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sho r t  d a y  p l a n t  Pharbitis nil. T he  onse t  of l ight  as well  as 
t h e  onse t  of da rknes s  induce  r h y t h m i c  sens i t iv i t ies  to  red 
l ight .  Only  t he  o n - r h y t h m  shows in a d d i t i o n  to t h i s  a 
r h y t h m i c  s ens i t i v i t y  to  t h e  l e n g t h  of t he  d a r k  period,  
l ead ing  to a s tep-wise increase  in  f lower ing w i t h  va r i ab l e  
d a r k  per iod  lengths .  T h e y  conclude,  therefore ,  t h a t  
on- and  o f f - r h y t h m s  are phys io logica l ly  dif ferent .  I n  our  
d e p a r t m e n t  i nves t iga t ions  are u n d e r  progress  to  charac-  
ter ize  t he  on-  a n d  o f f - r h y t h m s  of D. pseudoobscura and  
to  f ind  ou t  w h e t h e r  t he  two  r h y t h m s  are q u a l i t a t i v e l y  
d i f fe ren t  5. 

The  v a l i d i t y  of t h e  on-  a n d  o f f - r h y t h m  concep t  is 
f u r t h e r  s t ressed b y  e x p e r i m e n t s  on  Drosophila emergence ,  
in  which  more  compl i ca t ed  p r o g r a m m e s  such  as r epea t ed  
cycles of pulses  are given.  E v e n  in th i s  case t he  exper i -  
m e n t a l  r esu l t s  are in fa i r ly  good a g r e e m e n t  w i t h  t h e  pre-  
d ic t ions  of supe r imposed  on- and  o f f - r h y t h m s  6. A n o t h e r  
p o i n t  wh ich  is u n d e r  i nves t i ga t i on  a n d  will  be  p u b l i s h e d  
e lsewhere  should  be  m e n t i o n e d :  s h o r t  l igh t  per iods  
(2.5 rain) st i l l  con t a i n  t he  i n f o r m a t i o n  of b o t h  t he  on- and  
off-s ignalL A n  i m p o r t a n t  p a p e r  b y  WEVER s will  be  dis- 
cussed in respec t  to  th i s  work  a n d  to s imi la r  e x p e r i m e n t s  
on  t he  pe ta l  m o v e m e n t  of Kalanchoe in a n o t h e r  place. 9 

Zusammen/assung. Bet  Drosophila pseudoobscura syn-  
ch ron i s i e r t  ein e inmat ige r  l ) b e r g a n g  yon  D a u e r d u n k e l  zu 
D a u e r l i c h t  u n d  yon  D a u e r l i c h t  zu D a u e r d u n k e l  das  
Schl t ipfen der  F l iegen  aus  d e m  P u p a r i u m  (Figur  2). Die 
Ergebn i s se  y o n  L ich t -Pu l s -  u n d  D u n k e l - P u l s - E x p e r i -  
m e n t e n  lassen s ich als [3ber lagerung  solcher  e in fachen  
S tu fenef fek te  erkl/iren. 
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Electrolyte  Content  of the Cerebral  Cortex  in 
Deve lop ing  Rats  after Prenatal  X- Ra d ia t ion  t 

P r e n a t a l  X - r a d i a t i o n  a l te rs  t he  func t iona l  d e v e l o p m e n t  
of t he  cen t r a l  ne rvous  s y s t e m  (CNS) as shown  b y  en- 
h a n c e d  a p p e a r a n c e  of t he  m a x i m a l  seizure p a t t e r n  2, b y  
a b n o r m a l  e l ec t rocor t i cograms  and  encephalograms3,% in- 
c reased  suscep t ib i l i t y  to  s p o n t a n e o u s  5 a n d  audiogenic  ~ 
seizures.  These  effects of p r e n a t a l  X - r a d i a t i o n  m a y  ref lect  
ana tomica l ,  neurochemica l ,  a n d  physio logica l  changes  
d u r i n g  CNS deve lopmen t .  

