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cells are more  a b u n d a n t  (Figure 5) which  m a y  ind ica te  
r e so rp t ion  of colloid f rom t he  follicles (Figure 2). Zymogen-  
l ike granules  and  lysosomes are ev iden t ,  fea tures  wh ich  
would also ind ica te  t he  r e so rp t ion  of colloid (Figures 3 
a n d  4). No ' l igh t '  cells 7 (also cal led parafo l l i cu la r  ceils) 
were seen. In t e rce l lu l a r  channels ,  apica l  vesicles and  
desmosomes  were also n o t e d  (Figures 3 and  5). 

Discussion. E m b r y o n i c  t h y r o i d  g lands  h a v e  been  
cu l tu red  for 4 days  and  t he  m e t h o d  used to s t u d y  t he  
effect  of iodine m e t a b o l i s m  s . The  resul t s  of the  p re sen t  
s t u d y  clear ly d e m o n s t r a t e  t h a t  t he  u l t r a s t r u c t u r e  of 
t he  r a t  t h y r o i d  g land  can  be  m a i n t a i n e d  in an  essent ia l ly  
n o r m a l  cond i t ion  for a t  leas t  8 days  in o rgan  cnl ture .  
Some of t he  his tological  changes  which  occur  a p p e a r  to  
be the  d i rec t  resu l t  of 1. cessa t ion of s y n t h e t i c  a c t i v i t y  
b y  t he  follicle cells, a n d  2. r e so rp t ion  of colloid f rom the  
follicles. These  changes  would  be  expec ted  since t he  level  
of T S H  in t he  s u p p o r t  m e d i u m  (6 IU /ml )  m i g h t  be 
insuf f ic ien t  to  m a i n t a i n  t he  s y n t h e t i c  a c t i v i t y  of the  
gland,  a n d  essent ia l  p recursors  (leucine, mannose ,  
galactose,  etc. a) were no t  added.  However ,  t he  presence  
of apica l  vesicles in F igure  4 would  be evidence  of secre t ion 
in to  t he  colloid 6. Smal l  q u a n t i t i e s  of amino  acids are 
inc luded  in t he  fo rmula  of Eag le ' s  m ed i um ,  and  i t  is 
possible  t h a t  the  calf se rum used as a s u p p l e m e n t  to  t he  
m e d i u m  m a y  con t a in  some i m p o r t a n t  factors.  

The  p resen t  resul t s  conf i rm a n d  e x t e n d  those  of 
P1~TROVIC a n d  PORTEa, 2. I t  is conce ivab le  t h a t  the  h igh  
gas pressures  t h a t  we used d u r i n g  cu l tu re  increased t he  

pa r t i a l  pressure  of d issolved oxygen.  W-e were t h u s  able  
to  avo id  ti le use of h igh  c o n c e n t r a t i o n s  of oxygen  in t he  
gas phase  (e.g. 95% 0.2, WHUR a n d  MERSCOVlCS a) s ince 
these  levels m a y  be toxic  to  some cells. 

Our  resu l t s  t h u s  Clearly show t h a t  t he  t e c h n i q u e  of 
o rgan  cu l ture  of the  t h y r o i d  g land  is e m i n e n t l y  su i tab le  
for s tudies  of b i o s y n t h e t i c  p a t h w a y s  w i t h i n  t he  g land  b y  
means  of u l t r a s t r u c t u r a i  r a d i o a u t o g r a p h y .  

Zusammen/assung. Die U l t r a s t r u k t u r  der  R a t t e n -  
schi lddri ise  wi rd  bis  zu 8 Tagen  in O r g a n k u l t u r e n  e rha l ten ,  
was ftir r ad ioau tog ra f i s che  S tud i en  der  U l t r a s t r u k t u r  
vo r t e i l ha f t  ist. 
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Ecdysone:  An Antagonis t  of Juvenile  H o r m o n e  in the Control of Cuticle Synthes is  
in the German Cockroach (Blattella germanica) 

