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p e n u l t i m a t e  oocytes  (previous ly  T-2) are 0.8-1.0 m m  long 
and  are  a t  t he  p o i n t  of e n t r y  in to  vi te l logenesis .  P a t e n c y  
t e s t s  showed  t h a t  T-1 oocytes  en t e red  vi te l logenes is  ove r  
t h e  size r ange  0.9 to  1 3  m m .  D u r i n g  t he  s u b s e q u e n t  
pe r iod  t he  T-1 oocytes  grow to  a l e n g t h  of 2.0-2.3 m m  a n d  
the  T oocytes  deve lop  to  a l eng th  of 3.7-4.0 ram,  a t  
wh ich  p o i n t  t he  fol l icular  ep i the l i um depos i t s  t he  chorion.  
The  cho r iona t ed  T oocytes  are o v u l a t e d  a n d  t h e  sequence  
is r e p e a t e d  Vi te l logenic  oocytes  are p re sen t  a t  all  t imes  
d u r i n g  t he  gono t roph ic  cycle, and,  w i t h  t h e  excep t ion  of a 
sho r t  pe r iod  f rom t he  onse t  of c h o r i o n a t i o n  un t i l  sho r t l y  
a f te r  ovula t ion ,  two  oocytes  in  each  ovar iole  are fo rming  
yo lk  s imul taneous ly .  These  resu l t s  s u b s t a n t i a t e  a n d  
e l abora t e  p rev ious  r epor t s  b y  PRATT 8 and  BELL 9, a l t h o u g h  
t he  l a t t e r  a u t h o r  found  a n  ov ipos i t ion  cycle l e n g t h  of 
5 days,  poss ib ly  t he  effect  of t he  use of a d i f fe ren t  diet .  

F re sh ly  excised co rpora  a l l a t a  f rom a d u l t  female  
P. americana were found  to exh i b i t  a wide  r ange  of C16JH 

28 

i 

24 
"7 

~- 2 0  

E 

= 1 2  

to 8 

tO 4 
O 

T - 1  ! I T 

�9 �9 

Q 

�9 o 0 
Q Q 

ee 

o o  

1 2 3 

Oocyte |ength (rnrn) 

Relationship between ooeyte length and rate of synthesis of CI6 
juvenile hormone by single pairs or split pairs of corpora allata from 
adult female Periplaneta americana, as revealed by in vitro incorpora- 
tion of [methyl-Z~C~methionine. Brackets represent the stages in the 
growth of each wave of oooyte which can be related to the onset of 
ootheea formation in the gonotrophic cycle. Shaded area represerlts 
the size range over which oocytes (T-l) begin active vitellogenesis. 

b i o s y n t h e t i c  abi l i ty .  The  v a l i d i t y  of single t i m e - p o i n t  
m e a s u r e m e n t s  of C ~ J H  p r o d u c t i o n  to e s t i m a t e  t he  r a t e s  
of h o r m o n e  b io syn thes i s  in  i so ta ted  co rpora  alla• of 
P. americana has  a l r eady  b e e n  i n v e s t i g a t e d  ~. These  
p rev ious  inves t iga t ions  also showed  t h a t  t h e  r a t e  of 
release of C~sJH was  s t r i c t ly  p r o p o r t i o n a l  to  t h e  r a t e  of 
b io syn thes i s  of t h e  ho rmone ,  over  a wide  r ange  of syn-  
t h e t i c  act iv i t ies .  The  ra t e s  of C ~ J H  syn thes i s  a n d  release 
b y  i nd iv idua l  pa i r s  or spl i t  pa i r s  r ange  f rom 1-25 p m o l /  
p a i r / h  a n d  w h e n  g l andu la r  a c t i v i t y  was p lo t t ed  aga ins t  
co r re spond ing  oocy te  l eng ths  a cyclic p a t t e r n  was e v i d e n t  
(Figure).  Two cycles of corpus  a l l a t u m  a c t i v i t y  occur  
d u r i n g  t he  v i te l logenic  g r o w t h  of each  wave  of oocytes.  A t  
no  t i m e  d u r i n g  t h e  ongoing  gono t roph i c  cycles h a v e  we 
found  g lands  wh ich  were t o t a l l y  incapab le  of syn thes i z ing  
a n d  re leas ing  CI~JH. I n  a s ign i f ican t  n u m b e r  of a n i m a l s  
(up to 6 %  of those  sampled)  t he  d e v e l o p m e n t  of t he  T-1 
oocyte  was cons ide rab ly  r e t a r d e d  w i t h  respec t  to  t h e  
T oocyte,  a n d  g lands  f rom these  a n i m a l s  all  h a d  low 
s y n t h e t i c  r a t e s ;  these  d a t a  h a v e  been  o m i t t e d  f rom t i le  
Figure.  These  cycles of corpus  a l l a t u m  a c t i v i t y  could be  
r e l a t ed  to  t h e  d e v e l o p m e n t  of e i the r  t h e  T, T- l ,  or b o t h  T 
and  T-1 oocytes.  The  close cor re la t ion  t h a t  we f ind b e t w e e n  
t he  rise in corpus  a l l a t u m  a c t i v i t y  a n d  t h e  onse t  of 
v i te t logenes is  of t he  T-1 oocyte,  a n d  t h e  r e p o r t  t h a t  
t he re  are increases  in  t h e  r a t e s  of p r o t e i n  a c c u m u l a t i o n  b y  
b o t h  T and  T-1 oocytes  in  mid-cyc le  9, sugges t  t h a t  
juven i l e  h o r m o n e  is necessa ry  for b o t h  i n i t i a t i o n  and  
m a i n t e n a n c e  of v i te l logenes is  in t h i s  species zT. 

