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The Androgen  Receptor  m R N A  is 
U p - r e g u l a t e d  by Tes tos terone  in Both  
the Harder ian  Gland and T h u m b  Pad 

of  the Frog, R a n a  e s c u l e n t a  
B r u n o  Varr ia l e*  a n d  I s m e n e  S e r i n o  
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II  Universit& di Napoli, 80138 Naples, Italy 

~32p-labelled cDNA p r obe  f r o m  p l a smi d  conta in ing  r a t  and rogen  r e c e p t o r  (rAR) has been tes ted  in 
h y b r i d i z a t i o n  e x p e r i m e n t s  using RNAs f r o m  the H a r d e r i a n  gland and  t h u m b  pad  of  the edible frog,  
Rana esculenta. N o r t h e r n  blot  analysis  has shown a high degree  of  homology  be tween  the tAR cDNA 
and  the f rog a n d r o g e n  r e c e p t o r  m R N A  (fAR mRNA);  this has been s u p p o r t e d  by bo th  the 
h y b r i d i z a t i o n  condi t ions  (high s t r ingency)  and the m o l e c u l a r  size of  fAR m R N A  which is qui te  
s imi l a r  to those desc r ibed  in m a m m a l s  (9.4 kb). The role of  androgens  has been  f u r t h e r  inves t iga ted  
with respec t  to the kinetics of  express ion  of  fAR mRNA in in vivo expe r imen t s .  In bo th  the H a r d e r i a n  
gland and  t h u m b  pad,  t e s tos t e rone  has inc reased  the levels of  fAR m R N A  as c o m p a r e d  with the 
u n t r e a t e d  groups .  The  use of  c y p r o t e r o n e  ace ta te  (CPA) in c o m b i n a t i o n  with t e s tos te rone  has 
r e su l t ed  in a loss of  the increase  in fAR mRNA as c o m p a r e d  to t e s t o s t e r o n e - t r e a t e d  groups ,  while 
CPA alone has r e s e m b l e d  the cont ro l  group.  In p r i m a r y  cu l tures  of  f rog H a r d e r i a n  gland and  t h u m b  
pad  cells, the  s t eady-s ta te  levels of  fAR mRNA have been inc reased  in the cells exposed to 
t e s tos t e rone  as c o m p a r e d  to those not  exposed.  These  findings con f i rm  that ,  in these and rogen  t a rge t  
tissues, t e s tos t e rone  exer ts  an up - r egu l a t i on  on its own recep tors ,  increas ing  the a c c u m u l a t i o n  of  
fAR m R N A  in the same  way as oes t rogens  up - r egu l a t e  the express ion  of  the i r  own r ecep to r s  in 
Xenopus  l iver  and  oviduct  cells. 
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INTRODUCTION 

One of the central issues in understanding cellular 
differentiation is the establishment of tissue specificity 
by differential gene expression and its hormonal regu- 
lation. Among the regulation of gene expression by 
steroids the lion's share has been made by oestrogens. 
In this respect there is a considerable amounts of 
studies in almost all classes of vertebrates, particularly 
in amphibians [I-3]. In contrast, as far as hormonal 
regulation of androgens is concerned, the data available 
in the literature regard mainly mammals [4-10], while 
no reports are known in lower vertebrates. 