In  add i t i on  to t he i r  welI k n o w n  morphogene t i c  effects, 
juven i le  h o r m o n e  (JH)  a n d  i ts  ana logues  ( JHA)  possess 
t he  capac i ty  to  i n h i b i t  ecdysis.  Th i s  effect  causes d e a t h  
d u r i n g  t he  l a rva l  m o u l t  of all  b u t  t he  las t  l a rva l  i n s t a r  
of t h e  G e r m a n  cockroach  1. The  l eng th  of t he  las t  l a rva l  
i n s t a r  can  be  p ro longed  idef in i te ly  b y  c o n t i n u o u s  appli-  
ca t ion  Of h i g h  dosages of J H  (me thy l  10,11-epoxy-7-  
ethyl-3,  l l - d i m e t h y l - 2 ,  6 - t r idecad ienoa te ;  cis/trans mix-  
ture)  or J H A  (6, 7 -epoxy- l - (p -e thyIphenoxy) -3 ,  7 -d ime thy l  
2-octene;  cis/trans mixture2)  3. The  syn thes i s  of t he  new 
cut icle  in  these  p e r m a n e n t  l a rvae  can  be induced  b y  
in jec t ion  of ecdysone  3. Th i s  is t he  f i rs t  r e p o r t  of an t a -  
gon i sm be tween  J H  a n d  ecdysone  in v ivo  4. 

10 f reshly  h a t c h e d  las t  s tage l a rvae  of Blattella germa- 
nica were confined in 200 cm a p las t ic  cups  w i t h  two 10 cm ~ 
p a p e r  discs each folded to form a tunne l .  The  J H  ac t ive  
s u b s t a n c e  was app l ied  in a n  ace tone  so lu t ion  e i the r  to  

i W. HANGARTNSR and P. MASNER, Experientia, in press (1973). 
.z Stauffer compound No. R-20458. 
s All compounds were kindly provided by F. Hoffmann-La Roche, 

Ltd. Basel. 
4 Results presented to members of the A.R.C. Unit of Invertebrate 

Chemistry and Physiology at Brighton (Prof. A. W. JOHNSON, Di- 
rector) and Cambridge (Dr. J. E. TREH~RSE, Deputy Director) on 
Yfarch 19 and 20, 1973. 

Table I. Effect of JH and JHA on freshly emerged last stage larvae. The penultimate column contains the mean length of the last larval 
instar of insects which hatched (20 animals were tested in each experiment) 

Treatment NO. No. of insects hatching to the next stage Length No. of 
of dead of the last permanent 

Substance Application Dosage Frequency last stage Perfect Deformed Extralarvae Dead in old stage larvae 
(day) larvae adults adults cuticle (days) 

Acetone 
control Topical 1 ~xI 2, 4, 6, 8, 20 16 

10, 12, 14 
JH Topical 10btg 2, 4, 6, 8, 2 1 17 21 

10, 12, 14 
JH Topical 100 bag 2, 4, 6, 8, 1 7 27 

10, 12, 14 
JHA Topical 10 bag 2, 4, 6, 8, > 31 

10, 12, 14 
JHA Topical 100 ~g 5, 10 2 9 9 31 
JHA paper 100~g/em.2 permanent > 31 

12 

20 

20 
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Table II. Effect of ecdysone tested alone and in combination with JHA on development of freshly emerged last stage larvae. (20 animals 
were tested in each experiment) 

Treatment No. No. of insects hatching to the next stage Lenght 
of dead of the last 

JHA ({zg/cm 2 Eedysone (Jig) last stage Adults Extralarvae Dead in old stage 
paper) larvae cuticle (days) 

No. of 
permanent 
larvae 

- 2 0  

- 5 2 0  

- 1 0  2 1 8  

- 50 20 
100 5 
100 10 20 
100 50 1 19 

16 
11.8 
11 
9.5 

I0.i 
8.5 

20 

the  p a p e r  or to  t he  surface of t he  u n i n j u r e d  a b d o m i n a l  
tergi tes .  5 ~zl of a 10% e t h a n o l  so lu t ion  of ~-ecdysone were 
in jec ted  us ing  a H a m i l t o n  syringe.  

