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controls  receiving only selenium. All ra ts  survived tile 
expe r imen ta l  period,  and  there  were no s ta t i s t ica l ly  
s ignif icant  differences (P  >0,05) ,  as measured  by  the  
t-test,  in weigh t  gain and  in the  a m o u n t  of food and  
wa te r  consumed  be tween  the  2 groups of animals .  I t  is 
well k n o w n  t h a t  young  ra ts  dr inking wa te r  conta in ing  
2-3 p p m  of seleni te-selenium develop typica l  s y m p t o m s  
of chronic selenium in toxica t ion  a,~-7, whereas  the  addi-  
t ion  of 50 p p m  of fluoride to the  wa te r  does no t  affect  
the i r  hea l th  s. 

The p resen t  f indings are con t r a ry  to those  of the  only  
earlier s t u d y  conduc ted  by  MOXON and  D u B o l s  ~. They  
repor ted  t h a t  the  add i t ion  of 5 p p m  of fluoride to  the  
dr inking wa te r  of young  ra ts  ea t ing a d ie t  con ta in ing  
11 p p m  of selenium, as seleniferous wheat ,  increased 
mor t a l i t y  and  caused considerable  depress ion in weight  
gain and  in food and wa te r  in take  compared  wi th  con- 
t rols  receiving only selenium. These s y m p t o m s  seem to 
suggest  an increased r e t en t ion  of selenium in the  b o d y  
of the  animals  p robab ly  t h rough  the  combined  act ion 
of selenium and  fluoride. However ,  i t  should be po in ted  
out  t h a t  a l though  in t h e  p resen t  expe r imen t  ra t s  d rank  
wa te r  con ta in ing  10 t imes  more  fluoride t h a n  in the  
earlier s t u d y  2, never theless ,  the  s y m p t o m s  of selenium 
tox ic i ty  were no t  intensif ied.  The effects of t race  e lements  
on chronic  selenosis have  r e m a i n e d  largely unexplored,  

wi th  the  possible except ion  of arsenic which was found  
to al leviate  the  toxic  act ion of selenium in exper imen ta l  
animals  9, ~0. Recen t  s tudies  wi th  ra t s  indica ted  t h a t  the  
combined  admin i s t r a t i on  of zinc or u ran ium and selenium 
increased the  tox ic i ty  of se lenium n.  

In  v iew of the  f indings of th is  s tudy,  it  is sugges ted  
t h a t  in h igh  seleniferous areas where  people  m a y  be 
exposed to  increased consumpt ion  of d ie t a ry  se lenium 
th rough  locally p roduced  and  consumed foodstuffs,  in take  
of f luoride for p reven t ion  of caries, e i ther  f rom a wa te r  
supply  or as medicat ion,  is no t  l ikely to  increase the  
r e t en t ion  of inges ted  selenium. I t  was also shown re- 
cent ly  4, t h a t  the  presence  of selenium in the  diet  does 
no t  decrease the  a m o u n t  of f luoride depos i ted  in bones  
and  tee th .  

Zusammen/assung. W e n n  junge R a t t e n  gleichzeit ig Se- 
len und  F luor  erhal ten,  s ind die tox ischen  E igenscha f t en  
yon  Selen n ich t  gr6sser, als in den Kontrol len ,  die nur  
Selenium erhiel ten.  Dieses Resu l t a t  s t eh t  im Vqiderspruch 
zu frfiheren Fes ts te l lungen.  
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Effect of fluoride on selenium toxicity in rats 

Variables Treatment 

Se + F Se 

No. of rats 15 (15) �9 15 (15) 
Initial weight (g) 50.4 d: 1.8 50.1 4- 1.7 
Weight gain (g) 82.1 d= 5.7 73.7 =~ 4.4 
Food intake (g) 9.7 3= 0.3 9.1 3_ 0.3 
Water intake (ml) 10.0 ~ 0.5 9.2 3= 0.4 

Values are given as means • S.E. �9 No. of survivors in parenthesis. 

