
15.1.1973 Speeialia 53 

show t h a t  on the  side of t he  uni la tera l  lesions, and  on 
bo th  sides in those  ra t s  w i t h  b i la tera l  lesions, there  was a 
ve ry  marked  reduc t ion  in the  cort ical  con t en t  of t he  
noradrena l ine  metabol i te .  

Discussion. These resul ts  show t h a t  his tological ly  con- 
f i rmed lesions of the  nucleus locus coeruleus cause a 
marked  fall in the  t u rnove r  of noradrena l ine  in the  ipsi- 
la tera l  neocor tex .  This  suppor t s  the  suggest ion arising 
f rom h is tochemica l  s tudies  4 t h a t  a noradrena l ine-con-  
t a in ing  sy s t em wi th  a ve ry  wide d i s t r ibu t ion  in the  neo- 
cor tex  arises f rom a smal l  nucleus in t he  mid-pons .  This  
f ind ing  would be cons i s ten t  w i th  t he  view t h a t  electrical  
se l f -s t imula t ion  ob ta ined  f rom electrodes placed using 
the  same s te ro tax ic  co-ordinates ,  and  wi th  the i r  t ips  
close to  the  locus coerules, is due to the  ac t iva t ion  of a 
no radrene rg ic - sys t em 9, and th is  m a y  provide  a clue to 
its function1~ I t  is also of in te res t  t h a t  in t he  group of 
ra t s  w i th  b i la tera l  lesions (but no t  in e i ther  of the  o ther  
2 groups) we observed  a s t r ik ing  behavioura l  synd ro me  

Electrical Abiation of locus coeruleus 

N L.H. Cortex R.H. Cortex 
(ng) (rig) 

Control rats 6 45 =E 16 42 J= 12 

Unilateral (L-sided) lesions 6 17 • 9 ~ 47 -4- 11 

Bilateral lesions 4 20 • 10~ 17 • 4 ~ 

P < 0.005 vs control, b p < 0.01 vs control, o P < 0.025 vs scontrol. 

of marked  hyperk ines ia  and  repea ted  j u m p i n g  which  
appeared  wi th in  2 h of recovery  f rom anaes thes ia  and  
las ted for 4 h. Lesions of ca techo lamine-con ta in ing  
p a t h w a y s  are p ro b ab l y  followed by  amine  release f rom 
degenera t ing  te rmina ls  11. ANDEN descr ibed a form of 
hyperk ines ia  charac ter i sed  by  large j u m p s  af ter  admini-  
s t ra t ion  of ca t ap resan  and  apomorph ine  in ra ts  and 
pos tu la t ed  t h a t  noradrena l ine  recep tor  s t imula t ion  was 
invo lved  12. 

Rdsumd. Des 16sions 61ectrolytiques, soil  unilat6rales 
soil bilat6rales,  on t  6t6 pra t iqu6es  dans  des cerveaux  de 
rats,  dans  la r6gion du locus coeruleus. Trois semaines  
apr6s, la t eneu r  en 3 -m6thoxy-4-hydroxyph6nylg lyco l  
(MHPG) des deux  cort ices c6r6braux a 6t6 analys6e par  
ch roma tograph ic  ~ gaz. Les 16siGns unilat6rales on t  r6dui t  
la t eneur  en M H P G  du cor tex  ipsilat6ral,  et  apr6s les 
16siGns bilat6rales la r6duct ion ent  lieu dans  les deux  
cortices. 
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I n c r e a s e d  H e x o k i n a s e  Act iv i ty  in Red and White  Ske le ta l  M u s c l e  after D e n e r v a t i o n  

Red and whi te  skeletal  muscles exh ib i t  differences in 
the i r  me tabo l i sm and  in the i r  response  to  denerva t ion .  
Oxida t ive  enzymes  p r e d o m i n a t e  in red muscles  while 
glycolyt ic  enzymes  p r e d o m i n a t e  in whi te  muscles.  
Dene rva t i on  t ends  to e l iminate  these  differences by  
causing a grea ter  fall of t he  p r e d o m i n a n t  group of 
enzymes  in t he  involved muscle  1. 

