
1140 Speeialia EX~ERIENTIA 25/11 

Selective Depletion of Caudate Nucleus Dopamine 
Administration to Squirrel Monkeys ~ 

Pro longed  i n h a l a t i o n  of dus t  c o n t a i n i n g  m a n g a n e s e  
p roduces  m e n t a l  a n d  e x t r a p y r a m i d a l  d i s t u r b a n c e s  in  
man .  The  l a t t e r  m a y  resemble  P a r k i n s o n ' s  disease, 
Wi l son ' s  disease,  or a m i x t u r e  of b o t h  2. A t t e m p t s  to  
p roduce  a n  e x p e r i m e n t a l  a n i m a l  mode l  of th i s  cond i t ion  
h a v e  been  successful.  R e p e a t e d  a d m i n i s t r a t i o n  of MnC12 
to  Rhesus  m o n k e y s  p roduced  d i s t u r bances  of ex t ra -  
p y r a m i d a l  m o t o r  s y s t e m  func t i on  associa ted  w i t h  p a t h o -  
logical changes  in t h e  basa l  gangl ia  r e sembl ing  t h e  p a t h o -  
logical  changes  seen in m a n  a. Chronic  i n h a l a t i o n  of MnO 2 
dus t  b y  m o n k e y s  resu l t s  in  degene r a t i on  of P u r k i n j e  cells 
a n d  granu le  cells of t h e  cerebel lum.  These  changes  are 
assoc ia ted  w i t h  i nco0 r d i na t i on  a n d  f ine i n t e n t i o n  t r e m o r  4. 
R e p e a t e d  i.m. i n j e c t i o n  of MnO2 in  olive oil in to  R h e s u s  
m o n k e y s  p roduced  as t rogl ia l  p ro l i fe ra t ion  a n d  n e u r o n a l  
degene ra t i on  p r i m a r i l y  in  t he  s u b t h a l a m i c  nucle i  a n d  
med ia l  s egmen t  of t he  p a l l i d u m  5. These  an i m a l s  h a d  im- 
pa i red  coord ina t ion  a n d  f lexion pos tu re  of t h e  ex t remi t ies .  

P a r k i n s o n ' s  disease is cha rac t e r i zed  b y  v a r i a b l e  degrees 
of r ig idi ty ,  t r emor ,  a n d  b radyk ines i a .  T h e  m a j o r  bio-  
chemica l  def ici t  is dep le t ion  of b r a i n  m onoam i nes ,  chief ly  
ill t h e  s t r i a tumS,  L M a n y  of t i le  fea tu res  of P a r k i n s o n ' s  
disease are ame l io ra t ed  b y  t r e a t m e n t  w i t h  L-3,4-di- 
h y d r o x y p h e n y l a l a n i n e ,  DOPAS,  ~. Th i s  d rug  is also 
benef ic ia l  for chronic  m a n g a n e s e  i n t o x i c a t i o n  s . 

The  s imi lar i t ies  b e t w e e n  Pa rk inson , s  disease a n d  
chronic  m a n g a n e s e  po isoning  p r o m p t e d  a s t u d y  of t he  
biogenic  a m i n e  c o n c e n t r a t i o n s  in  m o n k e y  b r a i n  a f t e r  
chronic  a d m i n i s t r a t i o n  of MnO v 

