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Fig. 1. Control 1-day-old rat testis. The seminiferous tubules show gonocytes and supporting cells. Occasional Leydig ceils. HE, • 320. 
Fig. 2. LH-RH treated, l-day-old rat testis. Similar cell types. HE, • 320. 
Fig. 3. Control ll-day-old rat testis. The tubular diameter and the nmnber of supporting cells has increased. Primitive type A spermatogortia 
are seen. He, • 320. 

Fig. 4. LH-RH treated l l-day-old rat testis. Similar to the Figure 3. HE, x320. 
Fig. 5. Control 13-day-old rat testis. Tubular diameter increased. Adult type spermatogonia and primary spermatocyt@s are present in the 
germinal epithelium. HE, • 320. 
Fig. 6. LH-RH treated 13-day-old-rat. Testes similar to the control. HE, • 320. 

r epor ted  only  s l ight  s t imula t ion  of t he  testis.  RAMIREZ 
and  MCCANN 9 have  suggested t h a t  the  onse t  of ' pube r ty '  
in the  ra t  is de t e rmined  by  a change  in the  hypophys i s  
sens i t iv i ty  to releasing hormones  r a the r  t h a n  by changes  
of t he  gonado t rop in  con ten t  of the  glands. In  human ,  
ROTH et al.~ s t a t ed  t h a t  puber t a l  and  adul t  t es tes  
appears  to be more  responsive  t h a n  the  i m m a t u r e  tes t is  
in releasing tes tos te rone  after  the  admin i s t r a t ion  of LH-  
RH.  Also SANDOW and BABEJ 10 specula ted  t h a t  chronic 
L H - R H  t r e a t m e n t  m a y  have  a negat ive  feed-back effect  
on p i tu i t a ry  sens i t iv i ty  to  the  gonado t rop in  releasing 
hormones .  

Our  results  showed t h a t  admin is te red  syn the t i c  LH-  
R H  is ne i ther  able to in i t ia te  per  se the  deve lopmen t  of 
spermatogenes is  and  ma tu ra t i on  of Leydig  cells, nor  to 
accelerate the  normal  r h y t h m  of the  na tu ra l  evolut ion  of 
the  gonads.  I t  is qui te  possible t h a t  o ther  mechan i sms  
migh t  be involved in the  onset  of puber ty .  On the  o ther  
hand ,  we h a d  no evidence of a nega t ive  feed-back 
induced  by  the  in jec ted  L H - R H ,  since b o t h  t r e a t ed  and 
un t r ea t ed  animals  showed ne i ther  qual i ta t ive  nor  
quan t i t a t i ve  histological  differences in the  testis.  The 
significance of the  h igher  n u m b e r  of spermatogonia l  cells 
in un t r ea t ed  14-day-old ra t s  is open  to quest ion.  

Resumen. Ratas  machos  inmaduros  t r a t a d o s  cr6ni- 
camen te  con factor  l iberador  sintdtico de L H  desde el 
p r imero  has t a  el 15 dia de edad  a l a s  ddsis de 5 ~xg sub- 
cutAneos cuatro  veces al dia c a d s  cua t ro  horas  por  animal,  
fueron incapaces  de iniciar o acelerar  el proceso de madu-  
racidn tes t icu lar  es tud iando  el proceso espermatog6nico 
por  contages  eelulares diferenciales en secciones t rans -  
versales y el desarrollo de las c61ulas de Leydig  maduras .  
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Effect  of C a s t r a t i o n  on  the  Rat  P i n e a l  G land:  a F l u o r e s c e n c e  H i s t o c h e m i c a l  and  B i o c h e m i c a l  S t u d y  

Earl ier  invest igat ions1 a d e m o n s t r a t e d  t h a t  some 
pinealocytes  of the  rabbi t ,  rat ,  hedgehog and mole 
conta in  a yellow autof luorescent  substance.  In  r abb i t  and 
ra t  pinealocytes ,  th i s  mater ia l  appeared  to  be a t r y p t o -  
phan- r i ch  pro te in  1, 2 the  funct ion  of which  is still unknown.  
i t  m i g h t  possibly be a carrier pro te in  of pineal  ho rmones  2. 
Considering th is  hypothes is ,  i t  seemed of in te res t  to 

de termine ,  in the  ra t  pineal  gland, the  q u a n t i t y  of cells 
con ta in ing  yellow autof luorescent  mater ia l  under  va ry ing  

1 A. R. SMITH, J. F. JONGKIND and J. ARIJ~NS KAPPERS, Gen. 
cotnp. Endoer. 78, 364 (1972). 

2 A. R. SmTu, Thesis (Amsterdam 1972). 
a p. PEVET, not published. 
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Table I. Number of autofluorescent cells in the pineal gland after Table II. Quantity of serotonin in the pineM gland of rat after 
castration (cells/mm 2) castration (y/g of pineal tissue) 

