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Graphic summaries of increases in the lung populations of chal- 
lenging tubercle haeilli in i~Olfiliunune (w-o), imnmne (Bac.), and 
trypsin extract-immunized (T.E.) mice. Data points for experiments 
2 and 3 are mean values from triple sets of lungs, but  some of those 
for experiment 1 are for less because contamination interfered with 
readings on several sample plates. 

A n  a d d e d ,  b u t  r e l a t e d ,  c o m p l i c a t i o n  o f  u s i n g  m i n u t e  
c h a l l e n g e  i n f e c t i o n s  m a y  a c c o u n t  for  f i n d i n g s  13, 16 t h a t  
m i c e  v a c c i n a t e d  s.c. w i t h  B C G  a p p e a r  t o  h a v e  n o  p r o -  
t e c t i o n  a g a i n s t  i n t r a p u l m o n a r y  m u l t i p l i c a t i o n  o f  t h e  
c h a l l e n g e  bac i l l i  ( g r o w n  w i t h  T w e e n ) .  W e  m i g h t  h a v e  
s e e n  t h e  s a m e  r e s u l t  in  o u r  s e c o n d  e x p e r i m e n t  h a d  we  
u s e d  a s o m e w h a t  l ower  c h a l l e n g e  i n f e c t i o n .  H e n c e ,  u n l e s s  
t u b e r c u l o i m m u n i t y  is i n d u c e d  b y  a T w e e n - a s s o c i a t e d  i m -  
m u n o g e n  a p p l i e d  d i r e c t l y  t o  t h e  l u n g s ,  o r  u n l e s s  c h a l l e n g e  
w i t h  T w e e n - g r o w n  bac i l l i  s u f f i c e s  to  c a u s e  p r o g r e s s i v e  
b a c i l l a r y  m u l t i p l i c a t i o n  in  u n i m m u n i z e d  m i c e  b e y o n d  2 
w e e k s ,  a n  a c q u i r e d  i m m u n i t y  a c t u a l l y  p r e s e n t  m a y  n o t  
be  d e t e c t e d  b y  T w e e n - g r o w n  c h a l l e n g e  baci l l i~L 

Zusammen[assung: E x t r a k t e  a u s  T u b e r k e l b a z i l l e n ,  d ie  
m i t  T r y p s i n  v e r d a u t  w e r d e n ,  e r z e u g e n  in  M ~ u s e n  e in e  
T b c - I m m u n i t ~ t t ,  d ie  j e n e r  d u r c h  B C G  e n t s p r i c h t .  
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T h e  Effect  of P i n e a l e c t o m y  and E n v i r o n m e n t a l  L igh t ing  on the G o n a d a l ,  T h y r o i d ,  and  T o t a l  B o d y  
W eight  of F e m a l e  L o n g - E v a n s  Rats  

T h e  m a m m a l i a n  p i n e a l  g l a n d  h a s  b e e n  a s s i g n e d  v a r i o u s  
p o s s i b l e  ro les  in  n o r m a l  p h y s i o l o g y  D o m i n a n t  a m o n g  
p r e s e n t  t h e o r i e s  a r e  t h o s e  w h i c h  a s c r i b e  to  t h i s  o r g a n  a 
p o s s i b l e  h o r m o n a l  i n f l u e n c e  u p o n  t h e  g o n a d s  1-6. T h e  
p i n e a l  c o n t a i n s  l a rge  a m o u n t s  of  s e r o t o n i n  a n d  t h i s  
a m i n e  u n d e r g o e s  a c i r c a d i a n  r h y t h m  5,7 10. S e r o t o n i n  is 
c o n v e r t e d  i n t o  m e l a t o n i n  ( N - a c e t y l - 5 - m e t h o x y t r y p t a -  
m i n e )  b y  t h e  e n z y m e  h y d r o x y i n d o l e - o - m e t h y l  t r a n s t e r a s e  
( H I O M T )  2,5,n.  T h i s  e n z y m e  is t h o u g h t  to  be  loca l i zed  
e x c l u s i v e l y  in  t h e  p i n e a l  g l a n d  in m a m m a l s .  A c t i v i t y  of  
t h i s  e n z y m e  is t h o u g h t  to  be  c i r c a d i a n  a n d  l i g h t  i n f l u e n c e d ,  
i n c r e a s e d  in  d a r k  a n d  d e c r e a s e d  in l i gh t .  E v i d e n c e  for  
t h i s  p h e n o m e n o n  h a s  b e e n  q u i t e  c o n t r a d i c t o r y  z,3,~a-n. 