Methods. MnO e was f ine ly  g round  in a m o r t a r  a n d  olive 
oil a d d e d  to  fo rm a suspens ion  c o n t a i n i n g  200 m g  MnO2/ 
ml.  A t o t a l  of 1 ml  of suspens ion  was in jec ted  s.c. a t  
severa l  si tes in  15 squir re l  m o n k e y s  (Saimiri sciurea). 
5 con t ro l  an ima l s  received 1 m l  of ol ive oil. All an ima l s  
rece ived  a s.c. i n j ec t ion  of 50,000 u n i t s  of p o t a s s i u m  
penici l l in  G fol lowing e i the r  MnO2 or  t h e  oil vehicle.  
An ima l s  were in jec ted  on  11 Augus t  1967 a n d  19 Sep tem-  
be r  1967. 2 weeks  fol lowing t he  f i rs t  i n j ec t ion  1 con t ro l  
a n d  4 MnO,  t r e a t e d  m o n k e y s  died. Gross  a n d  microscopic  
e x a m i n a t i o n  of liver,  k i d n e y  a n d  b r a i n  t i ssue  fai led to  
revea l  abnorma l i t i e s .  D u r i n g  N o v e m b e r  1967, 5 of t he  
r e m a i n i n g  t r e a t e d  m o n k e y s  deve loped  signs of tox ic i ty .  
These  m o n k e y s  (Group A) a n d  2 con t ro l  an i m a l s  were 
sacrif iced b y  d e c a p i t a t i o n  o n  30 N o v e m b e r  1967. The  
b r a i n s  were d iv ided  midsagg i t a l ly ;  ha l f  Studied for 
m o n o a m i n e  c o n t e n t  a n d  ha l f  for h is to logical  changes .  
T h e  r e m a i n i n g  6 t e s t  (Group B) a n d  2 con t ro l  m o n k e y s  
were g iven  a f i n a l  in jec t ion  on  30 N o v e m b e r  1967 a n d  
were sacrif iced o n  30 J a n u a r y  1968. 

The  c a u d a t e  nucleus,  c e r e b r m n  and  b r a i n  s t e m  speci- 
mens  exclusive  of t he  ce rebe l lum f rom G r o u p  A were 
assayed  for no rep ineph r i ne  a n d  d o p a m i n e  1~ T he  c a u d a t e  
nucle i  a n d  c e r e b r u m  of t he  Group  B m o n k e y s  were 
homogen ized  in 0.01 N HC1; no r ep i neph r i ne  a n d  d o p a m i n e  
were  assayed  in ha l f  t h e  h o m o g e n a t e  a n d  se ro ton in  in  t h e  
o t h e r  hal f  ~. 

B r a i n  t i ssue  for  h is to logical  e x a m i n a t i o n  was f ixed in 
10~o n e u t r a l  fo rma l in  a n d  sect ions  s t a ined  w i t h  h e m a -  
toxy l in -eos in  (HE) a n d  w i t h  p h o s p h o t u n g s t i c  acid- 
h e m a t o x y l i n .  L ive r  a n d  k i d n e y  sect ions  were f ixed a n d  
s t a ined  w i t h  H E .  

Results and discussion. All m o n k e y s  in Group  A 
e x h i b i t e d  s igns of muscu l a r  r ig id i ty ,  f lexion p o s t u r i n g  of 
t he  ex t remi t ies ,  or f ine r ap id  t r e m o r s  of t h e  d i s ta l  
ex t r emi t i e s  man i f e s t  on  in ten t ion .  2 of t h e  t e s t  m o n k e y s  
were u n a b l e  to  c l imb  a b o u t  t h e  cage w h e n  p r odded  ; 1 ex- 
h i b i t e d  a n  exagge ra t ed  s t a r t l e  reac t ion ,  h i t t i n g  i ts  h e a d  

and Serotonin During Chronic Manganese Dioxide 

u p o n  t h e  cage t op  w h e n  app roached .  Severa l  m o n k e y s  
exh ib i t ed  o b s t i n a t e  progress ion  wh ich  occas ional ly  
r eached  nea r  s o m m e r s a u l t  p ropor t ions .  

Un l ike  t he  f i rs t  group,  Group  B m o n k e y s  did  no t  show 
un i fo rm  tox ic  fea tures .  2 appea red  normal ,  3 showed  
s l ight  h a n d  t remor ,  a n d  on ly  1 showed  signs of gross 
toxic i ty .  T h e  l a t t e r  a n i m a l  h a d  p r o n o u n c e d  h a n d  t r e m o r  
a n d  impa i r ed  e q u i l i b r a t o r y  coord ina t ion  func t ion .  

