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The  3 phys i ca l  examina t i ons ,  n a m e l y  m a x i m u m  ab-  
so rp t ion  spec t roscopy  (MAS), I R -  a n d  mass  spec t roscopy  
(MS) were m a d e  w i t h  t h e  m e t h a n o l  e x t r a c t  only. The  
e thano l  e x t r a c t  was  e x a m i n e d  for m a x i m u m  a b s o r p t i o n  
spect roscopy.  

t~esults. Chemica l :  T he  deep yel low color of t he  
so lu t ion  spots  was  changed  to p i n k  b y  t he  appl ied  acids. 
C o n c e n t r a t e d  n i t r i c  acid p roduced  a p i n k  p e r i p h e r y  b u t  
the  cen t re  was  s t a ined  d i s t inc t ly  blue.  Tes ts  for b i l i rubin ,  
u rob i l in  a n d  for u rob i l inogen  were nega t ive .  T he  p i g m e n t  
was  soluble  in  water ,  m e t h a n o l ,  e t h a n o l  a n d  especial ly  
in a m y l  alcohol.  There  were no  di f ferences  in the  out -  
come of t he  descr ibed  t e s t s  b e t w e e n  t he  m e t h a n o l  a n d  
the  e t h a n o l  ex t rac t s .  

Phys i ca l :  The  MA S of t he  a lka l ine  f luid was 432 n m  
and  a f te r  ac id i f ica t ion  476 rim. T he  I R - s p e c t r u m  showed 
CO- a n d  N H - g r o u p s ;  t h e  mass  s p e c t r u m  showed a p e a k  
a t  229. 

Discussion. The  a n a l y t i c a l  p rocedures  p r o v e d  t he  
presence  of a pecul ia r  p i g m e n t  in  on ly  4 pu re  ur ic  acid 
s tones  a n d  n o t  in  t h e  14 o the r  pu re  t r i - o x y - p u r i n e  
calcul i  or in  t he  150 o x a l a t e - p h o s p h a t e  concre t ions .  The  
4 p a t i e n t s  who  h a d  been  hosp i ta l i zed  for s tone  ope ra t ion  
h a d  no t  been  t r e a t e d  w i t h  co lor -produc ing  drugs  or fed 
w i t h  large a m o u n t s  of specific food wh ich  m i g h t  h a v e  
i m p a r t e d  t he  s t a in  to  t h e  concre t ions .  One mus t ,  therefore ,  
a ssume t h a t  t h i s  pecu l ia r  p i g m e n t  o r ig ina t ed  f rom me ta -  
bolic processes  in t h e  h u m a n  b o d y  a n d  was excre ted  b y  t he  
kidneys .  

Our  f i rs t  a s s u m p t i o n  ~ t h a t  t h i s  u r i n a r y  n a t u r a l  dye  
in t he  calculi  m i g h t  be  urorose in  was based  on  3 fac t s :  
1. t h e  easy  so lub i l i ty  in  amy l  alcohol,  2. i ts  p i n k  color in an  
acid m e d i u m  and  i ts  a m b e r  yel low in a n  alkal ine,  3. i ts  
p r o p e r t y  to  s t a in  c rys ta l s  of ur ic  acid p ink .  Urorose in  is 
a po lymer  of a n  e-/3-di-indolyl m e t h e n e  (vo~  DOBE- 
NECI~4). I t s  MAS of 535 nm,  as well  as i ts  molecu la r  
weight ,  are  aga ins t  t he  idea  t h a t  our  p i g m e n t  is a der iv-  
a t i ve  of indole.  