The  las t  l a rva l  s tage  las ts  a p p r o x i m a t e l y  16 days  
(25~ 45% r.h.). T r e a t m e n t  w i t h  J H  ac t ive  subs t ances  
delays  . f u r t h e r  d e v e l o p m e n t  and  t he  t i m e  a t  wh ich  
ecdysis m a y  t a k e  place depends  on  t he  compound ,  the  
t i m e  a n d  t he  dosage app l ied  (Table  I). T he  l a rvae  t r e a t e d  
with I0 ~zg of ]l-I every other day during a 2 weeks 
period moult into perfect extralarvae one week after the 
last application. A dosage i0 times higher prevents the 
whole moulting process (cuticle synthesis and ecdysis) in 
more than 50% of the treated larvae which remain 
permanently in this stage. The dosage of i0 g.g of JIKA 
applied in the same way prevents the moulting process in 
all larvae. The same effcet is accomplished by permanent 
exposure of last stage larvae to filter paper treated with 
100 p.g JHA/cm 2. The larvae exposed to such treated paper 
after the 6th day of this instar synthesize the new cuticle 
but die during ecdysis as do the larvae of earlier stages. 

The permanent larvae remain in the last instar for 
months showing no signs of poisoning. The ovaries, which 
are i n a c t i v e  in con t ro l  insec ts  d u r i n g  t h e  en t i r e  l as t  ins tar ,  
con t a in  n u m e r o u s  a c t i v a t e d  oocytes  in  a n  a d v a n c e d  
s tage  of vi te l logenesis .  The  l e n g t h  of the  t e r m i n a l  oocyte  
reaches  1.4 mm,  w h i c h  is a b o u t  2/3 of the  r ipe  egg. The  
p ro tho rac i c  g lands  a p p e a r  to  be  n o r m a l  a n d  r e a d y  to  
secrete  in  a few days  a f te r  t he  p e r m a n e n t  l a rvae  were 
t r an s f e r r ed  to  u n c o n t a m i n a t e d  jars.  T he  m o u l t  in to  
per fec t  or de fo rmed  adu l t s  follows w i t h i n  2-3  weeks. I n  
some way  J H  a p p e a r s  to  cause  a n  ecdysone  de f i c i ency  
wh ich  is ref lec ted  in t he  i n h i b i t i o n  of cut ic le  synthes is .  
A t  t he  same  t i m e  J H  induces  vi tel logenesis ,  wh ich  is 
m a d e  possible  aga in  b y  def ic iency of ecdysone,  t h e  sup-  
posed  i n h i b i t o r  of ova r i an  func t i on  i n  insects  5, ~. 

I n  c o n t r a s t  to  J H  t r e a t m e n t ,  t he  i n j e c t i o n  of ecdysone  
in to  f reshly  m o u l t e d  l a s t  s tage  l a rvae  sho r t ens  t h e  i n s t a r  
cons ide rab ly  (Table  II) .  T he  ep ide rmis  is forced to syn-  
thes ize  t he  new cut icle  a n d  t he  l a rvae  moul t ,  p r e s u m a b l y  
w i t h o u t  h a v i n g  a chance  to r e - p r o g r a m  t he  ex i s t ing  
genet ica l  i n f o r m a t i o n L  L a r v a e  in jec ted  w i t h  5 vg m o u l t  
a f te r  12 days  in to  a n  e x t r a  l a rva l  s tage  as has  been  
descr ibed  for Holometabo laT,  s. Sti l l  h ighe r  dosages 
accelera te  cut ic le  sny thes i s  even  more  and  also d i s t u r b  
t he  m e c h a n i s m  of ecdysis.  The  p h a r a t e  e x t r a l a r v a e  die 
t r a p p e d  inside t h e  old cuticle.  T he  effect  of 5 ag  of ecdy-  
sone is c o u n t e r a c t e d  b y  s i m u l t a n e o u s  J H A  t r e a t m e n t  a n d  
t he  l a rvae  r e m a i n  p e r m a n e n t l y  in t h e  las t  s tage.  I n j e c t i o n  
of 10 ~xg of ecdysone  in to  l a rvae  s i m u l t a n e o u s l y  t r e a t e d  
w i t h  J H  or J H A ,  a t  a dose h igh  enough  to p r e v e n t  t he  

whole m o u l t i n g  process,  s t imu la t e s  t he  syn thes i s  of t he  
new cut icle  (Table  II) .  E c d y s o n e  fails, however ,  to  res tore  
n o r m a l  ecdysis  a n d  t he  l a rvae  die in  t he  old skin, as 
do J H - t r e a t e d  younge r  insta.rs. 

