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Struc tura l  C h a n g e s  of the  P inea l s  of B l inded  Rats  

I t  has  general ly been accepted  t h a t  the  pineal  funct ion  
is ac t iva ted  by  keeping the  animMs in darkness ,  and 
cont rar i ly  decreased by  keeping t h e m  in cont inuous  
light.  However ,  u ter ine  weigh t  was no t  decreased by  
bl inding alone ~, and  the  ac t iv i ty  of N-ace ty l t ransferase  
of the  pineal  was s ignif icant ly  decreased in about  one- 
half  of t he  b l inded and the  b l inded-anosmic  ra ts  2. In  
addi t ion,  i t  was not iced on the  long- te rm feeding of 
b l inded  hams te r s  t h a t  the  gonads  r e tu rned  to  t he  normal  
state3,  ~. OTA and OBARA ~ repor ted  also no increase of 
ur inary  gonadot roph in- inh ib i t ing  subs tance  in t he  b l inded  
rat .  In  man,  mena rch  occurs a t  all ear ly  age in b l ind  
girls a s  compared  wi th  those  wi th  normal  eyesight  6. 

In  t he  p resen t  expe r imen t  of bl indness,  the  regressive 
or hypofunc t iona l  changes of the  pineals  were observed,  
con t ra ry  to the  resul ts  of expe r imen t s  in darkness  
publ i shed  up- to-da te .  

Mater ia l  and methods. 9 male ra t s  of the  Wis t a r  strain,  
aged 8 weeks, were used. 5 of t h e m  were bi la tera l ly  
enucleated.  30 weeks af ter  enucleat ion,  the  pineals  were 
removed.  4 o ther  normal ,  i n t ac t  ra ts  were used as con- 
trols. They  were fed in tile usual day-n igh t  condit ion,  i.e. 
overhead  f luorescent  lamps were kep t  on f rom 05.30 h 
to 19.30 h daily. 

The pineal  was removed  under  anes thes ia  wi th  ether.  
The removed  pineals  were immersed  in the  g lu ta ra ldehyde  
solution, and followed by  pos t f ixa t ion  in the  osmium 
solution. Af ter  dehydra t ion ,  t hey  were embedded  in 
Epon.  U l t r a - th in  sect ions were doubly  s ta ined wi th  
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urany lace ta te  and  lead ni t ra te .  1 ~xm th ick  sect ions were  
also ob ta ined  for l ight  microscopy f rom the  E p o n  blocks. 
They  were s ta ined wi th  m e t h y l e n e  blue. 

Results  and discussion. The p inea tocytes  are l ight-  and  
elew microscopical ly d iv ided into 2 types,  clear and  
dark  cells v-10 The clear cells are considered the  ac t iva ted  
or funct ional  cells v-l~ while the  da rk  ones are the  res t ing 
or reserve cells 9,10. In  t he  controls,  the  clear ceils were 
more  numerous  t h a n  the  da rk  cells. 

In  the  b l inded  rats,  t he  p inealocytes  of bo th  types  
were general ly shrunken.  The dark  ceils were increased 
bo th  in n u m b e r  and  cy top lasmic  s ta inabi l i ty .  The clear 
cells showed increased t r a n s p a r e n c y  of the  cytoplasm.  
The cy top lasm was occasional ly water -c lear  in t he  clear 
cells. The nucleoli  were no t  found in more  t h a n  one-hal f  
of t he  clear cells. 
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Fig. 1 and 2. Light mierographs of the pinea's. 1. Control with almost clear cells and a number of strongly stained lipid granules. 2. Blinded 
rat with increased number of dark cells and decreased number of small lipid granules, and with decreased stainability. 2 Large lipid gran- 
ules are indicated with arrows and other small granules are also seen. The pinealoeytes of both types are a little shrunk in a blinded rat as 
compared with the control. • 520. 
Fig. 3. Electron micrograph of the pineM of a blinded rat. Clear and dark cells are found. Organelles and ribosomes are sparse, especially ill 
the clear cell. A transparent area (T) in the clear cell and in the dark one is present with remnants of organelles. Destruction of the remaining 
mitochondria is obvious in the pinealocytes of both types. Lipid granules (L) are also faintly stained in the electron micro,graph. • 5,600. 
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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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