I n  v iew of t he  role of t he  ionic e n v i r o n m e n t  in  t he  de- 
v e l o p m e n t  of CNS ac t iv i ty ,  t he  p r e s en t  s t u d y  was 
des igned to i nves t i ga t e  e lec t ro ly te  c o n t e n t  in t he  ce rebra l  
co r t ex  of rats i r r a d i a t e d  in u tero .  

At 14 days of gestation, pregnant rats were exposed to 
a single dose of I00 r whole body X-radiation at a rate 
of 19 r/rain. A 180 kV 15 mA X-ray machine was used. 
The filters were 0.5 mm Cu and 1.0 mm Al. The animals 
were placed in individual open-ended lucite cylinders ro- 
tated on a movable table 59 cm from the X-ray source. 
A Victoreen R-meter was used for dose calibrations. As 
controls, pregnant rats sham-irradiated at 14 days of 
gestation were used. 

Litters of 6 rats were used. 2 rats from each litter were 
sacrificed by decapitation at 9, 23, and 44 days after 
birth. Samples of cerebral cortex from 8 controls and 8 
irradiated animals were used for determinations of Na, K, 
and C1 content. Cerebral cortex samples were dried at 
I05 ~ to constant weight, and water content was calcu- 
lated from the difference in wet and dry weights. The 
dried tissue was ground, extracted in 1 N HNO a for 48 h 
at 56 ~ and Na and K contents were determined with a 
Li internal standard flame photometer. Cl was measured 
by the eleetrometric titration method of COTLOVE et al. ~. 
To d e t e r m i n e  s igni f icance  of d i f ferences  b e t w e e n  cent=e l  
and  i r r a d i a t e d  ra ts ,  t h e  t t e s t  for  n o n - p a i r e d  d a t a  w ' s  
appl ied  s. 

W a t e r  c o n t e n t  decreased  w i t h  age in b o t h  con t ro l s  and  
i r r a d i a t e d  a n i m a l s ;  dif ferences  were no t  obse rved  be-  

tween  t h e  2 e x p e r i m e n t a l  groups  a t  a n y  age per iod  
s tud ied  {Figure). 

I n  con t ro l  an imals ,  K progress ive ly  increased  and  N a  
a n d  C1 c o n t e n t s  p rogress ive ly  decreased  w i th  age. Th i s  is 
in  a g r e e m e n t  w i t h  o t h e r  s tudies  b y  VERNADAKIS a nd  
WOODBURY 9. I n  i r r a d i a t e d  animals ,  K c o n t e n t  r e m a i n e d  
genera l ly  c o n s t a n t  w i th  age, excep t  a t  9 days  where  i t  was 
s ign i f i can t ly  h ighe r  t h a n  in controls .  N a  and  C1 c o n t e n t s  
progress ive ly  decreased  w i t h  age. A t  days  23 a n d  44 these  
ions were s ign i f i can t ly  lower  in t he  i r r ad i a t ed  t h a n  those  
in  a p p r o p r i a t e  controls ,  whereas  a t  9 days  s ign i f ican t  dif- 
ferences were no t  observed .  

The  changes  i nduced  b y  p r e n a t a l  X - r a d i a t i o n  on  elec- 
t ro ly t e  c o n t e n t  c a n n o t  be  a t t r i b u t e d  to w a t e r  changes  
be tween  con t ro l  a n d  i r r a d i a t e d  an imals ,  b u t  r a t h e r  ref lect  
changes  in ce l lu lar  b r a i n  c o m p a r t m e n t s .  BRIZZEE a nd  
JACOBS 1~ h a v e  s h o w n  t h a t  the  glial  i ndex  {number  of glia 
d iv ided  b y  n u m b e r  of neurons)  increases  w i t h  age. 
VERNADAKIS a n d  WOODBURY 11 h a v e  repor ted  t h a t  d u r i n g  

I This work was supported by contract AT(If-I)-3@, Pro~ect 82, 
from the U.S. Atomic Energy Commission. 

2 j .  j .  CURRY, O. J. MALETTA, and A. VERNADAKIS, Physiologist 
Wash. 8, 145 (1965). 

