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f rom 2.2 to 8.8 m M ,  the  same  depo la r i za t ion  now elici ted 
a Ca c u r r e n t  of 5.0 btA. In  a series of expe r imen t s ,  w h e n  
these  i n h i b i t o r s  were p r e s en t  t he  Ca c u r r e n t  was decreased  
on  ave rage  to 30% of i ts  in i t i a l  con t ro l  value.  These  d rug  
effects  are also m a n i f e s t e d  b y  a change  in the  cu r r en t -  
vo l t age  r e l a t i onsh ip  of t he  t r a n s i e n t  Ca c u r r e n t  (Figure  2.) 
T h u s  i t  appea r s  t h a t  b o t h  C o m p o u n d  D 600 and  V e r a p a m i l  
s t rong ly  depress  t he  Ca c o n d u c t i v i t y  of t he  m e m b r a n e .  
Therefore ,  d u r i n g  exc i ta t ion ,  less Ca ions f low in to  t he  
myoca rd i a l  cell a n d  so t he  force of c o n t r a c t i o n  is weakened .  
But ,  even  in t he  presence  of t he  Ca-an tagon i s t i c  sub-  
s tances ,  t he  n o r m a l  Ca c o n d u c t i v i t y  of t he  m e m b r a n e  can  
be  res tored  b y  t he  a d d i t i o n  of e x t r a  Ca. These  effects of 
V e r a p a m i l  a n d  D 600 m a y  be  ascr ibed  to a more  or less 
comple t e  b lockade  of channe l s  or car r ie r  m e c h a n i s m s  in 
t he  m e m b r a n e ,  wh ich  are essent ia l  for t he  Ca inf lux  
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Fig. 3. Current-voltage relationships of the transient Na current. The 
ordinate shows the clamped (depolarized) potential; O indicates the 
holding potential (approximately 70 mV). Up to a depolarization of 
40 mV the Na conductivity is unchanged by D 600. 

d u r i n g  exc i ta t ion .  I t  is poss ible  t h a t  these  i n h i b i t o r y  drugs  
compe t e  w i t h  Ca for a c o m m o n  car r ie r  m e c h a n i s m .  

The  Ca c o n d u c t i v i t y  of t he  m e m b r a n e  is se lect ively  
r educed  b y  V e r a p a m i l  a n d  D 600. Concu r r en t l y  t he  
t r a n s i e n t  N a  c u r r e n t  is on ly  m a r g i n a l l y  decreased (in 
ave rage  b y  7%).  Cor respond ing ly  in m o s t  e x p e r i m e n t s  
t h e r e  was l i t t l e  change  in t h e  c u r r e n t - v o l t a g e  r e l a t ionsh ip  
of t he  t r a n s i e n t  Na  c u r r e n t  in  t he  presence  of D 600 
(Figure  3) or Verapami l .  I t  shou ld  be s t ressed  t h a t  D 600 
does no t  affect  t he  Na  c o n d u c t i v i t y  in t h a t  r ange  (0-40 m V  
depo la r i za t ion  frolfl t he  ho ld ing  po ten t i a l ) ,  w i t h i n  which  
t he  t r a n s i e n t  Na  cu r r en t s  respons ib le  for e x c i t a t i o n  are 
n o r m a l l y  genera ted .  Th i s  would  a c c o u n t  for t he  observa-  
t i on  of FLECKENSTt~IN e t  al. ~ t h a t  these  Ca-an tagon i s t i c  
d rugs  do no t  p roduce  a n y  change  in t he  u p s t r o k e  ve loc i ty  
of t he  ac t ion  po ten t i a l .  

