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hypo thes i s  could accoun t  for the  much  higher  t issue con- 
cen t r a t i on  w h e n  in t race rebra l  is compared  wi th  sys temic  
admin is t ra t ion .  In  the  ra t  i t  was found t h a i  50 #g of 
morph ine  su lpha te  in jec ted  in to  the  t he rmoregu l a t o ry  
centers  gave a m e a n  h y p o t h e r m i c  response equiva len t  to 
25 mg/kg  in t r avenous ly  2. The concen t ra t ion  of morph ine  
in the  b ra in  of the  ra t  following in t ravenous  in ject ion of 
25 mg/kg  was 3.4 #g/g wet  weigh t  3. The blood concent ra-  
t ion  following sys temic  admin i s t r a t i on  is 3-4 t imes  grea ter  
t h a n  the  bra in  levels and  would t end  to  ma in t a in  the  con- 
cen t ra t ion  a t  the  receptors .  The ini t ial  ra te  of fall in t em-  
pera tu re  is the  same wi th  in t racerebra l  doses ranging f rom 
10-100 /~g bu t  the  degree of h y p o t h e r m i a  developing is 
dose dependen t ,  ind ica t ing  t h a t  the  dura t ion  of ac t ion is 
the  l imit ing factor  4. 

I t  is possible t h a t  t he  lack of free diffusion is due to  the  
phys ico-chemica l  p roper t ies  of the  bra in  t issue wi th  its 
closely packed  cellular e lements  and pauc i ty  of in ter-  
s t i t ia l  fluid space. No extracel lu lar  fluid space could be 
d e m o n s t r a t e d  in the  ra t  cor tex  using electron microscopy 5 
and i t  was  sugges ted  t h a t  t r a n s p o r t  in bra in  t issue is 
across as t rocyt ic  cells. P o s t - m o r t e m  swelling of the  bra in  
cells, however ,  m a y  account  in pa r t  for these appear -  
ances~. 

The t echn ique  of in t race rebra l  in iect ion of drugs  would  
seem to provide  a degree of localization comparab le  to the  
use of e lectrolyt ic  lesions or s t imula t ion  of the  bra inL 

Rdsumd. La d is t r ibu t ion  de la morph ine  radioact ive  
aprgs une  in jec t ion  intrac6r6brale  de ce t te  drogue a 6t6 
6tudi6e. Les r6sul tats  i nd iquen t  que la drogue ne se diffuse 
pas du site de l ' in ject ion h t r ave r s  le t issu c6r6bral. La  
morph ine  est  enlev6e par  le sang et  a u n e  p6riode de demi-  
vie dans  le cerveau d ' env i ron  20 min. 
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Inhibition of Phenoloxidase Catalysed 
Transformation of Tyrosine to Melanin by 

Hydroxyphenylcarboxylic Acids 

The significance of the  presence of the  enzyme phenol-  
oxidase as well as melan in  in cer ta in  regions of the  m a m -  
mal ian cent ra l  nervous  sys t em (CNS) is still unclear  1,2 
W h a t  has  been def in i te ly  es tabl ished is t h a t  disorders  of 
melanogenesis  are found  in cer ta in  neurological  disorders  
such as Park insons  disease and  ol igophrenia  phenyl -  
py ruv ica  ~,4. In  o l igophrenia  pheny lpyruv ica ,  an accumu-  
la t ion of pheny lca rboxy l ic  acids has been noted,  bu t  th is  
is still unsuccessful ly  corre la ted  wi th  the  pa thogenes i s  
of the  disease. In  the  p re sen t  paper ,  an inh ib i to ry  act ion 
of p - h y d r o x y p h e n y l p y r u v i c  and  3 ,4 -d ihydroxypheny l -  
pyruv ic  acid on tyros ine  ox ida t ion  to melanin  by  phenol-  
oxidase,  leading to accumula t ion  of in t e rmed ia te  me t ab o :  
li tes wi th  po ten t i a l  toxic  act ion on the  nerve  cells, will be  
described.  

Materials and methods. Due to  difficult ies in ob ta in ing  
phenoloxidase  f rom bra in  in sufficient  quant i t ies ,  we used 
a p repa ra t ion  der ived f rom the  insect  Calliphora erythro- 
"cep hala 5. 

