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for  7 days,  however ,  was  f o u n d  to  b r i n g  a b o u t  a decl ine 
in t he  copper  c o n t e n t  to  1.40 m g % .  On c o n t i n u e d  feeding 
for  15 days,  t h e  n o r m a l  va lue  was ob ta ined .  T he  o the r  
organs,  such  as b ra in ,  hea r t ,  k idney,  l ung  a n d  muscle,  d id  
n o t  ind ica te  a n y  s ign i f ican t  d i f ference in t h e  copper  
c o n t e n t  of n o r m a l  a n d  psora len- fed  r a t s  for t he  per iod  of 
3, 7 a n d  15 days.  

T h e  decrease  in t h e  copper  c o n t e n t  of l iver  is in  close 
a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n  of MOFTY et  al. 4 who  
r epo r t ed  a m a r k e d  rise in b lood  copper  a n d  a drop  in 
l iver  a f te r  t h e  a d m i n i s t r a t i o n  of 8 -me thoxypso rMen .  I t  
would  t h u s  a p p e a r  t h a t ,  in  view of t h e  r e q u i r e m e n t  of 
copper  a t  o t h e r  sites, psora len  a d m i n i s t r a t i o n  deple tes  
copper  t r o m  l iver  g iv ing rise to  i ts  increase  in t he  peri-  
p h e r a l  b lood c i rcula t ion.  H a v i n g  accep ted  t h a t  psora len  
induces  copper  to  m i g r a t e  f rom l iver  to  pe r iphe ra l  blood, 
i ts  increase  in spleen could p r o b a b l y  be  exp la ined  on  t he  
bas is  of spleen be ing  a b lood  filter.  Copper  is p r o b a b l y  
b o u n d  to such  p ro t e ins  in t he  c i r cu la to ry  b lood  as are 
easi ly  p e r m i t t e d  b y  t he  spleen to  pass  t h rough .  

T h e  in i t ia l  increase  of copper  in t h e  skin  in t he  f i rs t  
3 days  of psora len  s u p p l e m e n t a t i o n  could poss ib ly  be  due  
to  t h e  u p t a k e  of copper  f rom t he  pe r iphe ra l  b lood  s t ream.  
I n  a lb ino  skin, th i s  increase  in copper  d id  n o t  b r ing  a b o u t  
a n y  ma te r i a l  a d v a n t a g e  a n d  was the re fo re  once aga in  
excre ted  in to  t h e  b lood a n d  t he  va lues  were found  to 
r e t u r n  to normal .  The  decrease  a f t e r  7 days  of pso ra len  
feeding m a y  poss ib ly  p o i n t  ou t  some sor t  of exc re to ry  

m e c h a n i s m  w h i c h  m a y  h a v e  been  deve loped  in t h i s  t issue,  
a f t e r  a c c u m u l a t e d  copper  was n o t  required .  The  i ne r tne s s  
in  o t h e r  o rgans  such  as b ra in ,  hea r t ,  k idney,  l ung  a n d  
muscle  would  p e r h a p s  ind ica te  t h e  possible  ins igni f icance  
of these  o rgans  in t h e  ac t ion  of psora len  in p i g m e n t  
p roduc t ion .  

I t  would  t h u s  a p p e a r  f rom these  s tud ies  t h a t  one of t he  
m e c h a n i s m s  b y  w h i c h  psora len  m a y  exe r t  i t s  ac t ion  in 
t h e  p r o d u c t i o n  of m e l a n i n  m a y  be  t h a t  i t  s o m e h o w  (exac t  
m e c h a n i s m  for th i s  process  is sti l l  u n k n o w n )  releases t h e  
s to red  copper  f rom t h e  l iver  a n d  t h r o u g h  p e r i p h e r a l  
b lood c i rcula t ion ,  m a k e s  i t  ava i l ab le  to  t he  dep le t ed  
v i t i l ig inous  areas.  However ,  th i s  h y p o t h e s i s  will  h a v e  to  
a w a i t  f u r t h e r  c o n f i r m a t i o n  b y  t he  use of r a d i o a c t i v e  
copper  a n d  f ina l ly  cl inical  s tud ies  in  h u m a n  beings.  