The  se lect ive  depress ion  of Ca c o n d u c t i v i t y  ind ica tes  
t h a t  d u r i n g  e x c i t a t i o n  t he  inf luxes  of Na  and  Ca are  
i n d e p e n d e n t  of each  o ther .  Therefore,  as well  as t h e  fas t  
N a  c h a n n e l  in  t he  m e m b r a n e ,  t he re  m u s t  also be a n o t h e r  
c h a n n e l  for Ca. Such  a s y s t e m  has  a l r eady  been  shown  to 
be  p r e sen t  in  t he  exc i t ab le  m e m b r a n e  of ne rves  7, 8. I n  the  
m a m m a l i a n  m y o c a r d i u m ,  t he  ex i s tance  of these  two 
sepa ra t e  channe l s  for N a  and  Ca is of especial  f unc t iona l  
s ignif icance because,  t he r eby ,  i t  is poss ible  to  change  t he  
force of t he  card iac  c o n t r a c t i o n  w i t h o u t  a n y  cor respond-  
ing a l t e r a t i o n  in t he  exc i t ab i l i t y  of t he  fibre.  

ZusammenJassung. Die Ca++-Lei tfXhigkei t  der  Myo- 
k a r d f a s e r - M e m b r a n  wi rd  d u r c h  V e r a p a m i l  und  sein 
M e t h o x y d e r i v a t  D 600 tei lweise bis  z u m  vo l l s t~nd igen  
Ver lus t  reduzier t .  Dieser  E f fek t  e r fo lg t  selekt iv,  da  die 
Na+-Lei t f i th igke i t  der  M e m b r a n  unbee in f lu s s t  b le ibt .  Die 
w~Lhrend der  E r r e g u n g  der  Myoka rd fa se r  f l iessenden 
t r a n s m e m b r a n i i r e n  Ca ++- und  N a + - S t r 6 m e  b e n u t z e n  
demzufo lge  v o n e i n a n d e r  unabh / ing ige  Membrankan / i l e .  
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Effect of a M a g n e s i u m - D e f i c i e n t  Diet  on the Str ia ta l  Content  of A m i n e s  in the D o g  

The  m e t a b o l i s m  of d o p a m i n e  is i nvo lved  in t he  p a t h o -  
genesis of e x t r a p y r a m i d a l  diseases1,3. Desp i te  n u m e r o u s  
a n a t o m i c a l  a n d  phys io log ica l  s tud ies  de l i nea t ing  a dop-  
aminerg ic  n ig ro - s t r i a t a l  p a t h w a y  3, 4, a n d  i n d i c a t i n g  t h a t  
d a m a g e  to  t h i s  p a t h w a y  will  r esu l t  c l in ical ly  in  hypo-  
kinesia ,  b iochemica l ly  in  a decreased  s t r i a t a l  c o n t e n t  of 
d o p a m i n e  and  of t he  enzym es  necessa ry  for  i ts  syn thes i s ,  
a n d  h is to logica l ly  in a d e p i g m e n t a t i o n  of t he  s u b s t a n t i a  
n ig ra  5 7, we are  s t i l l  u n c e r t a i n  as to  t he  i n i t i a t i n g  fac to r  
for  t he  d o p a m i n e  def ic i t ;  i n d e e d  o t h e r  s tudies  i nd i ca t e  
t h a t  t he  defect  is no t  l imi t ed  to b r a i n  as was  or ig ina l ly  
t h o u g h t  8-10. Some years  ago d i spu t ed  resul t s  in  f a v o u r  of 
a m a g n e s i u m  def ic iency in P a r k i n s o n ' s  disease were 

p r e sen t ed  n-18 b u t  f u r t h e r  progress  a long  th i s  l ine were 
l imi t ed  b y  me thodo log ica l  diff icul t ies  a n d  ove r - shadowed  
b y  t he  i n t r o d u c t i o n  of L e v 0 d o p a  in to  t he  t h e r a p e u t i c  
a r m e n t a r i u m  14. The  o p p o r t u n i t y  to  r e inves t iga t e  t he  
poss ible  role of m a g n e s i u m  in t he  d o p a m i n e  defici t  
r espons ib le  for cl inical  h y p o k i n e s i a  was o b t a i n e d  du r ing  a 
s t u d y  of m a g n e s i u m  m e t a b o l i s m  as i t  re la tes  to  t he  t hy ro id  
C-cells a n d  t he  p a r a t h y r o i d  gland,  car r ied  ou t  in t h i s  
I n s t i t u t e  15,16. 

