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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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p h r i n e  w i t h  acet ic  a n h y d r i d e - p y r i d i n e  followed b y  
r educ t ive  r emova l  of t he  c a r b o b e n z y l o x y  group.  The  
a m o r p h o u s  t r i a c e t a t e  was  hom ogeneous  b y  t h i n - l a y e r  
c h r o m a t o g r a p h y  (Sil ica gel, n - b u t a n o l ;  acet ic  acid, water ,  
5 : 3 : 1, Rf  0.55) whi le  N M R - s p e c t r o s c o p y  a n d  h igh  resolu-  
t i on  mass  s p e c t r o m e t r y  conf i rmed  s t r u c t u r e  I. Ana-  
logously, N - c a r b o b e n z y l o x y - L - n o r e p i n e p h r i n e  r eac t ed  
w i t h  phosgene  a n d  py r id ine  to give, a f t e r  ca t a ly t i c  
deca rbobenzy la t i on ,  t he  cyclic c a r b o n a t e  of L-norepine-  
ph r ine  ( I I I ) .  

C o m p o u n d s  I a n d  I I I ,  w h e n  t e s t ed  for t he i r  effect  on  
t he  release of card iac  no rep inephr ine -3H ~~ caused  
s ign i f ican t  release of no rep inephr ine -aH f rom h e a r t  d u r i n g  
t he  assay  per iod of 2 h. In  addi t ion ,  local  p i loerec t ion  a t  

Distribution of radioactivity between brain and heart after adminis- 
tration of norepinephrine-~H, 3,4,~-triaeetylnorepinephrine-3H and 
3, 4,fl- Tris(trimethylsilyl)-norepinephrine-3H 

Compound a Total Activity Activity Ratio 
activity in heart in brain heart[brain 
injected (nc) (ne) 
(nc) 

Norepinephrine-'~H 104 7.3 0.4 18.3 

3, 4,fl-Triaeetyl- 10 0.07 0.05 1.2 
norepinephrine-3H 

3,4,~-Tris(trimethyl- 13 0.06 0.10 0.60 
silyl)-norepinephrine-aH 

a Norepinephrine.7.SH and derivatives were administered to mice 
(male, 20 g) by tail vein injection 30 rain prior to sacrifice. Results 
are expressed as the mean values of the total activity/organ from 
10 animals. Activity was measured by liquid scintillation speetro- 
photometry. Counting efficiency 5-14%. 
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t h e  s i te  of s.c. i n j ec t ion  ( admin i s t e r ed  as so lu t ion  in 50% 
d imethy l su l fox ide )  was  obse rved .  C o m p o u n d s  I a n d  I I I  
h a d  a n  EDs0 of 2.7 a n d  5.2 mg/kg ,  respec t ive ly ,  for  card iac  
no rep inephr ine -aH release. L-Norep inephr ine ,  itself, h a s  
a n  EDs0 of < 1.2 mg/kg .  