Zusammen/assung. Pso ra l en f i i t t e rung  yon  R a t t e n  be-  
w i rk t  eine V e r m e h r u n g  des Kupfe rgeha l t e s  in  de r  Milz 
u n d  eine V e r m i n d e r u n g  in der  Leber .  In  der  H a u t  s ind 
die W e r t e  n i c h t  e inhei t l ich .  
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Comparat ive  Fract ionat ion of D N A  f r o m  Ascites  T u m o u r  and N o r m a l  Cells on Hydroxyapat i t e  
C o l u m n  

Appl i cab i l i t y  of h y d r o x y a p a t i t e  c o l u m n  to t he  frac- 
t i o n a t i o n  of nucleic  acids ha s  been  d e m o n s t r a t e d  b y  
severa l  workers  1-5. So far, however ,  t he re  has  been  no 
a t t e m p t  to  i nves t i ga t e  possible  di f ferences  in  t he  m a m -  
m a l i a n  D N A  f rom n o r m a l  and  t u m o u r  cells us ing  th i s  
co lumn.  I n  th i s  l a b o r a t o r y  D N A  samples  f rom n o r m a l  
a n d  m a l i g n a n t  mice  t i ssues  were e x a m i n e d  b y  ch roma-  
t o g r a p h y  us ing  h y d r o x y a p a t i t e  co lumn.  The  fol lowing is 
t he  r epo r t  of these  observa t ions .  

A1aterials and methods. D a l t o n ' s  l y m p h o m a  in t he  fo rm 
of a n  asci tes  t m n o u r  f rom D B A  mice  o b t a i n e d  f rom 
Dr.  G. KLEIN which  or ig inal ly  arose as a t h y m u s  t u m o u r  
in D B A  212 mouse  a t  t h e  N a t i o n a l  Cancer  I n s t i t u t e  (USA) 
was  selected for t h e  p r e s en t  expe r imen t s .  I t  was  ma in -  
t a i n e d  as asci tes  t u m o u r  in D B A  (-MTI) mice  in our  
l abo ra to ry .  H i g h  po l ym er  D N A  was p r e p a r e d  accord ing  
to  t h e  m e t h o d  of I~ERNS a n d  THOMAS6, where  t h e y  h a v e  
b e e n  able  to  o b t a i n  D N A  of molecu la r  we igh t  as h igh  as 
4.0 • l0  s. Res idua l  R N A  was r e m o v e d  b y  d iges t ing  t he  
p r e p a r a t i o n  w i t h  R N A a s e  a t  37 ~ a n d  w i t h  s u b s e q u e n t  
dialysis .  Ra t io s  of op t ica l  dens i ty  a t  A260/~2s 0 a n d  ~260/A230 
were  of t he  o rder  of 2 .0:2.2 w h e n  t h e  m a t e r i a l  was  dis- 
so lved  in physio logica l  saline.  The  p r o t e i n  t e s t  car r ied  ou t  
accord ing  to  t he  m e t h o d  of LowRY et  al.L was nega t ive .  
D N A  p r e p a r e d  as above  f rom t he  t h y m u s  of t h e  n o r m a l  
D B A  (-MTI) mice, was  used as control .  

H y d r o x y a p a t i t e  co lumn  was p r e p a r e d  accord ing  to t h e  
m e t h o d  of MIYAZAWA a n d  THOMAS 5. F r a c t i o n a t i o n  of 
D N A  was car r ied  ou t  on  1 • 3 cm of th i s  co lumn  b y  
c o n t i n u o u s  e lu t ion  w i th  l inear  m o l a r i t y  g r a d i e n t  of 
p h o s p h a t e  buffer  (Na2HPO 4, N a H 2 P O  a, p H  6.8). 

