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k e p t  for 2 weeks in c o n s t a n t  da rknes s  in  a p h o t o g r a p h i c  
d a r k  room p rov ided  w i t h  l igh t  t rap .  Clear ing  of t he  cages 
was done  u n d e r  a p h o t o g r a p h i c  red  l igh t  source. The  
an ima l s  were ki l led be t w een  noon  a n d  14.00 h. d) A n i ma l s  
k e p t  in  c o n s t a n t  l igh t  ( f luorescent  l igh t  source  g iv ing  
100-150 lux  in t he  cages) for  2 weeks a n d  t h e n  ki l led 
b e t w e e n  noon  a n d  14.00 h. 

CBV was m e a s u r e d  as cerebra l  p l a s m a  v o l u m e  us ing  
rad io- i so tope  d i lu t ion  11. A so lu t ion  (0. I ml) of h u m a n  se rum 
a l b u m i n  (0.3-0.5 m g / m l  in 0 .9% saline) label led  w i t h  
la l I  ( R I H S A )  to  a n  a c t i v i t y  of 50 aCi /ml  was in jec ted  
in to  t he  ta i l  ve in  of t he  u n a n e s t h e t i z e d  an imal ,  a n d  a f te r  
10 m i n  m i x i n g  t i m e  the  a n i m a l  was kiIled b y  rap id  immer -  
sion in to  l iquid  n i t rogen  ( - -196 ~ The  en t i re  i n t r a c r a n i a l  
c o n t e n t  was  t h e n  dissected  out ,  weighed a n d  p laced  in a 
p las t ic  tube .  25 ~1 b lood  was d r a w n  f rom t he  lef t  ven t r i c l e  
of t he  hea r t ,  col lected in a n o t h e r  p las t ic  t u b e  to  serve as 
i n t e r n a l  reference.  All m a n i p u l a t i o n s  d u r i n g d a r k  condi-  
t ions  were pe r fo rmed  u n d e r  a red  b u l b  l ight .  R a d i o a c t i v i t y  
in  t he  samples  was m e a s u r e d  w i th  an  a u t o g a m m a  spectro-  
m e t e r  (Packard) .  CBV was expressed  as ~1 b lood pe r  g of 
b r a i n  t issue.  

The  c i r cad ian  v a r i a t i o n  in CBV is p r e sen t ed  in t he  
Figure.  The  CBV values  o b t a i n e d  for an ima l s  k e p t  for 
4 -7  h in  l igh t  (35-40 al/g) agree  w i t h  f igures p rev ious ly  
p r e s e n t e d  for u n t r e a t e d  con t ro l  an ima l s  kil led d r u i n g  t he  
co r r e spond ing  t i m e  of t he  day1~ Subsequen t ly ,  t he  CBV 
was s ign i f i can t ly  r educed  ( S t u d e n t ' s  t - tes t  for m e a n  
va lues  a f t e r  4 h l igh t  vs. 10 h l igh t :  _P < 0.01) to  r each  a 
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Cerebral blood volume of mice killed throughout the last 24-h cycle 
of a 12 h darkness/12 h light schedule during 2 weeks. The circadian 
changes in these untreated animals are indicated by filled circles. 
Animals maintained for 2 weeks in constant darkness, open square; 
constant light, open triangle; matching controls on a light-darkness 
schedule, open circle. Mean values =L standard error of the mean, 
number of animals within parenthesis. 

m i n i m u m  level  a f t e r  10 h in l ight .  A c o m p a r a t i v e l y  sma l l  
CBV was t h e n  m a i n t a i n e d  d u r i n g  the  fol lowing 8 h a f t e r  
w h i c h  t he re  was a n  increase  to a m a x i m u m  CBV of 
50 ~l/g (6 h da rkness  vs. 1 h l igh t :  P < 0.05). CBV t h e n  
r e t u r n e d  to t he  va lues  m e a s u r e d  a f t e r  4 -7  h in  l ight .  The  
dif ference be tween  t h e  h ighes t  a n d  t he  lowest  CBV levels 
was  s t a t i s t i ca l ly  s ign i f ican t  ( P  = 0.02). 