The  mass  s p e c t r u m  of 229 exclucles all  t e t r a p y r r o l e s  
(bi l i rubin,  urobi l in)  as t h e  s t a in ing  agent .  On t he  o t h e r  
hand ,  a molecu la r  we igh t  of 229 a n d  t he  presence  of CO 
a n d  of N H - g r o u p s  shown  b y  t h e  I R - s p e c t r u m  m i g h t  be  
cons i s t en t  w i t h  t h e  a s s u m p t i o n  t h a t  our  p i g m e n t  could 

be a d i -pyr ro le ;  more  specif ical ly  oI t h e  Neo- type  (an 
oxo-d i -pyr ro le  m e t h e n e  w i t h  a t  leas t  i v i n y l  group (yon  
DOBENECt~5). C o m p o u n d s  of such  chemica l  con f igu ra t ion  
show spec t roscopica l ly  a sh i f t  to  h ighe r  a b s o r p t i o n  
m a x i m a  in a n  acid mi l ieu  t h a n  in a n  alkal ine,  as has  been  
shown b y  Nlct~oI. and  MO~EI~L ~ for  c e r t a i n  b i l i r u b i n  
de r iva t ives .  Such  a sh i f t  is also cha rac t e r i s t i c  for t h e  
p i g m e n t  descr ibed  here.  

There  are o the r  d i -pyr ro les  in  n o r m a l  and  pa tho log ica l  
urines.  WITH v m e n t i o n e s  u roch rome-B ,  t he  fflscins and  
t he  l eukans  Meso-bi l i fuscin,  a d i -pyrrole ,  a b r o w n  
p i g m e n t  ha s  been  descr ibed  b y  MOR*VEC s to  be soluble  
in glacial  acet ic  acid. However ,  t hese  di-pyrroles ,  as well  
as t h e  p e n t - d y o - p e n t  and  p r o - p e n t - d y o - p e n t  compounds ,  
p r e s e n t  qu i t e  o t h e r  chemica l  a n d  phys ica l  p rope r t i e s  t h a n  
does our  s tone  p i g m e n t  (YON DOBENXCKg) 

Zusammen/assung. Es wird  das  V o r k o m m e n  eines b i she r  
u n b e k a n n t e n  P i g m e n t e s  in H a r n s / i u r e s t e i n e n  beschr ieben .  
Chemisch  h a n d e l t  es sich wahr sche in l i ch  u m  eine Oxo-di-  
p y r r o l - m e t h e n - V e r b i n d u n g .  
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3,4-Dihydroxyphenylacetic acid (DOPAC): 
a Possible Endogenous Inhibitor of Indoleamine-N-Methylation in the Rat Brain 

I n  r ecen t  years ,  a n u m b e r  of i m p o r t a n t  obs e r va t i ons  
conce rn ing  t h e  occurrence  and  p roper t i e s  of a n  indole-  
amine-  a n d  c a t e c h o l a m i n e - N - m e t h y l a t i n g  e n z y m e  in 
m a m m a l i a n  b r a i n  h a v e  been  r epo r t ed  t-~. I t  seems to  be 
genera l ly  accep ted  t h a t  5 - m e t h y l t e t r a h y d r o f o l i c  acid 
serves as t he  m e t h y l  donor  for t h i s  e n z y m a t i c  reac t ion .  
Severa l  N - m e t h y l a t e d  m o n o a m i n e s  h a v e  been  imp l i ca t ed  
in t h e  ae t io logy of p sycho t i c  disorders*,  ~, 6. A s s u m i n g  t h a t  
th i s  h y p o t h e s i s  is va l id  a n d  t h a t  neuro lep t i c  d rugs  exe r t  
t h e i r  benef ic ia l  effect  on  psycho t i c  d isorders  b y  in te r fe r ing  
w i t h  these  subs tances ,  t h e r e  are a t  leas t  4 poss ible  ways  in  
wh ich  t h e y  m a y  ac t :  a) t h e y  m a y  i n h i b i t  t he  e n z y m e  
direct ly ,  b) t h e y  m a y  b lock  t h e  recep tors  on  w h i c h  N- 
m e t h y l a t e d  amines  poss ib ly  act,  c) t h e y  m a y  s t i m u l a t e  
t he  p r o d u c t i o n  or release of endogenous  subs t ances  wh ich  
i n h i b i t  t h e  enzyme,  a n d  d) t h e y  m a y  inf luence  t he  de- 
g r a d a t i o n  of N - m e t h y l a t e d  amines .  