Experimental. 12 female  mongre l  dogs, 6 m o n t h s  old, 
were d iv ided  in to  2 e q u a l - n u m b e  r g roups ;  G r o u p  1 
an imals ,  a f t e r  an  a d a p t a t i o n  period,  received a ' low 
m a g n e s i u m  tes t  d ie t '  (Nu t r i t i ona l  B iochemica l  Co. Cleve- 
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Effect of a low magnesium diet on brain amines and metabolites 

EXPERIENTIA 28/3 

Caudate Caudate Caudate Mid-brain 

Dopamine Noradrenalinc Serotonin Homovanilie acid 

Control animals 4.93 4. 0.47 0.072 4. 0.01 1.12 ~ 0.11 0.114 4- 0.021 
Low Mg animals 2.68 • 0.39 0.057 4- 0.04 1.10 4- 0.11 0.155 4- 0.004 
t-value 3.56 0.97 0.06 2.04 
p-value < 0.01 N.S. N.S. N.S. 

DOGS-[xg/g tissue; 6 animals/group (mean ~ S.E.M.) 

land,  Ohio) s u p p l e m e n t e d  w i th  1,500 p p m  of m a g n e s i u m  
(500 p p m  as MgC1,; 500 p p m  as MgO and  500 p p m  as 
MgSO4.7H20).  Th e  t e s t  d ie t  was  f o u n d  by  ana ly s i s  in our  
l a b o r a t o r y  to co n t a in  17 p p m  Mg; Group  2 (exper imenta l )  
a n i m a l s  were fed w i th  t he  s a m e  ' low m a g n e s i u m  te s t  diet ' .  
De ta i l s  of t h e  pro tocol  will be f o u n d  in p r ev ious  pa-  
pers15,~6, an d  in t h e  Figure .  T h e  d u r a t i o n  of t he  whole  
e x p e r i m e n t  was  35 days .  The  d ie t  was  a d m i n i s t e r e d  twice  
a d a y  b y  m e a n s  of a s t o m a c h  tube .  E a c h  a n i m a l  rece ived  
325 g of t h e  diet  per  d a y  and  dis t i l led wa t e r  ' ad  l ib i tunl ' .  
Blood s a m p l e s  were collected a t  t he  end  of t he  a d a p t a t i o n  
per iod  an d  on t h e  11th, 17th, 23rd, a n d  35th  d a y  of t he  
e x p e r i m e n t .  A t  t h e  end  of t he  35 d a y s  the  m e a n  we igh t  
ga in  was  2.5 kg in g roup  1 and  1.0 kg in g roup  2. Typ i c a l  
m a g n e s i u m  def ic iency s y m p t o m s  s imi la r  to t hose  obse rved  
in t he  l i t e r a tu re  ~7, ~s were recorded f rom the  second  week  
of t he  e x p e r i m e n t .  D u r i n g  t he  4 th  and  5 th  weeks  t he  
a n i m a l s  f r o m  Group  2 were m a r k e d l y  h y p o k i n e t i c  a n d  h a d  
severe  h i n d  l imb  a tax ia .  A t  the  end  of t he  e x p e r i m e n t ,  t he  
a n i m a l s  were a n a e s t h e t i z e d  w i th  N e m b u t a l  for sacrifice. 
T h e  b ra ins  were o b t a ined  r ap id ly  a n d  i m m e d i a t e l y  ke p t  
f rozen a t  - -70~ u n t i l  d e t e r m i n a t i o n  of e lec t ro ly tes  a nd  
m o n o a m i n e s  w i th  p r ev ious ly  descr ibed  m e t h o d s  14,16 