The  CBV m e a s u r e d  a r o u n d  noon  in an ima l s  m a i n t a i n e d  
in c o n s t a n t  da rkness  was s ign i f i can t ly  h igher  ( P  < 0.001) 
t h a n  t i m e - m a t c h e d  con t ro l  an ima l s  k e p t  in  a l i gh t -da rknes s  
r h y t h  m. An ima l s  in  c o n s t a n t  l ight ,  however ,  h a d  a s imi la r  
CBV as these  controls .  

I t  is a t  p r e sen t  no t  k n o w n  w h e t h e r  t he  m a r k e d  24-h 
v a r i a t i o n  in t he  cerebra l  h e l n o d y n a m i c s  of mice has  
resu l ted  f rom di rec t  changes  a t  t h e  b r a i n  level, e.g. in- 
t r ace reb ra l  1" or a u t o n o m i c  s-l~ neura l  mechan i sms ,  or 
w h e t h e r  i t  is s econda ry  to  sys temic  fac tors  in f luenc ing  
t he  cerebra l  c i rcula t ion,  such  as f l uc tua t ions  in  a r t e r i a l  
ca rbon  dioxide t ens ion  or b lood pressure13. E x p e r i m e n t s  
are in  progress  to  s t u d y  w h e t h e r  t he  c i rcad ian  r h y t h m  in 
CBV is endogenous  or exogenous,  i.e. in f luenced  b y  ex- 
t e r n a l  l igh t ing  condi t ions .  The  p r e sen t  resul t s  show t h a t  
a t  leas t  con t inuous  da rknes s  s ign i f i can t ly  affects  t he  
r h y t h m i c  f luc tua t ions .  I t  is no t ab l e  t h a t  t he  24-h v a r i a t i o n  
in p inea l  g l and  2 a n d  sa l iva ry  g land  3 no rep ineph r ine  fol- 
lows a p a t t e r n  v e r y  s imi la r  to  t h a t  of the  CBV which  
would  f avour  a ref lex inf luenced b y  e n v i r o n m e n t a l  l igh t :  
t h e  adrenerg ic  ne rves  to  t he  i n t r a c r a n i a l  b lood vessels as 
well  as to  t he  p inea l  and  sa l iva ry  g lands  all arise in  t h e  
super ior  cervical  s y m p a t h e t i c  ganglia4,  5, 7 k n o w n  to re- 
ceive p a t h w a y s  t r a n s m i t t i n g  e x t e r n a l  l igh t  impulses  v ia  
t he  opt ic  t racts1.  

I n  conclusion,  t he  cerebra l  b lood  v o l u m e  of mice,  
m e a s u r e d  b y  rad io i so tope  ( R I H S A )  d i l u t i on  shows 
m a r k e d  c i r cad ian  va r i a t ion ,  w i t h  a p e a k  in ~he ear ly  
m o r n i n g  a n d  c o m p a r a t i v e l y  low levels in  t he  a f t e r n o o n  
a n d  even ing  un t i l  m idn igh t .  The  CBV (measured  a r o u n d  
noon)  of an ima l s  k e p t  in c o n s t a n t  da rkness  was signifi-  
c a n t l y  higher ,  t h a t  ol an ima l s  in  c o n s t a n t  l ight ,  however ,  
no t  a l te red  c o m p a r e d  w i t h  t i m e - m a t c h e d  con t ro l  an ima l s  
on  a l i gh t -da rkness  schedule  14. 

Zusammen[assung. Mit te l s  118i m a r k i e r t e m  H u m a n -  
S e r u l n a l b u m i n  wurde  das  B l u t v o l u m e n  im G e h i r n  yon  
M/iusen zu ve r sch i edenen  Tagesze i t en  gemessen  und  eine 
c i rcad iane  R h y t h m i k  festgestel l t .  A n d a u e r n d e r  Dunke l -  
a u f e n t h a l t  f i ih r t  zu e r h 6 h t e n  W e r t e n  des B l u t v o l u m e n s .  
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R6al isat ion de la difference phasaire  du r y t h m e  cardiaque chez Locusta Migratoria L. I. Vie larvaire  