The  a im  of t he  p r e s e n t  i n v e s t i g a t i o n  was to s t u d y  t he  
effects on  i n d o l e a m i n e - N - m e t h y l a t i o n  of 2 wel l -es tabl i sh-  
ed neuro lep t ics  and  of t he  2 endogenous  a m i n e  m e t abo l i t e s  

whose  concen t r a t i ons  in  t h e  b r a i n  are m o s t  spec tacu la r ly  
increased  b y  t h e  fo rmer  7, s. 

The  e n z y m e  was p r e p a r e d  accord ing  to  t h e  p rocedure  
descr ibed  b y  H s u  a n d  MANDELL ~, a n d  LADm~ON ~, 
t he  whole  b ra ins  of 50 ma le  Sp ragne -Dawley  a lb ino  r a t s  
we igh ing  200-250 g be ing  used for each  ba t ch .  The  b r a i n s  
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were homogenized  in twice the i r  volume of double-  
dist i l led wa te r  and  cent r i fuged for 20 min a t  30,000 g a t  
4~ The  s u p e r n a t a n t  was  u l t racen t r i fnged  for 90 min  at  
100,000 g and then  par t i a l ly  pur i f ied by  a m m o n i u m -  
su lpha te  I rac t ionat ion.  The prec ip i ta te  ob ta ined  at  
40-50% sa tu ra t ion  was sepa ra ted  by  cen t r i fuga t ion  at  
55,000 g for 20 rain at  4~ and  then  resuspended  in 5 ml  
of 0.02 M K - p h o s p h a t e  buffer,  p H  68.  This  suspens ion  
was dialyzed overn igh t  aga ins t  the  same buffer  and  had  
a final vo lume of 8~9 ml, conta in ing  5-10 mg pro te in /ml ,  
w i th  l i t t le  va r ia t ion  f rom ba tch  to ba tch .  The pro te in  
con ten t  was measured  according to  the  m e t h o d  of 
WARBURG 9. 

The assay procedure  was as descr ibed hy  H s u  and  
MANDELL", except  t h a t  m e r c a p t o e t h a n o l  (1.25 X 10 -5 M) 
was  used as an  a n t i o x i d a n t  and  the  to luene- i soamyl-  
alcohol ex t r ac t  was  evapo ra t ed  unde r  vacuum at  room 
t e m p e r a t u r e  overn igh t  and the  residue t aken  up d i rec t ly  
into scint i l la tor  solution. The concen t ra t ions  of the  various 
r eac t an t s  were as follows: t r y p t a m i n e  10 -a M ;  5-methyl-  
t e t r ahydro fo l a t e  (5-MTHF)-C 1~ 3.16 X10 -5 M (0.95 FCi 
per  assay);  K - p h o s p h a t e  buf%r p H  6.5 (phospha te  
concen t ra t ion  0.15 M) ;  m e r c a p t o e t h a n o l  1.25 X10 -5 M ;  
E D T A  5 •  -a M ;  a l iquots  of enzyme solution con- 
t a in ing  05  mg pro te in  per  a s s a y  The to ta l  vo lume of each 
incuba t ion  mix tu re  was 0.5 ml  and the  incuba t ion  t ime  
2 h. The solut ions of t r y p t a m i n e ,  ch lorpromazine ,  cloz- 
spine,  3 ,4 -d ihydroxypheny lace t i c  acid (DOPAC), and 
3 -me thoxy-4 -hydroxypheny lace t i c  acid (HVA) were ad- 
jus t ed  to  p H  6.5 pr ior  to  the i r  add i t ion  to  the  incuba t ion  
mix ture .  

The amines  were ex t r ac t ed  f rom the  incuba t ion  med i u m 
af ter  alkal inizat ion.  Then  the  organic phase  was com- 
ple te ly  r emoved  and the  m e d i u m  was acidified wi th  
0.3 ml  10 N HC1, 0.5 g KC1 was added  and acidic com- 
pounds  ex t r ac t ed  wi th  5 ml  bu ty l  ace ta te  ~~ To 3ml of 
the  organic  ex t rac t ,  10 ml  of scint i l la tor  fluid was added.  
The enzyme ba tches  m e t h y l a t e d  t r y p t a m i n e  to  N- 
m e t h y l t r y p t a m i n e  at  ra tes  ranging  f rom 15 to  22 pmol  
h-~/mg protein .  The tKm value for t r y p t a m i n e  m e t h y l a t i o n  
was  8.6 • 10 a M, which  is in ag reemen t  w i t h  t he  find%ngs 
of H s ~  and  MANI)ELL 2. The 2 neurolept ics  used, chtor- 
p romaz ine  and  clozapine ,had no influence on t r y p t a m i n e  
me thy l a t i on  up to  concen t ra t ions  of 10 -4 M and  10 -~ M,  
respec t ive ly  (Figure). Higher  concen t ra t ions  p roduced  