In our laboratory we have recently demonstrated 
the presence of an androgen receptor (AR) in the 
Harderian gland of the green frog, Rana esculenta, [1 1] 
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and an involvement of testosterone in the regulation 
of the secretory activity of this orbital gland whose 
secretory granules are typically seromucoid [12, 13]. In 
this respect, testosterone induces the incorporation of 
[3H]uridine into the poly(A)+RNA fraction and also 
that of [35S]methionine into a newly synthesized pro- 
tein fraction in primary culture of Harderian gland 
cells, and the latter effect is prevented by the exposure 
of the cells to the antiandrogen cyproterone acetate 
(CPA) [13]. It is noteworthy that the use of CPA, 
instead of flutamide, is a useful tool to study the effect 
of testosterone in Rana esculenta since it has been used 
in our laboratory for a long time and we have a 
considerable amount of information concerning the 
antiandrogenic effect of CPA in the frog [12-16]. All 
these findings reveal that the Harderian gland of Rana 
esculenta must be considered a new target tissue for 
androgens [12]. As far as the presence of diverse 
androgen-target tissues in the frog Rana esculenta is 
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concerned, it is worthy to mention a structure such as 
the thumb pad [17]. The  thumb pad is a complex 
structure well developed during the breeding season, 
when the plasma testosterone levels are high [18, 19]. 
Gonadectomy brings about the atrophy of this struc- 
ture and a decrease in R N A  and protein content, while 
testosterone therapy restores the morphological aspect 
and the protein and RNA content [14]. Administrat ion 
of testosterone to castrated animals induces hyper-  
t rophy in both epidermal and glandular layers due to 
the accumulation of PAS-posi t ive secretory granules. 
This  indicates a secretion of mucous type from the 
glandular cells [14]. Fur thermore ,  an AR has been 
evidenced and characterized in this secondary sexual 
character [17]. 

Since in Rana esculenta there are two target tissues 
for the same hormone and both tissues contain a 
receptor for this hormone with identical characteristics, 
this finding appears to be a further  model to study 
tissue specificity in the hormonal  regulation of gene 
expression. 

The  aim of the present study is to ascertain a possible 
down- or up-regulation of the AR m R N A  in these two 
tissues which is important  in our understanding of the 
steroid regulation of the gene(s) expressed in the two 
tissues. This  will offer a model comparable with those 
experienced in Xenopus laevis for oestrogen regulated 
egg protein genes [3, 20]. 

E X P E R I M E N T A L  

Animals 

Adult male frogs, Rana esculenta, were captured in 
the surroundings of Naples (Italy) during May  and 
October.  In in vivo experiments 10 animals/group were 
caged and fed ad libitum. Adult male rats, Sprague-  
Dawley strain, obtained by Nossan (Italy) were caged 
(2/cage) and water and food supplied ad libitum. 

Chemicals 

Molecular biology grade reagents were used. 
[e32p]dCTP (3000 Ci /mM) was purchased f rom 
Amersham International (Amersham, Italy), testoster- 
one and Tricaine (MS222) from Sigma (St Louis, MO)  
and CPA Schering (Germany).  All the chemicals used 
for the in vitro experiments were cell culture tested. 

R N A  extraction 

All glassware and solutions were sterilized and 
RNase free. Total  R N A  was extracted by the procedure 
of  Chomczynski  and Sacchi [21] with minor 
modifications. 

In vivo experiment 

Male frogs (170) captured during October,  were 
divided into four groups and treated on alternate days 
as follows: frogs injected with testosterone (10/lg/  
100 #l/dose); frogs injected with testosterone and CPA 

(10/ lg/100/ l l  testosterone + 1 mg/100/ l l  CPA/dose); 
frogs injected with CPA (1 mg/100 #l/dose); and frogs 
injected with vehicle (Barth x regular). Animals 
(n = 10/group) were sacrificed under  anaesthesia using 
MS222 at the beginning (t = 0) and then after 1, 2, 3 
and 4 weeks/treatment,  respectively. Harder ian glands, 
thumb pads and guts were excised, pooled and stored 
under  liquid nitrogen until extraction of total RNA. At 
the end of the in vivo experiment three rats were 
sacrificed under  anaesthesia and the ventral prostate 
excised, pooled and used for the extraction of total 
RNA. 

