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Inhibition of Human Serum Dopamine f l -Hydroxylase After the Oral Administrat ion of Fusaric Acid 

Fusar ic  acid (5-butylpicolinic acid) was found  to be a 
p o t e n t  inhib i tor  of dopamine  f l -hydroxylase  in v i t ro  and  
a p o t e n t  hypo tens ive  agent  1, 2 in rat ,  r abb i t  and dog. A 
more  p ronounced  hypo tens ive  effect  of fusaric acid was 
observed  on spon taneous ly  hype r t ens ive  rats ,  which  had  
been  p roduced  by  OKAMOTO and AoKIs, t h a n  on normo-  
tens ive  Wis t a r  ra t s  4. The compound  inh ib i ted  dopamine  
f l -hydroxylase  in adrena l  glands in vivo and  reduced  the  
endogenous  level of t issue ca techolamines  2. The hypo-  
tens ive  act ion of Iusaric acid in h u m a n s  was also r e p o r t e d  s. 

I n  order  to  see the  degree ot inh ib i t ion  of dopamine  
f l -hydroxylase  in vivo dur ing  the  oral admin i s t r a t i on  of 
fusaric acid to  humans ,  se rum dopamine  f l -hydroxylase  
ac t iv i ty6 ,~ .has  been  measured.  H u m a n  serum dopamine  
f l -hydroxylase  ac t iv i ty  was measured  by  the  rad ioassay  
of WI~INSHILBOUM and  AXELROD 6. H e a l t h y  male  subjec ts  
(age range,  30-40 years) took 50-300 mg  of the  calcium 
sal t  of fusaric acid per  os. Blood samples  were ob ta ined  by  
venopunc tu re  and  immed ia t e ly  p laced  on ice. Serum was 
r emoved  af ter  cent r i fuging the  blood at  10,000 •  for 
10 min.  I ncuba t i on  mix tu r e  for the  enzyme assay (310 F1) 
con ta ined :  10 F1 of se rum as enzyme;  water ,  170 ~I; 
1 M  Tris-HC1 buffer,  p i t  6.0, 10 ~1; 40 m M  ascorbic acid 
in t he  Tris  buffer,  30 ~1; 40 m M  sodium fumara te ,  30 ~xl; 
6 m M  pargyline,  10 bd; 0.05 m M  CuSO4; 30 F1; 30 m M  
tyramine ,  10 F1; and  catalase  (5 mg crysta ls  in 2 ml  of 
water) ,  10 Fh Incuba t i on  was carried out  a t  37~ for 
20 min.  Af ter  t he  incuba t ion  the  following reac t ion  mix tu re s  
were added :  1 M  Tris-HC1 buffer,  p H  8.6, 80 F1; 0.1 m M  
EDTA,  200 F1; p h e n y l e t h a n o l a m i n e  N-me thy l t r ans fe r a se  
par t i a l ly  pur i f ied f rom bovine  adrenal  medul la  b y  the  
m e t h o d  of CONNXTT and  KIRSHNER s (0.17 nmo le s /min / mg  
protein ,  2.4 mg  prote in /ml) ,  10 F1 (24 ~tg): S-adenosyl-  
meth ionine- [methyl -C1% 20 F1 (0.1 ~zCi, 1.8 nmoles).  The 
incuba t ion  was con t inued  fu r the r  for 30 min  at  37~ The 
radioac t ive  N - m e t h y l - o c t o p a m i n e  formed was ex t r ac t ed  

into to luene- i soamyl  alcohol (3:2, v/v) and  counted .  
Boiled se rum (95~ 5 rain) was used for the  b lank  incuba-  
tion. Octopamine ,  0.8 nmole,  was added  in to  a reac t ion  
mi x t u r e  as an in ternal  s t andard .  

Serum d o p ami n e  f l -hydroxylase ac t iv i ty  of 10 normal  
J ap an es e  subjec ts  (male, 30-40 years  of age) was 9.1-t-0.9 
(S.E.) nmoles /min /ml  serum or 0.13 •  (S.E.) nmoles/  
m i n / m g  protein .  As shown in t he  Table,  se rum dopamine  
f l -hydroxylase  ac t iv i ty  was comple te ly  inh ib i ted  up to  
12 h af ter  the  oral admin i s t r a t ion  of 300 mg  of the  calcium 
salt  of fusaric acid. Recove ry  of the  enzyme ac t iv i ty  was 
not iced  24 h af ter  t he  admin is t ra t ion .  Af te r  the  admin is t ra -  
t ion of 100 mg  of the  calcium salt  of fusaric acid, ma rk ed  
inhib i t ion  (70-95%) of t he  serum enzyme  ac t iv i ty  was 
observed at  3 h, and  the  ac t iv i ty  gradual ly  recovered as 
shown in the  Figure.  24 h af ter  the  adminis t ra t ion ,  the  
ac t iv i ty  recovered to  abou t  90% of the  init ial  level. Af te r  
the  admin i s t r a t ion  of 50 mg of the  calcium sa l t  of iusaric 
acid, abou t  60% inhib i t ion  of the  se rum enzyme  ac t iv i ty  
was observed at  3 h, and the  ac t iv i ty  a lmost  comple te ly  
recovered af ter  24 h. 