Results and discussion. F r a c t i o n a t e d  D N A  f rom b o t h  
n o r m a l  as well  as t u m o u r  cells a p p e a r e d  in a single p e a k  

e lu t ing  a t  0 . 2 6 M  PO~ w h e n  the  c o n c e n t r a t i o n  of PO 4 was  
ra ised f rom 0 .001-1 .0M.  However ,  these  2 var ie t ies  of 
D N A  samples  showed  a m a r k e d  dif ference in t he  p ropor -  
t i on  of D N A  which  e lu ted  a t  t he  a b o v e  p e a k  a n d  t h a t  
wh ich  sti l l  a d h e r e d  to t he  co lumn  a t  1 . 0 M  PO 4 concen-  
t r a t i o n  a n d  could  be  recovered  f rom i t  b y  suspend ing  t h e  
co lumn  m a t e r i a l  in  a 1 . 0 M  PO~ buf fe r  in  a t e s t - t u b e  
shak ing  t he  suspens ion  for 3-4  ra in  and  b y  i ts  s u b s e q u e n t  
cen t r i fuga t ion .  More t h a n  90% of t he  t h y m u s  D N A  w h i c h  
se rved  as t he  con t ro l  e lu ted  a t  0 . 2 6 M  P O  4 a n d  a b o u t  5% 
was s e p a r a t e d  f rom the  co lumn  w i t h  1 . 0 M  PO4 in t h e  
m a n n e r  s t a t e d  above .  On t he  o the r  h a n d ,  5 4 - 6 2 %  of t h e  
t u m o u r  D N A  was  o b t a i n e d  a t  0 . 2 6 M  PO 4 a n d  a b o u t  40% 
was recovered  f rom the  co lumn  w i t h  1 . 0 M  PO~. T h e  
typ ica l  e lu t ion  p a t t e r n s  are  shown  in t he  Figure .  T h u s  
D N A  f rom t u m o u r  source was  a lways  found  poore r  in  
D N A  e lu t ing  a t  0 . 2 6 M  P O  4 and  b e t w e e n  5- to  10-fold 
r i cher  in t he  ' s t i ck ing '  k ind  ( separa ted  w i t h  1 . 0 M  PO4) 
w h e n  c o m p a r e d  to  t he  co r re spond ing  f rac t ions  f rom t h e  
n o r m a l  t issue.  Th i s  f ea tu re  was obse rved  r e p e a t e d l y  in 
n u m b e r  of i n d e p e n d e n t  expe r imen t s .  
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On h e a t  d e n a t u r a t i o n  (100 ~ 15 min)  of t he  D N A  in 
t u m o u r  as well  as con t ro l  samples ,  t he  peaks  a t  0 . 2 6 M  P O  4 
sh i f ted  close to  O.2M PO 4 whi le  no  s ign i f ican t  change  in 
t h e  b e h a v i o n r  in t he  1 . 0 M  region was obse rved  in b o t h  
these  cases. 
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The chromatographic elution patterns of DNA on hydroxyapatite 
column using phosphate buffer gradient. 

The  f rac t ions  e lu t ing  a t  0 . 2 6 M  P O  4 f rom b o t h  t he  
p r e sen t  sources  of D N A  conform to t he  obse rva t i ons  of 
ear l ier  workers  w i t h  n a t i v e  D N A  f rom ch icken  e r y t h r o -  
cyte,  calf  t h y m u s ,  Escherichia coli 4, as well  as T2 a n d  /~ 
b a c t e r i o p h a g e  6. T h e  obse rved  sh i f t  to  lower  PO 4 m o l a r i t y  
of t he  e luen t  for these  f rac t ions  on  h e a t  d e n a t u r a t i o n  of 
t he  D N A  samples  also suppor t s  such  a cor re la t ion  a n d  
could be  due  to conve r s ion  of doub le  s t r a n d e d  D N A  in to  
single s t r a n d e d  va r i e ty .  On t he  o t h e r  h a n d ,  t he  obse rva -  
t ion  of t h e  more  a d h e r r i n g  t y p e  of D N A  in t he  p r e s e n t  
i nves t iga t ions  w h i c h  seems to  form a s ign i f ican t  f r ac t ion  
in t he  samples  f rom t u m o u r  cells only, does  no t  f ind  easy  
co r re la t ion  w i t h  k n o w n  da ta .  The  s t a b i l i t y  of th i s  f r ac t ion  
to h e a t  t r e a t m e n t  is also no t ewor thy .  I t  would be  of 
i n t e r e s t  to  know if th i s  f r ac t ion  showed  a n y  cha rac t e r i s t i c  
differences  in  i ts  b iological  b e h a v i o u r  w h e n  c o m p a r e  d w i t h  
t he  more  c o m m o n  n a t i v e  D N A  f rac t ion  e lu t ing  in t h e  PO4 
c o n c e n t r a t i o n  r a n g e  0.2-0.3 M.  