The in i t ia t ion of glycolysis requires  the  phosphory la t ion  
of glucose by  the  enzyme  hexokinase .  I t  m igh t  therefore  
be expec ted  t h a t  hexokinase  ac t iv i ty  would d isplay  a 
p a t t e r n  s imilar  to t h a t  of o ther  enzymes  associa ted wi th  
glycolysis,  be ing more  act ive  in whi te  t h a n  in red muscles  
and  undergoing  a decrease in ac t iv i ty  af ter  denerva t ion .  
The opposi te  p a t t e r n  for hexok inase  ac t iv i ty  was found  

in the  p resen t  s tudy.  No o ther  enzyme  associa ted wi th  
glycolysis has been repor ted  to  exhib i t  th is  behavior .  

Methods. 24 male albino rabb i t s  u n d e r w e n t  unilatera.  
t r ansec t ion  of the  sciatic nerve.  U n o p e r a t e d  animals  were 
used as controls.  The soleus (a red muscle) and the  gastroc-  
nemius  (p redominan t ly  white) were r emoved  and  homog-  
enized at  4~ Hexokinase  ac t iv i ty  was measured  
according to  t he  m e t h o d  of SI-IARMA et a l )  as modif ied  by  

1 E.L. HOGAN, D. M. DAWSON and F. C. A, RoMANUL, Arch. Neurol 
73, 274 (1965). 

2 C. SHAR~A, R. MANJESHWAR and S. WEINHOUSE, J. biol. Chem. 
238, 384.0 (1963). 

Hexokinase activity in normal and denervated soleus and gastrocnemius muscles of the rabbit 

Denervated 
Muscle type Control Weeks after denervation 

2 4 8 

Soleus 987 -t- 133 1,150 ~- 137 1,390 ~= 161 1,970 d_ 188 
Gastroenemius 280 ~= 42 470 • 59 784 j= 89 1,330 • 147 

Values indicate minGles of glueose-6-phosphate formed per kg of non.collagenous protein/h of incubation. The control and each of the denervat- 
ed groups consists of 8 animals, and the values represent the means ~ standard errors.BAll the differences between the denervated and the 
control muscles are significant for p = 0.01. 
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IVIcLEAN a n d  BROWN *. Non-co l lagenous  p r o t e i n  was 
m e a s u r e d  accord ing  to  t h e  m e t h o d  of LOWRY et  al. a. 

Results. N o r m a l  soleus e x h i b i t e d  3 t i m e s  as m u c h  
hexok inase  a c t i v i t y  as t he  co r re spond ing  gas t rocnemius  
muscle  (Table).  D e n e r v a t i o n  caused  a progress ive  rise in  
th i s  a c t i v i t y  which,  a f te r  8 weeks, a t t a i n e d  a 2-fold 
increase  in t h e  soleus and  a 5-fold increase  in t he  gas t roc-  
nemius ,  w h e n  us ing  non-co l lagenous  p r o t e i n  as a reference  
base.  Mixing  of d i f fe ren t  h o m o g e n a t e s  in  var ious  p ropor -  
t ions  cons i s t en t ly  gave  a d d i t i v e  results ,  t h u s  ru l ing  ou t  
t h e  presence  of h e x o k i n a s e  i nh ib i t o r s  or a c t i v a t o r s  to  
a ccoun t  for t he  differences  found  in e n z y m e  ac t iv i ty .  

Discussion. H e x o M n a s e  a c t i v i t y  displays ,  b o t h  in 
con t ro l  a n d  ill d e n e r v a t e d  muscles,  j u s t  t he  oppos i te  
p a t t e r n  of m o s t  enzymes  assoc ia ted  w i t h  glycolysis.  The  
connec t ive  t i ssue  levels a n d  ei izymes of t he  pen tose-  
p h o s p h a t e  p a t h w a y  follow a s imi la r  p a t t e r n  to t h a t  of 
hexok inase  5. Prev ious ly ,  I h a v e  p roposed  t h a t  t he  
pe l i t o se -phospha t e  p a t h w a y  in ske le ta l  muscles  o r ig ina tes  
f rom the i r  c o n n e c t i v e  t issue, r a t h e r  t h a n  f rom t he  muscle  
cells 5. On t he  basis  of a s imi la r  pa ra l l e l i sm b e t w e e n  
connec t ive  t i ssue  levels  a n d  t h e  a c t i v i t y  of hexokii iase,  i t  
can  be  specu la ted  t h a t  th i s  e n z y m e  is ve ry  ac t ive  in  t he  
connec t ive  t i ssue  of ske le ta l  muscles .  