M o s t  c u r r e n t  t h e o r i e s  on  p i n e a l  c o n t r o l  of  t h e  g o n a d s  
h a v e  s t e m m e d  f r o m  t h e  h y p o t h e s i s  t h a t  t h i s  i n f l u e n c e  is 
m e d i a t e d  v i a  p i n e a l  m e l a t o n i n  w h i c h  s u p p o s e d l y  a c t s  to  
i n h i b i t  t h e  g o n a d s ;  m e l a t o n i n  l eve l s  a r e  t h o u g h t  to  be  
c o n t r o l l e d  b y  e n v i r o n m e n t a l  l i g h t i n g  t h r o u g h  H I O M T  
a c t i v i t y  2,~,~6. E v i d e n c e  for t h i s  h y p o t h e s i s  h a s  b e e n  
i n d i r e c t  a n d  is d e r i v e d  f r o m  r e p o r t s  t h a t :  (1) r a t s  k e p t  
in  c o n t i n u a l  l i g h t  h a v e  h y p e r t r o p h i e d  o v a r i e s  w h i l e  r a t s  
k e p t  in  t o t a l  d a r k  h a v e  a t r o p h i e d  ova r i e sa ,~  ; (2) m e l a t o n i n  
i n j e c t i o n s  c a u s e  o v a r i a n  a t r o p h y  in  t h e  r a t  16,1v a n d ,  
(3) o v a r i e s  h y p e r t r o p h y  f o l l o w i n g  p i n e a l e c t o m y 1 , 1 8 .  

B e c a u s e  o f  t h e  p i n e a l - g o n a d a l  h y p o t h e s i s  a n d  t h e  va r i -  
o u s  r e p o r t e d  i n t e r a c t i o n s  b e t w e e n  g o n a d s ,  e n v i r o n m e n t a l  
l i g h t i n g ,  a n d  t h e  p i n e a l  g l a n d ,  i t  w a s  d e e m e d  s i g n i f i c a n t  
to  e x a m i n e  g o n a d a l  w e i g h t  in r e l a t i o n  to  p i n e a l e c t o m y  

w h e n  c o u p l e d  w i t h  v a r i a t i o n s  in e n v i r o n m e n t a l  l i g h t i n g  
c o n d i t i o n s .  S ince  i t  h a s  b e e n  r e p o r t e d  t h a t  p i n e a l  m e l a -  
t o n i n  m a y  a c t  to  i n h i b i t  t h e  s e c r e t i o n  of  t h y r o x i n  ~u, t h e  
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effect  of these  p a r a m e t e r s  u p o n  t h y r o i d  we igh t  were also 
inc luded.  

Materials and methods. Adul t ,  temale ,  L o n g - E v a n s  r a t s  
were  d iv ided  in to  3 p r i m a r y  groups.  Group  I :  an ima l s  
were k e p t  in  c o n s t a n t  l ight ,  g roup  I I :  an i m a l s  were k e p t  
in  t o t a l  darkness ,  a n d  group  I I I :  an i m a l s  were k e p t  in  
d i u r n a l  l igh t  (12 h l ight ,  12 h dark) .  D i u r n a l  and  con-  
t i n u o u s  l igh t  was  fu rn i shed  b y  200 w a t t  i n c a n d e s c e n t  
bu lbs  ( =  2.16 • 10 .8 wat ts /era2) .  E a c h  p r i m a r y  group  was  
housed  in one cage a n d  each  g roup  (cage) cons is ted  of 
p inea l ec tomized  a n i m a l s  (7/cage), s h a m - o p e r a t e d  an ima l s  
(3/cage), a n d  n o n - o p e r a t e d  n o r m a l  an i m a l s  (7/cage). 
P i n e a l e c t o m y  was pe r fo rmed  u n d e r  e the r  anes thes ia .  Fol-  
lowing su rge ry  e n v i r o n m e n t a l  l i gh t ing  was  m a i n t a i n e d ,  
as descr ibed,  for 60 days.  A t  t h e  end  of th i s  period,  ani-  
ma l s  were sacrif iced;  t o t a l  b o d y  we igh t  recorded,  ovaries,  
u te rus ,  a n d  t h y r o i d  g l and  were  excised, c leaned  of con- 
nec t ive  t issue, and  weighed  to  t he  nea r e s t  mi l l i g ram 
w i t h  a Tors ion  ba l ance  (model  DWL-2) .  Bra ins  were 
e x a m i n e d  to  conf i rm p i n e a l e c t o m y  a n d  to no te  ev idence  
of b r a i n  damage .  

