
1270 Specialla ]~XPERIENTIA 25/12 

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  
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to  increase in tes t ina l  abso rp t ion  of the  amino  acid L- 
h is t id ine  s. We repor t  a g rowth  effect  of v i t amin  D on the  
in tes t ina l  mucosa.  

Male albino ra ts  of t he  S imonsen  s t ra in  weighing 50-  
70 g were r a n d o m l y  ass igned to  cages and  deple ted  of 
v i t amin  D for 11-16 weeks. Detai ls  for housing,  d ie t  and 
m e t h o d  of v i t a m i n  D reple t ion  have  been  fully de- 
scribed".  Animals  selected at  r a n d o m  were rep le ted  per  os 

Table I. Intestinal mucosa as percent of total dry segment weight ~ 

(Mean 4- 1SE) 
Duodenum p < b  Ileum p < b  

Depleted 46.3 4- 4.3 - 53.3 4- 3.4 - 
Repleted 4 days 62.4 4- 0.9 0.05 61.7 =L 3.0 0.1 
Repleted 8 days 62.4 4- 0.2 0.01 61.4 4- 2.8 0.1 

Six rats were studied 4 days and a further 6 rats were studied 8 days 
after repletion with 12.5 mg vitamin D. ~ p values compare cor- 
responding depleted and repleted tissue in each instance. 

The da t a  of Tables  I and  II  show the  same r e l a t i o n s h i p  
when  expressed on a we t  weight  basis. Hence,  v i t ami n  D 
had  no effect  on t issue wa te r  conten t .  Thus,  in tes t ina l  
g rowth  could be eva lua ted  in t e rms  of wet  weigh t  per  un i t  
s egmen t  length,  t he  2 expe r imen ta l  m e a s u r e m e n t s  m a d e  
before scraping.  Jus t  as wi th  s imilar  d a t a  a l ready  pub-  
l ished" segments  f rom the  v i t a m i n  D t r ea t ed  an imals  
showed a small  bu t  cons i s ten t  increase in we t  weigh t  per  
uni t  length  of t he  full th ickness  s egmen t  bu t  t he  increase 
was no t  s ignif icant  (p > 0.05). Thus,  g rowth  takes  place 
p r imar i ly  in the  mucosal  por t ion  of duodenal  t issue r a the r  
t h a n  bo th  mucosa  and under ly ing  t issue (Tables I and  II) .  
Local iza t ion of g rowth  to  the  mucosa  would accoun t  lot- 
our failure to  f ind a s ignif icant  increase in full th ickness  
segment  weight  per  uni t  l eng th  wi th  v i t a m i n  D. 

Therefore,  in add i t ion  to  molecular  processes now being 
e lucidated 2~, there  is a specific ana tomica l  effect  on 'one  
of the  t a rge t  organs of v i t a m i n  D action,  the  duodena l  
mucosa.  Soft  t issue g rowth  s t imula t ion  by  v i t ami n  D has  
been  sugges ted  n,  b u t  no t  prev ious ly  documen ted .  

Table II. Intestinal mucosa as percent of total dry segment weight 

(Mean =L 1SE) 
Duodenum Ileum 
Depleted Repleted p < Depleted Repleted p < 

Not perfused ~ 53.7 4- 2.9 61.5 • 0.9 0.05 50.8 -4- 5.2 50.6 • 4.5 1.0 
Perfused" 59.9 4- 1.7 69.2 4- 2.8 0.01 49.5 4- 4.9 50.4 4- 4.2 0.9 

Six rats were repleted with 2 mg vitamin D, 48 h before study, and compared with 6 depleted animals. 

w i th  12.5 ~zg v i t a m i n  D e (Calciferol, K r e m e r s - U r b a n  Co., 
Milwaukee, Wisconsin)  4 and 8 d a y s  before s t u d y  and  
compared  wi th  unrep le ted  control  rats ,  U n d e r  anes thes ia  
(i.p. Dial  w i th  Ure thane ,  CIBA Pha rmaceu t i ca l  Co., 
Summi t ,  New Jersey) ,  10 cm segments  of d u o d e n u m  and  
10-15 cm segments  of t e rmina l  i leum were dissected out, 
weighed,  laid f lat  and  measured  for length,  opened  
lengthwise,  spread  on a glass p la te  and  the  mucosal  
surface scraped  f i rmly  wi th  t he  edge of a microscope slide 
to  separa te  villi (here called mucosa) f rom under ly ing  
tissue. The 2 t issue f rac t ions  were separa te ly  weighed, 
dr ied in a vacuum  oven at  80 ~ for 24 h and  reweighed.  
The weight  of d ry  mucosa  was expressed  as % of the  
combined  dry  weights  of mucosa  and  under ly ing  tissue. 
A separa te  b u t  ident ica l ly  managed  group of ra ts  was 
given 2 mg of v i t a m i n  D 2 48 h before s tudy.  Ha l f  of these  
ra ts  were compared  wi th  deple ted  controls  f rom the  same 
group using the  m e t h o d s  descr ibed above.  The o the r  half  
of t h i s  reple ted  group and  an equal  n u m b e r  of dep le ted  
contro l  ra t s  were used to  s t u d y  in vivo in tes t ina l  calcium 
t r a n s p o r t  9. Af te r  perfusion,  t he  in tes t ina l  segments  were 
dissected out  and  ana lyzed  in the  same m a n n e r  as the  
unper fused  tissue. 

The mucosal  g rowth  effect  of v i t a m i n  D is shown in 
Table  I. The p ropor t ion  of to ta l  in tes t ina l  mass  repre-  
sen ted  by  the  duodenal  mucosa  was increased s igni f icant ly  
b y  4 days,  and  there  was no fu r the r  increase b y  8 days:  
The ileal mucosa  showed a smal ler  increase wi th  v i t a m i n  
D which  was  no t  significant .  The t u rnove r  t ime  of intes-  
t ina l  mucosa  of the  ra t  is be tween  30-40 h 1~ Thus,  if 
mucosal  g rowth  is p r imar i ly  due to  v i t a m i n  D, i t  should 
be possible  to  p roduce  an acute  pharmacologica l  effect  by  
h igh  dosage over  a shor t  t ime.  Table  I I  shows th is  effect  
p roduced  by  2 mg  of the  v i t a m i n  in 48 h. Again  duodena l  
mucosa  increased s ignif icant ly  and  the re  was no effect  on 
the  ileum. D a t a  for ra t s  per fused  wi th  a luminal  solut ion 
to s t u d y  calc ium t r a n s p o r t  show the  same effect.  

Zusammen/assung. Nach  m e h r m o n a t i g e r  V i t amin -D-  
Ireier Di~t erhiel t  eine Tes tg ruppe  von  R a t t e n  V i t amin  
D. Diese zeigte in Vergleich zur  Kon t ro l lg ruppe  eine 
Z u n ah me  des Sch le imhautgewich tes  im Duodenum,  n ich t  
aber  im Ileum. 
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