Resul t s .  T h e  2 g roups  were h o m o g e n e o u s  w i t h  r e spec t  
to  ca l c ium an d  m a g n e s i u m  blood levels  before t he  exper i -  
m e n t .  I n  m a g n e s i u m - d e f i c i e n t  an ima l s ,  b o t h  ions decreas-  
ed s ign i f i can t ly  c o m p a r e d  to  t he  con t ro l  g roup  (Figure  1). 
A t  t he  end  of the  expe r imen t ,  t h e  a n i m a l s  showed  a 
p r o n o u n c e d  h y p o m a g n e s e m i a  and  hypoca l cemia .  S o d i u m  
c o n c e n t r a t i o n s  r e m a i n e d  essen t i a l ly  u n c h a n g e d .  S e r u m  
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Elfect of magnesium-deficient diet upon serum magnesium and cal- 
cium levels in young dogs. ~Mg-deficient diet (17 ppm of Mg) sup- 
plemented with 1,509 ppm of Mg. bMg deficient diet.(17 ppm of 
Mg). 

p o t a s s i u m  c o n c e n t r a t i o n s  decreased  s ign i f i can t ly  d u r i n g  
t he  m a g n e s i u m  def ic iency  per iod to  va lues  of 3.66 •  
0.09 mEq. /1  a t  t he  end  of t he  e x p e r i m e n t  (p < 0.01). T h e  
e lec t ro ly te  c o n c e n t r a t i o n s  in t he  b r a in  of ca l c ium a n d  
m a g n e s i u m  did no t  c h a n g e  s ign i f ican t ly .  

The  a na ly s i s  of b r a in  a m i n e s  revea led  a s ign i f i can t  a n d  
specific decrease  in c a u d a t e  d o p a m i n e  c o n c e n t r a t i o n  
(Table). O t h e r  a reas  s t ud i e d  showed  no s ign i f i can t  differ-  
ences  a nd  are no t  r e po r t e d  in t he  Table .  In  t he  c a uda t e ,  
n o r a d r e n a l i n e  a nd  se ro ton in  va lues  did n o t  change .  
H o m o v a n i l l i c  acid was  s l igh t ly  b u t  no t  s ign i f i can t ly  
e l eva ted  in t he  mid -b ra in ,  whi le  en t i re ly  n o r m a l  elsewhere.  

D i s c u s s i o n .  One of t he  m a j o r  di f f icul t ies  in ea r ly  in-  
v e s t i g a t i o n s  of t he  i n d i v i d u a l  s y m p t o m s  of basa l  gang l i a  
d a m a g e  w a s  the  lack  of good e x p e r i m e n t a l  models .  Such  a 
mode l  for t r e m o r  is o b t a i n e d  in m o n k e y s  w i t h  b r a i n - s t e m  
lesionsS, 7, s. Recen t ly ,  NEFF, BARRETT a nd  COSTA 19 pro-  
duced  b o t h  a n  e x t r a p y r a m i d a l  s y n d r o m e  a nd  a c a u d a t e  
def ic iency in d o p a m i n e  a n d  se ro ton in  in squi r re l  m o n k e y s  
a f te r  chron ic  m a n g a n e s e  d ioxide  a d m i n i s t r a t i o n .  T h e  
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p re sen t  e x p e r i m e n t s  i nd i ca t e  t h a t  t h e  m a g n e s i u m  def ic ien t  
y o u n g  dog is also a good p o t e n t i a l  mode l  for t he  experi-  
m e n t a l  s t u d y  of hypokines ia .  Af te r  a few weeks of def ic ien t  
d ie t  t he  an ima l s  b e c a m e  m a r k e d l y  h y p o k i n e t i c  w i t h o u t  
a n y  t remor .  The  a m i n e  defici t  was  t h e n  l imi ted  to  dop-  
a m i n e  and,  in  t he  b ra in ,  loca ted  m a i n l y  in t he  c a u d a t e  
nucleus.  