Tab les  I a n d  I I  s u m m a r i z e  t he  resu l t s  of t he  chemica l  
ana lys i s  of t he  3 groups.  The  ave rage  no rep ineph r ine  a n d  
d o p a m i n e  c o n t e n t  of t h e  con t ro l  m o n k e y s  in b o t h  g roups  
were c o m p u t e d  toge ther .  The  c o n c e n t r a t i o n  of c a u d a t e  
d o p a m i n e  was s ign i f i can t ly  reduced  a f te r  chronic  MnO~ 
a d m i n i s t r a t i o n ,  whereas  t h e  ce rebra l  a n d  b r a i n  s t e m  
n o r e p i n e p h r i n e  c o n t e n t  was  n o t  affected.  Moreover,  
d o p a m i n e  dep le t ion  a p p e a r e d  re l a t ed  to t h e  degree of 
tox ic i ty ,  i.e. Group  A m o n k e y s  exh ib i t ed  t h e  g rea tes t  dis- 
t u r b a n c e  of  m o t o r  func t i on  a n d  also showed  t he  la rges t  
r educ t ion  in c a u d a t e  nuc leus  dopamine .  Cauda te  nuc leus  
c o n c e n t r a t i o n s  of se ro ton in  were also r educed  in asso- 
c ia t ion  wi th  MnO~ t r e a t m e n t  (Table  II) .  

Cerebra l  cortex,  c a u d a t e  nucleus,  pa l l idum,  t h a l m u s  
and  h y p o t h a l a m u s ,  h i p p o c a m p u s ,  s u b t h a l a m i c  nucleus,  
s u b s t a n t i a  n ig ra  a n d  cerebe l lum were e x a m i n e d  as well  
as o t h e r  a reas  of t h e  lower b r a i n  s tem.  There  were no  
changes  in neurones  or glial  e l emen t s  no r  in  t he  vascu la r  
supp ly  in a n y  of t he  regions s tudied.  Var iab le ,  o f ten  mild,  

Table I. Concentrations of norepinephrine and dopamine in brain 
after MnO 2 treatment 

Caudate nucleus Cerebrum Brain stem 
Dopamine Norepinephrine Norepinephrine 
(~xg/g :E S.E.) (~xg/g ~: S.E.) (~xg/g • S.E.) 

Control (4) 2.90 :t: 0.28 0.17 ~ 0.01 0.52 :L 0.06 
Group A (5) 1.29 :t: 0.33 ~ 0.18 -1- 0.01 0.49 :t: 0.03 
Group B (6) 2,17 :l: 0.13 b 0.22 • 0.03 0.55 • 0.01 

Number of observations in brackets. ~P<0.01 ,  or b p < 0 . 0 5 ,  
when compared with control animals. 
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v a c u o l a r  changes  in l iver  cells were observed ,  however ,  
t hese  changes  were n o t e d  in b o t h  t e s t  g roups  a n d  d id  n o t  
cor re la te  w i t h  t h e  s eve r i t y  of cl inical  s y m p t o m s .  

The  f ind ing  t h a t  2 ' condi t ions  (one s p o n t a n e o u s  a n d  
id iopa th ic ,  t h e  o t h e r  expe r imen ta l )  w i t h  m a n i f e s t a t i o n s  
of e x t r a p y r a m i d a l  m o t o r  dys f unc t i on  are  assoc ia ted  w i t h  
a def ic iency of d o p a m i n e  a n d  se ro ton in  in t h e  c a u d a t e  
suggests  t h a t  th i s  def ic iency m a y  p l ay  a s ign i f ican t  role 
in  p r o d u c i n g  t h i s  dys func t ion .  I n  t he  p r e s en t  s tudies ,  t h e  

ple t ion.  F u r t h e r m o r e ,  i t  is i m p o r t a n t  to  recognize  t h a t  
ct inical  and  b iochemica l  a b n o r m a l i t i e s  m a y  a p p e a r  
before  h i s t opa tho log i ca l  changes  in  b r a i n  can  be  d e m o n -  
s t ra ted ,  a n d  t h a t  t h e  presence  of h is to logica l  changes  in 
specific loca t ions  m a y  n o t  exp la in  t h e  cl inical  m a n i f e s t a -  
t ions  ~2. 