4 days 1 week 3 weeks 4 days I week 3 weeks 
Controls Castrated Controls Castrated Controls Castrated Controls Castrated Controls Castrated Controls Castrated 

158 i 15 147 ~ 23 137 ~ 15 216 -~ 44 160 -4- 37 287 :k 40 47.8 ~= 2.3 43.9 • 3.6 45.1 =k 4.6 46.8 ~ 5.4 46.4 • 4 45;3 ~ 4 

exper imen ta l  condi t ions  re la ted  to  the  funct ion  of the  
epiphysis  in t he  regula t ion of the  h y p o t h a l a m o - h y p o -  
physeo-gonada l  sys tem.  Because S~ITH 2 d e m o n s t r a t e d  
an inverse re la t ion in d i f ferent  c i rcumstances  be tween  the  
a m o u n t  of au tof luorescent  mater ia l  and  t h a t  of serotonin  
in the  ra t  pineal,  i t  was necessary  to  s t u d y  the  sero tonin  
concen t ra t ion  unde r  the  same exper imen ta l  condit ions.  

The p resen t  inves t iga t ion  concerns  t he  de t e rmina t ion  
of t he  n u m b e r  of cells conta in ing  yellow au tof luorescen t  
mate r ia l  and  the  q u a n t i t y  of pineal  serotonin,  respec- 
t ively,  in adul t  cas t r a t ed  male ra ts  as compared  to  those  
in controls  over  a per iod  of 3 weeks af ter  cas t ra t ion .  

Material and methods. 84 male  wis tar  ra ts  (weight 200 g) 
were used for th is  s t u d y  (30 for the  f luorescence his to-  
chemical  s tudy,  54 for the  b iochemical  s tudy) .  They  were 
kep t  in cages a t  25 ~ and  cons t an t  humid i ty .  The animals  
were exposed  to 12 h l ight  dai ly (from 07.00 h to  19.00 h). 
They  received t a p  wa te r  and  s t anda rd  ra t  pel lets  ad 
l ibi tum. 

F o u r t y - t w o  ra ts  were cas t ra ted  by  the  abdomina l  
route,  the  others  were sham-opera ted .  28 ra ts  (14 cas t r a t ed  
- 5 for f luorescence h is tochemica l  s tudy,  9 for b iochemical  
s t u d y  - and  14 sham-opera ted)  were  killed 4 days  af ter  
cas t ra t ion  and  the  56 others,  respec t ive ly  1 and  3 weeks 
af ter  t he  operat ion.  

Fluorescence histochemical study. After  decap i t a t ion  
(wi thout  anaes thes ia  ,be tween  09.00 and  10.00 h), t he  
pineal  was r emoved  wi th in  1 min  and  frozen ill freon-12, 
cooled to  - -150~ b y  liquid ni t rogen.  Sections of 15 ~xm 
were  cut  on a c ryos ta t  a t  --18~ F r o m  each pineal  
gland, a p p r o x i m a t e l y  20 f ronta l  sect ions were cut  as 
descr ibed above.  10 a l t e rna t ing  sect ions were used for the  
s t u d y  of au tof luorescent  mater ia l .  Af te r  cut t ing,  the  
sect ions were t r a n s p o r t e d  to a f reeze-dryer .  In  a v a c u u m  
chamber ,  the  c ryos t a t  sect ions were f rozen-dr ied a t  
- -30~ for 45 min.  Dur ing  th is  period,  the  pressure  de- 

creased to  0.01 Tor. Then  the  sect ions were  b ro u g h t  
wi th in  10 min  to  room t e m p e r a t u r e  in vacuo.  For  2 h, 

the  f rozen-dr ied sect ions were  placed a t  80 ~ ( technique 
of FALCK et  al. 4, as modif ied  b y  HEENE 5, w i thou t  formal-  
dehyde  vapour  t r ea tmen t .  For  more  detai ls  see SMITH 2, ~). 

For  t he  demons t r a t i on  of autofluorescence,  a Leitz  
f luorescence microscope equ ipped  wi th  a mercu ry  l amp 
(Hb0200) was used, 

The quan t i f i ca t ion  of yel low autof luorescent  cells was 
d e t e r m i n e d  b y  count ing,  in t he  d i f ferent  sections, t he  
n u m b e r  of these  ceils p r e s en t  in a de t e rmined  area 
(0.03 mm~). Countings were made  in 10 to 15 areas per  
section,  the  n u m b e r  of areas s tudied  depending  on the  
size of the  section. The  s t a n d a r d  error was  calcula ted in 
the  resul ts  ob ta ined  in all r a t s  of the  group s tudied  (5 
ra t s  per  group).  