Harderian gland and thumb pad cell culture 

Primary cultures of Harder ian gland cells were ob- 
tained as described previously [13] from tissue pooled 
by sacrificing 35-40 animals captured during May. 
Cells were maintained in hormone-free Wolf  and 
Quimby medium supplemented with antibiotics for at 
least 24 h after plating in order to allow the cells to stick 
onto dishes and recover from culture shock before 
t reatment  with hormones.  This  pretreatment  is import -  
ant to obtain a reproducible response to the hormone 
[22]. A similar procedure was performed in obtaining 
pr imary cultures of  thumb pad cells, in fact the only 
difference was in the time of enzymatic digestion of the 
tissue which was carried out for up to 3 h. Testosterone 
was dissolved in ethanol and added to the cultures after 
predilution in the culture medium at a final concen- 
tration of 10-SM, the ethanol was less than 1%. 
Control cultures received solvent alone. Exposure or 
non-exposure to the hormone was carried out for 
different times (8, 24, 48, and 72 h) after which total 
RNA was extracted. 

Analysis of R N A  

Northern  blots of  R N A  prepared f rom pooled frog 
Harder ian glands, thumb pads, guts and from rat 
prostate were performed.  Total  cellular R N A  were 
extracted as described above. R N A  (30 ~g/sample)  was 
subjected to electrophoresis through 1.2°o agarose-  
formaldehyde gel and transferred to nylon (Nytran,  
Schleicher & Schuell) membrane .  Hybridizat ion was 
performed with a c D N A  probe for rat AR ( p G M -  
3ZrAR) (rAR) [23] oligolabelled with [e32p]dCTP to 
a specific activity of  about 5 x 10 s cpm// lg  [24] and 
carried out at 42°C in 50°0 formamide,  5 x SSC, 
0.01 M E D T A ,  5 x Denhard t ' s  solution, 0.5°.0 sodium 
deodecyl sulphate (SDS) and 100 #g/ml  of denatured 
salmon sperm DNA.  The  filters were washed twice 
with 2 x SSC at 65°C and once with 0.1 x SSC at 
65"C. Dried filters were autoradiographed. 

Frog A R  mRNA in the in vivo experiment 

Total  R N A  (4#g)  from pooled Harder ian glands, 
thumb pads and rat prostate was respectively bound to 
nylon (Nytran,  Schleicher & Schuell) membranes  by 
UV crosslinking in a slot-blot apparatus (Schleicher & 
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Schuell) and hybridized to ~32p-labelled c D N A  probes. 
Hybridizat ion was performed with plasmid containing 
rAR ( p G M - 3 Z r A R )  and cytoskeletal actin (pXICA1)  
oligolabelled with [~t32p]-dCTP to a specific activity of 
about 5 x 10 s cpm//~g [24] and the conditions were as 
described above. T h e  relative concentrations of differ- 
ent m R N A s  in a constant amount  of total R N A  were 
calculated by quantitative densi tometry of the auto- 
radiograms based on actin m R N A  as an internal control 

[251. 

Frog AR mRNA in cultured Harderian gland and thumb 
pad cells 

Total  R N A  was extracted f rom cultured cells. For  
measuring the relative amounts  of  frog AR m R N A  
(fAR m R N A )  equal amounts  of total R N A  (4 or 2 ~t g) 
were bound to nylon (Nytran; Schleicher & Schuell) 
membranes  by UV crosslinking and hybridized to 
~32P-labelled c D N A  probes in a slot-blot apparatus as 
described above. The  relative concentrations of  differ- 
ent m R N A s  in a constant amount  of total RNA were 
calculated as described above. 

Statistics 

Significance of differences was evaluated by using 
Duncan ' s  test (at P < 0.05 and <0.01)  for mult igroup 
comparisons.  

