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Bbm0~IbI. 1-[OMHM0 ~er0qHBIX pelleIiTOpOB pacTfl~<eHHS, 
HmtepBHpyeMbiX BOJIOKHaMH rpynnbi A, CylIIeCTBylOT Jleroq- 
HNe pelleI1TOpbI, HHHepBHpyeMble B02IOKHaMH rpynnb~ C, 
OKa3MBaIOIILHe II0CTOFIHH0e TOHHqeCK0e B2IHFIHHe Ha ~IblxaTeJIb- 
Hbl~ UeHTp. HeKoT0pble xH.~HqeeKHe BelIIeCTBa (BepaTpHH, 
qbellHJIAI4ryaHH/l ) yBeJlllqHBalOT aKTIIgH0CTb OTVlX peIlerlTopoB. 
TaKoe ;a<e ~e~CTBHe Ha HHX 0Ka3BIBalOT Bocua~leHHe H OTeK 

~erKHX. ~T0 csIe;lyeT yqeCTb B aHa,lHae )II,IXaTe~bHblX XeM0- 
H IIaT0~0FHqeCKHX pe~bneucoi~. 

S. I. FRANKSTEIN and Z. N. SERGEEVA 

Institute o/Normal and Pathological Physiology, 
Academy o/Medical Sciences, Moscow (USSR), 
April 75, 1966. 

E f f e c t  o f  L i g h t  a n d  D a r k  P u l s e s  o n  t h e  E m e r g e n c e  
R h y t h m  o f  Drosophila pseudoobscura 

On the  basis of s tudies  on the  pe ta l  m o v e m e n t  of 
Kalanchoe flowers ~, i t  was suggested t h a t  l ight  per iods 
induce an op t ima l  r h y t h m  if the  ' o f f - r h y t h m '  ( r h y t h m  
which  is in i t ia ted  by  the  t rans i t ion  f rom l ight  to darkness)  
falls t oge the r  wi th  the  ' o n - r h y t h m '  ( r hy thm which  is 
in i t ia ted  by  the  t r ans i t ion  f rom darkness  to light) in such 
a way  t h a t  an o f f -max imum occurs a t  t he  same t ime  as 
an on -max imum.  This is schemat ica l ly  d i ag rammed  in 
Figure  1. The superposi t ion  of an on- and o f f - r h y t h m  
would explain  the  fact  t h a t  a t  ce r ta in  day- l eng ths  and /o r  
n igh t - l eng ths  the  pe ta l  m o v e m e n t  reaches  high ampli-  
tudes .  I t  could fu r ther  be a basis  of t ime  m e a s u r e m e n t  in 
pho toper iod i sm.  

We tes ted  th is  hypo thes i s  in the  case of the  emergence  
r h y t h m  of Drosophila pseudoobscura. D. pseudoobscura has  
the  a d v a n t a g e  of being well  s tud ied  in regard  to i ts  emer-  
gence r h y t h m  2, and in con t ras t  to  Kalanchoe can be kep t  
unde r  cont inuous  darkness  (DD) dur ing  the  whole  de- 
ve lopment .  A t  t h e  t ime  of emergence  the  cul tures  are ex- 
tx)sed to single s teps  (LL-DI) ,  DD-LL) ,  which a l ready  
resul ts  in a r h y t h m i c  p a t t e r n  of emergence,  or to  single 
pulses  (light per iod pulse  LP,  da rk  per iod pulse 1)I7). 

Since a pulse conta ins  b o t h  a l ight -on as well as a l ight-off  
signal, the  ques t ion  arises w h e t h e r  the  observed results  
of pulse expe r imen t s  are expla inable  in t e rms  of the  re- 
sults of single s t ep  exper iments .  