To a sce r t a in  w h e t h e r  such  de r i va t i ve s  would  be  p rac t i ca l  
for  l abe l ing  b r a i n  n o r e p i n e p h r i n e  s tores  w i t h  t r a c e r  
a m o u n t s  of norep inephr ine-3H,  t h e  3, 4, f l - t r iaceta te  I was  
p r e p a r e d  f rom norep inephr ine -7 -3H (New E n g l a n d  
Nuc lea r  Corp., 5 txc/nmole). I n  add i t ion ,  t h e  3,4,fl- 
Tris(trimethylsilyl) d e r i v a t i v e  (II)  of no rep ineph r ine -  
7-3H (5 ~ c / m M )  was syn thes ized  b y  a mod i f i ca t i on  of t he  
p rocedure  of KAWAI and  TAMURA 15 in wh ich  pyr id ine -  
h e x a m e t h y l d i s i l a z a n e - t r i m e t h y l s i l y l  ch lor ide  (10 : 2 : 1) was  
used  as s i ly la t ing  reagent .  Gas  c h r o m a t o g r a p h y  a n d  mass  
s p e c t r o m e t r y  conf i rmed  t h e  s t r u c t u r e  as t h e  3,4, fl- 
Tris(trimethylsilyl)-norepinephrine (mol. wt.  388, loss of 
CH2-NH2).  T r a c e r  a m o u n t s  of these  de r i va t i ve s  (I a n d  I I )  
a n d  of norepinephr ine-7-SH,  itself, were a d m i n i s t e r e d  i.v. 
to  mice in a m i x t u r e  (0.1 ml) of d ime thy l su l fox ide  a n d  
isotonic  sod ium chlor ide (11: 1). I n  c o n t r a s t  to  t he  p a t t e r n  
of d i s t r i b u t i o n  o b t a i n e d  w i t h  free n o r e p i n e p h r i n e  b o t h  
de r iva t i ve s  read i ly  en t e red  t he  CNS (Table).  The  tech-  
n ique  d id  no t  seem p rac t i ca l  for l abe l ing  cen t r a l  s tores  of 
no rep inephr ine ,  since b o t h  l ipophi l ic  de r i va t i ve s  su rv ived  
for long per iods  in the  b ra in ,  p r e s u m a b l y  in f a t t y  t issue.  
T h e  d i s appea rance  of 3, 4, f l - t r i ace ty lnorep inephr ine-7-3H 
in b r a i n  and  h e a r t  is shown  in t he  Figure.  The  t u r n o v e r  
of norep inephr ine -~H in b r a i n  a f t e r  i n t r a c i s t e r n a l  a d m i n -  
i s t r a t i on  m a y  be in f luenced  b y  va r ious  d rugs  9, b u t  s imi la r  
a t t e m p t s  to  inf luence  t he  t u r n o v e r  of no rep inephr ine -3H 
fo rmed  f rom the  l a t e n t  p recursors  were r a t h e r  unsuccess-  
ful. This  m a y  be due  to t he  f o r m a t i o n  of no rep ineph r ine -  
3H f rom the  p recurso r  b o t h  c o n t i n u o u s l y  in s i tu  and  also 
d u r i n g  isolat ion.  However ,  on  t h e  basis  of t he  o b s e r v a t i o n s  
r epo r t ed  here,  c o m p o u n d s  I, I I ,  I I I  or r e l a t ed  l ipophi l ie  
de r iva t i ve s  m i g h t  be  useful  in  p r o v i d i n g  t he  CNS w i t h  a 
sus t a ined  release of t he  n e u r o t r a n s m i t t e r  no rep inephr ine .  

Zusammenfassung. Das in v ivo  le ich t  h y d r o l y s i e r b a r e  
0, 0, 0 -Tr i ace t a t  u n d  das  zykl ische B r e n z k a t e c h i n - c a r b o n a t  
des L-Noradrena l ins  se tzen  im H e r z e n  der  Maus  t r i t i i e r t e s  
N o r a d r e n a l i n  frei. Beide  D e r i v a t e  sowie das  0 ,0 ,0 -Tr i -  
methyls i ly l -L-noradrena l in-7-ZH,  s ind geni igend  l ipophi l ,  
u m  le ich t  die L i q u o r s c h r a n k e  zu i iberschre i ten ,  wo sie im 
Z e n t r a l n e r v e n s y s t e m  l a n g s a m  t r i t i i e r t e s  N o r a d r e n a l i n  
t re ise tzen.  Solche N o r a d r e n a l i n - D e p o t - D e r i v a t e  s ind 
m6gl icherweise  v o n  t h e r a p e u t i s c h e m  Interesse .  
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3,4,fl-Triacetylnorepinephrine (0.5 [~c) was administered i.v. (tail 
vein) to 20-g male mice. At the times indicated 5 animals were 
sacrificed, tissues removed, honlogenized in 0.4N perchloric acid. 
Following centrifugation the supernatant fluid was separated into 
catechol and non-cateehol fractions by the alumina adsorption 
technique. Values are reported as activity (cpm corrected to 10% 
efficiency) per total organ. 
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