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cerebral  organs where t ransformat ion  into 14C-dopa m a y  
occur. P a r t  of this  ~C-dopa migh t  be t aken  up by  the  
bra in  and serve as precursor  for ~4C-catecholamines and 
thei r  metaboli tes.  However ,  according to previous results 5, 
the  small  amounts  of r ad ioac t iv i ty  injected in t raven-  
t r icular ly  in the  present  exper iments  would  hard ly  lead 
to a measurable  rise of 14C-catechols if adminis tered  
ext racerebra l ly  (e.g. subcutaneously  ). 

The  missing effect of chlorpromazine  on the  cerebral  
con ten t  of ~C-dopa  migh t  be due to the  fact  t h a t  dopa 
decarboxylase  is a h ighly  ac t ive  enzyme which does not  
allow dopa to accumulate .  Also a sl ight ac t iva t ion  of 
dopa decarboxylase  by  chlorpromazine  has recent ly  been 
repor ted  iv Accelerat ion of dopa decarboxylase,  however ,  
is hard ly  a major  cause for the  increased format ion  of 
~4C-catecholamines seen in the  present  exper iments .  Thus, 
according to previous findings ~, ch lorpromazine  does no t  
enhance the  in v ivo  t rans format ion  of ~4C-dopa into 
cerebral  14C-dopamine. Therefore,  the  increase of cerebral  
~C-catecholamines  and metabol i tes  af ter  chlorpromaz~ne 
is p robably  the  consequence of an enhanced hydroxyla -  
t ion of 14C-tyrosine which is though t  to be the  l imi t ing  
step in the  biosynthesis  of catecholamines.  

In  rats  in which the  chlorpromazine- induced hypo-  
the rmia  is not  p reven ted  the  results are less clear. These 
animals  also show a marked  rise of ~C-catecholamines  
and thei r  metabol i tes  in the  bra in  compared  wi th  normo-  
thermic  controls, bu t  a t  the  same t ime  the  overal l  radio- 
ac t iv i ty  of the  bra in  increases. 

In  conclusion, the  present  results wi th  the  in t raven-  
t r icular  in ject ion of laC-tyrosine in normothermic  rats  
s t rongly suppor t  t he  hypothesis  t h a t  ch lorpromazine  
enhances the  hydroxy la t ion  of tyrosine wi th in  the  brain. 
As previous ly  suggested 3,5-s, this effect  m a y  be due to 
a feedback mechan ism in consequence of a p r imary  
blockade of ca techolaminergic  receptors by  chlorproma-  
zine. A direct  ac t iva t ion  of tyrosine hydroxylase  is 
unl ikely is, 19. 

Zusammenfassung. I m  H i r n s t a m m  (inklusive basale 
Ganglien) yon no rmo the rmen  R a t t e n  vers tg rk t  Chlor- 
p romazin  die Bi ldung yon Noradrenal in ,  Dopamin  und 
Catecholaminmetabol i t en  aus Tyrosin,  welches in die 
Hi rnven t r ike l  eingegeben wurde. Die Gesamtrad ioak t i -  
v i t g t  sowie die 14C-Dopa-Konzentrat ion im Gehirn werden 
durch das Medikamenfi nicht  vergnder t .  Diese Befunde  
sprechen fiir eine zerebrale Akt iv ie rung  der Tyrosin-  
hydroxyl ie rung  durch Chlorpromazin.  
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A Cytochemical Study of Phaeomelanin Formation in Feather Papillae of New Hampshire Chick 
Embryos 

Phaeomelanins  are alkali-soluble p igments  which as 
ye t  have  been found only in hair  and feathers 1,2. Inves-  
t iga t ion of these compounds  has proceeded ex t remely  
slowly, and i t  is only recent ly  tha t  the  isolation of a 
number  of phaeomelanins  f rom the  feathers  of New 
Hampsh i re  chickens has been repor ted  a,4. Chemical  
studies of the  isolated pigments ,  which conta in  C, H, N, O 
and S, have  suggested t h a t  t h e y  derive biogenet ical ly  
f rom tyrosine and cysteine and tha t  5-S-cys te inyldopa 5 
is an  i m p o r t a n t  in te rmedia te  in the i r  biosynthesisS ,7. 