10 Call iphora larvae were homogenized  in 10 ml of 
0 .25M sucrose con ta in ing  1% dehydroascorb ic  acid ad-  
jus ted  to  p H  7. The h o m o g e n a t e  was centr i fuged 10 rain 
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a t  1200 g and the  s u p e r n a t a n t  thus  ob ta ined  10 min a t  
7000 g. The sed imen t  was suspended  in 0 .25M sucrose and  
cent r i fuged once more for 10 rain a t  7000 g. The sed iment  

?00 

corn 

100 

a) 

0.20 0.40 0.74 1 
Melanin 9opa Tyrosin 

cpm ) 

0.06 020 0.40 0.55 0.7/, 1 
Dopa T),rosin 

loo I - 

0.60 0.20 0.k0 0.55 0.74 I 
O0pa Tyrosin 

Rf---~ 

Oxidation of tyrosine by phenoloxidase. (a) without inhibitor; (b) in 
the presence of 5.5 �9 i0 -s p-hydroxyphenylpyruvic acid; (c) in the 
presence of 5.5 �9 10 -8 3,4-dihydroxypheny]pyruvic acid. Incubation 
time: i0 rain at 37 ~ Paper chromatogTams of the incubation mix- 

tures in butanol/n-HCl. 
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of th is  cen t r i fuga t ion  was suspended  in sucrose solut ion 
and  used as enzyme prepara t ion .  

The s t a n d a r d  incuba t ion  mix tu re  consis ted of 0.1 ml  
enzyme suspension,  0.1 ml  of a 0.1% solut ion of C14(G)-L - 
tyros ine  (50,000 cpm) and  0.2 ml phospha t e  buffer  p H  7. 
The incuba t ion  was carr ied out  a t  37 ~ aerobical ly unde r  
cons t an t  shaking. W h e n  appropr ia te ,  p -hyd roxy -  and  di- 
h y d r o x y p h e n y l p y r u v i c  acids were added  to a final con- 
cen t ra t ion  of 5.5 �9 10 .3 M. The react ion was s topped  wi th  
methanol ,  and the  rad ioac t ive  metabol i tes  separa ted  by  
pape r  c h r o m a t o g r a p h y  in bu tano l  s a tu r a t ed  wi th  n-HC1 
and  scanned  wi th  a gas flow detector .  

Results and discussion. Incuba t i on  of ty ros ine  wi th  t he  
phenoloxidase  in the  absence  of inhibi tors  leads to a ve ry  
rapid  t r an s fo rma t ion  of ty ros ine  to melanin,  w i thou t  the  
accumula t ion  of i n t e r m e d i a r y  metabo l i t es  o the r  t h a n  
small  amoun t s  of D O P A  and  a subs tance  wi th  an Rf  
value of 0.75 (see Figure a). Addi t ion  of the  phenyl -  
carboxyl ic  acids leads to an overal l  inhib i t ion  of melanin  
synthesis ,  as well as to accumula t ion  of D O P A  and three  
o ther  in t e rmed ia tes  w i th  Rf  values of 0.06, 0.5 and 0.75 
(see Figure  b and c). Metabol i te  0.5 is still capable  of 
indole r ing closure (positive react ion wi th  po ta s s ium ferri- 
cyanide) and has  ve ry  p robab ly  a quinone  s t ruc ture  
(positive react ion wi th  phenylhydraz ine) .  Compounds  
0:06 and  0.75 are s t rong  reducing agents .  The exac t  
na tu re  of these c o m p o u n d s  remains  to be elucidated.  

Accumula t ion  of i n t e rmed ia t e s  of tyros ine  ox ida t ion  in 
the  CNS could be of pa thogene t i c  impor t ance  in oligo- 
ph ren ia  pheny lpyruv ica ,  in which  pheny lca rboxy l i c  acids 
are accumula ted .  