RESULTS 

Northern blots analysis 

We firstly compared the hybridization signals of  the 
AR m R N A  in rat prostate (positive control) with the 
putative AR m R N A  in Harder ian glands, thumb pads 
and gut (negative control). Positive signals were ob- 
tained in both the Harder ian gland and thumb pad 
although the probe used could have been considered 
heterolgous, while no signals were obtained for the gut. 
In  all the experiments  the signals were evident despite 
the high stringency conditions. In this regard, it is 
noteworthy that, the probe used in this study contains 
both the D N A  and the steroid binding domains, whose 
sequences are usually well conserved. However  in the 
present study there is evidence of a high degree of 
homology in these two regions, which agrees with 
previous experiments  performed using the two do- 
mains separately in which a positive signal in high 
stringency conditions was obtained. Fur thermore  the 
molecular size of  fAR m R N A  (9.4 kb) (Fig. 1) is similar 
to that reported for many  mammals  [4, 7,26, 27]. 
Figure 2 shows a typical slot-blot where the R N A  from 
the two frog tissues and the R N A  from rat prostate 
were hybridized with labelled rAR cDNA.  

In vivo induction of f A R  mRNA in the Harderian gland 

Figure 3 shows the kinetics of induction of fAR 
m R N A  in the Harder ian gland. In the control group a 
decline in fAR m R N A  was seen throughout  the whole 
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Fig. 1. Representa t ive  au to rad iograph  of  Nor the rn  blot  
hybr id iza t ion  analysis of  AR mRNA in  t h e  t h u m b  pad and 
gut of the green frog, Rana esculenta and ra t  vent ra l  
pros ta te .  A radiolabel led cDNA probe  for the rAR was 
hybr id ized  to 30 pg of total cellular RNA f r o m  the t h u m b  pad 

(TP), gut (g) and ra t  ventra l  p ros ta te  (RP). 

experiment.  This  was due to starvation which impairs 
the production of androgens [28]. This  phenomenon,  
which usually occurs in Rana esculenta, is named 
physiological castration. In the testosterone injected 
groups, a t ime-dependent  increase in fAR m R N A  was 
observed, while in the groups treated with testoster- 
one + CPA this increase was less evident, although the 
levels of fAR m R N A  were higher than those observed 
in the control group. The  results obtained in the CPA 
injected group were similar to those observed in the 
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Fig. 2. Representa t ive  au to rad iograph  of  a typical s lot-blot  
hybr id iza t ion  analysis of the AR mRNA, af ter  l week of 
h o rmo n a l  manipula t ion ,  in the t h u m b  pad and Harde r i an  
gland of  the green frog, Rana esculenta, and the ra t  ventra l  
prostate .  A radiolabel led cDNA probe  for the rAR was 
hybr id ized  to 4 / lg / sample  of total  cellular RNA f r o m  the 
t h u m b  pad (TP) and Harde r i an  gland (HG) of an imals  
t r ea ted  as follows: control  an imals  (a); tes tos terone  + CPA 
t rea ted  animals  (b); and t e s tos t e rone - t r ea ted  an imals  (c). 
T h e  a u t o r a d i o g r a p h  s h o w n  hybr id iza t ion  to 4/lg (a), 2 pg (b) 
a n d  1.5 pg (c) of total cellular RNA f r o m  ventra l  ra t  p ros ta te  

(RP). 
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Fig.  3. S t e a d y - s t a t e  l eve ls  o f  f A R  a n d  a c t i n  m R N A s  in  t h e  
H a r d e r i a n  g l a n d  o f  t h e  g r e e n  f rog ,  Rana esculenta, as  a 
f u n c t i o n  o f  t i m e .  T h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  f A R  m R N A  
h a v e  b e e n  d e t e r m i n e d  by  s l o t - b l o t  h y b r i d i z a t i o n  a n d  ex-  
p r e s s e d  as  r e l a t i v e  d e n s i t o m e t r i c  un i t s .  ( A )  c o n t r o l  a n i m a l s ;  
(O)  t e s t o s t e r o n e - t r e a t e d  a n i m a l s ;  ( 0 )  t e s t o s t e r o n e  + C P A -  
t r e a t e d  a n i m a l s ;  ( ~ )  C P A - t r e a t e d  a n i m a l s .  T h e  v a l u e s  o f  
a c t i n  m R N A  ( 1 )  a r e  s h o w n  fo r  a n i m a l s  t r e a t e d  w i t h  t e s t o s -  
t e r o n e .  E a c h  c u r v e  is r e p r e s e n t a t i v e  o f  t h r e e  d i f f e r e n t  a n a l y -  

