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Fig. 1. Die Aktivit~itsperiodik der Quappe (Lota Iota L.) bei nattir- 
lichera Lieht-Dunkelwechsel (nLD) in Messaure (Sehwedisch- 
Lappland). Darstellung der Monatsmittel yam 1.10.1968-31.3.1969. 
Abzisse: Tageszeit in Stunden. Ordinate: Prozentuale Abweiehung 
der 2 h-Werte des 1Konatsmittels vom 24 h-Mittel des Monats. 
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Fig. 2. Die Aktivit&tsperiodik der Quappe (Lota [ota L.) in k~nst- 
lichem Lieht-DunkeIwechset (LD 12:12) yam 1.10.1968-31.3.1969. 
Abzisse und Ordinate ~de in Figur 1. 

1968 1969 
Monat Juli Aug. Sept. Okt. Nov. Dez. Jan. Febr. M/irz 

~ 12,6 11,7 8,1 3,6 2,7 2,0 2,0 1,5 1,5 

Dass wi t  den Phasenwechsel  yon Lota lota im Jahresab-  
lauf  auch bei kfinst l ichem LD (12:12) nahezu zeitgleich 
mi t  dem natf ir l ichen Wechsel  der  Phasenlage beobachten  
konnten,  spr icht  f fir eine endogene, c ircanuale  8 ]ahres-  
per iodik  dieser Fischart ,  d.h.  dass die Quappe fiber eine 
innere zei t l iche Orient ierung im Jahres lauI  verffigt, wie 
es an Zugv6geln nachgewiessen werden konnte  9. E ine  
zusammenfassende  Dars te l lung  der Unte r suchungen  und 
Beobach tungen  an Lota lota ist  bei  M filler 10 gegeben. 

Summary. Inves t iga t ions  on dai ly  r h y t h m  in the  
burbo t  (Lota lota L.) in the  Arct ic  Circle showed t h a t  a 
phase-shif t  in the  locomotor  ac t i v i t y  occurred under  

n L D ;  the  fish, which is n ight -ac t iye  in the  summer,  
phase-shif ted 180 degrees in re la t ion to the  phase- t iming  
factor.  This phase-shif t  was also found in a fish kep t  in 
art if icial  l ight  (LD 12: 12) which occurred a~c a lmos t  the  
same t ime  of year.  Accordingly  an endogenous circa- 
annual  r h y t h m  is suggested. 
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In d uced  M y o t o n i a  in Fas t  and S l o w  M u s c l e s  of  the  Rat  

In  a recent  paper  z we repor ted  tha t  induced myo ton i a  
in rats  affects the  fas t - twi tch  muscles much  more than  the  
s low-twitch muscles. This f inding is similar  to the  
observat ion  t h a t  slow skeletal  muscles of the  mouse, in 
contras t  to the  fast muscles, are re la t ive ly  res is tant  to 

muscular  dystrophy2.  Fu r the r  studies in our  laboratory,  
however ,  revealed t h a t  af ter  prolonged t r e a t m e n t  the  
s low-twitch muscles can develop a high-degree of myo-  
tonia,  and tha t  obvious clinical s y m p t o m s  of myo ton i a  
become grossly manifest .  
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M y o t o n i a  was induced  in 20-day-old whi te ,  ma le  a n d  
female  W i s t a r  r a t s  w i t h  da i ly  s.c. in jec t ions  (0.2 mg/kg)  
of 25-azacholesterol .  Af ter  5 weeks  of in jec t ions  l abora -  
t o ry  ev idence  of m y o t o n i a  was c lear ly  e s t ab l i shed  in t h e  
an t e r i o r  t ib ia l i s  and  gas t rocnemius  muscles  of ma le  rats .  
The  soleus muscle  of these  an ima l s  r e m a i n e d  comple t e ly  
normal .  E l e c t r o m y o g r a p h i c  e x a m i n a t i o n  of t he  fas t -  
t w i t c h  muscles  showed pe r s i s t en t  s p o n t a n e o u s  a c t i v i t y  
a n d  m y o t o n i c  responses  ( t ra ins  of muscle  ac t ion  p o t e n t i a l s  
osci l la t ing in f r equency  a n d  ampl i tude ) .  A t  t h e  end  of t h i s  
5-week per iod  clinical  m a n i f e s t a t i o n s  of t he  disease were 
no t  a p p a r e n t  in  e i the r  t he  ma le  or female  ra t .  

Fema le  r a t s  t r e a t e d  e q u i v a l e n t l y  showed e i the r  v e r y  
l i t t l e  or  no a b n o r m a l  electr ical  a c t i v i t y  in  t he  f a s t - t w i t c h  
muscles.  Thus ,  a f te r  t h e  5-week per iod  of a d m i n i s t r a t i o n  
of t he  choles terol  ana log  on ly  t he  f a s t - tw i t ch  muscles  of 
male  r a t s  deve lop  electr ical  ev idence  of m y o t o n i a  whereas  
female  r a t s  a n d  t he  soleus in  t h e  ma le  r e m a i n  normal .  

W h e n  da i ly  in jec t ions  were c o n t i n u e d  for a n  a d d i t i o n a l  
2 weeks t he  effects were qu i t e  s t r i k ing  (see F i g u r e ) .  
Clinical s y m p t o m s  of m y o t o n i a  b e c a m e  obvious.  Th i s  was  
especial ly so in  ma le  rats ,  r e sembl ing  those  seen in h u m a n s .  
The  an ima l s  were r e l u c t a n t  to  move,  a m b u l a t i o n  b e c a m e  
slow a n d  a w k w a r d  and  l imbs  were sp read  fa r  apa r t .  
The  eyes were usua l ly  ha l f  closed. The  fur, i n s t ead  of 
be ing  white ,  was  yel low in  color a n d  v e r y  shaggy.  