Biochemical study. For  the  de t e rmina t ion  of the  q u a n t i t y  
of sero tonin  in the  pineal  gland,  pools were made.  For  
each group (4 days,  1 and  3 weeks af ter  cas t ra t ion  ; 4 days,  
1 and  3 weeks af ter  sham-opera t ion)  3 de te rmina t ions  
were made,  and  for 1 d e t e rmi n a t i o n  3 pineal  glands were 
pooled.  All ra t s  were sacrificed be tween  09.15 h and  10.30 
h. As this  per iod was re la t ively  long, cas t ra ted  and contro l  
ra t s  were sacrificed a l ternat ively .  If  there  is an effect  of 
t he  circadian r h y t h m  on t h e  serotonin  concen t ra t ion  of 
the  pineal  gland dur ing th is  t ime lapse, the  effect  is 
ident ical  in the  two groups,  so t h a t  i t  is possible to  com- 
pare  these  two groups. 

I so la t ion  of serotonin  (5-HT) is based on Amber l i t e  
CG50 column ch roma tog raphy .  P inea l  glands were 
removed,  pooled and  ex t r ac t ed  in ice-cold 10 ml of 0.4 M 
perchlor ic  acid, conta in ing  0.1 ml  ascorbic acid (2%) and  
0.2 ml  of 10% EDTA.  The ex t rac t s  were ad jus ted  to a 
p H  of 5.6 wi th  5 N K~Co 3, cent r i fuged and the  super-  
n a t a n t s  were pu t  on Amber l i t e  CG50 columns (4.5 • 50 mn) 

4 B. FALCK, N. A. HILLARP, G. THIEME and A. ToRP, J. Histochem. 
10, 348 (1962). 
R. HENNE, Histochemie 74, 324 (1968). 

8 A. R. SMITH and J. A~Ns KAPPERS, Brain Res. 86, 353 (1975). 
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Fig. 1. Number of autofluorescent cells in the pineal gland after 
castration (cells/mm 2) 
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Fig. 2. Quantity of serotonin in the pineal gland after castration 
(y/g of pineal tissue) 
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at  a ra te  no t  exceeding 0.5 ml /mn.  Then  the  co lumns  
were  washed  w i t h  10 ml  0.02 M p h o s p h a t e  buffer  (pH 6.5) 
con ta in ing  0.2% EDTA.  Elu t ion  was pe r fo rmed  wi th  
1 N HC1. The f irs t  6 ml  of the  elut ion con ta ined  5-HT. 
Serotonin  was de t e rmined  f luor imetr ical ly  L 

The results  were expressed in 7/g of pineal  tissue, and  
the  s t anda rd  error  is measured  for each 3 de te rmina t ions .  

Results. 4 days  af ter  t he  operat ion,  no s ta t i s t ica l ly  
s ignif icant  differences in the  q u a n t i t y  of au tof luorescen t  
cells (Figure 1 and  Table  I) and  the  q u a n t i t y  of sero tonin  
(Figure 2 and Table II) be tween  the  cas t r a t ed  and  sham-  
opera ted  r a t  pineal  glands were observed.  

One week af ter  the  castra t ion,  the  q u a n t i t y  of auto-  
f luorescent  cells in the  pineal  gland of the  opera ted  ra ts  
was abou t  37% increased in respect  to the  sham-ope ra t ed  
ra t  group (Figure 1, Table  I). No s ta t is t ica l ly  s ignif icant  
differences have  been observed in the  serotonin  concent ra-  
t ion  in the  cas t ra ted  and  sham-opera ted  ra t  pineal  g lands  
(Figure 2, Table II).  

Three  -weeks af ter  the  operat ion,  the  q u a n t i t y  of auto-  
f luorescent  cells in t h e  pineal  gland of t he  cas t ra ted  ra t s  
was increased, th is  increase being larger t h a n  af ter  1 week 
(about  660/o in respect  to  the  sham-ope ra t ed  group) 
(Figure 1, Table I). However ,  no s ta t i s t ica l ly  s ignif icant  
differences were observed be tween  the  serotonin  concen- 
t r a t i on  of the  cas t ra ted  and sham-opera ted  ra t  pineal  
gland (Figure 2, Table  II). 

Discussion. Pineal  response to cas t ra t ion  appeared  to 
be ve ry  slow. 4 days  af ter  the  opera t ion  we have  no t  
observed  any  effect  on the  n u m b e r  of au tof luorescent  
cells and the  5-HT levels. After  1 week, a small  increase 
of the  q u a n t i t y  of autof luorescent  cells was observed,  
while af ter  3 weeks th is  increase is larger. This slowness of 
the  pineal  response is possibly due to the  pa rame te r s  
chosen. Indeed,  in o ther  exper iments  using di f ferent  
pa rame te r s  (metabolic compounds  S) , we have  observed a 
quick response of the  pineal  gland to cas t ra t ion.  