Results. No s ign i f ican t  d i f ference was n o t e d  in t h y r o i d  
or t o t a l  b o d y  we igh t  a m o n g  a n y  group  of animals ,  n e i t h e r  
w h e n  considered  as p inea l ec tomized  versus  n o r m a l  in  a n y  

Table I. Continual lighting 

a b c d 

Total Uterus Ovaries Thyroid 
weight weight weight weight 

mg/g [..tg/g mg/g 

Pinealectomy 
Normal 

Significance 
(Fischer-t-test) 

254.0 g 1.33 ~ 0.36 155.0 4- 3.6 1.99 ~- 0.12 
257.0 g 1.16 i 0.38 186.0 • 4.7 1.74 • 0.18 

p > 0.05 p < 0.05 p > 0.05 

Table II. Continual darkness 

a 

Total 
weight 

b 

Uterus 
weight 
mg/g 

e 

Ovaries 
weight 
~tg/g 

d 

Thyroid 
weight 
mg/g 

Pinealeetomy 261.6 g 1.26 ~ 0.30 176 :i: 2.5 1.72 -4- 0.11 
Normal 265.2 g 0.97 =L 0.21 187 ~ 3.9 1.64 :t= 0.18 

Significance p < 0.05 p > 0.05 p > 0.05 
(Fischer-t-test) 

Table III. Normal light 

a b 

Total Uterus 
weight weight 

mg/g 

e 

Ovaries 
weight 
ptglg 

d 

Thyroid 
weigh t 
mglg 

Pinealectomy 
Normal 

Significance 
(Fischer-t-test) 

269.9 g 0.926 ~ 0.33 
272.0g 0.99 ~ 0.36 

p > o.oi 

184 :~ 3.1 
190 :~ 3.5 

p > 0.05 

1.68 • 0.14 
1.84 -4- 0.26 

p > 0.05 

g iven  l i gh t ing  condi t ion ,  no r  w h e n  c o m p a r i n g  groups  in 
d i f fe ren t  l igh t ing  cond i t ions  (Tables  I, I I ,  a n d  I I I ;  
co lumns  a a n d  d). The re  was  no s ign i f ican t  di f ference 
be tween  n o r m a l  a n d  s h a m - o p e r a t e d  an ima l s  in  a n y  
g roups ;  therefore ,  va lues  f rom s h a m - o p e r a t e d  an ima l s  
were i nco rpo ra t ed  w i t h  n o r m a l  values.  I n  group I ani-  
mals  (con t inua l  l igh t ing  for 60 days)  t h e r e  was a signifi- 
c a n t  decrease  in o v a r i a n  w e i g h t  of p inea lec tomized  ani-  
mals  (Table  I, co lumn  c). No s ign i f ican t  difference was 
no t ed  in u ter ine ,  thy ro id ,  or  t o t a l  b o d y  weigh t  be tween  
p inea l ec tomized  a n d  n o r m a l  an ima l s  (Table  I, co lumns  
a, b, a n d  d). I n  g roup  I I  an ima l s  ( to ta l  da rkness  for 
60 days),  t he re  was a s ign i f ican t  increase  in u t e r ine  
we igh t  of p ineMectomized  a n i m a l s  (Table  II ,  co lumn  b) ; 
however ,  t he re  was no  di f ference in ovar ian ,  thy ro id ,  or 
t o t a l  b o d y  we igh t  b e t w e e n  p inea l ec tomized  and  n o r m a l  
a n i m a l s  (Table  I I ,  co lumns  a, c, and  d). P inea l ec tomized  
and  n o r m a l  an ima l s  k e p t  in  d iu rna l  l igh t  for 60 days  
(group I I I )  showed  no di f ference in a n y  of the  m e a s u r e d  
p a r a m e t e r s  (Table  I I I ,  co lumns  a, b, c, a n d  d). However ,  
ovar ies  of p inea l ec tomized  a n i m a l s  k e p t  in n o r m a l  l igh t  
were heav i e r  t h a n  those  of p inea l ec tomized  an imal s  k e p t  
in c o n t i n u o u s  l igh t  (Tables I a n d  ] I I ,  co lumn  c). 