sis  a t  l eas t .  SDs  h a v e  b e e n  o b m i t t e d  for s i m p l i c i t y .  
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Fig. 5. T i m e - p o i n t  a n a l y s i s  o f  f A R  m R N A  in  t he  H a r d e r i a n  
g l a n d  o f  t h e  g r e e n  f rog ,  Rana esculenta. T h e  f i gu re  s h o w s  t h e  
d i f f e r ences ,  b e t w e e n  t h e  d i v e r s e  h o r m o n a l  m a n i p u l a t e d  
g r o u p s ,  in  t h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  f A R  m R N A  d e t e r -  
m i n e d  by  s l o t - b l o t  h y b r i d i z a t i o n .  ( I )  C o n t r o l  a n i m a l s  t = 0; 
(IN) c o n t r o l  a n i m a l s ;  ([~) t e s t o s t e r o n e - t r e a t e d  a n i m a l s ;  ( I )  
t e s t o s t e r o n e  + C P A - t r e a t e d  a n i m a l s ;  (V]) C P A - t r e a t e d  an i -  
m a l s .  V a l u e s  a r e  m e a n  +_ SDs  o f  a t  l e a s t  t h r e e  d i f f e r e n t  

h y b r i d i z a t i o n s .  

control group. No differences were seen between the 
groups concerning the expression of actin mRNA.  

In vivo induction of fAR mRNA in the thumb pad 

In the thumb pad (Fig. 4) similar findings were 
observed to those seen in the Harderian gland, 
although the absolute values were different (see Fig. 2). 
In fact in this experiment the decrease in fAR m R N A  
in both the control and CPA-treated groups was also 
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Fig.  4. S t e a d y - s t a t e  l eve ls  o f  f A R  a n d  a c t i n  m R N A s  in  t h e  
t h u m b  p a d  o f  t h e  f rog ,  Rana esculenta, as  a f u n c t i o n  o f  t i m e .  
T h e  r e l a t i v e  c o n c e n t r a t i o n s  o f  f A R  m R N A  h a v e  b e e n  d e t e r -  
m i n e d  by  s l o t - b l o t  h y b r i d i z a t i o n  a n d  e x p r e s s e d  as  r e l a t i v e  
d e n s i t o m e t r i c  u n i t s .  ( A )  c o n t r o l  a n i m a l s ;  (O)  t e s t o s t e r o n e -  
t r e a t e d  a n i m a l s :  ( 0 )  t e s t o s t e r o n e  + C P A - t r e a t e d  a n i m a l s ;  
(D)  C P A - t r e a t e d  a n i m a l s .  T h e  v a l u e s  o f  a c t i n  m R N A  ( 1 )  a r e  
s h o w n  fo r  a n i m a l s  t r e a t e d  w i t h  t e s t o s t e r o n e .  E a c h  c u r v e  is 
r e p r e s e n t a t i v e  o f  t h r e e  d i f f e r e n t  a n a l y s i s  a t  l eas t .  SDs  h a v e  

b e e n  o b m i t t e d  fo r  s i m p l i c i t y .  

seen. Replacement therapy with testosterone induced a 
time-dependent increase in fAR m R N A  that was pre- 
vented by the use of CPA in combination with testos- 
terone. As far as the analysis of actin m R N A  is 
concerned, the results showed that this gene was ex- 
pressed at the same rate during the experiment. 