5 W. BUTTNER, J. Dent. Res. 42, 453 (1963). 
s D. M. HADJIMARKOS, Experientia 23, 930 (1967). 
7 H. A. SCHROEDER, J.  Nut r .  92, 334 (1967). 
s H. G. HODGE and F. A. SMITH, in Fluorine Chemistry (Ed. J. H. SI- 

MONS; Academic Press, New York 1965), vol. IV, p. 112. 
9 I. ROSENFELD and O. A. BEATH, Selenium, 2nd edn (Academic 

Press, New York 1964), p. 182. 
10 O. A. LEVANDER and C. A. BAUMANN, Toxic appl. Pharmac. 9, 

98 (1966). 
11 I. ROSENFELD, Agric. Exp. Station Bull. 414 (University Wyoming 

1964), p. 27. 
12 The study was supported by the General Research Support Grant 

from the National Institute of Dental Research, USPHS. 

Effect of Cont inuous  I l luminat ion  on Mitochondria  of the Rat Pineal  Body  

The influence of cons t an t  l ight  upon the  pineal  b o d y  
has  been ex tens ive ly  s tudied  by  several  invest igators .  A 
marked  increase in pineal  5 -HTPD activi ty1,  2 and a 
decrease of the  sero tonin  con ten t  by  one-half  in ra t s  
under  d iurnal  l ight ing condi t ions  a, are some of the  effects 
a l ready  described.  They  indicate  t h a t  the  me tabo l i sm 
of sero tonin  in t h e  p inea l  b o d y  is h ighly  s t imula ted  b y  
cont inuous  i l luminat ion.  In  a previous  paper*  we de- 
scr ibed changes  in the  2 h y p o t h a l a m i c  neu rohumors  of 
the  rat ,  no rep inephr ine  and  serotonin,  following 30 days  
of con t inuous  i l luminat ion  as well as 30 days  of to ta l  
darkness .  The pa r t i c ipa t ion  of mi tochondr i a  was also 
men t ioned  a t  t h a t  t ime.  

This  pape r  deals wi th  mi tochondr ia l  a l te ra t ions  in the  
p inea locy tes  as revealed by  the  e lectron microscope.  For  
a per iod of 30 days,  male Sprague-Dawley  ra ts  were 
exposed  to l ight  of 70 lux, as measured  a t  t he  b o t t o m  
of the  cage. One group of cont ro l  animals  was kep t  under  

to ta l  darkness  ( <  0:001 lux) and  ano the r  group had  14 h 
of l ight  (70 lux) to  1 0 h  of darkness  (<0 .001)  for t he  
same per iod of t ime.  

The Figure  shows par  t of a pinealocyte .  The s t r iking 
feature  of the  e lectron mic rograph  are the  enlarged and  
swollen mi tochondr i a  sca t t e red  over  the  cytoplasm.  There  
is a lmos t  a comple te  absence of cris tae mitochondria les .  
The ma t r i x  is pale  and  conta ins  sparse f locculent  mater ia l .  
Mi tochondr ia  are e longated  wi th  club-like deformit ies .  
The outer,  doub le -membrane  is in tact .  
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Part of a pinealocyte of the rat 
after 30 days of continuous 
illumination. Mitoehondria are 
extremely swollen and de- 
forlned, x 18,000. 

All an ima l s  k e p t  u n d e r  ar t i f ic ia l  l i gh t ing  p resen ted  t h e  
t yp ica l  a p p e a r a n c e  of swollen mi tochondr i a .  Swell ing of 
n f i tochondr i a  has  been  descr ibed b y  p rev ious  inves t iga to r s  
b o t h  a f te r  in  v i t ro  a n d  in v ivo  cond i t ions  in c o n n e c t i o n  
w i t h  cell in ju ry .  An ima l s  k e p t  in da rkness  or a l i g h t - d a r k  
cycle h a d  i n t a c t  m i tochondr i a .  Our  e lec t ron  mic rog raphs  
of t he  r a t  h y p o t h a l a m u s  p rov ided  f ind ings  s imi lar  to  
those  found  in t he  p inea l  body.  These  resul t s  will be  
r epor t ed  in a l a te r  pub l ica t ion .  