The  e x t r a l a r v a e  i nduced  .by J H  are recognized  b y  
the i r  d a r k  p i g m e n t a t i o n .  W i t h i n  15-18 d a y s  t h e y  
a t t e m p t  to  m o u l t  in to  t h e  n e x t  e x t r a l a r v a l  stage, b u t  
t h e y  die d u r i n g  ecdysis.  The  e x t r a l a r v a e  induced  b y  
ecdysone  show t h e  n o r m a l  l a s t  s tage  co lour  p a t t e r n .  
W i t h i n  2-3 weeks  t h e y  m o u l t  in to  per fec t  adul t s .  This  
ind ica tes  the  n o r m a l  f unc t i on ing  of t he  p ro tho rac i c  
glands,  wh ich  should,  however ,  degene ra t e  a f t e r  a 
secre tory  cycle in  t he  absence  of J H  9. P r e s e r v a t i o n  of t he  
g lands  seems to be  t he  resu l t  of a b n o r m a l  cond i t ions  of 
acce le ra ted  d e v e l o p m e n t  a f t e r  i n j ec t ion  of ecdysone  in to  
the  las t  s tage larvae .  The  p ro tho rac i c  g lands  m i g h t  s t ay  
inac t ive  or t h e y  could be p r o t e c t e d  b y  r e m a i n i n g  t races  
of JH .  

A h igh  t i t e r  of J H  p r e v e n t s  ecdysis  in a n y  l a rva l  s tage  
of t he  g e r m a n  cockroach.  The  b e g i n n i n g  of t he  las t  stage,  
however ,  is t he  on ly  m o m e n t  d u r i n g  t he  whole  pos t -  
e m b r y o n i c  d e v e l o p m e n t  of t h i s  h e m i m e t a b o l o u s  species 
w h e n  t he  a c t u a l  syn thes i s  of t he  new cut ic le  c an  be  
blocked,  as was  a l r eady  d e m o n s t r a t e d  in m a n y  holo- 
m e t a b o l o u s  insects.  The  reversa l  of th i s  J H  effect  b y  
ecdysone  is cons i s t en t  wf th  t he  h y p o t h e s i s  of an  an tago-  
n i sm  be tween  these  2 h o r m o n e s  p roposed  b y  BENZ 1~ This  
concep t  is s u p p o r t e d  b y  severa l  in  v i t ro  resul t s  11-13, a n d  
our  f ind ings  p rov ide  t he  f i r s t  ev idence  in vivo.  Clearly, 
J H  has  2 effects on  l a rvae  of Bla#ella: i t  b locks  ecdysis  in 
all  s tages  a n d  i t  b locks  cut ic le  syn thes i s  d u r i n g  t h e  las t  
l a rva l  ins tar .  W h e t h e r  these  2 effects of J H  on m o u l t i n g  
are p e r i p h e r a l  effects  on  t he  ep ide rma l  cells or cen t r a l  
effects  on  t he  n e u r o e n d o c r i n e  sys t em r e m a i n s  to  be 
p r o v e d  14. 

5 W. E. ROBBINS, J. N. KAPLANIS, IV[. J. THOMPSON, T. J. SHOI~TINO, 
C. F. COHEN and S. C. JOYNER, Science 767, 1158 (1968). 

6 M. J. THOMPSON, J. A. SVOBODA, J. N. KAPLANIS and W. E. ROB- 
BI~S, Proc. R. Soc., Lond., Ser. B, 780, 203 (1972). 

7 j.  Zf)J~REK and K. SL2kMA, Bioi. Bull. 7d2, 350 (1972). 
s C. IV[. WILLIAMS, Biol. Bull. 734, 344 (1968). 
9 V. B. WIGGLESWORTH, Adv. Insect Physiol. 2, 247 (1964). 

