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Resumen. E n  12 r a t a s  n o r m a l e s  y en  12 h ipof i sec to-  
m i z a d a s  150 dias  an t e s  se d e t e r m i n a r o n  las concen t r ac iones  
de Acidos urdnicos ,  g l icoprotefnas ,  Acido h ia lurdnico ,  
h e p a r i t l n  sul fa to ,  condro i t ln -4-su l fa to ,  condro i t in -6-su l -  
fato,  d e rm a tAn  su l fa to  y h e p a r i n a  en piel y car t i lago 
t r aquea l .  E s t o s  e s tud ios  d e m o s t r a r o n  dos hechos :  (1) u n  
efecto d i s t i n to  de la h ipo f i s ec tomia  sobre  piel y t rAquea  
en re lacidn con el m e t a b o l i s n m  de las g l icopro te inas  y el 
Acido hia lurdnico,  c u y a s  concen t r ac iones  a u m e n t a r o n  en 
la p r i m e r a  y descend ie ron  en la s e g u n d a ;  (2) u n a  disocia-  
cidn en t re  el c o m p o r t a m i e n t o  del Acido h ia lu rdn ico  y los 
g l i cosaminog l i canos  Sulfa tados  en piel, a u m e n t a n d o  la 
con cen t r ac id n  del p r imero  y d i s m i n u y e n d o  las cor respon-  

d i en t e s  a los s e g u n d o s  en f o r m a  var iab le  segdn  la f raccidn 
cons iderada .  
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Effec t  of  F e e d i n g  P s o r a l e n  on  the  C o p p e r  C o n t e n t  of  D i f f e r e n t  O r g a n s  in  A l b i n o  R a t s  

F u r o c o u m a r i n s  h a v e  been  k n o w n  to induce  p i g m e n t a -  
t i on  in v i t i l ig inous  sk in  w h e n  a d m i n i s t e r e d  a long  w i t h  
l on g wav e  UV- or so la r - i r rad ia t ion  l-a. T h e  precise m e c h a -  
n i s m  of th i s  i n d u c t i o n  is a t  p r e sen t  la rgely  u n k n o w n .  
MOFTY et  al. 4 h a v e  r epo r t ed  t h a t  feeding  of 8 - m e t h o x y -  
pso ra len  to  a lb ino  r a t s  caused  a m a r k e d  rise in b lood 
copper  a n d  a s ign i f i can t  drop in i ts  c o n t e n t  in liver. How-  
ever, 8 - i s o a m y l e n e o x y p s o r a l e n  was  found  to be ineffect ive .  
H e n c e  i t  was  cons idered  wor thwh i l e  to i n v e s t i g a t e  t h e  
effect  of feeding  pso ra len  for d i f fe rent  per iods  a n d  obse rv -  
ing i ts  effect  on t o t a l  copper  of t he  d i f fe ren t  o rga ns  in 
a lb ino  ra ts .  Th e  r e su l t  of such  s tud ies  are r epo r t ed  in t he  
p r e s e n t  c o m m u n i c a t i o n .  

Male a lb ino r a t s  (100 g) were  d iv ided  in to  4 g roups  of 
8 r a t s  each.  Th e  compos i t i on  of t he  feeding m i x t u r e  w a s  
250 m g  g u m  t r a g a c o n t h ,  750 m g  glucose,  125 m g  psora len ,  
2.5 m l  e t h y l  a lcohol  and  w a t e r  to  m a k e  25 ml.  I n  t he  
n o r m a l  feeding  m i x t u r e  pso ra len  was  omi t t ed .  E a c h  r a t  
was  fed 0.5 ml  of t h e  so lu t ion  daily.  Af t e r  t he  r equ i s i t e  
period of feeding  t h e  r a t s  were killed, o rgans  i m m e d i a t e l y  
r emoved ,  we ighed  a n d  d iges t ed  to a t r a n s p a r e n t  colour-  
less l iquid.  T h e  d iges ted  s amp le s  of va r ious  o rgans  con-  
t a i n in g  c o n c e n t r a t e d  su lphu r i c  acid were p o l a r o g r a p h e d  
u s in g  L a n g e ' s  m a n u a l  p o l a r o g r a p h  w i th  a m u l t i f l e x  
g a l v a n o m e t e r  for  record ing  cu r ren t .  I n  all t h e  samples ,  
the  h a l fwav e  poten t ia l ,  m e a s u r e d  aga in s t  H u m e  a n d  
H a r r i s  s a t u r a t e d  ca lomel  e lec t rode  a t  37 ~ was  e x a c t l y  
a t  0 V, a p o t en t i a l  r epor t ed  for copper  ions in th i s  
m e d i u m .  T h e  c o n c e n t r a t i o n  of copper  was  ca lcu la ted  by  
m e a s u r i n g  t h e  d i f fus ion  c u r r e n t  a t  0.200 V. The  effect  