f irs t  opalescence and  then  f locculat ion of the  incuba t ion  
mix ture ,  p ro b ab l y  due to  p rec ip i t a t ion  of the  enzyme.  
The resul ts  ob ta ined  at  such concen t ra t ions  therefore  
canno t  be in t e rp re t ed  as real signs of enzyme inhibi t ion.  
I t  m u s t  consequen t ly  be assumed t h a t  neurolept ic  drugs 
as such do no t  inf luence enzyme act iv i ty ,  because con- 
cen t ra t ions  which  produce  unspecif ic  decreases in N- 
m e t h y l a t i o n  are unl ikely to be a t t a ined  by  in vivo ad- 
min is t ra t ion ,  even in an imal  exper iments .  

DOPAC and  its 3 -O-methyla ted  analogue, HVA,  
inh ib i ted  t r y p t a m i n e  me thy l a t i on  to vary ing  degrees 
depend ing  on the  concen t ra t ion  appl ied (Figure). The 
inh ib i to ry  capac i ty  of D O P A C  was 2-3 t imes  grea ter  t h a n  
t h a t  of HVA. In  the  expe r imen t s  in which D O P A C  was 
used as an inhibi tor ,  a rad ioac t ive  p ro d u c t  could be 
ex t r ac t ed  w i t h  bu ty l  ace ta te  f rom the  acidif ied reac t ion  
mix tu re  (Table). The r ad ioac t iv i ty  f i rs t  increased,  then  
decreased wi th  increasing D O P A C  concent ra t ions .  No 
rad ioac t iv i ty  was ex t r ac t ed  in control  exper iments ,  or 
when  t-IVA was used as an inhibi tor .  I t  is possible  
t h a t  the  rad ioac t ive  p roduc t  formed wi th  D O P A C  is 
e i ther  H V A  or iso-HVA. Pre l iminary  expe r imen t s  wi th  
D O P A C  as subs t r a t e  added  to  t he  incuba t ion  mi x t u r e  
showed the  kinet ic  p a t t e r n  co mmo n l y  associa ted wi th  
subs t r a t e  inhibi t ion.  This migh t  explain  the  decrease in 
ex t r ac ted  rad ioac t iv i ty  a t  h igh  D O P A C  concen t ra t ions  
in the  inhib i t ion  exper imen t s  shown in the  Table.  This 
implies t h a t  the  enzyme which  N - m e t h y l a t e s  t r y p t a m i n e  
is also able to O-methy la te  phenol ic  h y d r o x y  groups.  In  
fact,  BANERJ EE and SNYDER 4 observed O-methy la t ion  of 
5-hydroxyindoles  r a the r  t h a n  N-me thy la t ion .  

The concen t ra t ions  of DOPAC and  H V A  needed to  
inh ib i t  t he  enzyme are ve ry  high. However ,  ANDs 
e t a l .  z~ have  ~ound the  dopamine  concen t ra t ion  in s t r ia ta l  
nerve  endings  to be abou t  8 mg/g.  A compar i son  of the  
dopamine  z2 and DOPAC ~,13 con ten t s  of m a m m a l i a n  
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Incorporation of radioactivity into acidic substances 

Conce.ntration epm extracted cpm extracted 
of inhibitor (M) with DOPAC as with HVA as 

inhibitor inhibitor 

5 • 10 ,2 5437 1776 
3 • 10 -2 6836 1665 
2 • 10 .2 6533 1465 

10 -2 1.0136 1536 
7 x 10 -~ 6432 1723 
5 x 10 .2 5996 1559 
3 X 10 .2 4956 1486 

Controls (n - 4) 1928 -t- 76 1928 ~= 76 

Extraction of acidic radioactively labelled reaction products from the 
incubation mixture used in the inhibition experiments represented in 
the Figure. Each figure is the average of 2 estimations. Incubations 
with tryptamine alone served as controls. 
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Inhibitor concentration 