I0 G. BENZ, Experientia, 29, in press. (1973). 
11 L. F. CGNGOTE, C. I~. SEKERIS, R. I~ARLSON, Expi Cell Res. 55, 338 

(1969). 
1~ M. LEzzI and L. I. GILBERT, Proc. natn. Acad. Set., USA 5d, 498 

(1969). 
13 17I. LAUFER and T. K. H. HOLT, J. exp. Zool. 173, 341 (1970). 
i4 We are greatly indebted to Prof. H. A. SCHNEIDERMAN, University 

of California, Irvine, for helpful criticism. 
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Zusammen/assung. B e h a n d l u n g  yon  Blattella germanica 
im  l e t z t en  L a r v e n s t a d i u m  m i t  h o h e n  Dosen  von  Juven i l -  
h o r m o n  v e r h i n d e r t  ausser  de r  Morphogenese  auch  die Bil-  
dung  der  n e u e n  Cut icula  u n d  die H~u tung .  Die P r o tho -  
raca ldr i i sen  der  e n t s t a n d e n e n  D a u e r l a r v e n  s ind n o r m a l ;  
d u r c h  anschl iessende  I n j e k t i o n  yon  e -Ecdyson  wird  
Cu t i cu la syn these  induzier t ,  die Tiere s t e rben  j edoch  in 

der  a l t en  H a u t .  Diese Be funde  u n t e r s t i i t z e n  die H y p o -  
these  der  a n t a g o n i s t i s c h e n  W i r k u n g  yon  ] u v e n i l h o r m o n  
u n d  Ecdyson .  

P. MASNER and  W. HANGARTNER 

Biological Laboratory, Dr. R. Maag, Ltd., 
CH-8757 Dielsdorf (Switzerland), 25 April 1973. 

Effect of Dopaminergic Blocking Agents on Plasma 
Hormone Activity in Hypophysectomized Rats 

The  re leas ing fac to r  (IRF) m e c h a n i s m s  of t he  h y p o t h a l -  
a m u s  are r egu la t ed  b y  dopam i ne r g i c  sys t ems  of t he  
d i encepha lon  l, 2. N u m e r o u s  R F s  are de t ec t ab l e  in  p l a s m a  
af te r  h y p o p h y s e c t o m y  8, t h u s  p r o v i d i n g  a model  for 
e v a l u a t i n g  t he  effects of pha rmaco log ic  agen ts  on  t he  
h y p o t h a l a m i c  n e u r o t r a n s m i t t e r / R F  sys tem.  T he  p re sen t  
r epo r t  descr ibes  p r e l i m i n a r y  e x p e r i m e n t s  on the  effect  of 
two d o p a m i n e  recep tor  b lock ing  agents ,  p imozide  and  
f luspir i lene,  on  t he  p l a s m a  lu te in iz ing  h o r m o n e  re leas ing 
h o r m o n e  (LRF)  a c t i v i t y  in h y p o p h y s e c t o m i z e d  ra ts .  

Methods and materials. Female  Sp rague -Dawley  (S-D) 
r a t s  were h y p o p h y s e c t o m i z e d  w h e n  25 days  old a n d  used 
60 days  later .  R a t s  (5/group) received var ious  i.p. doses 
of p imozide  or f luspir i lene 4 f rom days  85 to  91. On t he  
fol lowing day  t he  r a t s  were sacrif iced and  p l a s m a  o b t a i n e d  
for L R F  assay. P l a s m a  also was o b t a i n e d  f rom i n t a c t  r a t s  
of t he  same  age. 

P l a s m a  L R F  a c t i v i t y  was e v a l u a t e d  b y  measu r ing  t h e  
q u a n t i t y  of L H  released in to  t he  s e rum of adu l t  ovar i -  
ec tomized  S-D r a t s  t h a t  h a d  been  t r e a t e d  72 h ear l ier  
w i t h  s.c. doses of 50 (xg es t rad io l  benzoa t e  (E) p lus  25 m g  
p roges te rone  (P) (5 ra t s /group) .  A b lood  sample  was 
ob t a ined  before and  20 m i n  a f te r  i.v. i n j ec t ion  of 1.0 ml  
of t he  donor  p lasma.  S e r u m  L H  levels were d e t e r m i n e d  
b y  t he  double  a n t i b o d y  r a d i o i m m u n o a s s a y  t e c h n i q u e  of 
NlSW~NI)ER e t  al. 5 a n d  are expressed  in t e r m s  of N I A M D -  
R a t  L H - R P - 1 .  