of d i f fe ren t  c o n c e n t r a t i o n s  of su lphu r i c  acid, d i f fe ren t  
ionic s t r e n g t h  ob t a ine d  b y  t he  add i t i ons  of p o t a s s i u m  
chlor ide a n d  p o t a s s i u m  s u l p h a t e  was  also i n v e s t i g a t e d  
a nd  f o u n d  to  be negligible.  

Before  a c t u a l l y  do ing  t h e  copper  c o n t e n t  of d i f fe ren t  
o rgans  of n o r m a l  a nd  psora len- fed  a lb ino ra ts ,  some  
r ecove ry  e x p e r i m e n t s  were done  b y  a d d i n g  d i f fe ren t  
a m o u n t s  of copper  to  all t h e  o rga ns  u n d e r  s t u d y  in order  
to k n o w  the  error  in the  e s t ima t ion .  T h e  error  was  found  
to v a r y  f rom 4- 2 to 4- 5% in m o s t  of t h e  o rgans  a n d  
t h a t  is well w i th in  t he  l imi t  of po la rog raph ic  ana lys i s  5. 

T h e  Tab le  r e p r e se n t s  t he  t o t a l  copper  in d i f fe rent  o rgans  
of psora len- fed  r a t s  for 3, 7 a n d  15 days .  The  copper  
c o n t e n t  of spleen ind ica ted  a rise of a r o u n d  46.2% a n d  
l iver  on t he  o the r  h a n d  e xh ib i t e d  a decrease  of a b o u t  
42 .87% af te r  3 d a y s  of p so ra l e n  a d m i n i s t r a t i o n .  These  
c h a n g e s  were more  or less m a i n t a i n e d  in b o t h  t he  o rgans  
even  a f te r  15 d a y s  of feeding.  Skin was  found  to give a 
va r i ab le  r e sponse  a t  d i f fe rent  per iods.  In i t i a l  feeding for 
3 d a y s  ind ica ted  a rise of a b o u t  43.52%.  F u r t h e r  feeding  
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Total copper in different organs of normaI and psoralen-fed albino rats 

Groups Copper content of various organs (in mg%) 

Liver Skin Heart Brain Kidney Lung Spleen Muscle 

Normal 8.00 1 3.27 3.35 2_ 2.77 4.95 :a: 1,32 1.49 :z 0.67 3.61 2_ 2.41 5.25 = 3.70 9.16 2_ 4.64 2.07 i 1.59 

Psoralen-fed 

3 days 4.50 i 3.27 4.81 :i: 2.27 5.22 ~ 4.26 1.58 4- 0.90 3.14 =c 1.16 5.27 4- 2.87 13.40 i 2.58 2.29 2_ 1.07 
7 days 4.75 -~ 1.45 1.40 z_ 1.29 5.47 =I= 3.38 1.45 ~- 0.56 3.28 2= 2.47 4.77 2_ 3.57 12.24 ~= 8.05 2.02 2_ 1.32 
15 days 4.46 ~_ 1.67 3.25 :a= 1.84 4.75 z- 2.46 1.98 2_ 0.,73 3.48 :a: 0.75 5.43 :z: 2.71 13.99 ~: 5.10 2.79 4- 1.32 

Values given are mean of 8 animals. 
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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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