L ' O r t h o p t ~ r e  Acr id ien  Locusta migratoria se p r6sen te  Nous  6 tud ions  et  c o m p a r o n s  ici le r y t h m e  Cardiaque 
sous deux  formes  qui  d i f fe ren t  p a r  de n o m b r e u x  c a r a t -  des Cr iquets  de la phase  sol i ta i re  et  de ceux de la p h a s e  
t6res  1 et  n o t a m m e n t  p a r  le r y t h m e  ca rd i aque  en  f in  de vie gr6gaire dans  des cond i t ions  anss i  r igoureuses  et  sem- 
l a rva i r e  et  en d 6 b u t  de vie imag ina le  2. b lables  que  possibles  p o u r  les deux  phases  au  eours  d e  
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Rythme cardiaque en battements par minute (bt/mn) de Locusta migratoria en phase gr6gaire (O--O) et en phase solitaire (�9 
au tours de la vie larvaire. 

t ou t e  la vie larvaire ,  j o u r n e l l e m e n t  du  p r em i e r  jou r  du  
s t ade  I au  dern ie r  jour  du s t ade  V. 

Matdriel et mdthodes. P o u r  6vi te r  l ' i n te r f6 rence  possible  
de ce r t a ins  Iac teurs  (brui t ,  chan t ,  ph6romone, . . . ) ,  les 
C/ ique t s  des 2 phases  son t  61ev6s dans  2 pi6ces d i f f6rentes  
soumises  ~ des cond i t ions  d '6c la i rement ,  de t e m p 6 r a t u r e  
et  d ' h u m i d i t 6  voisines.  

Les gr6gaires son t  61ev6s d6s leur  na i ssance  p a r  groupes  
de p lus ieurs  cen ta ines  dans  des cages grillag6es. Les 
sol i ta i res  son t  plac6s, re�9 de 24 h apr6s  leur  6closion, 
un  p a r  un, dans  des b o c a u x  de ver re  de 1,5 1. Les n6ona te s  
gr6gaires et  sol i ta i res  p r o v i e n n e n t  de souches  respec t ive-  
m e n t  gr6gaire et  sol i ta i re  depuis  p lus ieurs  g6n6rat ions.  

Les a n i m a u x  son t  soumis  ~ u n  6c la i rement  a l te rn6  
c o m p r e n a n t  12 h de lumi6re  et  12 h d 'obscur i t6 .  La  t e m -  
p6 ra tu re  du  jour  est  vois ine  de 30~ celle de la nu i t  de 
25~ L ' h u m i d i t 6  n ' e s t  pas  s y s t 6 m a t i q u e m e n t  contr616e; 
eIle est  sup6r ieure  ~ 6 0% et  p lus  61ev6e chez les sol i ta i res  
que  chez les gr6gaires,  Les comptages  des b a t t e m e n t s  
ca rd iaques  son t  r6alis6s c h a q u e  jour , /~ la f in de la  p6r iode 
obscure,  dans  une  salle ~ 2 4  • 1~ p a r  o b s e r v a t i o n  
d i rec te  du  coeur e t  c o m p t a g e  ~ l ' a ide  d ' u n  chronom6t rea .  

Rdsultats et discussion. Les r6su l t a t s  son t  ind iqu6s  sur  la 
F igure  qui  p r6sen te  les 2 courbes  du  r y t h m e  ca rd i aque  
des ind iv idus  sol i ta i res  et  gr6gaires.  La  dur6e, plus  longue,  
de la p l u p a r t  des s tades  de la phase  sol i ta i re  a 6t6 a jus t6e  
de mani6re  k cor respondre  ~ celle de la phase  gr6gaire. 
Chaque  p o i n t  cor respond  ~ la m o y e n n e  d ' e n v i r o n  15 me- 
sures individuel les .  Les 6car t s - type ,  s ens i b l em en t  6gaux 
chez les gr6gaires et  les sol i taires,  son t  d ' e n v i r o n  -t- 10 au  
cours  des s tades  I, I I  e t  I I I  e t  de • 6 au  t ou r s  des s tades  
I V  e t  V. S t a t i s t i q u e m e n t ,  les m o y e n n e s  des sol i ta i res  son t  
compa t i b l e s  avec  la  courbe  des gr6gaires aux  s tades  I I  e t  
I I I ;  elles son t  i n c o m p a t i b l e s  aux  s tades  I, I V  et  V. 