The results  indica ted  t h a t  Iusaric acid is a p o t e n t  
inhib i tor  of dopamine  f l :hydroxylase  in vivo in h u m a n s  
and  t h a t  the  assay of the  se rum enzyme ac t iv i ty  could be 
a conven ien t  b iopsy  for moni to r ing  the  degree of enzyme  
inhib i t ion  in vivo in clinical studies.  

I t  was previous ly  shown t h a t  the  inhib i t ion  of t he  pure  
dopamine  f l -hydroxylase by  fusaric acid is comple te ly  
reversed  b y  dialysis 2. In  order  to see w h e t h e r  or no t  t he  
inhib i t ion  by  fusaric acid is recovered revers ib ly  following 
the  removal  of Iusaric acid f rom the  serum, the  se rum 
prepa ra t ions  3 h af ter  the  admin i s t r a t ion  of fusaric acid, 
which  h a d  no act iv i ty ,  were  t r ea t ed  wi th  a m m o n i u m  
sulfate  f rac t iona t ion  and  then  dia lyzed agains t  p h o s p h a t e  
buffer.  However ,  no ac t iv i ty  appeared  af ter  the  isolat ion 
procedure  of the  enzyme.  Thus,  the  resul t  ind ica ted  t h a t  
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Time course of the inhibition of serum dopamine fi-hydroxylase acti- 
vity after oral administration of fusaric acid. 

Inhibition of serum dopamine ~-hydroxylase activity after oral ad- 
ministration of fusarie acid 

Subject Fusaric acid Dopamine fl-hydroxylase activity (%) 
No. (Calcium salt) Time after administration (h) 

(rag) 0 3 6 9 12 24 

1 300 100 2 1 0 0 11 
2 300 100 0 0 -- -- 48 
3 300 100 1 2 -- -- 85 
4 100 100 5 15 25 29 77 
5 100 100 32 -- -- -- 91 
6 100 100 29 -- -- 88 
7 50 100 43 -- -- -- 91 
8 50 100 31 -- -- -- 97 
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the  inhibi t ion of se rum dopamine /%hydroxy lase  by  fusaric 
acid in vivo m a y  become irreversible.  Ano the r  possible 
exp lana t ion  m a y  be t h a t  fusaric aid inhibi ts  the  discharge 
of the  enzyme f rom the  s y m p a t h e t i c  nerve  endings.  This 
p rob lem remains  for fu r ther  inves t iga t ion t .  
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lase. We also wish to acknowledge the assistance of Miss Y. SuDo 
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and the technical assistance of Miss Y. NISHIKAWA and Miss Y. 
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Zusammen/assung. Die Dopamin- f i -Hydroxy lase -Akt i -  
vit&t im menschl ichen  Serum wurde  nach  der  oralen 
Zufuhr  yon Fusar ins~ure  (50-300 mg) s tark  gehemmt .  
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Non-Membrane-Bound  Cytoplasmic Deposits in Krabbe Globoid Leukodystrophy: Further Evidence 
for a Revised Concept of Lysosomal  Storage Diseases 

In  the  pas t  decade,  b iochemica l  s tudies  have  revealed 
t h a t  the  essent ial  defect  under ly ing  m a n y  of the  inher i ted  
s torage diseases is a genet ical ly  de te rmined  block in one 
or more  degrada t ive  pa thways ,  i.e., a lacking or ex t r eme ly  
lowered ac t iv i ty  of one or more  catabol ic  enzymes.  These 
are main ly  hydrolases  w i th  acid p H  o p t i m u m  largely 
localized wi th in  cy toplasmic  organelles defined by  and 
compr ised  in the  lysosome concept .  I t  is, therefore ,  no t  
as tonish ing  tha t ,  in var ious  thesaur ismoses ,  the  respect ive  
s torage mater ia l s  were found to  be depos i ted  for the  mos t  
p a r t  inside m e m b r a n e - b o u n d  cy top lasmic  bodies  or 
vacuoles of lysosomal  nature .  Accordingly,  the  t e r m  
' inborn  lysosomal  s torage diseases '  was i n t r o d u c e d  to 
des ignate  metabol ic  errors of th is  k ind 1, 2. As to the  mech-  
an isms by  which  the  s torage subs tances  gain en t rance  
into and  can be concen t r a t ed  wi th in  the  lysosome sys tem,  
two p a t h w a y s  have  been  pos tu la ted :  cellular a u t o p h a g y  
and endocytos is  1, ~. In  the  case of def ic ient  ac t iv i ty  of one 
or more  acid hydrolases  normal ly  carried in to  au tophagic  
and he te rophagic  vacuoles by  p r i m a r y  lysosomes,  the  
na tu ra l  subs t ra tes  of these  enzymes  canno t  be cleaved 
dur ing digest ion of the  vacuole contents ,  and thus  remain  
as iner t  residues wi th in  the  vacuoles.  Repe t i t i on  of such an 
incomple te  degrada t ive  process mus t  necessar i ly  cause an 
accumula t ion  of indigest ible  subs tances  inside an in- 
creasing n u m b e r  of secondary  lysosomes and/or  residual  
bodies ~, 2. 