Since swell ing of m i t o c h o n d r i a  could no t  be regis terod 
u n d e r  cond i t ions  invo lv ing  an  increased m e t a b o l i s m  of 
norep inephr ine ,  we assume  t h a t  the  in tens i f ied  m e t a b o -  
l ism of se ro ton in  u n d e r  c o n t i n u o u s  i l l umina t i on  is re- 
sponsible  for th i s  effect. Mi tochondr i a l  swell ing is a r a t h e r  
s t e reo typ ica l  r eac t ion  of the  organel le  u n d e r  va r ious  
cond i t ions  and  in response  to var ious  agents .  Absence  
of A D P  (or ATP)  5, a decreased P : 0  r a t io  6,7, or t h e  un-  
coupl ing  of o x y d a t i v e  p h o s p h o r y l a t i o n  s,9 are some of 
t he  fac tors  l ead ing  to th i s  u l t r a s t r u c t u r a l  a l t e ra t ion .  
Since se ro ton in  has  been  p roved  to suppress  p h o s p h o r y l a -  
tion10, 11, i t  is possible  t h a t  swell ing of m i t o c h o n d r i a  can  
be  accoun ted  for b y  t he  increased  se ro ton in  m e t a b o l i s m  
induced  b y  exposure  to  c o n t i n u o u s  i l lumina t ion .  A 
de ta i led  discussion of th i s  exp lana t ion ,  as well  as of a 
possible  physio logica l  s ignif icance of the  descr ibed  effect, 
will be pub l i shed  elsewhere.  

Zusammen/assung.  Die R a t t e n 2 p i p h y s e  v o n  Tieren,  die 
30 Tage  lang  e iner  st~indigen B e l i c h t u n g  v o n  70 L u x  
St i i rke ausgese tz t  w o r d e n  waren ,  wurde  e l ek t ronen-  
op t i sch  u n t e r s u ch t .  Alle Tiere wiesen m i t o c h o n d r i a l e  Ver-  
/ i nde rungen  der  P i n e a l o z y t e n  auf. Diese V e r ~ n d e r u n g e n  
s ind v e r m u t l i c h  auf  den  e r h 6 h t e n  Sero ton ins to f fwechse l  
zur i ickzuf i ihren,  de r  d u r c h  die st~indige B e l i c h t u n g  indu-  
zier t  wird, da  die Kon t ro l l t i e r e  keine  d e r a r t i g e n  Aba r t i g -  
ke i t en  zeigten.  
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On the  B i o s y n t h e s i s  of B i l i v e r d i n - I X  7 in  Pieris brassicae 

Recen t ly  1 we ident i f ied  p te robi l in ,  t he  b lue-green  tegu-  
m e n t a l  p i g m e n t  of ca te rp i l la rs  of t he  c a b b a g e  b u t t e r f l y  
Pieris brassicae, as b i l i v e r d i n - I X ~  (Ia). I t s  b io syn thes i s  
is of p a r t i c u l a r  i n t e r e s t  because  i t  is t h e  f i rs t  k n o w n  
n a t u r a l  bi le  p i g m e n t  which  has  no t  the  1Xa  s t ruc tu re .  
Bile p i g m e n t s  of v e r t e b r a t e s  are fo rmed  f rom glycine 
and  ace t a t e  v ia  p o r p h y r i n e s  a n d  hemes2;  glycine is also 
inco rpora t ed  in to  b i l i v e r d i n - I X a  in Or thopteres :Z T h e  

ques t ion  arose w h e t h e r  p t e rob i l i n  is fo rmed  f rom smal l  
p recursors  in t h e  ca te rp i l l a r s  or w h e t h e r  i t  is de r ived  f rom 
a h i t h e r t o  u n k n o w n  pyr ro le  c o m p o u n d  inges ted  w i t h  
food. W e  the re fo re  t e s t ed  t h e  possible  i n c o r p o r a t i o n  of 
label led glycine in to  b i l ive rd in - IXy .  

220 ca te rp i l l a r s  (5th stage) 4 are in j ec ted  each  w i th  
1.36 tLCi of 1.2 14C-glycine (specific a c t i v i t y  90 m C i / m M )  
dissolved in 5 V1 of the  R i n g e r  so lu t ion  for insects,  a n d  


