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after  a s.c. inject ion of 21.2 ~g 14C-BCNU. The re la t ive  
organ dis t r ibut ion  following s.c. in ject ion was in accord 
wi th  t h a t  following topical  applicat ion,  suggest ing t h a t  
oral  ingest ion was not  a factor  in the  results. 
Act iv i t ies  were found in all t issues examined  indica t ing  
facile percutaneous  penet ra t ion .  In t e rp re t a t ion  of da t a  
for the  gut  is difficult  due to the  l ikelihood of fecal 
contamina t ion .  Exc lus ive  of the  gut  h ighest  va lues  were 
found in the  liver, k idney  and lung. H igh  values  for l iver  
and k idney  in mice were also found by  Wheeler  e t  al. 4 
and De Vi ta  et al. 5 following i.p. inject ion.  We  note'd a 
sharp drop in values  for all viscera be tween  2 and 6 h af ter  
topical  appl icat ion as did Wheeler  et  al. following i.p. 
in ject ion 4. Ac t iv i t y  in the  bra in  again demons t ra tes  the  
abi l i ty  of B C N U  or its products  to cross the  b lood-bra in  
barr ier  5. 

Mouse skin is th inner  and more hirsute  t han  human  skin. 
Using in v i t ro  chambers ,  Marzuli  et al. 6 found mouse skin 
to be m a n y  fold more permeable  than  human  skin. E x t r a -  
polat ion of the  present  da ta  to man  mus t  take  this en- 
hanced permeabi l i ty  of mouse skin in to  cor~sideration. 
Percu taneous  pene t ra t ion  of B C N U  in man  is the  subject  
of another  s tudy  in progress by  the  authors.  
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Summary. A biphasic  dose-response pa t t e rn  is generated b y  the  isoquinoline, 3-carboxysalsolinol,  in analgesia tests  
conducted  in mice. Carbidopa p r e t r e a t m e n t  enhances  this  effect, as well  as the  morphine- induced  analgesic increase 
by  3-carboxysalsolinol.  Naloxone  blockade of all of these responses suggests an in te rac t ion  of the  alcohol-based iso- 
quinol ine  wi th  centra l  opiate  receptors.  

Ross and his colleagues h a v e  shown t h a t  morph ine  (M), 
e thanol  (ETOH) and salsolinol (SAL) can diminish  cal- 
c ium levels in bra in  regions. This  act ion can be sup- 
pressed by  the  narcot ic  an tagonis t  na loxone (N)2. SAL 
is a t e t rahydro isoquinol ine  (TIQ) der ived f rom condensa-  
t ion of the  p r ima ry  metabo l i t e  of E T O H ,  aceta ldehyde,  
w i th  dopamine~-K W e  h a v e  repor ted  t h a t  S A L  and the  
re la ted 3-carboxysalsolinol  (3cSAL), der ived f rom acetal-  
dehyde  and L - D O P A  prolong E T O H - i n d u e e d  narcosis in 
mice, wi th  3cSAL being more p o t e n t  b y  far  5. The  sug- 
gested opia te- re la ted  act ion of SAL in the  calc ium ex- 
pe r iments  toge ther  wi th  the  enhanced  E T O H - b a s e d  
narcosis observat ions  have  led us to examine  3eSAL for 
in v ivo  effects associated wi th  opiates.  Accordingly,  3c SAL 
was given to mice, alone and w i t h  M, and analgesia  was 
assessed. Paral le l  studies were conduc ted  wi th  equimolar  
quant i t ies  of the  3cSAL precursor,  L -DOPA,  for com- 
parison. 
Materials and ,methods. Analgesia  was measured  by  a 
modif ica t ion  of Haf fner ' s  tai lcl ip me thod  e, v. Male, Swiss- 
Webs te r  mice (20-25 g) received i .p.  in ject ions  (15 ~xl/g) 
of 3cSAL, L - D O P A  or M (hydrochloride) or combina t ions  
of 3cSAL or L - D O P A  and M. All drug solutions were 
prepared  in acidic saline (1 drop of concen t ra ted  HCI per  
5 ml  of saline). The  use of acidic saline assisted dissolution 
of the  amino-acid  compounds.  Studies were per fo rmed  
on mice t h a t  also received carb idopa  (CD), given oral ly 
(120 ixM/kg) 1 h prior  to in ject ions  of o ther  substances.  
The  act ions of N (1 mg/kg) on drug- induced analgesia 
was de te rmined  by  adminis te r ing  the  narcot ic  an tagonis t  
i .p .  jus t  prior  to in jec t ing  the  o ther  drugs. Analgesia  tes ts  
were conducted  30 rain af ter  inject ions of M and/0r  the  
amino-acid  compounds,  or acidic saline. The  results were 
analyzed s ta t i s t ica l ly  by  de te rmina t ions  of differences 
be tween  sample propor t ions  s. 
Results and discussion. The  levels of analgesia  produced  
by  3cSAL, by  3cSAL af ter  admin is t ra t ion  of CD and by  
L - D O P A  are shown in figure 1. I t  is ev iden t  t h a t  3cSAL 
produces  a dose-related biphasic  pa t t e rn  of analgesia  w i th  