Results and discussion. The  d a t a  are  p r e s e n t e d  in t he  
F igure  and  d e m o n s t r a t e  t h a t  p l a s m a  der ived  f rom i n t a c t  
a d u l t  female  r a t s  does no t  possess a n y  d e t e c t a b l e  L R F  
ac t iv i ty .  The  respons iveness  of the  ova r i ec tomized  assay  
r a t s  was  e s t ab l i shed  b y  in jec t ion  of 10 ng  of s y n t h e t i c  
L R F  6, wh ich  p roduced  a ve ry  d r a m a t i c  and  s ign i f ican t  

DAY 

HYPOX: 25 ~ l l 80  f Rx. '85-9/  

11401 AUTOPSY' 92 

~ 1 ioojE_ i 

~b 42~  

360j: 
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20 
INTACT INTACT + CONTROL SALINE 

L ASSAY 
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~20' 

POST 

LRF HYPOX + 1.25 2.5 5.0 5.0 IO.Omg/kg 
L HYPOX + lOng SALINE L HYPOX + PIMOZIDE ~ j FLUSPIRILENE 

Effect of CNS agents on plasma LRF activity in hypophysectomized 
female rats. 

Luteinizing Hormone Releasing 

( P  ~ 0.01) rise in  s e rum LH.  I n  c o n t r a s t  to  t he  i n t a c t  
rats ,  p l a s m a  der ived  f rom female  r a t s  t h a t  h a d  been  
h y p o p h y s e c t o m i z e d  for 60 days  a n d  t h a t  received on ly  
saline, p roduced  a p r o m i n e n t  a n d  s ign i f ican t  i n c r e m e n t  
in  se rum L H  ( P  _<_ 0.01), a t t e s t i n g  to t he  presence  of 
L R F  ac t iv i ty .  T r e a t m e n t  of h y p o p h y s e c t o m i z e d  r a t s  
w i t h  p imozide  or I luspir i lene e l i m i n a t e d  or r educed  
p l a s m a  LIRF ac t i v i t y ;  t he  fo rmer  d rug  d e m o n s t r a t e d  t h e  
g rea te r  po tency .  

P imoz ide  a n d  f luspir i lene are cl inical ly  effect ive 
neuro lep t ics  7, s and  h a v e  been  shown  to  be  cen t r a l  ne rvous  
sys t em d o p a m i n e  recep tor  blockers" .  Var ious  s tudies  
s u p p o r t  t h e  concep t  t h a t  dopamine rg i c  sys t ems  w i t h i n  
t h e , h y p o t h a l a m u s  p l ay  a s ign i f ican t  role in  subse rv ing  t he  
gonado t rop in - re l eas ing  h o r m o n e  (GnRH)  m e c h a n i s m  
res iden t  in  t he  h y p o p h y s i o t r o p i c  a rea l0 ,  n I t  follows 
therefore ,  t h a t  pha rmaco log ic  agen t s  b lock ing  th i s  
n e u r o t r a n s m i t t e r  sys t em should  i nh ib i t  t h e  h y p o t h a l a m i c  
G n R F / p i t u i t a r y  L H - F S H  axis. The  resul t s  of t he  p r e s e n t  
s t u d y  s u p p o r t  those  of O J E D A  a n d  MCCANN 12 who  
d e m o n s t r a t e d  t h a t  p imozide  can  pa r t i a l l y  i n h i b i t  t he  
p o s t c a s t r a t i o n  rise of p l a s m a  F S H ,  a n d  show t h a t  
p imoz ide ' s  a n t i g o n a d o t r o p i c  ac t ion  is v ia  i n h i b i t i o n  of 
h y p o t h a l a m i c  G n R H .  In  addi t ion ,  p imoz ide  impedes  t he  
secre t ion of h y p o t h a l a m i c  p r o l a c t i n - i n h i b i t o r y  fac to r  and  
leads to p ro lac f in  hypersecret ion13.  

Our  p r e l i m i n a r y  cl inical  s tudies  w i t h  pirnozide are 
r e l e v a n t  to  t he  cen t ra l  t h e m e  discussed herein.  The  d rug  
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