3 j .  T. EAYRS, In Regional Neurochemistry (Ed., S. S. KETu and 
J. ELKES; Pergamon Press, New York 1961), p. 423. 

4 M. BERRY, B. G. CLENDENNIN, and J. T. EAYRS, Eleetroeneeph. 
clin. Neurophysiol. 15, 91 (1963). 

5 M. R. SIKOV, J. S. MEYER, C. F. RESTA, and J. E. LOFSTROM, 
Radiat. Res. 12, 472 (1960). 

6 j .  WERBOFP, J. DEN BROEDER, J. HAVLENA, and M. R. SIKOV, 
Expl. Neurol. d, 189 (1961). 

7 E. H. COTLOVE, H. V. TRANTHAM, and R. L. BOWMAN, J. Lab. clin. 
Med. 51,461 (1958). 

s R. A. FISHER, Statistical Methods /or Research Workers (Harrier, 
New York 1950). 

9 A. VERNADAKIS and D. M. WOODBURY, Am. J. Physiol. 203, 748 
(1962). 

10 K. R. BEIZZEE and L. A. JACOBS, Growth 23, 337 (1959). 
11 A. VERNADAKIS and D. M. WOODBURY, Arch. Neurol. 12. 284 

(1965). 



15. IX. 1966 Specialia 609 

bra in  m a t u r a t i o n  the  vo lume of the  glial c o m p a r t m e n t  
increases,  and  those  of the  in ters t i t ia l  and  neurona l  com-  
p a r t m e n t s  decrease.  According to these  authors ,  the  in- 
crease in the  glial c o m p a r t m e n t  and  decrease in in ters t i t ia l  
c o m p a r t m e n t  accoun t  for t he  decrease in Na and  C1, since 
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Changes in water and Na, K, and C1 content of the cerebral cortex 
in offspring of rats exposed to 100 r whole-body X-radiation at 14 
days of gestation. Points with bracketed lines represent means and 
standard errors (standard errors for water values are less than 
0.1% and are not shown in the Figure). Abscissa is age in days after 
birth, le/t-hand ordinate is electrolyte content (mEq/kg wet weight) 

and right-hand ordinate is % water. 

the  concen t ra t ions  of these  ions are lower in the  glial t h a n  
in t he  in ters t i t ia l  c o m p a r t m e n t s .  The grea te r  decrease in 
these  ions in the  i r rad ia ted  groups  suggests  a fu r the r  in- 
crease in the  glial c o m p a r t m e n t  induced  b y  p r en a t a l  X-  
radia t ion.  F u r t h e r  evidence for an increase in glial cells 
af ter  p rena t a l  X- rad ia t ion  has been r epo r t ed  by  HicKs  
and D'A~ATO~L These au thors  found a ma rk ed  increase 
in glial ceils in the  ou te r  pa r t s  of the  cor tex  of animals  
i r rad ia ted  a t  18 days  of ges ta t ion  wi th  30 r. 

Changes  induced  by  p rena t a l  X- rad ia t ion  in t he  electro-  
ly te  d i s t r ibu t ion  m a y  lead to  an a l tered ex t r aneu rona l  
env i ronmen t  which  toge the r  w i th  cy toa rch i t ec tu ra l  al- 
t e ra t ions  1~ could inf luence the  func t iona l  d e v e l o p m e n t  of 
the  CNS. 

Zusammen[assung. Bei in u tero  r d n t g e n b e s t r a h l t e n  
R a t t e n e m b r y o n e n  wurden  die E lek t ro ly te  im Gehirn-  
cor tex  bes t immt .  W ~h ren d  der  K-Geha l t  unverXnder t  
blieb, war  der jenige  yon Na und  C1 bei 9 Tage a l ien  
Tieren erniedrigt .  Zytologische Ver~tnderungen, durch  
pr / inatale  Bes t r ah lung  verursacht ,  waren  mi t  diesen 
Befunden  korreliert .  
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On the Origin of Homovani l l i c  Acid in the 
Cerebrospinal  Fluid 