The fact  t h a t  there  was no modif ica t ion in serotonin  
levels in the  pineal  gland of orchidectomized adul t  ra t s  is 
in te res t ing  b u t  diff icult  to  in terprete .  I t  is possible t h a t  
t he  cas t ra t ion  does no t  effect  the  p roduc t ion  of pineal  
indole der ivat ives  bu t  it  is also possible tha t ,  af ter  castra-  
t ion, the  5-HT tu rnover  changes wi thou t  any  change in the  
5HT levels in tissue. 

The increase of q u a n t i t y  of cells conta in ing  autof luo-  
rescent  mater ia l  d e m o n s t r a t e d  t h a t  o r c h i d e c t o m y  has  an 
effect  on the  pineal  gland. Jus t  a f ter  cas t ra t ion ,  an ab ru p t  

drop of androgen  p lasma  levels occurs. This causes a 
rapid  increase in p lasma gonadot rop in  ~-n. At  t h a t  
m o m e n t  i t  is no t  possible to de te rmine  w h e t h e r  t he  
effect  of cas t ra t ion ,  descr ibed in the  p resen t  paper ,  is due 
to the  decreasing p l a sma  androgen  level or to the  increase 
of F S H  and  L H  levels. Pe rhaps  b o t h  m a y  have  an effect  
on the  pineal  gland. I t  is in te res t ing  tha t ,  some t ime  af ter  
cas t ra t ion,  a no tab le  increase was observed of p ineal  
pro te in  synthesis ,  i.e., increase of the  q u a n t i t y  of au to-  
f luorescent  mater ia l .  In tens i f ied  pineal  pro te in  syn thes i s  
is also k n o w n  to occur in e s t rogen- t rea ted  i m m a t u r e  
female rats.  This is caused by  increased L H  secret ion by  
the  adenohypophys i s  12. As cas t ra t ion  also provokes  an 
increase of L H  secret ion 9-~1, it  m a y  therefore  be t h a t  the  
increase of au tof luorescent  p inealocytes  af ter  cas t ra t ion  is 
caused by  increased L H  secretion.  

I t  is possible  t h a t  t he  yellow autof luorescent  mater ia l  
represents  an act ive  pro te in  c o m p o u n d  (pineal h o rmo ne  ?) 
d i f ferent  to  p ineal  indole der ivat ives .  Unde r  these  exper i -  
men ta l  condi t ions ,  cas t r a t ion  m a y  be res t r ic ted  to t he  
synthes is  of these  act ive  pro te in  compounds  ~a. 

Summary.  The o rch idec tomy  of the  adul t  r a t  induces  an 
increased q u a n t i t y  of cells conta in ing  au tof luorescen t  
mater ia l  (proteinaceous mater ia l  1, 2). 
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Suppression of Pupal Esterase Activity in Aedes aegypti (Diptera: Culicidae) by an 
Insect Growth Regulator 

Considerable in teres t  has  been genera ted  by  the  sug- 
gestion t h a t  insect  popula t ions  m a y  be control led by  use 
of analogues and mimics  of na tura l  juvenile  ho rmone  1, 2. 
These insect  g rowth  regulators  (IGR) are bel ieved to 
al ter  the  normal  ho rmona l  balance and thus  interfere  
wi th  pos t - embryon ic  deve lopment ;  however ,  the  precise 
mode  of act ion has  no t  ye t  been resolved. SLADE and  
WlLI~INSON 3 have  indica ted  tha t ,  because m a n y  I G R ' s  
are s t ruc tura l ly  dissimilar  to the  na tu ra l  hormone ,  i t  is 
unlikely t h a t  the i r  effect  is med ia ted  di rec t ly  t h rou g h  an 
in te rac t ion  wi th  the  na tura l  ho rmone  receptor .  T h e y  
propose t h a t  the  I G R ' s  stabil ize the  na tura l  ho rmone  by  
inhib i t ing  the  normal  degrada t ion  pa thways .  One 
enzyme responsible  for ca tabol i sm of endogenous  juvenile  
ho rmone  is a ca rboxyes te rase  which is induced wi th in  30 

min of the  appearance  of juveni le  hormone  4. The p re sen t  
s tudy  was u n d e r t a k e n  to de te rmine  the  effect  of one I G R  
(isopropyl 11-methoxy-3,  7, 11- t r imethyl-dodeca-2,  4- die- 
noate,  Altosid | (ZR 515) on the  esterases  of the  mosqui to ,  
Aedes aegypti (L.), an insect  species which  is pa r t i cu la r ly  
sensit ive to the  effects of I G R ' s  ~. 
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