I n  order to subs tant ia te  this  f inding we have  s tudied 
by  au to rad iography  the  incorpora t ion  of cysteine-3-C I4 
as well as tyrosine-2-C la in the  feather  papil lae of em- 
bryonic  New Hampsh i re  chick;  up til l  now only this 
phaeomelanin  has been  characterized.  

Material and methods. Patches  of skin were r emoved  
from the  backs of 19-day-old embryos  and sliced into 
strips about  1 m m  wide. %issue slices were placed ill 
2.5 Inl of 0 . 1 M  phospha te  buffer  a t  p H  6.8 conta in ing  
2500 units  of Penici l l in G and incubated  for 24 h at  37 ~ 
in a Dubnof f  shaker  ei ther  wi th  0.3 ~zc of DL-cysteine- 
3-C 14 (34.7 m c / m M )  or wi th  0.25 ~zc of DL-tyrosine-2-C ~4 
(50.0 mc /mM) .  As a control,  slices f rom the  same specimen 
were t rea ted  identically,  bu t  in addi t ion to the  substrates,  
sodium d ie thy ld i th iocarbamate  (0.01M), a tyrosinase 
inhibitor ,  was present.  For  a second control,  2 o ther  
specimens were incuba ted  respect ive ly  wi th  0.3 pc of 
glycine-2-C 14 {21.5 m c / m M )  and wi th  0.3 ~zc of DL-trypto- 
phane  (methylene-C 14, 52.0 mc /mM) .  Fol lowing incuba-  
tion, the  tissue slices were removed,  washed with  Hanck ' s  

solut ion and fixed in Carnoy. The  specimens were then  
imbedded  in paraffin,  sect ioned at  5 ~, and autoradio-  
graphs made  wi th  Kodak  NTB-3 l iquid emulsion.  Af te r  
8 days exposure slices were stained wi th  Mayer ' s  hema-  
lure. In  o ther  exper iments  0.25 ~c of labelled cysteine 
were injected di rec t ly  into the  yolk sac dur ing the  8th 
day  of development .  8 days af ter  the  inject ion the  
embryos  were killed and autoradiographs  made  as de- 
scribed above.  

Results and discussion. Figure  l a  and l b  are autoradio-  
graphs of epi thel ial  melanocytes  incuba ted  wi th  C 14- 
cysteine and C14-tyrosine respect ively.  I t  was found t h a t  
bo th  labelled compounds  are incorpora ted  more into 
melanocytes  t h a n  into ep i the l ia l  cells. Also a qua l i t a t ive  
comparison revealed no remarkable  difference in the  
up take  of these labelled compounds  by  the  melanocytes .  
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In  the  same exper imenta l  condi t ions  labelled glycine and 
t ryp tophane ,  which are no t  specifically re la ted to the  
format ion  of phaeomelanins  s, were found in melanocytes  
in the  same concent ra t ion  as in epi thel ial  cells. Moreover,  
in the  presence of an inhibi tor  of tyrosinase,  the  up take  
of bo th  cysteine (F.igure 2a) and tyros ine  (Figure 2b) by  
p igment  cells was low and the  a m o u n t  incorpora ted  
negligible. 