Coinc iden t  w i t h  these  s y m p t o m s ,  2 i m p o r t a n t  fac tors  
were obse rved :  (1) female  r a t s  wh ich  a f te r  5 weeks  of 
t r e a t m e n t  showed  no  s p o n t a n e o u s  ac t iv i ty ,  now were  
c lear ly  m y o t o n i c ;  (2) t he  soleus muscles  were cons i s t en t ly  
a n d  s t rong ly  affected.  

Myo ton i a  was d e m o n s t r a b l e  e l ec t romyograph ica l ly  for 
a b o u t  10 weeks a f t e r  cessa t ion of d rug  a d m i n i s t r a t i o n .  
Af te r  12 weeks t h e  m y o t o n i a  d i sappeared .  Th i s  agrees  

w i t h  BURNS et  al. 3 who found  t h a t  m y o t o n i a  d i s appea red  
b y  t h e  81st d a y  af te r  t e r m i n a t i o n  of d iazacho les te ro l  
a d m i n i s t r a t i o n  in goats.  

These  resu l t s  d e m o n s t r a t e  conclus ive ly  (1) t h a t  t he  
f a s t - t w i t ch  muscles  deve lop  m y o t o n i a  ear l ier  t h a n  t h e  
s low- twi tch  muscles,  (2) t h a t  w i t h  p ro longed  d rug  admin i s -  
t r a t i o n  t h e  soleus muscles  become  as i nvo lved  as t h e  
an t e r io r  t ibial is ,  a n d  (3) female  r a t s  follow t h e  same 
de layed  t i m e  course in deve lop ing  m y o t o n i a  as t he  
soteus of ma le  ra ts .  

A l t h o u g h  t h e  m e c h a n i s m  b y  wh ich  25-azachoies terol  
induces  m y o t o n i a  is n o t  comple te ly  unders tood ,  a n  
e x p l a n a t i o n  for t h e  dif ference in  m y o t o n i c  d e v e l o p m e n t  
b e t w een  red  an d  wh i t e  muscles  m a y  be  proposed.  Since 
25-azacholes terol  is a s tero id  i n h i b i t o r  of cholestero-  
genesis, i t  has  been  suggested  b y  WINER et  al. ~ t h a t  
m y o t o n i a  m i g h t  resu l t  f r om ' t he  c o m b i n e d  effect  of 
desmos te ro l  a c c u m u l a t i o n  a n d  agen ts  w i t h  specific 
s t r u c t u r a l  features ,  n ame l y ,  a s te ro id  nuc leus  w i t h  a 
side cha in  c o n t a i n i n g  a n i t r ogen  a t o m  a t  or nea r  a ter -  
m i n a l  d i m e t h y l  or d i e t h y l  group ' .  WIN~R et  al. a r epo r t ed  
a large a c c u m u l a t i o n  of desmos te ro l  a n d  a r educ t i on  of 
choles tero l  in  t h e  p l a s m a  in t h e  m y o t o n i c  rats .  

A recen t  p a p e r  5 h a s  shown  t h a t  r a t  red  muscle  con t a in s  
a b o u t  50% more  choles terol  an d  phospho l ip ide  t h a n  wh i t e  
muscle.  T h u s  t h e  de lay  in d e v e l o p m e n t  of m y o t o n i a  in  
t h e  soleus m a y  be  due to  t h e  longer  t i m e  necessary  to 
change  t h e  choles teroI  level  a n d / o r  con f igu ra t ion  in t he  
muscle  fibers. Similar ly ,  t h e  fac t  t h a t  female  r a t s  h a v e  
h ighe r  p l a s m a  choles terol  t h a n  do ma le  r a t s  6,v m a y  
exp la in  t h e  longer  per iod  of d rug  a d m i n i s t r a t i o n  necessary  
to  induce  m y o t o n i a  8. 

Zusammen/assung. N a c h  chron i sche r  A p p l i k a t i o n  v o n  
25-Azacholes tero l  k a n n  auch  in den  l a n g s a m e n  MuskeI- 
fasern  Myo ton ie  e rzeugt  werden.  
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Normal (left) and myotonic (right) rat of the same age. 
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M u c o s a l  G r o w t h  Effect  of V i t a m i n  D o n  the  D u o d e n u m  1- 

The  b iochemica l  de ta i l s  of t he  m e c h a n i s m  of ac t ion  of 
v i t a m i n  D on t h e  smal l  i n t e s t i n a l  m u c o s a  are  be ing  in- 
t ens ive ly  inves t iga ted .  A specific m e t a b o l i t e  of v i t a m i n  
D3, 25-hydroxycholeca lc i fe ro l  ha s  a d i rec t  s t i m u l a t o r y  
effect  on  smal l  i n t e s t i n a l  ca lc ium t r a n s p o r t  ~. V i t a m i n  D 3 
s t imu la t e s  t e m p l a t e  a c t i v i t y  of r a t  i n t e s t i n a l  m u c o s a  

c h r o m a t i n  3 as well  as syn thes i s  of RNA*.  A c h r o m o s o m a l  
r ecep to r  for  a v i t a m i n  D m e t a b o l i t e  h a s  been  i so la ted  f rom 
t h e  ch ick  smal l  in t e s t ine  5. The  specific r e l a t ionsh ip  of 
these  f ind ings  to a ca lc ium b i n d i n g  p ro t e i n  6 local ized 
to  t h e  l u m i n a l  b o r d e r  of t h e  i n t e s t i na l  mncosa l  celU is as 
y e t  unce r t a in .  Recen t ly ,  v i t a m i n  D has  also been  shown  