Accumula t ion  of an ox ida t ion  p roduc t  of adrenal in ,  
adrenochrome,  has been  found  in h u m a n s  and  corre la ted  
to  the  pa thogenes i s  of schizophrenia .  I f  one considers  t h a t  
adrenal in  as well as the  o ther  ca techolamines  m u s t  be the  
na tu ra l  subs t ra tes  of the  bra in  phenoloxidase ,  an  in- 
t e res t ing  corre la t ion be tween  d i s tu rbances  of melanoge-  
nests and  schizophrenia  arises. The na tu re  of these  in ter-  
med ia tes  and  the i r  effect  on the  nervous  s y s t em is cur- 
r en t ly  unde r  s tudy.  

Zusammen/assung. p - H y d r o x y  und  3 ,4 -Dihydroxy-  
phenylbrenzt raubens~ture  h e m m t  die von  Pheno loxydase  
ka ta lys ie r te  U m w a n d l u n g  yon  Tyros in  in Melanin un te r  
Anhi iufung von  Zwischenprodukten .  Das Ergebn is  wird  
im Z u s a m m e n h a n g  mi t  der  Pa thogenese  nerv6ser  St6run-  
gen diskut ier t .  
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P t e r i d i n e  D e r i v a t i v e s  i n  t h e  S k i n  o f  
Lacerta m u r a l i s  L a u r .  

P te r id ine  der iva t ives  have  beei1 d e m o n s t r a t e d  in the  
dorsal  skin of amph ib i ans  a-4, repti les 5 7, and fishes s. In  
these ver tebra tes ,  as also in some inver tebra tes ,  the  flu- 
orescent  subs tances  m a y  play a role in ox ida t ion- reduc-  
t ion processes.  Quan t i t a t i ve  differences have  been ob- 
served in animals  (amphibians  a) living for abou t  one 
m o n t h  under  condi t ions  of to ta l  darkness  in compar i son  
wi th  animals  sub jec ted  to normal  photoper iod ism.  Re-  
cently,  a re la t ionship  be tween  p ter id ines  and  p igmen ta -  
t ion has been es tabl ished 9-12. In  the  p resen t  inves t igat ion,  
the  occurrence of f luorescent  p ter id ine  der ivat ives  was 
d e m o n s t r a t e d  in the  skin of Lacerta muralis. Pte r id ine  
de te rmina t ions  were made  by  paper  c h r o m a t o g r a p h y  af ter  
ex t r ac t ion  wi th  e thano l  or methanol .  Af ter  cen t r i fuga t ion  
of ex t rac ts ,  the  s u p e r n a t a n t  was c h r o m a t o g r a p h e d  as- 
eendingly  in n -bu tano l -ace t ic  ac id-water  (4:1:5)  or n- 
p ropanol  1% N H  a (2:1) in a da rk  room a t  23~ These 
exper imen t s  d e m o n s t r a t e  the  occurrence of four f luores- 

Pteridine derivatives Rf values Fluores- 
at pH 7 a cence 

2-Amino-4-hydroxy- 
pteridine-6-carboxylic acid 0.16 blue 
Isoxanthopterin 0.22 violet 
Riboflavin 0.43 yellow 
Biopterin 0.48 blue 

Solvent: n-butanol-acetic acid-water (4 : 1 : 5). 

cent  p te r id ines  : 2 -amino-4-hydroxy-p te r id ine-6-ca rboxyl -  
ic acid, i soxan thop te r in ,  b iopter in  and  r ibof lavin  in the  
dorsal  skin of adul ts  of Lacerta muralis. Some charac ter -  
istics of these subs tances  are given in the  Table.  

Through  oxidat ion  or UV- i r rad ia t ion  of biopter in ,  2- 
a m i n o - 4 - h y d r o x y - p t e r i d i n e - 6 - c a r b o x y l i c  acid wi th  a 
b r igh t  blue f luorescence has been  obta ined .  No 2-amino- 
4 -hydroxy-p te r id ine  has been  found in the  dorsal  skin of 
the  adul t  animals  examined.  

Zusammen/assung. Aus der  H a u t  yon  Lacerta muralis 
wurden  die folgenden P te r ine  isoliert  und  ident i f iz ier t :  
2-Amino-4-hydroxy-pter idin-6-carbons~ture ,  I soxan tho -  
pter in ,  Ribof lav in  und Biopter in .  
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