Zusammenfassung. Dureh  I n k o r p o r a t i o n  yon  z4C- 
Me th ion in  in die Corpora  a l l a t a  yon  Periplaneta americana 
werden  w ~ h r e n d  des E i re i fungszyk lus  zwei Ak t iv i t~ t s -  
m a x i m a  Ies tges te l l t  und  diese als J u v e n i l h o r m o n s y n t h e s e  
in t e rp re t i e r t .  
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z~ We are grateful to Dr. A. F. WHITE and Miss M. M. BLIGHT for 
supplying reference compounds. 

I n  v i v o  E f f e c t s  o f  A c e t y l c h o l i n e  o n  L H  S e c r e t i o n  ~ 

I t  has  r ecen t ly  been  shown  t h a t  ace ty lcho l ine  (Ach) is 
able  to  l ibe ra te  t he  F S H - R e l e a s i n g  H o r m o n e  (FSI,H-RH) 
a n d  t he  L H - R e l e a s i n g  H o r m o n e  ( L H - RH )  f rom r a t  
h y p o t h a l a m i c  f r a g m e n t s  i n c u b a t e d  in v i t ro  in  t he  presence  
of an t e r i o r  p i t u i t a r y  t i ssue  z, 3. This  effect  of A ch  can  be 
r e spec t ive ly  e n h a n c e d  or  depressed  b y  t h e  presence  in  t he  
i n c u b a t i o n  m e d i u m  of p r o s t i gm i ne  (an an t i - ace ty l -  
choI ines terase  drug,  wh ich  p o t e n t i a t e s  t he  a c t i v i t y  of 
Ach) or oI a t rop ine  (a b locker  of chol inergic  receptors) .  
These  d a t a  h a v e  p r o v i d e d  a d d i t i o n a l  ~-6 ev idence  for a 
role of chol inergic  m e c h a n i s m s  in t he  processes  con- 
t ro l l ing  t h e  secre t ion  of p i t u i t a r y  gonado t rop ins .  The  
p r e sen t  e x p e r i m e n t s  h a v e  been  p l a n n e d  in order  to  ver i fy  
w h e t h e r  chol inergic  i n p u t s  m i g h t  p a r t i c i p a t e  in  t h e  
r egu la t ion  of L H  secre t ion  in vivo.  

1 This work has been supported by a grant of the Ford Foundation, 
New York. Standard preparations of LH have been kindly provid- 
ed by NII-I, Bethesda and antiserum to LH and LH for iodination 
by Drs. A. R. MIDGLEY JR., G. D. NlSW~ND~R and L. E. REICH~gT 
JR. All this support is gratefully acknowledged. Thanks are also 
due to Mr. L. GIrADAaNI, Mr. R. NEBULONI and Mr. M. VIGLIArn 
for their skillfui technical assistance. 
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(1975). 
J. E. MAEKEE, J. W. EVERETT and C. H. SAWYER, Recent Progr. 
Hormone Res. 7, 139 (1952). 
J. W. EVERETT, Physiol. Rev. dd, 373 (1964). 