Tryptamine N-methylation by a rat brain enzyme: inhibition by 
neuroIeptics and acidic dopamine metabolites. Effects of different 
concentrations of chlorpromazine . . . .  , clozapine ( . . . . . . . . .  ), 
DOPAC ( ), and HVA ( . . . . . . . . . . .  ). Activity is given in 
percent of activity with tryptamine alone. Each point represents the 
average of 2 incubations. Blanks run with boiled enzyme showed that 
non-enzymatic production of N-methyltryptamine was about 30 % of 
the overall reaction. Activities of control samples ranged from 15 to 
22 pmol h-1]mg protein for the different batches of er~zyme used. 
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s t r ia ta l  t issue shows the  la t te r  to  be 5-10% of the  former.  
As D O P A C  is p resumably  an in t raneurona l  metabo l i t e  ~a, 
i ts concentra t ion  in s t r ia ta l  dopaminergic  nerve  endings 
would be 400-800 ag/g, which is roughly  equ iva len t  to 
2-4 x 10 -a M, if 1 g of wet  t issue is set equal  to 1 ml of 
l iquid.  This  concent ra t ion  coincides wi th  the  threshold 
inhib i tory  concent ra t ion  of D O P A C  shown ill the  Figure.  

Considering t h a t  neuroleptics  increase the  concent ra t ion  
of endogenous D O P A C  enormously,  i t  seems possible t ha t  
the  ant ipsychot ic  ac t iv i ty  of these drugs is re la ted to the  
rise in the  in t raneurona l  con ten t  of D O P A C  act ing as a 
me thy ta t ion  regulator.  This  implies  t h a t  the  methy l -  
t ransferase is localized intraneuronal ly .  The  calculat ion 
above is based on da t a  from str ia ta l  dopaminergic  
neurones. There are no corresponding da ta  avai lable  on 
other  central  dopaminergic  neurones,  bu t  also no evidence 
to indicate  t h a t  t hey  differ ve ry  much  in this  respect. 

Thus, the  regulat ion mechan ism out l ined above is not  
necessarily restr ic ted to s t r ia ta l  neurones. High con- 
centrat ions of 5 -MTHF and high ac t iv i ty  of t ryp tamine -  
N-methyl t ransferase  were in fact  detected  in ra t  corpus 
s t r ia tum, but  considerable amounts  and act ivi t ies  have  
also been found in o ther  brain regions la, ~. T ryp t amine  is 
cer ta inly  no t  ~he only substra te  of this  enzyme 
leading to the  format ion  of psychotomimet ic  der ivat ives .  
Other  indoleamines,  for instance, such as bufotenin  or 
5-methoxy-N,  N-d ime thy l t ryp tamine" ,  and catechol-  
amines ~ also, have  been held to be possible psychotogenic  
substances.  

It is no t  ye t  def ini te ly  known whether  biogenic amines 
do in fact  serve as 'precursors '  of endogenous psychoto-  
genic substances, much  less which par t icular  amine migh t  
be specifically concerned. Should dopaminergic  neurones 
be involved,  then  it  m a y  be assumed t h a t  D O P A C  
fulfils a regula tory  function.  

Rdsumd. L'ac ide  d ihydroxyph6nylacg t ique  (DOPAC) et  
l 'acide homovani l l ique  (HVA) inhibent  la m4thyla t ion  
de la t r y p t a m i n e  par  une m6thylase  par t ie l lement  
purifige du cerveau de rat .  Les concentra t ions  n4cessaires 

ce t te  inhibi t ion  sont  hautes  et  du mSme ordre de gran- 
deur  que celles qu 'on  peu t  a t tendre  du m6tabol isme de la 
dopamine  au n iveau  des terminaisons  dopaminergiques .  
La  chlorpromazine  e t l a  clozapine n ' in f luencent  pas  cet te  
ac t iv i t6  enzymat ique .  
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Feto-Specific Features of Human fl~-Microglobulin 