Dans  tous  les s t ades  l ' 6vo lu t ion  du  r y t h m e  ca rd iaque  
des 2 phases  sui t  a p p r o x i m a t i v e m e n t  le m4me  sch6ma,  
c o m m e  chez d ' a u t r e s  Insec tes4 :  u n  r y t h m e  61ev6 dans  la 
p remi6re  p a r t i e  du  s tade,  une  chute ,  puis  (sauf au  s tade  I) 
une  remont6e  ~ la f in du  stade.  

Au s t ade  I, les sol i ta i res  p r6sen ten t ,  p e n d a n t  la pre-  
mi6re  moi t i6  du  s tade,  u n  r y t h m e  c a r d i a q u e  n e t t e m e n t  

sup6r ieur  ~ celui des gr6gaires (115 con t re  105 b t /min ) ,  
ma i s  le r y t h m e  dev i en t  ensu i te  s emblab le  dans  les 2 
phases .  Au cours  de ce s tade,  les 2 courbes  son t  compa-  
t ib les  (Z ~ 0,20 et  Z pe rmis  = 0,36). 

Au s t ade  I I ,  les sol i taires  on t  une  t endance ,  t ou jou r s  en  
p remie re  pa r t i e  de s tade,  ~ poss6der  u n  r y t h m e  ca rd iaque  
sup6r ieur  k celui des gr6gaires.  N6anmoins ,  ici, la diff6- 
rence  n ' e s t  plus  s igni f ica t ive  (Z = 0,20 et  Z pe rmis  = 0,33). 

Au s t ade  I I I ,  il e n e s t  de m~me (Z = 0,27 et  Z pe rmis  = 
0,36). N o u s  m o n t r o n s  de p lus  que  les sol i ta i res  p r 6 s e n t e n t  
une  c h u t e  de r y t h m e  plus  accentu6e  que  les gr6gaires 
(73 con t re  79 b t /m in ) .  

Au s t ade  I V  p r e n d  na i s sance  la diff4rence phasa i re  de 
r y t h m e  ca rd i aque  (Z = 1,14 et  Z pe rmis  = 0,39). L ' 6ca r t  
re�9 des 2 r y t h m e s  est  fa ible  mais  il exis te  c h a q u e  jour  
et  il est  le fa i t  de l ' ensemble  des ind iv idus .  C 'es t  la ra i son  
p o u r  laquel le  ce t te  pe t i t e  diff6rence (soli taires:  83 b t / m i n  
- gr6gaires:  80 b t / m i n )  est  s ignif icat ive .  

Au s tade  V, la difI6rence phasa i r e  de r y t h m e  ca rd i aque  
s ' exp r ime  p l e i n e m e n t  (Z = 2,32 e t  Z pe rmis  = 0,33). 
P o u r  l ' ensemble  du  s tade,  les sol i ta i res  on t  u n  r y t h m e  
ca rd i aque  de 11% sup6r ieur  ~ celui des gr6gaires. Cet te  
diff6rence se r e t rouve  ~ peu  pr6s  de man i6 re  semblab le  
t o u t  au  long du  s tade.  

La  diff6renee phasa i r e  du  r y t h m e  ca rd iaque  en t re  les 
sol i ta i res  et  les gr6gaires de Locusta migratoria s ' acqu ie r t  
au  cours  du  d 6 v e l o p p e m e n t  larvaire ,  v r a i s e m b l a b l e m e n t  
au  s t ade  IV, pou r  s ' e x p r i m e r  n e t t e m e n t  an  s tade  V. 

Nous  avons  montr65,6  que  seuls, 2 organes  endocrines ,  
les co rpora  a l l a t a  et  les g landes  p ro tho rac iques  poss6- 
d a i e n t  une  ac t ion  sur  le r y t h m e  card iaque .  I1 sera i t  int6- 
r e s s an t  de compare r  le deven i r  de ces o rganes  au  t o u r s  des 
s tades  I V  e t  V. 

