D) treated with pituitary homogenate (B) or GnRH* (C), x 350. 

it is noteworthy to mention that the antagonist treatment 
does not prevent the sperm-releasing activity induced by 
PD injections (table 4). 
On the other hand, GnRHA inhibits the hCG effect. At 
present we have no explanation for this phenomenon. We 
can only speculate on it, and remember that hCG treat- 

ment stimulates an intratesticular GnRH activity in 
rats 13. 
The effect of GnRH* and GnRHA on spermiation, de- 
scribed here for the first time in a vertebrate, further 
supports the hypothesis that there is an endogenous Gn- 
RH-like material which regulates gonadal activity in 
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Table 2. Sperm-releasing activity in hypophysectomized frogs treated 
with vehicle (PDX); hypophysis homogenate (PD), Buserelin (GnRH*) 
or GnRH* plus an antagonist (GnRHA) 
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Table 3. Sperm-releasing activity in intact (1) and hypophysectomized 
(PDX) frogs treated with GnRH* twice (at 0 h and 24 h later) 

PDX PDX + GnRH* PDX + PD PDX + GnRH* + GnRHA 

n n n n 
+ + -- + -- + -- 
0 10 15 4 10 1 1 9 

a b b a 

a vs b, p < 0.001; a vs a, N.S.; n = sample size; + and - represent 
spermiating and non-spermiating animals. 

PDX I + GnRH* PDX + GnRH* 

n n n 
+ - + - + - 
0 4 4 0 0 4 

a b a 

a vs b, p < 0.05; a vs a, N.S.; n = sample size; + and - represent 
spermiating and non-spermiating animals. 

Table 4. Sperm-releasing activity in hypophysectomized frogs treated with vehicle (PDX), hypophysis homogenate (PD), hCG, GnRH* plus hCG or 
GnRH* plus PD 

PDX PDX + hCG PDX + hCG + GnRHA PDX + PD PDX + PD + GnRHA 

n n n n n 
+ -- + -- + - + -- + - 
0 25 18 9 2 23 27 2 25 2 

a b a b b 

a vs b, p < 0.001; a vs a, N.S.; n = sample size; + and - represent spermiating and non-spermiating animals. 

f r o g s  loca l ly  5-11 .  T h e  f i n d i n g  o f  m u l t i p l e  s i tes  o f  a c t i o n  

is in a g r e e m e n t  w i t h  r e su l t s  in  m a l e  a n d  f e m a l e  r a t s  4,14 

I n  p a r t i c u l a r ,  i t  is i n t e r e s t i n g  to  n o t e  t h a t  in  t h e  f e m a l e  r a t  

G n R H *  i n d u c e s  o v u l a t i o n  v ia  p l a s m i n o g e n  a c t i v a t o r  in-  

d u c t i o n  14. A s im i l a r  a c t i v i t y  m a y  be  r e s p o n s i b l e  f o r  the 

s p e r m  r e l e a se  f r o m  Se r to l i  cells  in  f rogs .  

1 This work was supported (40% and 60%) by the Italian Ministry of 
Education and the Consiglio Nazionale delle Ricerche (Grant Nr 
87.02371.74). 

2 Renlund, S., and Hallin, P., Gen. comp. Endocr. 60 (1985) 333. 
3 Lakomaa, E., Acta Univ. Ups. Abstr., Uppsala Diss. Fac. Sci. 316 

(1974). 
4 Sharpe, R. M., J. exp. Physiol. 68 (1983) 265. 
5 Pierantoni, R., Fasano, S., Di Matteo, L., Minucci, S., Varriale, B., 

and Chieffi, G., Molec. ceil. Endocr. 38 (1984) 215. 
6 Pierantoni, R., Iela, L., d'lstria, M., Fasano, S., Rastogi, R. K., and 

Delrio, G. J, Endocrinology 102 (1984) 387. 

7 Minucci, S., Di Matteo, L., Pierantoni, R., Varriale, B., Rastogi, 
R. K., and Chieffi, G., Endocrinology 119 (]986) 731. 

8 Di Matteo, L., Minucci, S., Fasano, S., Pierantoni, R., Varriale, B., 
and Chieffi, G., Endocrinology 122 (1988) 62 

9 Zerani, M., Gobetti, A., Carnevali, O., Polzonetti-Magni, A., and 
Botte, u Gen. comp. Endocr. 66 (1987) 8. 

10 Alonso-Bedate, M., Delgado, M. J., and Cancedo, B, 22th Congress 
of the Spanish Society for Physiological Sciences, Abstr. 71 (1987). 

11 Delgado, M. J., Gutierrez, P., and Alonso-Bedate, M., Endocrinolo- 
gia 34 (1987) 25. 

12 Mc Creery, B. R., Licht, P., Barnes, R., Rivier, J. E., and Vale, W., 
Gen. comp. Endocr. 46 (1982) 511. 

13 Sharpe, R. M., and Fraser, H. M., Nature 287 (1980) 642. 
14 Huseh, A. J. W., Liu, Y.X., Cajanders, S. , Peng, X. R., Dahl, C., 

Kristensen, P., and Ny, T., Endocrinology i22 (1988) 1486. 

0014-4754/89/11-12/1118-0451.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1989 

Effects of estradiol on parathyroid cell activity 
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Summary. B e t a - e s t r a d i o l - 3 - b e n z o a t e  p r o v o k e d  a n  in i t ia l  c e n t r i f u g a l  m e m b r a n e  sh i f t  in  r a t  p a r a t h y r o i d  cells  a n d ,  

l a te r ,  e n l a r g e m e n t  o f  t h e  c o m p a r t m e n t s  c o n c e r n e d  w i t h  p a r a t h y r o i d  h o r m o n e  s e c r e t i o n ,  w h i c h  s u g g e s t s  t h a t  e s t r a d i o l  

m o d u l a t e s  n o t  o n l y  t r a n s p o r t  a n d  r e l ea se  o f  p a r a t h y r o i d  h o r m o n e  b u t  a l so  t h e  c a p a c i t y  f o r  i ts  syn thes i s ,  p a c k a g i n g  

a n d  s t o r a g e .  

Key words'. E s t r a d i o l ;  p a r a t h y r o i d ;  e x o c y t o s i s ;  m e m b r a n e  s y n t h e s i s ;  ra t .  

P a r a t h y r o i d  (PT)  g l a n d s  a r e  r e s p o n s i b l e  f o r  m a i n t a i n i n g  

c a l c i u m  h o m e o s t a s i s  b y  s e c r e t i o n  o f  p a r a t h y r o i d  h o r -  

m o n e  ( P T H )  w h i c h  ac t s  o n  k i d n e y s ,  i n t e s t i n e  a n d  

b o n e s  1. T h e  s e c r e t o r y  ac t i v i t y  is l a rge ly  c o n t r o l l e d  b y  the 

s e r u m  c a l c i u m  c o n c e n t r a t i o n  v i a  a u n i q u e  f e e d b a c k  

m e c h a n i s m  2. T h e r e  a r e  m a n y  o t h e r  s e c r e t a g o g u e s  s u c h  

as  m o n o - ,  di-  a n d  t r i v a l e n t  c a t i o n s ,  c a t e c h o l a m i n e s  a n d  

h o r m o n e s ,  e.g. g l u c a g o n ,  p r o s t a g l a n d i n s  a n d  s e r o t o n i n ,  