I t  is well  k n o w n  t h a t  ca lc ium a n d  m a g n e s i u m  m e t a -  
bo l i sm are closely r e l a t ed  b u t  no t  a lways  in para l le l  as 
s h o w n  b y  SI-IILS is. The  m a g n e s i u m  def ic ien t  r a t  is usua l ly  
hype rca l cemic  whi le  def ic ien t  pupp ie s  were shown b y  
BUNCE et  a l Y  to deve lop  hypoca lcemia .  W e  conf i rm th i s  
f i nd ing  in t he  p r e sen t  s tudy .  Moreover  t he  low m a g n e s i u m  
dogs also h a d  h y p o k a l i e m i a  a t  t he  end  of the  expe r imen t .  
Th i s  las t  po in t  is of i n t e r e s t  in  v iew of t he  r ecen t  observa-  
t i on  b y  PARKES 2~ t h a t  t o t a l  b o d y  p o t a s s i u m  c o n t e n t  is 
decreased  in p a r k i n s o n i a n  pa t i en t s .  However ,  con t ro l  
s tud ies  r ecen t ly  car r ied  ou t  in th i s  l a b o r a t o r y  on p o t a s s i u m  
def ic ien t  dogs (wi th  Drs.  G. CANTEN, R. BOUCHER and  
J.  GENEST) fai led to  revea l  a n y  changes  in the  concen t ra -  
t i o n  of dopamine ,  n o r a d r e n a l i n e  or se ro ton in  in t he  c a u d a t e  
nucleus ,  h y p o t h a l a m u s ,  t h a l a m u s ,  h i p p o c a m p u s  or b r a i n  
s t e m  of these  animals .  

F ina l ly  in  s u p p o r t  of our  f ind ings  i t  is i n t e re s t ing  to no te  
t h a t  STACHURA a n d  PEARSE 21 r ecen t l y  d e m o n s t r a t e d  a 
decreased  s torage  of d o p a m i n e  in t h e  t h y r o i d  C-cells of 
magnes ium-de f i c i en t  rats .  Th i s  m a y  t h u s  i nd i ca t ed  t h a t  
t he  effect  of a m a g n e s i u m  def ic iency  on  d o p a m i n e  m a y  
n o t  be  l imi ted  to t he  b ra in ,  b u t  also invo lve  o the r  dopa-  
mine  c o n t a i n i n g  areas  of t he  body22. 

Rdsumd. U n e  di6te d6f ic iente  en  m a g n 6 s i u m  admin i s t r6e  
de j eunes  ch iennes  p e n d a n t  35 jours  est  suf f i san te  pou r  

p rodui re  une  d i m i n u t i o n  s igni f ica t ive  de la c o n c e n t r a t i o n  
en  d o p a m i n e  du noyau  caud6, ma i s  non  des au t res  amines  
mesur6es.  C l i n i q u e m e n t  les a n i m a u x  6 t a i en t  hypok in6-  
t iques ,  ma i s  ne t r e m b l a i e n t  pas.  Cet te  app roche  exp4ri-  
m e n t a l e  p o u r r a i t  s ' av6re r  u t i le  d a n s  l ' 6 tude  de la p a t h o -  
physiologie  de l 'hypokin6s ie .  
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C o r t i c a l  A c e t y l c h o l i n e s t e r a s e  a n d  ' H a n d e d n e s s '  in  

The  poss ib i l i ty  of t r a i n i n g  r a t s  to  use one fore l imb to 
r each  for food has  been  r epo r t ed  b y  PETERSON 1. The  im-  
p o r t a n t  cha rac te r i s t i c s  of t he  ' h a n d e d n e s s '  is t h a t  i t  is 
con t ro l l ed  b y  t he  ceils localized in a smal l  region (0.6 to  
1.8 m m  8) of t he  m o t o r  cor tex  in t he  f r o n t a l  lobe 2, 3. Such  a 
c o n c e n t r a t i o n  of t he  cor t ica l  p ro j ec t ion  m i g h t  sugges t  a 
r e l a t i ve ly  h igh  p r o p o r t i o n  of t he  ceils p r o b a b l y  engaged in 
t h e  p las t i c  change.  This  l ea rn ing  mode l  appea r s  to  be par-  
t i cu la r ly  su i t ab le  for t he  b iochemica l  s tudies ,  since t he  
con t ro l  of h a n d e d n e s s  is comple t e ly  la teral ized,  a l lowing 
b o t h  e x p e r i m e n t a l  a n d  con t ro l  t i ssue  to be  t a k e n  f rom the  
same  an imal .  The  p r e s en t  r e p o r t  concerns  ace ty lchol ines-  
t e rase  (ACHE) a c t i v i t y  d e t e r m i n a t i o n  in t he  a rea  of t he  
m o t o r  cor tex  con t ro l l ing  h a n d e d n e s s  (MC) u n d e r  d i f fe ren t  
c o n d i t o n s  of t he  h a n d e d n e s s  expe r imen t s .  