H e x o k i n a s e  occurs  in  mu l t ip l e  molecu la r  forms,  
p r o b a b l y  co r r e spond ing  to  d i f fe ren t  cel lular  or t i ssue  
c o m p a r t m e n t s %  Two or more  of these  fo rms  are p r e s e n t  
in muscles.  On t h e  o the r  hand ,  a t  leas t  2 glucose-6- 
p h o s p h a t e  pools, e x h i b i t i n g  m a r k e d  differences  in  t he i r  
response  to  insulin,  a p p e a r  to  exis t  in  ske le ta l  musc leL  
The  va lues  in  t he  p r e s en t  r e p o r t  p r o b a b l y  ref lect  t he  
c o m b i n e d  presence  of two or more  molecu la r  fo rms  of 

hexokinase ,  w i t h  c o n n e c t i v e  t i ssue  m a k i n g  a m a j o r  
c o n t r i b u t i o n  to  t he  t o t a l  h e x o k i n a s e  a c t i v i t y  measured .  
I t  c an  be  specu la ted  t h a t  one of t he  e n z y m e  forms  exis ts  
w i t h i n  t he  muscle  cells, in  assoc ia t ion  w i t h  glycolyt ic  
enzymes  a n d  one of t h e  g lucose -phospha te  pools, whi le  
a n o t h e r  fo rm resides  in  connec t ive  t i s sue  e l emen t s  a n d  is 
assoc ia ted  t he  p e n t o s e - p h o s p h a t e  p a t h w a y  a n d  t h e  o t h e r  
g lucose -phospha te  pool. 

Resumen. L a  a c t i v i d a d  de la  h e x o q u i n a s a  es m a y o r  ell el 
mfisculo rojo q u e e n  el b lanco,  y 6sta a u m e i i t a  como 
resu l t ado  de !a de i iervaci6n.  Tales  resu l t ados  son lo 
opues to  de los obse rvados  p a r a  la m a y o r i a  de 1as ei iz imas 
glicollt icas.  Es tos  son expl icables  si u n a  de las i soenzimas  
de la h e x o q u i n a s a  se e i i cuen t ra  loca t izada  d e n t r o  del 
t e j ido  con junc t i vo  deI mfisculo esquel6tico.  

L. GARCfA-BUNUEL 

Veterans Administration Hospital, and 
University o/Oregon Medical School, Sam Jackson Park, 
Portland (Oregon 97207, USA), 23 May 7972. 

8 p. McLEAN and J, BROWN, Biochem. J. 98, 874 (1966). 
O. H. LOWEY, N. H. ROSEBROUGH, A. L. FARR and R. G. RANDALL, 
J. biol. Chem. 793, 265 (1951). 
L. GAReIA-BIJNUEL and V. M. GARCiA-BuNuEL, Nature, Loud. 213, 
913 (1967). 

6 j .  W. ANDERSON, R. H. HERMAN, J. B. TYRREC and R. M. COHN, 
Am. J. din. Nutr. 24, 642 (1971). 
C. C. DULLY, R. M. BOC~K and C. H. BEATTY, Endocrinology 84, 
855 (1969). 

Circadian-Rhythmik und Gruppenverhalten bei Leucaspius delineatus (Pisces,  Cyprinidae) 

U n t e r s u c h u l i g e n  zur  Gfi l t igkei t  der  Circadia i i -Regel  1-a 
an  F i schen  feh l t en  bisher .  D a h e r  h a b e n  wir  mi t t e l eu ro -  
p~iische Si isswasserf ische auf  die Abh/ ing igke i t  ih re r  loko- 
m o t o r i s c h e n  Ak t iv i t / i t  yon  u n t e r s c h i e d l i c h e n  Be leuch-  
t ungss t / i rken  geprfift .  I n  d iesem Z u s a m m e i i h a n g  wurde  
n i c h t  n u r  die c i rcad iane  Pe r iod ik  eines aus  d e m  sozialen 
Gruppen -  bzw. S c h w a r m v e r b a n d  e l imin i e r t en  Einzel-  
t ieres,  sonder i i  auch  die yon  F i schgruppen ,  un t e r s uch t .  
Obwoh l  es fiir d i e  gegensei t ige S y n c h r o n i s a t i o n  in Popu-  
l a t i onen  eine A n z a h l  yon  Hinwe i sen  g ib t  4,5, i s t  dieser  
E f fek t  i m  L a b o r  u n t e r  D a u e r b e d i n g u i i g e n  b i sher  n u r  
se l ten  nachgewiesei i  wordei i  6-s. 