6 F. PIVA, N. STERESCU, M. ZA~ISI and L. MARTIm, Bull. Wld Hlth 
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Materials  and methods. A d u l t  ma le  Sp rague -Dawley  
ra ts ,  weighing  150-1S0 g, were used. An ima l s  were caged 
in rooms  w i t h  con t ro l led  t e m p e r a t u r e  a n d  h u m i d i t y  
( l ights  on  f rom 06.30 to  20.30), a n d  were fed w i t h  a 
s t a n d a r d  pel le t  d ie t ;  w a t e r  was  g iven  ad  l ib i tum.  All 
an ima l s  were i m p l a n t e d ,  in to  a l a t e ra l  ven t r i c l e  of t he  
b ra in ,  w i t h  a c a n n u l a  wh ich  was c e m e n t e d  to  t he  skul l  to  
al low t i le  a d m i n i s t r a t i o n  of subs t ances  in to  t he  cerebro-  
sp ina l  f luid (CSF)v. 1 week  a f t e r  i m p l a n t a t i o n  of t i le 
cannu la ,  t he  r a t s  were anes t he t i z ed  w i t h  N e m b u t a l  
(40 mg/kg) .  Ach,  a t rop ine  a n d  p r o s t i g m i n e  were ad-  
min i s t e red  i n to  t he  c a n n u l a  in  t he  doses i nd i ca t ed  ill t h e  
F igure  a n d  in  the  v o l u m e  of 20 F1. A H a m i l t o n  micro-  
syr inge  was used. Blood was col lected f rom t h e  j ugu l a r  ve in  
15 min  a f t e r  in jec t ion .  S e r u m  LI.I was  e v a l u a t e d  b y  t h e  
r a d i o i m m u n o a s s a y  of NISWENDER et  al. 8. T he  s t a t i s t i ca l  
ana lys i s  of t h e  d a t a  was pe r fo rmed  us ing  S t u d e n t ' s  
t- test .  

Results .  E a c h  b a r  in  t he  F igure  r ep resen t s  t he  m e a n  of 
m e a s u r e m e n t s  pe r fo rmed  in a t  leas t  5 an imals .  I t  is c lear  
t h a t  Ach  in jec ted  in to  t he  cerebra l  ven t r i c les  is able  to  
induce  a s ign i f ican t  re lease of LH.  However ,  t h e  effect  of 
Ach  appea r s  on ly  w h e n  t h e  dose of 10 Fg is used. A smal le r  
a m o u n t  (1 Fg) is t o t a l l y  inac t ive .  At rop ine ,  w h e n  g iven  
t o g e t h e r  w i t h  Ach,  p roves  able  to  b lock  t he  LH- re l eas ing  
a c t i v i t y  of t he  chol inergic  med ia to r .  There  was no 
s ign i f ican t  rise in  s e rum levels of L H  in t he  an ima l s  
rece iv ing  i n t r a v e u t r i c u l a r  in jec t ions  of 10 Fg of Ach 
coupled  w i t h  10 Fg of a t rop ine .  On t h e  con t r a ry ,  pros t ig-  
m ine  p o t e n t i a t e s  t he  LI-t-releasing a c t i v i t y  of Ach.  Tile 
dose of i ~xg oI Ach,  wh ich  was ineffec t ive  w h e n  g iven  
alone, b e c a m e  even  more  ac t ive  t h a n  t i le  dose of 10 ~zg of 
Ach,  w h e n  g iven  i n t r a v e n t r i c u l a r l y  in  c o n j u n c t i o n  w i t h  
1 ~g of p ros t igmine .  