Si, c o m m e  nous  en  avons  6mis l ' hypoth6se ,  le cycle du  
r y t h m e  ca rd iaque  dans  l ' i n t e r m u e  es t  p l u t 6 t  sous la 
d6pendance  des g landes  p ro tho rac iques  7, la p e r m a n e n c e  
de ce cycle dans  les 2 phases  c o n d u i r a i t  p l u t 6 t  5~ pense r  
que  la  diff6rence du r y t h m e  ca rd i aque  est  li6e aux  
co rpora  al la ta .  C e p e n d a n t  ce t te  l ia ison p o u r r a i t  aussi  b ien  
s ' e x p r i m e r  en  s u p p o s a n t  une  ac t ion  d i f f6rente  des corpora  
a l l a t a  selon la phase  8, q u ' u n e  r6ac t iv i t6  d i f f6rente  des 2 

1 F. O. ALBRECHT, Polymorphisme phasaire et biologie des Acridiens 
migrateurs (Masson et Cie, Paris 1967). 
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4 j .  C. Jo~Es, J. exp. Zool. 131, 223 (1956). 

5 j . .p.  ROUSSEL, Th~se, Strasbourg (1971). 
s j . .p. RO~SSEL, Acrida I, 17 (1972). 
7 j._p. ROVSSEL, Arehs Zool. exp. g6n. 112, 179 (1971). 
s j .  S. KENNEDY, Colloque International du C.N.R.S. (Paris) lid, 

283 (1962). 
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phases  g des corpora  all~/ta poss6dant  des pouvoirs  
ident iques  9. 

Le plus h a u t  n iveau du r y t h m e  card iaque  des soli taires 
au s t ade  I e s t  v ra i sembIab lemen t  d6termin6 pa r  l 'orga-  
nisme ma te rne l  qui possbderai t  un plus hau t  n iveau  de 
r y t h m e  card iaque  au m o m e n t  de l 'ovogen~se. Ceci est  en 
accord avec les premiSres observa t ions  faites sur le r y t h m e  
card iaque  des adul tes  1. 

Summary .  E x c e p t  for a h igher  value of the  cardiac 
r h y t h m  at  the  beginning  of t he  first  s tage of Locusts 
migratoria sol i tary phase,  phase  difference of the  card iac  
r h y t h m  sets up dur ing  the  4th stage very  progress ively  

and  is d e a r l y  expressed in the  5th stage, the  sol i tar ian 
locusts showing a h igher  r h y t h m .  
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D e v e l o p m e n t a l  Chan~es  in Contract ion T i m e  and 

The deve lopmenta l  changes  in con t rac t ion  t ime  (CT) 
differ  in fas t  and  slow muscles wi th in  the  same animal  and 
in d i f ferent  species of animals  ~-5. Dif ferent ia t ion  into fas t  
and  slow muscle t ypes  in the  ra t  appears  to  be b rough t  
abou t  by  a re la t ive  shor ten ing  of CT in t he  fas t  muscle  
(extensor  d ig i to rum longus), there  being l i t t le  or no 
change  in t he  slow soleus muscle  in th is  respectS,% 
However ,  h is tochemica l  f indings in t he  soleus muscle of 
the  guinea-pig and  ca t  revealed a mixed  fibre p a t t e r n  
wi th  p redominance  of f ibres wi th  a h igh ATPase  ac t iv i ty  
(Type II) a t  bir th ,  and of f ibres w i th  a low ac t iv i ty  (Type 
I) of th is  enzyme  in muscles of adul t  animals  5. 

Cont rac t ion  speed and h is tochemica l  f ibre p a t t e r n  in 
fast  and slow muscles of d i f ferent  animals  (rat, rabbi t ,  and  
guinea-pig) was therefore  s tudied  in order  to ascer ta in  
whe the r  p ro longa t ion  of CT and  change in muscle fibre 
p a t t e r n  in slow muscles  are general  phenomena .  

Material and methods. F a s t  ex tensor  d ig i to rum longus 
(EDL) and slow soleus (SOL) muscles  of rats,  rabbi ts ,  and  
guinea-pigs per inata l ly ,  1 m o n t h  af ter  b i r t h  and of 
3-, 5-, and 12-month-old  animals  were used in our experi-  
ments .  Cont rac t ion  t ime  (t ime to peak  = CT) was 
measured  in v i t ro  a t  36 ~ wi th  the  mass ive  s t imula t ion  
me thod  7 and  recorded by  an au toma t i c  analyzer  s. The 
s t imul i  were square  pulses of 1.0 msec in dura t ion  of 
s u p r a m a x i m a l  in tens i ty .  Res t ing  tension,  tens ion  produc-  
ing max ima l  tw i t ch  tens ion  as a response  to  the  s t imula-  
t ion,  was de t e rmined  before each exper iment .  For  his to-  
chemical  analysis,  the  muscles  were removed,  quickly 
frozen in l iquid n i t rogen and  10 [xm th ick  cross-sect ions 