A s tock of D. pseudoobscura was k indly  suppl ied by  
C. S. PITTENDRIGH and reared in the  usual way. At  20 ~ 
under  I .L or DD condi t ions  the  flies s t a r t  to emerge af ter  
abou t  3 weeks and cont inue  to  emerge in a r a n d o m  
fashion. If, however ,  the  DD-cul tures  are t ransfer red  to 
LL  (300 lux f luorescence tube  light),  a periodic emergence  
is induced and  peaks  occur a t  1, 20, 50, 75, and 100 h af ter  
t r ans fe r  unt i l  the  r h y t h m  fades away  and again emergence  
becomes  r a n d o m  (Figure 2}. A periodic emergence  is also 
achieved if LL-cul tures  are t rans fe r red  to DD. In  th is  
case peaks occur  12, 39, 64, 89, and  111 h af ter  t ransfer .  
Synchron iza t ion  is sha rpe r  and  longer ma in t a ined  (Fi- 
gure 2 below). 

If  bo th  s teps  are combined  in a single DP-  or LP-pulse ,  
the  emergence  d is t r ibu t ion  depends  on the  length  of the  
pulse and the  kind of pulse.  E x a m p l e s  are given for 12 
and 18 h ] ) P  and  L P  (Figure 3). F u r t h e r  results  are 
shown in Figure  4, in which  the  D P  was var ied f rom 1 h 
up to 33 h and  the  L P  f rom 3 h up to 39 h. Only the  
emergence  d i s t r ibu t ion  be tween  50 and  75 h af ter  the  
s t a r t  of the  D P  and be tween  40 and 65 h af ter  the  s t a r t  
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Fig. 1. Superposition of an on- and off-rhythm in the petal movement 
of Kalanchoe blossfeldiana. (a) Initiation of an on-rhythm by a single 
dark-light step ; (b) initiation of an off-rhythm by a single light-dark 
step; (c) superposition of an on- and off-rhythm by a dark-light step 
followed by a light-dark step 9 h later. In this case the first maximum 
of the off-rhythm falls together with the second maximum of the 

on-rhythm (27.5-18.2-~_ 9 h). 
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Fig. 2. ts rhythm in Drosophila pseudoobscura after transfer 
from continuous darkness to continuous light (above) and after 
transfer from continuous light to continuous darkness (below). 
Transfer at zero h. Abscissa : h after transfer. Ordinate : % of emerged 

flies (100% ~ sum of all flies between 2 nfinima). 

1 W. t~;SGELMANN, PIanta 55, 496 (1960). 
C. S. PITTENDRIGH, Cold Spring tIarb. Syrup. quant. Biol. 25, 159 
(1960). 
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of the  L P  are  shown,  since ear l ier  a n d  l a t e r  peaks  are less 
p ronounced .  Ar rows  ind ica te  the  ca lcu la ted  m e d i a n  of 
t he  emergence  d i s t r ibu t ion ,  and  ba r s  i nd i ca t e  t he  per-  
cen tage  of flies emerged  pe r  t ime  in te rva l .  T h e  pos i t ion  
of on- a n d  off-peaks of single s teps  are  s h o w n  as b r o k e n  
l ines para l l e l  to  t he  s t a r t  a n d  end  of t h e  pulses.  Also 
s h o w n  are t he  va r i ances  of t he  d i s t r ibu t ions .  T h e y  are sig- 
n i f i can t ly  d i f fe ren t  f rom t he  va r i ance  of t he  of f -d is t r ibu-  
t i on  a t  t he  1% level,  if t h e y  do no t  lie b e t w e e n  t he  ver t i -  
cal  b r o k e n  l ines (F- tes t ) .  