Discuss ion.  T h e  in  v ivo  d a t a  here  p r e sen t ed  sugges t  
t h a t  Ach  m a y  p l a y  a s ign i f ican t  role in  t he  con t ro l  of L H  
secret ion.  This  h y p o t h e s i s  is s u p p o r t e d  b y  some r ecen t  
ind i rec t  obse rva t ions .  I t  has  been  r epo r t ed  t h a t  i n t r a -  
h y p o t h a l a m i c  i m p l a n t s  of a t r o p i n e  inh ib i t ,  in  t he  female  
ra t ,  t h e  ova r i an  c o m p e n s a t o r y  h y p e r t r o p h y  which  
n o r m a l l y  follows un i l a t e ra l  ova r i ec tomy ,  and  induce  a 
decrease  of ova r i an  we igh t  in  i n t a c t  an i m a l s  9,10. Moreover ,  
a t r o p i n e  ( admin i s t e red  e i t he r  s.c. or in to  t he  3rd ventr ic le)  

b locks  t he  p roes t rous  surge of L H  a n d  of F S H  secre t ion  
a n d  p r e v e n t s  t he  e l eva t ion  of p l a s m a  g o n a d o t r o p i n s  
wh ich  n o r m a l l y  occurs  fol lowing c a s t r a t i o n  lz. F ina l ly ,  
sy s t emic  in jec t ions  of t he  cho l inomine t i c  d rug  p i locarp ine  
increase  L H  releasel~. 

I n  o rder  to  exp la in  the  in v i t ro  effects of Ach  on t h e  
release of LHI-RH a n d  F S H - R H ,  i t  h a s  been  p roposed  
t l l a t  Ach m i g h t :  1. ope ra te  as t he  n e u r o t r a n s m i t t e r  of 
e x t r a h y p o t h a l a m i c  f ibres  i m p i n g i n g  on  t he  h y p o t h a l a m i c  
cells wh ich  s y n t h e t i z e  t h e  gonado t rop in - r e l ea s ing  hor-  
mones ;  or 2. fac i l i t a te  t he  l i be ra t ion  of t h e  g o n a d o t r o p i n -  
re leas ing  hormones ,  v i a  a d i rec t  ac t ion  on t h e  n e r v e  
t e r m i n a l s  a t  t he  level  of t he  m e d i a n  eminence  S, 8. The  
in v ivo  e x p e r i m e n t s  here  r epo r t ed  do n o t  p rov ide  a clear  
cu t  answer  on  t he  mode  of ac t ion  of Ach.  However ,  i t  is 
i m p o r t a n t  to  no te  t h a t  r ecen t  f ind ings  unde r l ine  a m a j o r  
role for e p e n d y m a l  cells and  for  t a n y c y t e s  ~*, x4 in t he  
t r a n s p o r t  of subs t ances  f rom the  C S F  to  t h e  m e d i a n  
eminence .  I f  Ach  i s  p icked  up  a n d  t r a n s p o r t e d  to  t he  
m e d i a n  eminence  b y  these  e lements ,  t he  d a t a  here  pre-  
sen ted  m i g h t  be t a k e n  as a p roof  of t he  fac t  t h a t  t he  
n e u r o t r a n s m i t t e r  ac ts  on  t he  n e r v e  t e r m i n a l s  where  t he  
re leas ing h o r m o n e s  are  s to red  (hypothes i s  No. 2). I t  is 
indeed  inconce ivab le  t h a t  Ach  m i g h t  be  t r a n s p o r t e d  to  
r each  t he  a r c u a t e - v e n t r o m e d i a l  region,  where  t he  cell 
bodies  wh ich  syn thes ize  LH-RI . I  are m a i n l y  loca ted  ~5. 
I t  is also possible,  however ,  t h a t  Ach  m i g h t  s t i m u l a t e  
some of t h e  c i r c u m v e n t r i c u l a r  s t r u c t u r e s  (o rganum 
v a s c u l o s u m  l aminae  t e r m i n a l i s  ?) wh ich  a c c u m u l a t e  L H -  
R H  a n d  wh ich  m a y  p l ay  a role in  t he  con t ro l  of gonado-  
t r o p i n  secre t ion  ~ 