Contraction time (in msec) of the fast (EDL) and slow (SOL) muscles 
of the rat, rabbit and guinea-pig during development (at 36 ~ 

Animal Age (days) EDL N SOL N 

Rat 7 ~ 25.0 • 1.02 12 47.1 -k 2.14 7 
30 11.6 -t- 0.15 18 22.2 • 0.52 7 
90 12.9 i 0.39 7 35.0 A_ 1.24 6 

365 15.1 -E 0.22 8 38.6 ~ 1.07 8 

Rabbit 1 49.2 4- 1.72 5 49.5 Jz 3.01 5 
30 22.1 ~= 1.12 5 47.3 4- 5.04 5 
90 25.8 ~= 1.13 5 97.2 • 7.62 5 

365 24.3 • 0.71 13 82.7 -L 2.10 10 

Guinea-pig 1 14.9 -E 0.69 7 29.3 4- 0.66 7 
150 15.6 ~_ 0.23 6 46.1 ~- 1.46 5 

EDL, extensor digitorum longus; SOL, soleus muscle; N, number of 
measurements. ~ for data at birth see CLOSE s. 

Muscle  Fibre Pattern of Fast  and S l o w  Muscles  

were gained in a c ryos ta t  a t  a t e m p e r a t u r e  of --20 ~ and 
s ta ined for myos in  ATPase  ac t iv i ty  by  a modif ied  
m e t h o d  s, 10 at  p H  9.4. 

Results and discussion. The Table  shows CT of fas t  E D L  
and  slow SOL phasic  muscles  of the  rat,  rabbi t ,  and  
guinea-pig at,  or very  early after,  b i r th ,  1 m o n t h  af ter  
b i r th  and  in the  adul t  animal  (3, 5, and  12 m o n t h s  af ter  
bir th) .  The CT of the  fast  muscles  of the  ra t  and r abb i t  
shows a progressive pos tna t a l  shortening,  whereas  the  CT 
of E D L  muscle of the  guinea-pig remains  r a the r  cons tan t .  
The slow SOL muscle of the  r abb i t  and guinea-pig,  
however,  shows pos tna ta l ly  a cons iderably  shor te r  CT and  
pro longa t ion  of CT in the  adul t  animal.  In  the  soleus 
muscle of the  rat ,  the  pro longat ion  of CT in the  adul t  
occurs af ter  a marked  t e m p o r a r y  shor ten ing  of CT 1 m o n t h  
af ter  bir th .  Thus  the  slowing of CT in the  slow muscle is of 
general  occurrence bu t  follows a d i f ferent  t ime  course in 
the  rat ,  rabbi t ,  and guinea-pig, according to  the i r  ma tu ra -  
t ion at  b i r th .  

The Figure (a, b) shows the  muscle  fibre p a t t e r n  in the  
SOL muscle  of the  r abb i t  in 1-month-old  and  adul t  
an ima l s .  Cross-sections of the  muscles were s ta ined  for 
myos in  ATPase  act iv i ty .  In  t he  SOL of the  adul t  animal,  
only a few muscle  fibres w i th  a hig h ATPase  ac t iv i ty  
(Type II) and  mos t  muscle  f i b r e s  wi th  a low ATPase  
ac t iv i ty  (Type I) are found,  whereas  in the  i - m o n t h - o l d  
animal  b o t h  types  of muscle fibres are observed,  t he  ra t io  
being about  1 : 1. A similar  change  in muscle  fibre p a t t e r n  
was also observed in the  slow muscles of ra t s  and guinea:  
pigs. Cont ra ry  to  this,  there  is an increase of myos in  
ATPase  ac t iv i ty  in the  fast  muscles of t he  animals  s tud ied  
by  us. 

Thus,  dur ing deve lopment ,  slow muscles  show a 
pro longat ion  of CT and  a change of f ibre p a t t e r n  re la ted  
to a change  to t he  slow muscle type.  The d i f ferent  t ime  
course in p ro longa t ion  of CT and t e m p o r a r y  shor ten ing  of 
CT in the  animals  s tud ied  by  us can be expla ined  by  the  
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