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The  n u m b e r  of t h e  l ip id  g ranu les  was s ign i f i can t Iy  
decreased.  I t  was  m a i n l y  caused  b y  d i m i n u t i o n  of smal l  
l ip id  granules.  The  r e m a i n i n g  l ip id  granules  s t a ined  
f a i n t t y  green ish  color w i t h  m e t h y l e n e  blue. 

E lec t ron-microscopica l ly ,  t he  cy top l a smic  organel les  
of t he  clear  cells were more  sparse  in t he  b l i n d e d  r a t s  
t h a n  in t h e  controls .  The  smal l  t r a n s p a r e n t  a reas  con-  
t a i n i n g  a ve ry  smal l  n u m b e r  of t he  cy top l a smic  organel le  
r e m n a n t s  were found  in t h e  p inea locy tes  of b o t h  types ,  
especial ly  of ten  in t he  clear  cells. 

The  m i t o c h o n d r i a  were decreased  in n u m b e r  in  b o t h  
t ypes  of cells. The  decrease  was more  a p p a r e n t  in  t h e  
clear  ceils t h a n  in t he  d a r k  ones. T he  m i t o c h o n d r i a ,  
especial ly  in  t he  clear  cells, were swol len a n d  showed 
d e s t r o y e d  i n n e r  s t ruc tu re .  T he  vesicIes were also decreased  
in n u m b e r ,  b u t  t h e  vacuoles ,  wh ich  m i g h t  be  t h e  en la rged  
vesicles, a p p e a r e d  in sma l l  n u m b e r .  The  smal l  par t ic les  
showing  h igh  e lec t ron  dens i ty  d imin i shed  r e m a r k a b l y .  
Decrease  of r ibosomes  was also v e r y  no t i ceab le  in  t he  
clear  cells. I n  t he  pe r icap i l l a ry  space, t he  ne rve  endings  
were decreased in n u m b e r  and  b e c a m e  a t roph ic .  

The  h is to logica l  and  cytological  changes  of t he  p ineals  
o b t a i n e d  f rom t h e  b l inded  ra t s  wh ich  h a v e  been  descr ibed  
here,  are of regress ion or degenera t ion .  The  clear  cells, 
wh ich  are usua l ly  r ega rded  as t he  a c t i v a t e d  or func t iona l  
ceils, m a y  no t  be  in  t he  func t iona l  s t a t e  in  t he  p inea l  of 
t he  b l inded  rats ,  b u t  in e x h a u s t i o n  or in  degenera t ion .  

Some au tho r s  ~'t~'~2 p o s t u l a t e d  t h a t  t h e  v a r i a t i o n  of 
t h e  l ip id  granutes  m i g h t  be  r e l a t ed  to  secre tory  ac t ivKy  
of t he  p inea locytes .  PERREL~T et  al. ~ h a v e  n o t e d  t h a t  
t h e  e lec t ron  dens i t y  of t he  l ip id  granules  is lessened in 
t h e  p inea locy tes  if t he  r a t  is t r e a t e d  w i t h  p -ch lo ropheny l -  
a l an ine  wh ich  i nh ib i t s  t h e  t r y p t o p h a n  hyd r oxy l a s e  and  
se ro ton in  synthes is .  

KAPPERS 13 has  conc luded  f rom the  presence  of n e r v e  
f ibre  degene ra t i on  in  t he  p inea l  a f te r  e x t i r p a t i o n  of t he  
super ior  cervical  gangl ion  t h a t  t he  p inea l  receives in- 
n e r v a t i o n  f rom th i s  gangl ion.  BOSTELMANNS also not iced  
regress ion of t he  p inea l s  of t he  r a t  i m o n t h  a f te r  b i l a t e ra l  
super ior  cervical  gang l iec tomy.  The i r  ne rve  end ings  also 
d i s appea red  3 m o n t h s  a f te r  gang l iec tomy.  The  changes  
of t he  ne rve  er/dings a f te r  b l i nd ing  in t he  p re sen t  experi-  
m e n t  were a l i t t l e  s imi la r  to  those  b y  gang l i e c tomy  ~4. 

Zusammen/assung. E l e k t r o n e n o p t i s c h e  U n t e r s u c h u n -  
gen der  P inea lze l len  yon  R a t t e n ,  die 30 W o c h e n  n a c h  
beidsei t iger ,  oku la re r  E n u k l e a t i o n  geha l t en  wurden ,  
ze ig ten  eine V e r m e h r u n g  der  d u n k l e n  Pinealzel len.  
~ b e r d i e s  k o n n t e n  n u t  wenig  in t razel lu l / i re  Organe l l en  
u n d  L i p i d g r a n u l a  in hel len  u n d  d u n k l e n  Zellen sowie 
schwache  E l e k t r o n e n d e n s i t / i t  der  G r a n u l a  b e o b a c h t e t  
werden.  
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E f fec t s  of  B l i n d i n g  and  P i n e a l e c t o m y  on  D i u r n a l  