Discussion. These  resu l t s  p r e sen t  ev idence  for a def in i te  
p inea l  g land  e n v i r o n m e n t a l  l i gh t ing  inf luence u p o n  go- 
n a d a l  weight .  A l t h o u g h  one c a n n o t  d r a w  abso lu te  .cor- 
re la tes  b e t w e e n  changes  in o rgan  we igh t  and  f u n c t i o n a l  
ac t iv i ty ,  o rgan  we igh t  changes  obse rved  in  these  experi-  
m e n t s  do no t  para l le l  t he  func t iona l  changes  r epo r t ed  
elsewhere 8,~,1~-1s I n  c o n t i n u a l  l ight ,  p inea lec tomized  ani-  
ma l s  show decreased  ova r i an  weigh ts  whereas  a func t iona l  
increase  would be  expec t ed  acco rd ing  to  t he  hypo the s i zed  
a n t i g o n a d a l  effect  of p inea l  me la ton in .  N o r m a l  an ima l s  
in  t o t a l  da rknes s  show no c h a n g e  in gonada l  we igh t  w h e n  
a f u n c t i o n a l  increase  would  be  expected .  P inea lec to -  
mized  an ima l s  in t o t a l  d a r k n e s s  h a v e  an  increased  u t e r ine  
we igh t  where  one would  expec t  a func t iona l  decrease  in 
t he  ovary .  

Conclusions. W h e n  p inea l ec tomized  a n d  n o r m a l  ani -  
mals  kep t  in c o n t i n u a l  l igh t  are compared ,  a decrease  
in o v a r i a n  we igh t  of t he  p inea l ec tomized  an ima l s  is 
observed .  W h e n  p inea l ec tomized  and  n o r m a l  an imal s  k e p t  
in  t o t a l  da rknes s  are compared ,  an  increase  in u t e r i ne  
we igh t  of t he  p inea l ec tomized  an ima l s  is noted .  Pinealec-  
t omized  and  n o r m a l  an ima l s  k e p t  in n o r m a l  l igh t  show 
no dif ferences  in  ova r i an ,  u te r ine ,  t hy ro id ,  or t o t a l  b o d y  
weight .  However ,  p inea l ec tomized  a n i m a l s  k e p t  in con- 
t i n u a l  l igh t  h a v e  l igh te r  ovar ies  t h a n  p inea lec tomized  
an ima l s  k e p t  in  n o r m a l  l ight .  

W e i g h t  changes  obse rved  in t h i s  s t u d y  do no t  para l le l  
t he  f u n c t i o n a l  changes  w h i c h  h a v e  been  obse rved  in exper i -  
m e n t s  u t i l i z ing  on ly  p i n e a l e c t o m y  or on ly  e n v i r o n m e n t a l  
l i gh t  as t he  var iab le .  

Zusammenfassung. Die O v a r i e n  p i n e a l e k t o m i e r t e r  Tiere 
weisen bei  k o n s t a n t e r  s t a r k e r  B e l e u c h t u n g  ein geringes 
Gewich t  auf, w ~ h r e n d  be i  Tieren ,  die in  D u n k e l h e i t  ge- 
h a l t e n  wurden ,  der  U t e r u s  im Vergle ich  zu Kon t ro l l t i e r en  
schwerer  ist. 
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