It must be noted that a down-regulation seemed to 
occur during the first week in the testosterone-treated 
group. In fact the analysis of differences during the 
experimental-time concerned only differences within 
the group and not between groups, whilst in studying 
the levels of fAR m R N A  between groups the results 
obtained showed an up-regulation of fAR mRNA,  
starting from the first week (see following section and 
Figs 5 and 6). 

Time-point analysis of fAR mRNA in the Harderian 
gland 

In comparing the fAR m R N A  levels between the 
experimental groups during the whole experiment 
(Fig. 5) it has been possible to note a significant 
increase (P < 0.01) in fAR m R N A  in the group treated 
with testosterone with respect to the control group and 
that this difference increases starting from the first 
week. The  use of testosterone + CPA results in a lesser 
increase of fAR m R N A  as revealed by comparison with 
the testosterone-treated group (P < 0.05 testosterone 
treated group vs testosterone + CPA-treated group), 
although the difference with the control group is still 
significant (P < 0.05 testosterone + CPA-treated 
group vs control group), particularly after the third and 
fourth week of treatment. Lastly the values obtained 
from the CPA-injected group were similar to those of 
the control group showing no significant differences. 
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Time-point analysis of f A R  mRNA in the thumb pad 

Figure 6 shows the results obtained in the thumb 
pad. The  levels of fAR mRNA decrease significantly 
(P < 0.01) in both the control and CPA-treated groups 
during the 4 weeks of treatment. Testosterone therapy 
increases the levels of fAR mRNA in a t ime-dependent  
manner,  resulting in a highly significant value as 
revealed by comparison with all the experimental 
groups (P < 0.01 testosterone-treated animals vs con- 
trol animals; P < 0.01 testosterone-treated animals vs 
CPA-treated animals). The  latter effect was partially 
prevented by the use of CPA in combination with 
testosterone (P < 0.05 testosterone-treated group vs 
testosterone + CPA-treated animals). 

Induction of f A R  mRNA in cultured cells 

Figure 7 shows the kinetics of induction by testoster- 
one of fAR mRNA in (a) the Harderian gland and 
(b) the thumb pad cells. In both primary cultures 
during the experiment a decline in fAR mRNA in the 
control cultures was observed. Addition of testosterone 
at a concentration of 10-8M reverses this profile and 
causes an accumulation of about 10-fold of fAR mRNA 
by 48 h. Actin mRNA was constantly expressed in both 
the control (not shown) and testosterone exposed 
groups, either in the Harderian gland, or in the thumb 
pad cells. As far as the apparent initial down-regulation 
of fAR mRNA in the cells exposed to testosterone with 
respect to the control cells is concerned, it is note- 
worthy, that the differences must be considered within 
the group and not between groups, while the differ- 
ences between the groups resemble those observed in 
the analysis of the fAR mRNA in the in vivo exper- 
iment (not shown). 
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Fig.  6. T i m e - p o i n t  ana lys i s  o f  fAR m R N A  in the  t h u m b  p a d  o f  
t he  g r e e n  f rog,  Rana  esculenta .  The  f igure  shows  the  r e l a t i ve  
d i f fe rence ,  b e t w e e n  the  d i v e r s e  h o r m o n a l - m a n i p u l a t e d  
g r o u p s ,  in t he  r e l a t i ve  c o n c e n t r a t i o n s  o f  fAR m R N A  d e t e r -  
m i n e d  by s lo t -b lo t  h y b r i d i z a t i o n .  ( . )  C o n t r o l  a n i m a l s  t = 0; 
( [ ] )  c o n t r o l  a n i m a l s ;  ( [ ] )  t e s t o s t e r o n e - t r e a t e d  a n i m a l s ;  (m)  
t e s t o s t e r o n e  + C P A - t r e a t e d  a n i m a l s ;  ([~) C P A - t r e a t e d  an i -  
m a l s .  T h e  va lues  a r e  m e a n s  + SD o f  a t  l e a s t  t h r e e  d i f f e r e n t  