Riassunto. Sc immie  sco ia t to lo  t r a t t a t e  c r o n i c a m e n t e  
con MnO~ p r e s e n t a n o  d i s t u r b i  del s i s t ema  e x t r a p i r a -  

c o n c e n t r a t i o n  of n o r e p i n e p h r i n e  a n d  se ro ton in  in cere- mida t e  ed u n a  r iduz ione  delle concen t r az ion i  di  s e ro ton ina  
b r u m  a n d  b r a i n  s t e m  a p p e a r e d  essen t ia l ly  no rma l .  ;$i~9.r. e d o p a m i n a  n e l ~ u c l e 0  cauda to .  L ' i n t e n s i t ~  dei  d i s t u r b i  
MnO 2 t r e a t m e n t .  Therefore ,  fa i lure  of t h e  e n z y m e  e x t r a p i r a m i d a l i  e la r iduz ione  del ia  concen t r az ione  delle 
sy s t ems  respons ib le  for  t h e i r  f o r m a t i o n  and  de s t r uc t i on  a m i n e  nel  c a u d a t o  appa iono  correla te .  
in  c a u d a t e  was p r o b a b l y  no t  t h e  p r i m a r y  r ea son  for de- 

N. H.  NEFF13  i i. ]~. :BARRETT 

a n d  E.  CosTA ~ 

Table II. Concentrations of serotonin in eaudate nucleus and 
cerebrum after MnO~ treatment 

Departments o/Pharmacology and Neurology, 
College o1 Physicians and Surgeons o 1 
Columbia University, 
New York (N.Y. 70032, USA), 23 June 1969. 

Caudate nucleus Cerebrum 
([xg/g) (~tglg) 

Control (2) 0.77 (0.66-0.88) ~ 0.19 (0.18-0.20) 
Group B (6) 0.12 -h 0-05 b 0.19 =h 0.03 

Number of observations in brackets. " Mean (range). b Mean i S:I~. 
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Biosynthesis of Aflatoxins by Cell-Free Preparations from Aspergillus flavus 
The  a f l a tox ins  are  a g roup  of h e p a t o t o x i c  m e t a b o l i t e s  

p roduced  b y  Aspergillus flavus w h i c h  infec ts  foodstuffs ,  
especial ly  g r o u n d n u t s  1. T h o u g h  a la rge  n u m b e r  of r epo r t s  
h a v e  a p p e a r e d  on  t h e i r  occur rence  in c o n t a m i n a t e d  food- 
stuffs,  t h e i r  s t r u c t u r e  a n d  tox ic i ty ,  no  m a j o r  ef for t  seems 
to  h a v e  b e e n  m a d e  to  i nves t i ga t e  t h e i r  b iosyn thes i s .  
MATELES e t  al. 2, s h a v e  s tud ied  t h e  i n c o r p o r a t i o n  of some 
r a d i o a c t i v e  s u b s t r a t e s  in to  a f l a tox ins  b y  t h e  r e s t ing  
m y c e l i u m  of A. ]lavus a n d  BIOLLAZ et  al. 4 h a v e  de ter -  
m i n e d  t h e  labe l l ing  p a t t e r n  of a f l a tox in  t31 so formed.  

I n  t h e  p r e s e n t  i nves t iga t ion ,  t h e  i n c o r p o r a t i o n  of some 
14C-labelled c o m p o u n d s  in to  a f t a tox ins  h a s  been  s tud ied  
us ing  a cell-free s y s t e m  p r e p a r e d  f rom A. flavus w i t h  a 
v iew to o b t a i n i n g  i n f o r m a t i o n  on  t h e  m e c h a n i s m  of 
a f l a t o x i n  b iosyn thes i s .  