In  order to f ind ou t  to wha t  ex ten t  cysteine is incor- 
pora ted  into the  p igmen t  itself, a long t e rm exper iment  
has been done. The  labelled compound  was in jec ted  into 
the  yolk  sac dur ing the  8th day  of deve lopmen t  when 
melanocytes  of feather  papi l lae  are no t  ye t  p igmented.  
8 days af ter  the  inject ion,  au toradiographs  showed t h a t  
labelled cysteine was t aken  up by  melan0cytes  preferen- 
t ia l ly  (Figure 3). Under  these condi t ions  the  labell ing 
is p robably  due to the  incorpora t ion  of the  in jec ted  sub- 
s tance into phaeomelanic  granules since they  are no t  
subjected to a rapid  tu rnove r  as o ther  cy top lasmic  com- 
pounds, e.g. proteins.  

The results repor ted  in this  s tudy  suppor t  our  v iew 
tha t  phaeomelanins  are formed in v ivo  by  a devia t ion  of 
eumelanin  p a t h w a y  involv ing  a react ion be tween  cysteine 
and dopaquinone  produced by  enzymat ic  ox ida t ion  of 
tyrosine 3,1~ Accordingly 2 separated,  b u t  interrelated,  
metabol ic  pa thways  for eumelanin  and phaeomelan in  are 
suggested (Figure 4). This  is consis tent  wi th  the  fact  
t h a t  both  tyrosinase zz and dopa oxidase 12,1a ac t iv i ty  
have  been de tec ted  in melanic  and phaeomelanic  ha i r  
follicles and feather  papil lae 2; moreover ,  a change in the  
cysteine con ten t  of the  melanocytes  can explain the  

Fig. 1. Autoradiographs of epidermal melanocytes of chick embryo, 
incubated in CZ4-cysteine (a) and Cl4-tyrosine (b). The focus is on 
silver grains, Pigment granules and stained nuclei are out of focus. 
(a) X 1500; (b) X 2000. 
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Fig. 2. Autoradiographs of epidermal melanocytes (arrows) of chick 
embryo incubated in C14-cysteine (a) and C14-tyrosine (b) in the 
presence of sodium diethyldithiocarbamate. Note the almost com- 
plete lack of labelling in the melanocytes. • 1500. 

Fig. 3. In vivo, incorporation of Cl~-cysteine: (a) labelled melano- 
cyte, • 1500; (b) labelled dendrite, • 2000. 

p i g m e n t a r y  swi tch  mechan i sm leading e i ther  to eumela-  
nins or phaeomelan ins .  In  the  agout i  p i g m e n t  cells th is  
has  a l ready  been  d e m o n s t r a t e d  by  CLEFF~IAI~N 14, who 
showed t h a t  the  increase in su l fhydry l  con t en t  of melano-  
cy te  is one of the  ini t ial  even ts  leading to  t he  change  
f rom the  p roduc t ion  of eumelan in  to  t h a t  of phaeo-  
melanin.  

Since the  works of ]:{OTHMAN et  al. 15 and  FLESCH 16, 
su l fhydry l  compounds  have  been  known  to  be involved 
in melan in  fo rma t ion  and  i t  has  been  suggested the i r  role 
is t he  control  of ty ros inase  ac t iv i ty  to  oxidize and  poli- 
merize eumelan in  precursors  14,17, is. I n  con t r a s t  w i th  th is  
view, our  resul ts  sugges t  t h a t  cys te ine  does n o t  ac t  as 
an inh ib i to r  of tyros inase  b u t  t h a t  i t  can  reac t  w i th  
dopaqu inone  yielding a new in te rmedia te ,  5-S-cysteinyl-  
dopa,  whose  fu r ther  ox ida t ion  leads to  t he  fo rma t ion  of 
phaeomelanins .  

Zusammen/assung. Die Inko rpo ra t i on  von  C14-Cystein 
und  C14-Tyrosin in die Federpapi l l en  yon  N e w - H a m p -  
s h i r e - E m b r y o n e n  wurde  au to rad iograph i sch  un te rsuch t .  
Chemic und  Biogenese der  r o t b r a u n e n  Pigmente .  der  

Haare  und  der  Federn ,  der  Ph/~omelanine, werden  
diskut ier t .  
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