Ontogenet ic  studies on p lasma proteins  showed t h a t  
the  concentra t ion  of individual  proteins  gradual ly  increa- 
ses wi th  the ma tu ra t ion  of the fetus. Some proteins  reach 
the  adul t  levels a l ready during the  in t rau ter ine  life, the  
concent ra t ion  of others raises slowly and the  adul t  levels 
are a t ta ined  later  in the  ex t rau ter ine  life. An except ional  
deve lopmenta l  pa t t e rn  is presented by  %to-specific 
proteins ~ (e.g. a-fetoprotein,  fetuin) t ha t  reach the  highest  
concentra t ions  a l ready dur ing the  fetal  period and the  
levels a t ta ined  are higher  t han  those found in hea l thy  
adults.  Some of these proteins  a lmost  disappear  f rom the  
sera after  b i r th  and can only be detected by h ighly  sen- 
s i t ive techniques  such as radioimmunoassay.  

W e  have  s tudied the  ontogenesis of h u m a n  fl2-micro- 
globulin, a low-molecular-weight  cons t i tuent  of human  
serum and other  body fluids ~. This  protein has been shown 
to be homologous to the  cons tant  domains  of immuno-  
globulin G l ight  and heavy  chains~, and to be produced in 
v i t ro  by lymphoid  ceils as well as by  a va r i e ty  of cells 
der ived f rom non- lymphoid  solid tissue l inesa-L The 
present  s tudy  demonst ra tes  the  presence of fi2-micro- 
globulin in fetal  sera and other  fetal  fluids ; the  concentra-  
t ion changes of this  prote in  in serum during fetal  develop- 
men t  were found to be similar  to  those of feto-specific 
proteins.  

Materials and methods. H u m a n  fetuses of 16 to 36 
weeks of gestat ion were obta ined f rom spontaneous or 
Cesarean abort ions;  the  gestat ional  ages were es t imated  
according to the  last  mens t rua l  date, the  body weight  and 
the  crown-heel  length.  Fe ta l  ur ine was obta ined by  needle 
aspirat ion after  exposure of the  bladder  by  dissection. 
Amniot ic  fluids were t aken  in connect ion wi th  diagnost ic  
amniocenteses.  All samples were kept  frozen at  - -20~ 
unt i l  used. 

fl~-Microglobulin was quan t i t a t ed  by  the  radioact ive  
single rad ia l immunodi f fus ion  me thod  as described earlier s; 

ant isera  against  fl~-microglobulin were raised in rabbi ts  by 
immuniza t ion  with  purif ied ant igen isolated from urine 
of k idney t ransp lan t  pat ients" .  

Results and discussion, fl~-Microglobulin was de tec ted  in 
all fetuses invest igated.  The  concent ra t ion  of the  prote in  
in fetal  sera was found to be considerably  higher  t han  in 
normal  adul t  sera; the  mean  va lue  for the  fetal  sera 
s tudied was 0.71 mg/100 ml  (range 0.28 to 1.36 mg/100 ml) 
as compared  to adul t  serum values ranging f rom 0.11 to 
0.24 rag/100 ml  (ref. 8). Tile change ill fi2-microglobulin 
concentra t ion  witt l  the  gesta t ional  age is shown in the  
Figure.  The h ighes t  concentra t ions  were found in fetuses 
be tween the  20th and 32nd weeks of gesta t ion;  at  the  
end of the  second t r imes te r  t i le level of fl-2microgiobulin 
was approx imate ly  8 t imes  higher  t han  the  mean  concen- 
t ra t ion  found in sera of hea l thy  adults.  Af ter  th is  period, 
the  concentra t ion  of the  prote in  decreases to reach the  
levels of cord blood sera (range 0.20 to 0.48 mg/100 ml). 
Re la t ive ly  high concentra t ions  of //2-microglobulin were 
also found ill fetal  ur ines and amniot ic  fluids. I n  5 urine 
specimens f rom 16- to 36-week-old fetuses the  fi2-micro- 
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