The  d a t a  here  p r e sen t ed  do no t  al low a n y  def in i te  
conclus ion  on  whes  t h e  s t i m u l a t o r y  effect  exe r t ed  b y  
Ach  on  t he  release of L H  is musca r in i c  or n ico t in ic  in  
na tu re .  The re  are, however ,  some reasons  for a rgu ing  
t h a t  t i le effects here  r epo r t ed  are  m a i n l y  of t he  m u s c a r i n e  
type .  F i r s t  of all, t h e  s t i m u l a t o r y  effect  of Ach  could  be  
a n t a g o n i z e d  b y  a t rop ine ,  wh ich  is a t yp i ca l  b locker  of 
musca r in i c  receptors .  Moreover ,  n i co t ine  a n d  an t in i co t in i c  
d rugs  h a v e  been  r epo r t ed  re spec t ive ly  to  i nh ib i t  and  
s t i m u l a t e  g o n a d o t r o p i n  secre t ion  17-~0. 
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Effec t  of i n t r a v e n t r i c u l a r  in jec t ion  of ace ty lcho l ine  (Ach) of a t r o p i n e  
(Atr) aIld of prostigmhle (Pst) on serum LH in normal male rats. 
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Rdsumd. L' in jec t ion  in t ravent r icu la i re  d 'ace ty lchol ine  
p rovoque  chez le ra t  m~le une s6cr6tion accrue de LH.  
Cet effet de l ' acetylchol ine  est illhib6 par  l ' admin is t ra t ion  

in t raventr iculMre d 'a t r0pine ,  e t e s t  augment6  par  l ' injec- 
t ion in t ravent r icu la i re  de prost igmine.  

G. JIJSTO 2t, M. MOTTA and L. MARTINI 

21 Ford Foundation Fellow. On leave of absence from the Instituto 
de Neurobiologia, Buenos Aires, Argentina. 

Departments of Endocrinology and o/Pharmacology, 
University o[ Milan, Via A. del Sarto 21, 
1-20129 Milano (Italy), 30 December 7974. 

Purification of Rabbit Angiotensin II-Antibodies 

Antibodies  against  angiotensin I I  have  been used 
repea ted ly  for in v ivo  exper iments ,  in which the part ic ipa-  
t ion of the  renin-angiotensin  sys tem in var ious forms of 
exper imenta l  hyper tens ion  was s tudied (for review see 
CIIRISTLIEB and HICKLER 1). In  most  of these studies crude 
ant isera  have  been injected into the  tes t  animal  wi th  the  
obvious d i sadvantage  t h a t  no t  only  the  ant ibody,  bu t  
also considerable amount s  of heterologous protein,  
renin, renin substra te  and angiotensin I I  (up to 300 ng/ml) 
were injected.  In  order  to provide  a more def ined  basis for 
in v ivo  studies, the  condit ions for purif icat ion of angio- 
tensin-ant ibodies  by  aff ini ty  ch roma tog raphy  were 
studied. 

Materials and methods. Anti-sera  were raised in male 
whi te  New Zealand rabbits ,  weighing 2000-2500 g, by  
immuniza t ion  wi th  aspl-ileu~-angiotensin I I  (Schwarz/  
Mann, Orangeburg,  USA) coupled to porcine y-globulin 
by  the  carbodi imide method,  as described by  GooD- 
FRIEND et al. a. Af te r  3 to 5 months  all animals  developed 
an t ibody  t i ters  ranging be tween  1:13000 and 1:180000. 