Krabbe  globoid l eukodys t rophy  (GLD) is in essence a 
he red i t a ry  disorder  of galactocerebroside  me tabo l i sm 
t r a n s m i t t e d  mos t  p robab ly  as an au tosomal  recessive 
t r a i t<  We  examined  electron microscopical ly  a bra in  
b iopsy  f rom a child wi th  GLD, and we observed numerous  
cells conta in ing  the  mul t i angula r  po lymorphous  inclusions 
which are said to be charac ter i s t ic  of K r a b b e ' s  disease and  
to  consis t  for the  mos t  pa r t  of galactocerebrosides% I t  was 
r emarkab le  t h a t  these  deposi ts  were p resen t  by  no means  
exclusively wi th in  m e m b r a n e - b o u n d  lysosome-l ike bodies 
or vacuoles of var iable  size and appearance .  Many  inclu- 
sions were me t  wi th  also lying free in the  ground cyto-  
p l a sm or e m b e d d e d  in n o n - m e m b r a n e - b o u n d  pa tches  of a 
fairly opaque  subs tance  (Figure). From. the  perusal  of 
t he  p e r t i n e n t  l i te ra ture  it became  obvious  to us t h a t  this  
s t r ik ing f inding had  a l ready  been  observed by  some o ther  
authors ,  who had  s tudied  the  u l t r a s t ruc tu ra l  a l te ra t ions  
in the  cent ra l  or per iphera l  nervous  sys tem of GLD 
pa t i en t s  pr ior  to  us 5 L In  one paper  i t  had  even been  
empha t i ca l ly  s t a t ed  t h a t  t he  cy toplasmic  inclusions seen 

in a nerve  b iopsy  f rom a child wi th  GLD were never  mem-  
b rane -bound  s. 

Till now, two di f ferent  enzymes  have  been  shown in 
h u m a n  GLD to be cons i s ten t ly  reduced  in ac t iv i ty .  The 
earlier de tec ted  one is l ipid sulfotransferase,  a b iosyn the t i c  
enzyme which cata lyzes  the  con juga t ion  of galacto-  
cerebrosides wi th  sul tate  groups to form sulfatides.  The 
o ther  and  later  de tec ted  one is galac tocerebros ide  fl- 
galactosidase,  a degrada t ive  enzyme which  cata lyzes  the  
spl i t t ing  of galactose f rom galactocerebrosides  to  form 
c e r a m i d e s t  However ,  sul fot ransferase  def ic iency was 
found to be largely res t r ic ted  to the  bra in  a,9, whereas  
reduced ac t iv i ty  of galactocerebros ide  fl-galactoMdase 
could be d e m o n s t r a t e d  in the  CNS as well as in a va r i e ty  
of non-nervous  t issues 8, 10. Moreover,  galactocerebroside  
fi-galactosidase could recent ly  be shown to  be par t i a l ly  
def ic ient  in cells and blood serum from he te rozygous  
carriers of GLD 10. All th is  toge the r  would suggest  t h a t  t he  
defect  of th is  specific galactosidase  is more  l ikely to be 
the  pr imary ,  genet ical ly  de t e rmined  cause of K r a b b e ' s  
disease. Never theless ,  lowered lipid su l fo t rans ierase  
ac t iv i ty  in the  bra in  mus t  be regarded  also as an integral  
tea ture  of h u m a n  GLD 9. 

The fact  t h a t  cy toplasmic  galactocerebros ide  deposi ts  
m a y  occur, a t  least  in some cases and/or  in cer ta in  stages 
of h u m a n  GLD, b o t h  inside and outs ide  the  lysosome 
sys tem,  seems, a t  f irst  glance, to  be incompat ib le  wi th  the  
general  concept  of inborn  lysosomal  s torage  diseases. In  
order  to expla in  th is  morphologica l  f inding w i t h o u t  
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