E n v i r o n m e n t a l  l i gh t ing  a n d  t he  p inea l  g land  are  
u n d o u b t e d l y  assoc ia ted  in t h e  r egu la t ion  of male  repro-  
d u c t i v e  func t ions  1-~ a l t h o u g h  t he  physio logica l  n a t u r e  of 
such  re la t ions  are  no t  c lear ly  def ined.  E n d o c r i n e  func t i on  
of t h e  r a t  t e s t i s  a n d  c i r cu la t ing  levels  of t e s t o s t e r o n e  a re  
sub j ec t  to  b o t h  seasonal  ~ a n d  d iu rna l  5 va r i a t ion .  The  
p r e sen t  series of e x p e r i m e n t s  were the re fore  car r ied  ou t  to  
d e t e r m i n e  w h e t h e r  or no t  t he  eyes a n d  t he  p inea l  g l and  
are respons ib le  for, or i n v o l v e d  in, d i u r na l  f l uc tua t ions  of 
t e s t o s t e rone  in m a t u r e  rats .  

R a t s  were Sp rague -Dawley  der ived  and  were housed  
i n d i v i d u a l l y  u n d e r  con t ro l led  a m b i e n t  condi t ions .  The  
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P <0.01 

10-Week-old intact rats(6) 
Fig. 1. Diurnal variation in plasma testosterone of intact rats 
(values are the mean showing the standard error). 

V a r i a t i o n s  in  P l a s m a  T e s t o s t e r o n e  

dai ly  l igh t  cycle was 12 h l igh t :  12 h d a r k  (l ights on  
06.00-18.00 h) a n d  room t e m p e r a t u r e  was 21 ~= 1~ w i t h  
r e l a t ive  h u m i d i t y  4 5 - 6 5 % .  Samples  of pe r iphe ra l  b lood 
were t a k e n  f rom t h e  t a i l  ve in  of t h e  a n i m a l s  s u b d u e d  b y  
e the r  anaes thes ia ,  a t  06.00 a n d  18.00 h ( i  20 min) .  A n  
equa l  v o l u m e  (0.5-0.8 ml) of w a r m  isotonic  sal ine was 
in jec ted  i.p. fol lowing t he  col lec t ion of each  b lood  sample  
in an  ef for t  to  res tore  c i rcu la t ing  f luid volumes .  H e p a r i n -  
ized b lood samples  were i m m e d i a t e l y  cen t r i fuged  a t  
900 •  for 20 ra in  a n d  0.05 ml  a l iquo ts  of t he  p l a s m a  was 
used for t he  e s t i m a t i o n  of t e s t o s t e rone  b y  r a d i o - i m m u n o  
assay  6. 

R a t s  were received a t  8 weeks of age and  b lood samples  
were f i rs t  t a k e n  f rom i n t a c t  a n i m a l s  2 weeks later .  A t  
12 weeks of age, su rgery  was u n d e r t a k e n  a n d  3 g roups  of 
an ima l s  were p repared ,  i.e. s h a m - p i n e a l e c t o m i z e d  control ,  
b l inded  a n d  p inea l ec tomized  groups.  B l i n d i n g  was ach ieved  
b y  o rb i t a l  enuc lea t ion  a n d  p i n e a l e c t o m y  was pe r fo rmed  
b y  t he  t e c h n i q u e  of ]~RUINV1~LS et  al. L Blood  samples  
t a k e n  a t  06.00 and  18.00 h were col lected f rom these  r a t s  
a t  4, 8 a n d  12 week  in t e rva l s  fol lowing t h e  surgery.  
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Group No. of rats Body weight 
(g) 

Testis weight Accessory sex gIand weight Pituitary weight 

(mg/100 g body weight) 

Testicular vein testosterone 
(Ezg/100 ml plasma) 

Control 
(sham-operated) 7 546 -4- 26 325 -4- 13 575 -- 41 2.53 • 0.09 11.91 4- 1.95 
Blinded 6 502 • 13 356 • 16 479 ~_ 28 2.41 4- 0,07 5.48 -4- 1.05 
(significance) P n.s. n.s. 0.05 -- 0.1 n.s. <0.02 
Pinealectomized 6 527 4- 14 334'4- 12 687 4- 28 2.42 4- 0,06 10.82 4- 2.56 
(significance) P n.s. n.s. < 0.05 n.s. n.s. 

Values are the mean -t- S.E.; n.s. indicates not significant by t-test. Accessory sex gland weight is that of the seminal vesicles and prostate 
together. 

Test icular  vein  blood was collected as previously  descr ibed s 
for t es tos te rone  de t e rmina t i on  on the  day  af ter  the  12- 
week diurnal  sampl ing  and the  cont ra la te ra l  tes t is  was 
r emoved  for the  histological  eva lua t ion  9 of spermato-  
genesis. 