In  the  cerebrospinal  fluid of man,  homovani l l ic  acid 
(HVA; 3 -me thoxy-4 -hydroxypheny lace t i c  acid) occurs 
normal ly  1 and appears  also af ter  i.v. in ject ion of 14C- 
d ihyd roxypheny la l an ine  (DOPA) ~. The origin of the  acid 
in the  cerebrospinal  fluid is no t  clear. A possible source 
m a y  be the  blood which  p robab ly  takes  up H V A  formed 
in the  ex t racerebra l  t issues like liver, hear t ,  etc. H V A  
may,  however ,  also originate in the  centra l  nervous  sys t em 
which is known  to t r ans fo rm D O P A  into dopamine  and 
subsequen t ly  into acidic metabol i tes .  Therefore,  the  con- 
cen t ra t ion  of H V A  in the  cerebrospinal  f luid migh t  be an 
indica tor  of the  metabol ic  ac t iv i ty  of the  cent ra l  nervous  
system.  

In  order  to clarify the  origin of H V A  in the  cerebro-  
spinal  fluid, cats  were admin is te red  e i ther  L-14C-DOPA or 
3H-HVA and the  r ad ioac t iv i ty  of the H V A  frac t ion  was 
compared  in blood, cerebrospinal  fluid and  brain.  

Experimental. In  cats  of 1.8-2.5 kg, fas ted for 16 h and  
anaes the t ized  wi th  Nembuta l ,  L-14C-DOPA 3 (labelled in 
2-posit ion of the  side chain;  specific ac t iv i ty  103.5 #C/rag) 
or aH-HVAa (labelled in 5-posit ion of the  ring; specific 
ac t iv i ty  284 /~C/mg) were admin i s t e red  i.v. At  var ious  
t ime in tervals  thereaf te r ,  a r ter ia l  blood was w i t h d r a w n  
and  supp lemen ted  wi th  1/10 vol versene (5%). At  the  
end of each exper iment ,  cerebrospinal  fluid was ob ta ined  
by  occipital  punc ture .  P l a sma  and cerebrospinal  fluid 
were deprote inized by  addi t ion  of equal  vo lumes  of per-  

chloric acid, 7 and 3.5% respect ively.  The to ta l  brains  
were homogenized  in 7% perchlor ic  acid. 

The de t e rmina t ion  of the  uncon juga ted  H V A  frac t ion  
was carried out  according to a previously  descr ibed pro-  
cedure  4. Thereby,  t he  s u p e r n a t a n t s  of p lasma,  cerebro-  
spinal  fluid and bra in  homogena te s  were passed  t h ro u gh  
columns of Dowex  50 �9 4 in order  to remove  the  amines  
and the  amino acids. The ef f luent  conta in ing  the  phenol-  
carboxyl ic  acids was ad jus ted  to pH 1.5, s a tu r a t ed  wi th  
NaC1 and ex t r ac t ed  5 t imes  wi th  a double  vo lume of 
peroxide-free  e thy le ther .  Af ter  evapora t ion  of the  e the r  
(previously dried wi th  Na2SO4), the  residue was dissolved 
in 0.75 cm a m e t h a n o l - w a t e r  (3: 1) and s u b m i t t e d  to  p a p e r  
c h r o m a t o g r a p h y  ( W h a t m a n  No. 1; so lvent  sys t em:  pro-  
pionic ac id-benzene-H20,  2: 2: 1). The r ad ioac t iv i ty  of 
the  H V A  spot  was measured  wi th  a Pack a rd  radio-  
c h r o m a t o g r a m  scanner  and  expressed in o/o of the  values  
in the  p lasma af ter  10 min ( - -100%) .  Recover ies  of 
3H-HVA carried t h ro u g h  the  whole  procedure  were abou t  
40-50%. 

Results. (1) The rad ioac t iv i ty  of the  H V A  frac t ion  of 
the  p lasma  which  appears  subsequen t  to i.v. in ject ion of 
14C-DOPA progress ively  declines be tween  10 and 120 min, 
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