W e  conc lude  f rom these  resu l t s  t h a t  t he  obse rved  
emergence  d i s t r i b u t i o n  of pulse e x p e r i m e n t s  are indeed  
exp la inab le  as superpos i t ions  of an  on- a n d  o f f - rhy thm,  
which  is i n i t i a t ed  b y  t he  t r a n s i t i o n  f rom d a r k n e s s  to  l igh t  
and  f rom l igh t  to  darkness .  The  peaks  of t he  pulse syn-  
ch ron iza t ions  lie b e t w e e n  or a t  t he  l ines r ep re sen t ing  t he  
pos i t ion  of on- a n d  off-peaks (Figure 4), swi t ch ing  f rom 
'de lay '  to  ' advance ' ,  if t he  i n t e r v a l  be t w een  a n  on-  and  off- 
peak  becomes  too large (compare  21 h - D P  and  27 h-  
D P  a n d  -LP  in F igure  4). I f  1 peak  lies in t he  midd le  of 
2 others ,  2 peaks  a p p e a r  or t he  r h y t h m  d i sappear s  com- 
p le te ly  (24 h - D P  a n d  - L P  in F igure  4). T he  va r i ance  as a 
measure  for the  s y n c h r o n i z a t i o n  of emergence  demon-  
s t ra tes  th i s  even  be t te r .  A t  pulse lengths ,  where  on- a n d  
off-peaks fall  t o g e t h e r  (e.g. 9 and  36 h -DP ,  F igure  4) t he  
va r i ance  is low (high s y n c h r o n i z a t i o n  of emergence) .  A t  
pulse l eng ths  where  on- and  off-peaks fall  b e t w een  each  
o the r  (e.g. 24 h - D P  and  -LP,  F igure  4), t he  va r i ance  of 
t he  emergence  d i s t r i b u t i o n  is h igh  (weak synchron iza -  
t ion) .  In  i n t e r m e d i a t e  cases the  va r i ance  is no t  signifi- 
c a n t l y  d i f fe rent  f rom the  va r i ance  of single s tep  emergence  
d i s t r i bu t ions  (Figure 4, var i ances  p lo t t ed  aga ins t  pulse 
length) .  

TAKIMOTO and  HAMNER 4 came to s imi la r  conclusions  
in the  case of the  pho tope r iod ic  f lower response  of t he  
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Fig.  3. E x a m p l e s  of  e l n e r g e n c e  r h y t h m s  e x h i b i t e d  b y  a s ingle 12 h-  
D P ,  18 h - D P ,  12 h - L P ,  a n d  18 h - L P .  A t  0 h s t a r t  of  D P  or  L P .  

Otherwise as in Figure 2. 

a T h e  d a t a  for  t he  ca l cu l a t i on  of  the  v a r i a n c e  of  s h o r t  l i gh t  pe r iods  
(5 min)  a re  f r o m  H .  W.  HONEOGER, u n p u b l i s h e d .  

4 A. TAK1MOTO a n d  K.  C. HAMNER, P l a n t  Phys io l .  dO, 852 (1965). 
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Fig.  4. E m e r g e n c e  r h y t h m  b e t w e e n  45 a n d  75 h a f t e r  s t a r t  
of D P ' s  of v a r i o u s  l e n g t h s  (left) a n d  L P  of v a r i o u s  l e n g t h s  
( r ight) .  B l ack  b a r s  - % of e m e r g e d  flies. A r r o w s  = pos i t ion  
of t h e  c a l c u l a t e d  m e d i a n .  B r o k e n  l ines = pos i t ion  of  t h e  
n l ed i ans  of  s ingle on-  or  o f f - e m e r g e n c e  peaks ,  pa ra l l e l  to t he  
t r an s i t i on .  Also s h o w n  are  t h e  v a r i a n c e s  s ~ = ~ ' ( x - - ~ ) ~ /  
n - -  1 as  a m e a s u r e  for  t he  s y n c h r o n i z a t i o n  of t h e  e m e r g e n c e  
d i s t r i bu t i on .  All  po in t s  ou t s i de  of  t he  v e r t i c a l  b r o k e n  l ines  
a re  s ign i f i can t ly  d i f f e r en t  a t  t h e  1 %  leve l  f r o m  the  v a r i a n c e  
of t he  o f f - e m e r g e n c e  d i s t r i bu t ion .  Also s h o w n  is t he  v a r i a n c e  
of e m e r g e n c e  of  a v e r y  s h o r t  L P  3. T h e  b r o k e n  v e r t i c a l  l ine 
in t he  lef t  f igure  is the  pos i t ion  of t he  3 rd  o f f - m a x i m m n ,  
t he  inc l ined  one  t h a t  of t he  3 rd  on.  
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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. 

W. ENGELMANN 

Botanisches Institut der Universitiit, 74 T~bingen 
(Germany), March 28, 1966. 

M. I~. CItANDRASHEKAR, unpublished. 
6 D. HENGST, unpublished. 

H. W. HONEGGER, unpublished. 
8 R. WEVER, Z. vergl. Physiol. 51, I (1965). 
9 This work was  supported by the Deutsche Forschungsgemein- 

schaft. 

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. 
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