Zusammen[assung. Zwischen  D N S  n o r m a l e r  u n d  neo-  
p la s t i sche r  Zellen b e s t e h t  ein wesen t l i cher  b iochemische r  
Un te r sch ied .  
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Labile Lipophilic D erivatives of Norepinephrine Capable of Crossing the Blood-Brain Barrier 

One m e t h o d  of mod i fy ing  t h e  a c t i v i t y  of p h a r m a c o -  
logical  agen t s  is t h r o u g h  syn thes i s  of labi le  de r iva t i ve s  
which  unde rgo  e i the r  e n z y m a t i c  or  n o n - e n z y m a t i c  
hydro lys i s  in  v ivo  to  r e g e n e r a t e  t he  p a r e n t  d rug  1-5. 
Differences  in  me tabo l i sm,  excre t ion ,  ac t ive  or pass ive  
t r a n s p o r t  and  t i ssue  loca l iza t ion  of these  de r iva t i ve s  
shou ld  inf luence  g rea t ly  t he  onset ,  d u r a t i o n  and  t y p e  of 
a c t i v i t y  cha rac t e r i s t i c  of t h e  p a r e n t  drug.  T he  ca techo l  
amines ,  (nor) ep inephr ine  a n d  d o p a m i n e  m a y  be  modi f ied  
e i t he r  a t  t he  basic  n i t r ogen  or  a t  t he  phenol ic  groups.  
Labi le  l ipophi l ic  de r i va t i ve s  of ca techo l  amines  would  be  
expec t ed  to  cross t he  ' b l o o d - b r a i n  ba r r i e r ' ,  e n t e r  t he  
cen t r a l  ne rvous  s y s t e m  (CNS) and,  b y  hydrolys is ,  gene ra t e  
t h e  p a r e n t  n e u r o h u m o r a l  t r a n s m i t t e r s  in situ.  In  add i t ion ,  
such  labi le  de r iva t i ve s  of n o r e p i n e p h r i n e - a H  an d  o the r  
n e u r o h u m o r a l  t r a n s m i t t e r s  m i g h t  p rov ide  a m e t h o d  of 
l abe l ing  cen t r a l  s torage  si tes w i t h  r ad ioac t ive  a m i n e  for 
t he  Study of a m i n e  up take ,  s torage,  release and  m e t a b o -  
l ism. Such  CNS s tudies  n o r m a l l y  m a k e  use of r ad ioac t ive  
m e t a b o l i c  p recursors  wh ich  read i ly  cross t h e  ' b lood -b ra in  
ba r r i e r ' ,  for example :  t y ros ine  6,7, dopa  6,7, or 3 ,4-d ihy-  
d r o x y p h e n y l s e r i n e  8, or invo lve  t h e  direct ,  i n t r a c i s t e r n a l  
in j ec t ion  of t he  a m i n e ' .  

Our  s y n t h e t i c  a p p r o a c h  to ' l a t e n t i a t i o n '  of norep ine-  
p h r i n e  was guided b y  t he  o b s e r v a t i o n  t h a t  phenol ic  
de r i va t i ve s  of ca techo lamines ,  such  as the  0, 0-dibenzoate ,  
0 ,0-d iaee ta t~  or  O,O-bis(ethylcarbonate), caused  release 
of n o r e p i n e p h r i n e : H  f rom card iac  t i ssue  in 2 h 1~ a clear  
i n d i c a t i o n  t h a t  r ap id  hydro lys i s  of these  es ters  to  t he  
ac t ive  c~t-~chols m u s t  h a v e  occu r red  in vivo.  
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Two l ipophi l ic  de r i va t i ve s  of n o r e p i n e p h r i n e  were pre-  
pared.  One, 3, 4, f l - t r i ace ty l -L-norep inephr ine  (I) was  pre-  
pa red  b y  a c e t y l a t i o n  of N-ca rbobenzy loxy-L-norep ine -  
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