Affi l l i ty columns for most  of the  separat ion exper iments  
were prepared by  coupling angiotensin I I  to the  sepharose 
m a t r i x  v ia  a lbumin  as a spacer, a principle first  proposed 
by  CUATRECASAS et  al. ~. In  a typica l  expe r imen t  3 g of 
cyanogenbromide-ac t iva ted  Sepharose 4]3 (Pharmacia,  
Uppsala,  Sweden) were washed ill 1 m M  tris-HCl buffer 
p H  6.0, and adjus ted  to p H  8.0 wi th  NaHCO 3 buffer. 
Bovine  serum a lbumin  (Behring Werke,  Marburg),  20 mg 
in 0.1 M NaHCO~ buffer  p H  8.0, conta ining 0.5 M NaC1, 
was added. After  2 h of incubation,  about  65% of the  
a lbumin  had been bound to the  sepharose as judged by  the 
decrease in absorbancy a t  280 n m  and prote in  con ten t  ill 
the  superna tan t  5. Fol lowing t r e a t m e n t  wi th  1 M ethanol-  
amine a t  p H  8 for 2 h, the  p roduc t  was washed 4 t imes 
a l te rna te ly  wi th  0.1 M bora te  buffer p H  8.0, and 0.1 M 
aceta te  buffer  p H  4.0, and f inal ly ad jus ted  to p H  6.0. 
subsequent ly  2 mg angiotensin  I I  were coupled to the  
sepharose bound a lbumin  by  the  addi t ion of 1.2 g of 
N-e thy l -N-d imethy l -aminopropyl -ca rbodi imide  a t  p H  6.0. 
A small  a m o u n t  of I*25-1abelled angiotensin I I  was added 
to the  react ion mixture ,  and the  rad ioac t iv i ty  of the  
sepharose-free superna tan t  was de termined  a t  var ious  
t ime  intervals.  Fur thermore ,  the  a m o u n t  of angiotensin I I  
remaining in the  superna tan t  was es t imated  by  ra t  blood 
pressure bioassay% The coupling p roduc t  was again 
washed a l te rna te ly  wi th  acidic and alkaline buffer was 
described above,  and packed in a 1.1 • 21 cm column and 
equi l ibra ted  wi th  0.1 M tris-HC1 p H  7.4. Angiotensin  I I -  
an t i serum (9 ml) was di luted 1 : 3 wi th  the  same buffer and 
poured th rough  the  column at  a flow rate  of about  0.5 ml /  
mill. The  co lumn was washed wi th  50 ml  0.1 M tris-HC1 
p H  7.4 and Muted in batches  wi th  50 ml  each of 0.1 M 
Na-ci t rate-HC1 buffer  of p H  5, 4, 3, 2, 1.2 and finally 
p H  1.2 conta ining 0.5 M NaC1. The  eluate was collected in 
10 ml  fract ions into tubes kept  a t  0 ~ and containing 2 ml  
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3 M tris-HC1 p H  7.4, to immedia te ly  neutral ize the  acidic 
eluate. 

In  a separate  exper iment  angiotensin I I  was coupled 
direct ly  to CNBr-ac t iva ted  Sepharose wi thou t  using 
a lbumin  as a spacer. 

An t ibody  concentra t ions  were es t imated  by  t i ter  
de terminat ion .  The  t i ter  is arbi t rar i ly  defined as the  
di lut ion of an an t ibody  preparat ion,  a t  which exact ly  half  
of 10 pg of I125-angiotensin I I  is bound  to the  an t ibody  
in a s tandard  rad io immunoassay  sys tem v (250 ~1 of 0.1 M 
tris-acetate buffer  p H  7.4 wi th  0.1% human  serum albu- 
min, 20 h equi l ibrat ion at  0~ Assuming t h a t  under  these 
condit ions of ex t reme dilut ion (e.g. an t i serum is di luted 
a t  least  15000-fold), there  is no interference by  substances 
present  in the  original material ,  the  a m o u n t  of an t ibody  
which binds 5 pg of angiotensin I I  can be taken  as an 
a rb i t ra ry  an t ibody  unit,  p rovided  t h a t  no significant 
differences in aff ini ty  exist. Thus,  the  an t ibody  con- 
cent ra t ion  of a given prepara t ion  can be expressed as the  
reciprocal  of the  t i ter.  The rad io immunoassay  sys tem for 
angiotensin I I  and the  es t imat ion  of cross r eac t iv i ty  wi th  
analogous pept ides  has been described previous lyL The 
apparent  aff ini ty  constants  of the  an t ibody  prepara t ions  
were es t imated  f rom double-reciprocal  plots according to 
NISONOFF and PRESSMAN 8. 

Results and discussion. The coupling of allgiotensin I I  
to the  sepharose-albumin complex  appeared to be complete  
after  2 h of incubation,  since a t  t h a t  t ime  there  was no 
detec table  biological ac t iv i ty  in the  supernatant ,  as 
judged  by  ra t  blood pressure assay. However ,  a t  the  
same t ime,  half  of the  rad ioac t iv i ty  of P25-1abelled 
angiotensin II ,  which had been added at  the  beginning 
of the  coupling reaction,  was still in the  soluble form. This  
discrepancy be tween  biological  ac t iv i ty  and rad ioac t iv i ty  
m a y  find its explanat ion  in a par t ia l  po lymer iza t ion  of 
angiotensin,  i.e. the  format ion  of dimers or t r imers  Of 
angiotensin I I  by  the  carbodi imid reaction, since the  
immobil ized a lbumin  is less readi ly  avai lable as a react ion 
partner .  This  in te rpre ta t ion  is supported by  the  following 
exper iment .  The  p roduc t  of a react ion mix tu re  ident ical  
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