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Table II. Transformation of pregnenolone-7-H 3 and progesterone-4-C x4 by testis of Ciona intestinatis 
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Cofaetor Time of incubation (h) No of crystallization 

Steroids (H~/C 1~) 

Dehydroepiandrost. ac. Testosterone ac. Deoxycorticoster. ac. 

NAD 

NADP 

1l~ 1 7.1 
2 7.2 
3 7.1 

4 1 9.7 
2 9.9 
3 9.7 

1/2 1 2.4 
2 1.9 
3 1.9 

2 1 10.5 
2 7.6 
3 7.6 

4 1 14 
2 11 
3 11 

2.0 
2.0 
2.0 

4.4 
3,7 
3.7 

7.1 
7.0 
7.0 
9.9 
8.5 
8.5 

7.5 
7.0 
7.0 

As fa r  as cor t i cos te ro ids  are  concerned ,  GOTTFRIED a n d  
LTJsIs a h a v e  m e n t i o n e d  t h e  p resence  ( p r e s um ab l y )  of 
co r t i sone  in  t h e  eggs of t h e  s lug Arion ater ru/us. 

Therefore ,  i t  is poss ib le  to  p r e s u m e  f r o m  these  f i nd ings  
t h a t  chemica l  e v o l u t i o n  of s t e ro id  h o r m o n e  b i o s y n t h e s i s  
h a s  a r i sen  i n d e p e n d e n t l y  in  d i f f e ren t  p h y l a  of m e t a z o a  
a n d  t h a t  of p r o t o c h o r d a t e s  ha s  long p receded  t h e  p a t t e r n  
p r e s e n t  in  v e r t e b r a t e s .  W h e t h e r  t he se  s te ro ids  possess  a n y  
phys io log ica l  s ign i f icance  in  t h e  a n i m a l s  o t h e r  t h a n  
v e r t e b r a t e s  is y e t  to  be  i n v e s t i g a t e d  5. 

Riassunto. D a  185 g di  t e s s u t o  t e s t i co la re  d i  Ciona 
intestinalis sono  s t a t i  e s t r a t t i  ed  i den t i f i ca t i  i s eguen t i  
o r m o n i  s t e ro id i :  de id roep i and ros t e rone ,  cor t i sone  e cor t i -  
solo. Nel  t e s su to  ovar i co  6 p re sen te  il cor t i sone .  I n c u b a n d o  
il t e s su to  t e s t i co la re  con  p r e g n e n o l o n e - 7 - H  8 e p roges te r -  
one-4-C 1~ sono s ta f f  i so la t i  i s eguen t i  m e t a b o l i t i :  de idro-  

ep i and ros t e rone ,  t e s tos te rone ,  e desoss icor t icos terone .  
Dal le  i ncubaz ion i  del  t e s su to  ovar ico  con  gli  s tess i  pre-  
cursor i  sono  s t a f f  i so la t i  i s eguen t i  m e t a b o l i t i  : 17~-idrossi-  
p regneno lone ,  de id roep i and ros t e rone ,  a n d r o s t e n e d i o n e ,  
t e s tos t e rone ,  desoss icor t i cos te rone  e cor t i sone .  
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T u m o r o u s  D e v e l o p m e n t  of in s i tu  and Grafted Anter ior  P i tu i tar ies  in Female  Rats  Treated  wi th  
Die thy l s t i lbes tero l  

A n t e r i o r  p i t u i t a r y  t u m o r s  c an  be  r o u t i n e l y  i nduced  in 
r a t s  a n d  mice  b y  chron ic  t r e a t m e n t  w i t h  es t rogens  x. I n  
c e r t a i n  s t r a i n s  of mice ,  in  s i tu  p i t u i t a r i e s  w h i c h  r a r e ly  
b e c o m e  t u m o r o u s  sp on t aneous l y ,  do  so r ead i l y  w h e n  
t r a n s p l a n t e d  to  s i tes  d i s t a n t  f r o m  t h e  h y p o t h a l a m u s  2. 
A l t h o u g h  t r a n s f o r m a t i o n  a n d  g r o w t h  of t he se  t r a n s p l a n t e d  
p i t u i t a r i e s  are  n o t  d e p e n d e n t  on  a n  exogenous  s u p p l y  of 
o v a r i a n  hormones ,  t h e i r  g r o w t h  can  be  m a r k e d l y  s t i m u l a t e d  
b y  t h e  a d m i n i s t r a t i o n  of t he se  h o r m o n e s  s. B y  con t r a s t ,  
t h e  r a t  p i t u i t a r y ,  g ra f t ed  to  va r ious  s i tes  d i s t a n t  f rom t h e  
h y p o t h a l a m u s ,  does n o t  s p o n t a n e o u s l y  b e c o m e  t u m o r o u s  
a l t h o u g h  in  s i tu  p i t u i t a r y  t u m o r s  a re  n o t  u n c o m m o n  to  
t h i s  species  8. W e  h a v e  o b s e r v e d  t h e  h o m o g r a f t s  of wel l  
o v e r  I000  r a t  p i t u i t a r i e s  a n d  n o t  one  h a s  eve r  b e c o m e  a 
t u m o r ;  t h e  w e i g h t  of t h e  g ra f t  r a r e ly  exceed ing  x]3 t h a t  
of t h e  or ig ina l  g r a f t  *,5. KULLANDER s r e p o r t e d  t h a t  pieces 
of r a t  a n t e r i o r  p i t u i t a r y  t i s sue  b e c a m e  t u m o r o u s  w h e n  
g ra f t ed  to  t h e  a n t e r i o r  c h a m b e r  of t h e  eye, p r o v i d e d  
o v a r i a n  g ra f t s  were  g r a f t e d  a long  side t h e  p i t u i t a r y  graf t .  
P i t u i t a r y  g ra f t s  p l aced  in t h e  a n t e r i o r  c h a m b e r  of t h e  eye  
in  t h e  absence  of o v a r i a n  g ra f t s  d i d  n o t  b e c o m e  t u m o r o u s .  
W e  bel ieved,  the re fore ,  t h a t  t h e  r e s i s t ance  of  t h e  r a t  