Materials and methods. Aspergillus flavus ATCC 15517 
used in t h i s  s t u d y  was  m a i n t a i n e d  on  a glucose p e p t o n e  
aga r  m e d i u m .  Spores  of 7-day g r o w t h  on  t h i s  m e d i u m  
were  t r a n s f e r r e d  to  a 20% s u c r o s e - 2 %  y e a s t  e x t r a c t  
m e d i u m  5 in 500 ml  E r l e n m e y e r  f lasks  a n d  i n c u b a t e d  
e i t he r  on  a r o t a r y  s h a k e r  for  5 days  a t  30 ~ or  w i t h o u t  
s h a k i n g  for  15 days  a t  25~ T h e  myce l i a l  g r o w t h  was  
f i l tered,  w a s h e d  w i t h  d is t i l led  w a t e r  a n d  g r o u n d  up  in a 
glass m o r t a r  w i t h  ac id -washed  s a n d  a n d  cold 0 . 0 5 M  
p h o s p h a t e  buffer ,  p H  6.5. Subce l lu la r  f r a c t i o n a t i o n  was 
car r ied  o u t  in  a n  I n t e r n a t i o n a l  Re f r ige ra t ed  Cent r i fuge  
Model  P R  2, b y  s t a n d a r d  p rocedures  6. T h e  r e c o n s t i t u t e d  
h o m o g e n a t e  was  p r e p a r e d  b y  m i x i n g  e q u i v a l e n t  a m o u n t s  
of nuc l ea r  a n d  m i t o c h o n d r i a l  f r ac t ions  w i t h  1/10 of t h e  
co r r e spond ing  o r ig ina l  v o l u m e  of t h e  s u p e r n a t a n t .  

As p r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  ab i l i t y  
t o  i n c o r p o r a t e  ace ta t e - l - l~C was  f o u n d  m o s t l y  in  t h e  

m i t o c h o n d r i a l  f rac t ion,  e i t he r  t h e  r e c o n s t i t u t e d  h o m o -  
gena te  or t h e  m i t o c h o n d r i a l  f r ac t ion  was i n c u b a t e d  in  
E r l e n m e y e r  f lasks  for 6 h a t  30 ~ on  a r o t a r y  s h a k e r  w i t h  
t h e  a d d i t i o n  of su i t ab le  s u b s t r a t e s  a n d  co-fac tors  as 
g iven  be low:  m i t o c h o n d r i a l  f r ac t ion  or  r e c o n s t i t u t e d  
h o m o g e n a t e  in  0 . 0 5 M  p h o s p h a t e  buf fe r  p H  6.5, 10 ml,  
glucose 60 rag, Difco yeas t  e x t r a c t  40 rag, i soc i t ra te  1 rag, 
A T P  1 rag, N A D P H  0.5 m g  a n d  acetate- l -14C (0.22 m c /  
raM) 10 Vc, or  DL-leucine-U-l*C (4.55 mc/mM) 8 ~c or 
DL-mevalonic acid-2-1~C-lactone (3.35 m c / m M )  8 ~zc. A t  
t h e  end  of 6 h, a car r ie r  of a m i x t u r e  of a f l a tox ins  in  
0.2 m l  p ropy lene  glycol was  a d d e d  to  t h e  i n c u b a t i o n  
m i x t u r e  wh ich  was t h e n  e x t r a c t e d  w i t h  ch lo ro fo rm a n d  
t h e  e x t r a c t  was  dr ied  over  a n h y d r o u s  s o d i u m  su lpha te ,  
e v a p o r a t e d  u n d e r  r educed  pressure  a n d  m a d e  up  to  2 ml.  
A n  a l iquo t  of t h i s  was  sub j ec t ed  to  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  on  Silica gel G (Merck) w i t h  2% m e t h a n o l  in  
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