The diurnal  var ia t ion  of p la sma  t es tos te rone  in normal  
ra t s  is expressed in Figure 1 which  i l lustrates  the  signifi- 
can t ly  h igher  levels of t he  ho rmone  a t  06.00 h. Sham- 
opera ted  control  animals  exh ib i t ed  similar  changes  a t  all 
3 periods of inves t iga t ion  a l though  absolute  differences 
be tween  mean  t e s tos te rone  levels a t  06.00 h and  18.00 h 
were no t  as grea t  (Figure 2) as in t he  case of t he  i n t ac t  
rats.  4 weeks af ter  surgery,  the  diurnal  var ia t ion  in p lasma 
tes tos te rone  was somewha t  reduced  in b o t h  b l inded  and  
p inea lec tomized  ra ts  and differences were no longer 
s ta t i s t ica l ly  significant .  At  8 weeks, the  difference 
be tween  ho rmone  levels a t  06.00 h and 18.00 h were also 
reduced  and no t  s ignif icant  in t he  b l inded  and pineal-  
ec tomized  groups, and th is  appeared  to be largely the  
resul t  of e levat ion in t e s tos te rone  concen t ra t ion  at  18.00 h. 
Bl inding a lmost  comple te ly  abolished diurnal  var ia t ion  in 
t e s tos te rone  by  12 weeks whereas  w i th  p inea lec tomized  
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Fig. 2. Effects of blinding and pinealectomy on diurnal variation of 
testosterone (values are the mean showing the standard error). 

ra ts  the  p lasma levels of t es tos te rone  at  06.00 h were 
e levated  and s ignif icant  diurnal  va r i a t ion  has  been re- 
es tabl ished.  

Ne i ther  b l inding nor  p inea lec tomy caused s ignif icant  
a l te ra t ion  in tes t is  weigh t  when  ex ami n ed  12 weeks 
la ter  (see Table) and  h is tochemica l  spec imens  were ident i -  
cal to those  f rom contro l  animals  ind ica t ing  lack of 
effect  on spermatogenes is .  Test icular  vein  t e s tos te rone  
in b l inded  ra ts  a t  12 weeks was mark ed l y  lower t h a n  
control  values  and  the  mean  weight  of t he  accessory sex 
glands was margina l ly  reduced.  F u r t h e r  ind ica t ion  t h a t  
the  d iurnal  responses  to p inea l ec tomy  migh t  be of a 
t r ans i en t  na tu re  is suppor t ed  by  the  lack of s ignif icant  
change in tes t icu lar  tes tos terone .  Prev ious  s tudies  s have  
shown t h a t  tes t icu lar  vein  t e s tos t e rone  was e leva ted  
4 weeks af ter  p inea lec tomy in i m m a t u r e  rats .  In  t he  
p resen t  invest igat ion,  a h y p e r t r o p h i c  response  of the  
accessory sex organs a t  12 weeks suggests  t h a t  s t imula t ion  
of endocr ine  func t ion  of the  tes t is  had  resul ted  f rom 
pinea lec tomy.  This  is fu r ther  s u b s t an t i a t ed  by  tile 
h igher  t h a n  control  levels of per iphera l  t e s tos t e rone  b o t h  
a t  06.00 h (P  < 0.05) and  18.00 h (P  < 0.02) in pinealec-  
tomized  ra ts  a t  8 weeks. 

The da t a  suggests  t h a t  phot ic  informat ion ,  as perce ived 
by  the  eyes, and also the  pineal  gland are involved in 
regula tory  mechan i sms  which  cause d iurnal  var ia t ion  in 
c i rcula t ing t e s tos te rone  in t he  l abora to ry  rat .  The eyes 
would seem to be more  i m p o r t a n t  to th is  r h y t h m  t h a n  
is t he  pineal  gland which  m a y  mean  t h a t  the  la t t e r  is 
only p a r t l y  responsible  for med ia t ing  env i ronmen ta l  
l ight ing influences on tes t icu lar  endocr ine  funct ion.  
These exper iments ,  however ,  p rov ide  no in fo rmat ion  
concerning possible  phase  shif ts  in the  t e s tos te rone  
r h y t h m  and  th is  mer i t s  fu r ther  inves t igat ion.  

Rdsumd. L 'en l~vement  des yeux  et  de la g lande 
pin6ale darts les ra ts  adul tes  a pe r tu rb6  les var ia t ions  
cl iniques des tes tos t6rones  de la circulat ion.  L ' av eu g l emen t  
f i t  d iminuer  les diff@rences diurnales  des n iveaux  de 
tes tos t6rones  qui fu ren t  abolis en 12 semaines.  Toutefois,  
les effets de la p in6alectomie furen t  t rans i to i res  pu i squ 'une  
f l u c t u a t i o n  diurnale  s ignif icat ive fur  parfois  r@tablie 
dans  les testost@rones. Ceci sugg6re que la g lande pin@Me 
n ' e s t  pas  totalem.ent  responsable  des effects d ' i n fo rma t ion  
phot ique .  
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