p i t u i t a r y  g ra f t  t o  g r o w t h  a n d  t umor igenes i s  m i g h t  be  
ove rcome  b y  a d m i n i s t r a t i o n  of es t rogen.  Thus ,  t h i s  com- 
m u n i c a t i o n  descr ibes  t h e  effects  of ch ron ic  t r e a t m e n t  of 
i n t a c t  f emale  r a t s  b e a r i n g  p i t u i t a r y  h o m o g r a f t s  w i t h  
d i e thy l s t i l be s t e ro l  (DES) ,  a n d  c o m p a r e s  t h e  g r o w t h  a n d  
t u m o r  d e v e l o p m e n t  of t he se  g ra f t s  w i t h  t h a t  of t h e  in  
s i tu  p i t u i t a r y .  
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Fig. 1 and 2. A representative subcapsular tumorous pituitary homograft (Figure 1) and stimulated pituitary homograft (Figure 2) from 
female rats treated for 16 months with diethylstilbesterol. 

Materials and methods. All animals used in this study 
were mature female Sprague-Dawley rats, obtained from 
Spartan Research Animals, Inc., Haslett ,  Michigan. They 
were housed in a temperature  controlled room (75 q- 2°F) 
and fed a standard laboratory rat  chow (Allied Mills, Inc., 
Chicago, Illinois). Seventeen 3-month-old rats were each 
grafted with 1 pi tui tary underneath the kidney capsule 
as previously described s. Pi tui tary donor rats were of 
similar age, sex and strain as the recipients. Immediately 
after pi tui tary grafting and every 3 months subsequently, 
each rat  was implanted s.c. in the dorsum with a pellet 
containing 12 mg of DES. 16 months after the initial 
t rea tment  with D E S  and grafting, the rats were sacrificed. 
The in situ and grafted pituitaries of each rat  were excised 
and weighed. Pituitaries greater than 50 mg were arbi- 
trari ly designated as tumors. 

Results. Tumors developed in 3 of 17 (18%) of the grafts 
as illustrated in Figure 1. Although tumors did not develop 
in 14 grafts, each graft was markedly enlarged (mean, 
26.4 -t- 3.2 rag) (Figure 2), approximately 3 times the size 
of the original graft. By contrast, the in situ pituitaries of 
these rats were even more enlarged than the grafted 
pituitaries. Mean in situ pi tui tary weight and percent of 
rats with in situ pi tui tary tumors were 63.5 ± 11.2 mg 
and 41% (7/17), respectively. No apparent relationship 
between the growth of the in situ pituitary and graft was 
observed, nor was there any evidence of metastases. 

Discussion and conclusions. The results of this s tudy 
clearly demonstrate that  the transplanted rat  pi tui tary is 
receptive to the tumorigenic stimulus of DES but to a 
considerably lesser degree than the in situ pituitary. The 
relatively greater growth and tumor incidence of the in 
situ pituitaries in response to chronic DES t rea tment  
suggest the existence of a DES-induced hypotbalamic 
factor which is capable of promoting growth of pi tui tary 
tissue. Estrogen induced pituitary tumors secrete prolactin 
and this hormone (prolactin) has long been known to be 
under the predominantly inhibitory influence of the 
hypothalamus. Thus, the administrat ion of estrogen 
decreases the hypothalamic content  of prolactin inhibiting 
factor (PIF) and thereby increases pi tui tary  prolactin 
secretionL In addition, severance of the pi tui tary from 
the hypothalamus by median eminence lesions s, stalk 
section 9 or pi tui tary grafting l° also result in increased 
prolactin secretion. If p i tu i tary  growth and prolactin 
secretion were controlled solely by hypothalamic inhibi- 
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tion (PIF), it would be expected tha t  the transplanted 
pitui tary would be more receptive to the DES-induced 
tumorigenic stimulus, a phenomenon which clearly did 
not  occur in this study. 