h y b r i d i z a t i o n s .  
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Fig.  7. S t e a d y - s t a t e  levels  o f  f A R  a n d  ac t in  m R N A s  in  
p r i m a r y  c u l t u r e s  o f  t h e  H a r d e r i a n  g l a n d  (a) a n d  t h u m b  p a d  
(b) cel ls  as a f u n c t i o n  o f  t i m e  fo l lowing  t h e  a d d i t i o n  or  n o t  o f  
t e s t o s t e r o n e  10 -8 M. A f t e r  24 h in cu l tu re ,  cells  w e r e  e x p o s e d  
or  n o t  to t he  h o r m o n e  for  d i f f e r en t  t i mes ,  fo l lowing  w h i c h  
to ta l  R N A  was  e x t r a c t e d .  The  c o n c e n t r a t i o n s  o f  fAR m R N A  
and  ac t in  m R N A  w e r e  d e t e r m i n e d  by  s lo t -b lo t  h y b r i d i z a t i o n  
a n d  e x p r e s s e d  as r e l a t i ve  d e n s i t o m e t r i c  un i t s  for  equa l  n u m -  
b e r s  o f  cells.  (m)  T e s t o s t e r o n e - e x p o s e d  cells;  (A)  u n e x p o s e d  
cells .  The  va lues  o f  ac t in  m R N A  (O)  a re  s h o w n  for  cel ls  
t r e a t e d  wi th  t e s t o s t e r o n e .  E a c h  c u r v e  is r e p r e s e n t a t i v e  o f  a t  
l e a s t  t h r e e  d i f f e ren t  ana lys is .  SDs  have  b e e n  o b m i t t e d  for  

s imp l i c i t y .  

DISCUSSION 

It is becoming increasingly clear that the number  of 
hormone receptors, which are important to our under-  
standing of hormone action, can be up- or down- 
regulated by the ligand or by another hormone [29]. 
Although down-regulation of receptors by their re- 
spective hormonal ligand is a well-studied phenom- 
enon, relatively less is known about autoup-regulation 
of receptors. However,  an increasing number  of obser- 
vations on the phenomenon of up-regulation of recep- 
tor number  have now been reported [30]. A typical 
example of the up-regulation of receptors is provided 
by the activation de novo by oestrogens of silent vitello- 
genin genes in male Xenopus hepatocyte primary cul- 
tures and the induction of frog oviduct specific 
protein-1 gene in primary cultures of Xenopus oviduct 
cells which are both tightly coupled to a considerable 
up-regulation of oestrogen receptor protein and its 
transcripts [2, 20, 31]. Autoinduction of other steroid 
receptors has also been reported for androgen in the rat 
prostate [26], rat phallus [32], rat sertoli and peri tubu- 
lar cells [7] and human prostate [5]. Down-regulation 
of receptor mRNA by its own ligand has been reported 
in tumor-derived cell lines [10, 33, 34]. 

In this study we report, for the first time, the 
presence and the regulation of an AR mRNA in a 
non-mammalian vertebrate. In fact, although the probe 
used in our experiments is heterolgous a high degree of 
homology between the rAR and the frog can be postu- 
lated because the probe contains mainly the D NA and 
steroid binding domains. This  finding is strongly 
suggested by either the hybridization conditions or the 
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molecular  size of fAR m R N A  which is s imilar  to those 
repor ted  for other  ver tebrates  [4, 7, 26, 27]. 