Material and methods. A d u l t  a lb ino  r a t s  of t he  W i s t a r  
s t r a i n  were used. Before  s t a r t i n g  t he  l ea rn ing  p rocedure  
t he  an ima l s  were food-depr ived  w i t h  free access to  w a t e r  
for  48 h. 4 k inds  of e x p e r i m e n t s  were pe r fo rmed :  1. The  
f i rs t ,  g roup  of an ima l s  was  t r a i ned  to  r each  w i t h  t fore- 
l i m b  for spher ic  pe l le t s  (5 m m  in d iamete r )  of La r sen ' s  d ie t  
p u t  2 cm deep in to  a h o r i z o n t a l  glass t u b e  1.4 cm in dia-  
meter .  20 t r ia l s  per  d a y  were made.  A 90% cr i te r ion  (18 
consecu t ive  reach ings  m a d e  b y  the  same  l imb) was usua l ly  
r eached  in 2 to  3 days.  On t he  n e x t  day  a n o t h e r  20 t r ia l s  
were pe r fo rmed  a n d  t he  r a t s  were ki l led b y  i m m e r s i o n  in to  
l iqu id  n i t r ogen  ( spon taneous  handedness ) .  2. En fo rced  
use of 1 e x t r e m i t y  was induced  b y  d e n e r v a t i o n  of t he  
oppos i te  one b y  c rush ing  i ts  ip i l a te ra l  p lexus  brach ia l i s  4 
The  an ima l s  were g iven  a t  leas t  7 days  of p o s t o p e r a t i v e  
recovery .  One group  of t he  o p e r a t e d  an i m a l s  was g iven  t he  
same  p rocedure  as in t he  f i rs t  expe r i m en t ,  whi le  r ema in -  
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ing r a t s  se rved  for check ing  t he  poss ible  effect  of denerva -  
t ion  a lone (dene rva t ion  control ,  enforced handedness ) .  
3. T h i r d  e x p e r i m e n t a l  g roup  of an ima l s  was forced to  
deve lop  more  ef for t  d u r i n g  lear in ing.  Firs t ,  h a n d  pre-  
ference was  t e s t e d  as in  t he  f i rs t  expe r imen t .  The  prefer red  
fo repaw was  t h e n  immobi l i zed  b y  dene rva t ion .  Af ter  7 
days  of r ecove ry  t he  r a t s  were t r a i n e d  to use t he  previ-  
ous ly  non-pre fe r red ,  now i n t a c t  l i m b  to  get  food f rom the  
tube .  3 to  4 days  were necessary  for  t h e  an ima l s  to  re learn  
(handedness  t ransfer ) .  4. I n  t he  l a s t  e x p e r i m e n t  (over- 
t r a i n e d  handedness )  the  r a t s  were sub jec t ed  to  t he  same 
procedure  as in the  f i rs t  e x p e r i m e n t  excep t  t h a t  add i t i ona l  
t r a i n i n g  (20 t r i a l s  pe r  day)  c o n t i n u e d  on  4 consecut ive  
days  a f t e r  t he  c r i t e r ion  h a d  been  reached.  A C h E  ac t i v i t y  
was d e t e r m i n e d  co lor imet r ica l ly  in a p p r o x i m a t e l y  1.8 m m  3 
of the  t i ssue  co r re spond ing  to MC (coordina tes  for t he  cen- 
t r a l  p o i n t  of t he  sample :  2.7 m m  lateral ,  1.6 m m  ros t ra l  
f rom bregma ,  1.7 m m  below the  surface of t he  cor tex  3) 
d issected f rom the  frozen f ron ta l  s lab  1.3 m m  th ick .  (For  
de ta i l s  seeS.) 
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