The existence of a hypothalamic prolactin releasing 
factor (PRF) in birds has been well established xx and 
recent studies suggest tha t  this factor may exist in mam- 
mals as well is. The results of the present study support 
this concept and provide evidence tha t  this factor is 
influenced by estrogen administration. Estrogens have 
been reported to be actively concentrated by the hypo- 
thalamus as well as other areas of the limbic system 18 and 
to act  directly on the pi tui tary tissue 9. Although this 
s tudy suggests tha t  the hypothalamus plays an important  
role in pi tui tary  tumorigenesis, i t  has not  yet  been deter- 
mined whether the tumorigenic effects of D E S  are exerted 
primarily at  the hypothalamic or pi tui tary  level. The 
possibility cannot be ruled out tha t  growth of the 
transplanted pi tui tary is not as vigorous as the in situ 
pi tui tary because of an inferior blood supply. This seems 
unlikely as all grafted pituitaries appeared to have a rich 
blood supply, as illustrated in Figure 2, and the subcap- 
sular bed of the kidney is considered to be one of the best 
sites for effective revascularization of grafted tissuO 6. 

Rdsumd. Les rdsultats de cette dtude ddmontrent nette- 
ment  que la glande pituitaire du rat  transplantde rdpond 
au stimulus tumeurigdnique du didthylstilboestrol, mais 
dans beaucoup plus faible mesure que la glande pituitaire 
in sitn. 
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Inactivation Studies of Angiotensin II by Purified 

This communication describes the effect of three 
highly purified, hydrolytic enzymes from pig brain on 
IleS-angiotensin II .  The enzymes selected for this s tudy 
belong to the following categories: intracellular acid 
proteinases, aminopeptidases and arylamidases. While the 
acid proteinase and aminopeptidase cause no significant 
inactivation of IleS-angiotensin II ,  arylamidase degrades 
this peptide as shown by bioassay as well as by quanti ta-  
t ive determination of the end products by amino acid 
analysis. 

Brain acid proteinase (or Cathepsin D) l, aminopeptidase 
(determined by the specific cleavage of Leu from Leu- 
Gly-Gly) ~ and arylamidase (determined by the hydrolysis 
of Arg. ~NA)3 were prepared from pig brain and assayed 
as described. I10-angiotensin I I  was obtained from 
Calbiochem., L.A., Calif. One aliquot of each hormone- 
enzyme incubate, together with appropriate controls, 
was subjected to bioassay on the isolated rat  uterus 
according to the method of HOLTON ~ as modified by 
MUNSlCK 5 with the use of MgS+-free van Dyke-Hastings 
solution as the bathing fluid. Another aliquot of the digest 
was directly applied to amino acid analysis on a Technicon 
analyzer. Amino acids released were identified and quan- 
tiffed according to the short-column procedure of CATRA- 
VAS S with the following modification: a 0.6 × 60 cm column 
packed with Amminex A-4 (Biorad., Palo Alto, Calif.) 
was used and was eluted at  60°C with a 9-chamber 
Varigrad containing sodium citrate buffers at  pH 2.75, 
2.88, 3.80 and 6.10 s. Aminopeptidase and arylamidase 
were incubated with hormone for set periods of t ime at  
37°C. Enzyme-substrate ratios (on a molar basis) were 
1:150 to 1 : 400 and 1:75 to 1:150, respectively, in a total  
volume of 0.4 to 0.6 mt of 40raM tris-HC1 (pH 7.6) 
containing O . l m M  dithiothreitol. Acid proteinase-sub- 
strate.mixtures (enzyme to substrate ratios 1:5 and 1:10) 
were incubated in a total  volume of 0.4 to 0.6 ml of 
50raM citrate buffer, pH 3.2. Reaction mixtures not 
directly utilized were stored frozen at -20 °C. 

Enzymes 

Bioassay revealed full retention of the rat  uterotonic 
act ivi ty  of IleS-angiotensin I I  during a 24-h.-incubation 
with aminopeptidase or acid proteinase. Moreover, no 
free amino acids resulted from the incubation of Ile 5- 
angiotensin I I  with these 2 enzymes. Contrary, the incuba- 
tion of 100-200 [~g of substrate with purified arylamidase 
led to the rapid appearance of the first 5 N-terminal amino 
acids (Figure). Quanti tat ive determination of the indivi- 
dual amino acids after a 20-min digestion showed approx- 
imately equimolar quantities of aspartic acid, arginine, 
valine, tyrosine and isoleucine. After a 24-h incubation 
period 35% of the hormone had been degraded. The 
existence of peptide intermediates in the breakdown of 
IleS-antiotensin I I  is indicated by an initially high ratio 
(amino acid released/aspartic acid released) for material  
eluting with histidine (at 20 min). Undegraded Ile s- 
angiotensin I I  was retained on the column under these 
experimental  conditions. 

The vasoactive hormone angiotensin II ,  which appears 
to elicit its dipsogenic response via  receptors located in 
certain regions of the brain 7 is known to be cleaved by a 
large number of exo- and endopeptidases s. Recently, 
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