T h e  impor tance  of up - r egu la t ion  of the receptor  
m R N A  lies in the possibi l i ty  of u n d e r s t a n d i n g  the 
amplif icat ion of a given ho rmona l  response. T h a t  this 
p h e n o m e n o n  could be impor t an t  for the physiology of 
bo th  the Harde r i an  g land and  t h u m b  pad is suggested 

by the analysis of the annua l  modif icat ions of ei ther 
b iochemical  or morphologica l  parameters  of these two 
tissues [12, 14]. T h u s ,  the presence of high levels of 

both  androgens  and  ARs is requi red  for the normal  
func t ion  of the t h u m b  pad, while castrat ion br ings  
about  a regress of bo th  g landula r  and  epidermal  layers. 
Th i s  effect is completely  reversed by testosterone re- 
p lacement  therapy [14]. Similarly,  in the Harde r i an  
gland a high accumula t ion  of the secretory proteins  

follows the presence of high levels of ARs in the gland 
[11]. Cas t ra t ion  modifies,  ei ther  the electrophoret ic  
pa t te rn  of prote ins  [15], or the u l t ras t ruc tura l  architec-  

ture  of the g landular  cells [35]. 
Our  results on the profiles of fAR m R N A  show an 

up - r egu la t ion  of fAR m R N A  by its own l igand (Figs 3 
and 4). T h i s  p h e n o m e n o n  is well correlated with the 
biochemical  and morphologica l  parameters  of these 

s tructures.  In  fact in in v i v o  exper iments  an accumu-  
lat ion of fAR m R N A  has been  shown in animals  u n d e r  

testosterone therapy,  while a loss of fAR m R N A  occurs 
in the control  and  CPA- t r ea t ed  animals.  In  these 
exper iments ,  the use of testosterone,  in combina t ion  
with CPA,  as an an t i androgen ,  causes a lower bu t  
significant  increase in fAR m R N A  with respect to the 
testosterone injected animals.  I t  is impor t an t  to note 
that  the use of CPA in combina t ion  with testosterone,  
leads to cons tant  fAR m R N A  levels du r ing  the whole 

exper iment ,  compet ing  with tes tosterone in the induc -  
t ion  and  de induc t ion  of fAR m R N A .  In  fact in these 
groups any increase in fAR m R N A  levels was seen in 
both  the Harde r i an  g land and  the t h u m b  pad. Al though  

there are other  an t i androgens  that mus t  be considered 
much  more  effective, the use of CPA as an an t i andro-  
gen in the frog has been  suppor ted  by several obser-  
vat ions in our  laboratory [13, 15, 16]. T h i s  f inding  
s trongly suggests the up- regu la to ry  action of testoster-  

one itself. 
Fu r the r  evidence of the up- regu la to ry  effect of tes- 

tos terone has been  p rov ided  by exper iments  carried out  
in p r imary  cultures.  In  bo th  cell types, an accumula t ion  
of fAR m R N A  has been  found  star t ing from 8 h of 
exposure to the hormone ,  while in the control  cul tures  
a t~.2 of approx. 24 h has been  seen [see Fig. 7(a and b)]. 
In  this case, the disappearance of fAR m R N A  reflects 
the inh ib i t ion  of bo th  t ranscr ip t ion  and  stabi l izat ion of 

fAR m R N A .  
T a k e n  together,  all these f indings  s t rongly suppor t  

the up - r egu la t ion  of fAR m R N A  in the Harde r i an  
g land and  t h u m b  pad of the green frog, R a n a  esculenta  

and that this up - r egu la t ion  could be cons idered  an 
au to induc t ion  since, the effects seen in the present  

paper,  par t icular ly  those ob ta ined  in the cell cu l ture  
s tudy,  lead us to hypothesize that  tes tosterone itself 
induces  the synthesis  of the m R N A  for its own 
receptor.  

Lastly,  cons ider ing  both  the morphological  and  the 
biochemical  differences be tween  the Harde r i an  gland 

and the t h u m b  pad, it is conceivable that  the ARs have 
different funct ions  in these two tissues. T h e  fact that 
s imilar  processes under l i e  the act ivat ion of different 
gene(s) by the same hormone ,  opera t ing via the same 
receptor,  means  that  their  compar isons  offer a fur ther  
model  to s tudy the tissue specificity in the hormona l  
regula t ion  of gene expression in lower vertebrates.  
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