"vVir n n t e r s u c h t e n  den  Sf i sswasserschwarmfisch  Leucas- 
plus delineatus Hecke l  u n t e r  k o n s t a n t e r  B e l e u c h t u n g  voii  
4, 66 u n d  140 Lux, bzw. i m  L i c h t - D u n k e l - W e c h s e l  
12:12 S tunden ,  bei  k o n s t a n t e r  T e m p e r a t u r .  Die iRegi- 
s t r i e rung  de r  Schwimmakt iv i t~ i t  erfolgte  f iber L ich t -  
schra i iken  u n d  Impulsz / ih le r  9,10. Vor  Beginl i  der  Versu-  
che i m  N o v e m b e r / D e z e m b e r  m i t  k o n s t a n t e r  Be leuch tu i ig  
waren  9 E inze l t i e re  u n d  3 G r u p p e n  (n = 7) m i t  einem 
12:12 S tunde i i  L i c h t - D u n k e l - W e c h s e I  (L = 66 Lnx)  syn- 
chronis ie r t .  I n  den  erstel i  V e r s u c h s t a g e n  v e r h i e l t e n  sich 
die Gruppe l i  sehr  e inhei t l ich .  N a c h  1-2 Qbergangspe r i -  
oden,  die u i ibe r i i cks ich t ig t  bliebeii ,  se tz te  bei  den  Grup-  
pen  die S p o n t a n p e r i o d i k  ein, n n d  an  den  da rau f fo lgenden  
Tagen  v e r s c h o b e n  sich die Akt iv i t i i t sphase i i  n a c h  l inks  
(vgl. F i g u r  1). Somi t  ve rk t i r z t en  sich bei  den  T i e r g r u p p e n  
die Per iodenl i tngen.  D u r c h  die Ve rk i i r znng  der  Gesamt -  
per iodenl / tnge  im D a u e r l i c h t  yon  66 L n x  h a t  s ich der  
Ak t iv i t / i t s s chwerpu i ik t  1~ v o m  9. Nov . -21 .  Nov.  gegen- 
fiber d e m  12:12 S t u n d e n - T a g  bei  G r u p p e  5 u m  7,5 h, be i  
G r u p p e  4 u m  8,5 h u n d  bei  G r n p p e  2 u m  8,2 h p h a s e n v e r -  

schoben.  Die fiir jede G r u p p e  e r r echne te  S te igung  is t  eili 
d i r ek t e r  A u s d r u c k  der  F r e q u e n z a b w e i c h u n g  gegent iber  
d e m  2 4 - S t u n d e i i - R h y t h m u s  (Abszissen-Paral le le)  u n d  
zeigt, dass  alle V e r s u c h s g r u p p e n  v o n  der  24-Stui iden-  
Per iode  abweichen ,  also pe r  def i i i i t ionem eine S p o n t a n -  
f r equenz  aufweisen  11. Die mi t t l e r e  Per ioden l~nge  der  3 
u n t e r s u e h t e n  G r u p p e n  betr~igt z = 22,33 ~c 0,03 h. 

A u c h  bei  den  E inze l t i e r en  liess sich u n t e r  L L  66 L u x  
eine S p o n t a n f r e q u e n z  in der  gleieheli  J ah re sze i t  nach-  
weisen. Die Per iodenl / inge  b e t r u g  weii iger als 24 h u n d  
wa r  somi t  genau  wie bei  den  G r u p p e n  verki i rz t .  I m  
U n t e r s c h i e d  zu diesen is t  die Spon tan f r eque i i z  j edoch  n u t  
f iber eii ien k u r z e n  Z e i t r a u m  voii  me i s t  2-3  Tagen  aus- 
gepriigt.  D a n n  t r e t e n  Auf l6 sungse r sche innngen  auf. Die 
Tiere waren  fas t  st/ i i idig a k t i v  n n d  eine Pe r iod ik  n i c h t  
m e h r  e x a k t  fes tzns te l len .  
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