the op t ima l  level  (54%) occurr ing in mice receiving a 
dose of 200 ~M/kg. A similar  pa t t e rn  of analgesia was 
produced when 3cSAL was adminis tered  to animals  pre- 
t r ea ted  wi th  the  per ipheral  inhib i tor  of L-amino-ac id  
decarboxylase,  carb idopa  9. Inh ib i t ion  of this enzyme 
po ten t i a t ed  the  3cSAL effect  about  50fold. In  the pre- 
sence of CD, op t imal  analgesia  (40%) was obta ined  wi th  
a 4 ~M/kg dose of 3cSAL. CD on its own produced no 
evidence of analgesic ac t iv i ty .  
L - D O P A  afforded a low b u t  increasing level  of analgesic 
ac t iv i ty .  A dose of 200 ~M/kg of this  amino acid gave a 
30% level  of analgesia  which is s ignif icant ly  lower 
(p < 0.03) t h a n  t h a t  p roduced  by  the  equimolar  q u a n t i t y  
of its isoquinolil le analogue.  Al though  a possible biphasic 
pa t t e rn  of L -DOPA- induced  analgesia was no t  pursued 
in this  s tudy  i t  m a y  exis t  as Major  and P l euv ry  have  
shown t h a t  a m u c h  higher  dose of L - D O P A  a t t enua tes  
analgesia lo  
Morphiner induced analgesia  is i l lustrated in figure 2. As 
expected,  increased levels of analgesia occurred wi th  
higher  doses. Combined t r ea tmen t s  of M and 3cSAL 
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Fig. 1. Alteration of tail-clip analgesia in mice by 3-carboxysalsolinol, 
with or without carbidopa pretreatment, and by L-DOPA. At least 
30 mice were used in each experiment. Analgesia testing was con- 
ducted 30 rain after injections. The responses to 3eSAL (from 40 to 
800 ~M/kg) and to L-DOPA (40 and 200 [xM/kg) are significantly dif- 
ferent from the acidic saline control (p < 0.05). The response to 
3cSAL (4 [~M/kg) with CD pretreatment is significantly differertt 
from the non-pretreated control (p < 0.015). 7:, Acidic saline con- 
trol; �9 L-DOPA; �9 , 3-earboxysalsolinol; A . . . .  , 3- 
earboxysalsolinol with earbidopa (120 [zM/kg) pretreatment. 
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Fig. 2. Alteration of tail-clip analgesia in mice by morphine with 3- 
carboxysalsolinol co-treatment and carbidopa pretreatment. At 
least 30 mice were used in each experiment. The analgesia tests were 
conducted 30 min after the injections. An asterisk (*) indicates values 
significantly different from the 13 [zM/kg morphine value (p < 0.05). 
X, Acidic saline control; II, morphine (13 [xM/kg); � 9  morphine 
(20 [zM/kg); A, morphine (27 ~xM/kg); D, morphine (13 [zM/kg) with 
earbidopa (120 [zM/kg). 

(200 [xM/kg) p roduced  e n h a n c e d  levels of ana lges ia  al- 
t h o u g h  s ignif icance was d e m o n s t r a t e d  w i t h  on ly  t he  
lowes t  M dose (13 [xM/kg). CD did  n o t  a l t e r  ana lges ia  
associa ted  w i t h  th i s  dose of M. However ,  t h e  c o m b i n a t i o n  
of M (13 ~M/kg) a n d  3cSAL (4 ~xM/kg) in  C D - t r e a t e d  
mice r e su l t ed  in a s ign i f ican t  increase  in t he  level  of 
analges ia .  In  con t ras t ,  L - D O P A  (200 ~M/kg) h a d  no  
inf luence  on ana lges ia  p roduced  b y  3/[. I t  was  s imi la r ly  
u n a l t e r e d  in C D - t r e a t e d  mice  rece iv ing  t he  low dose of 
M a n d  L - D O P A  (4 ~xM/kg). 
B l u m b e r g  et  al. f i rs t  d e m o n s t r a t e d  t he  ab i l i ty  of N to  
c o u n t e r a c t  t he  ac t ions  of op ia t e s lL  I n  t he  p r e s e n t  s tudy ,  
c o - t r e a t m e n t  w i t h  N abol i shed  ana lges ia  assoc ia ted  w i t h  

t h e  m a x i m a l  responses  to  3cSAL, 3cSAL w i t h  CD a n d  
L - D O P A  (figure 1), and  w i t h  M a n d  c o m b i n a t i o n s  of M 
a n d  o the r  subs t ances  (figure 2). 
The  ev idence  p r e sen t ed  here  shows t h a t  3cSAL, or i ts  
d e c a r b o x y l a t e d  p r o d u c t  SAL, can  express  a n  analges ic  
response  t h a t  is a n t a g o n i z e d  b y  N: This  suggests  t h e  
poss ib i l i ty  of an  ac t ion  on  cen t r a l  op ia te  recep tors  13. 
R e c e n t  work  has  shown  t h a t  SAL has  a f f in i ty  for t h e  
op ia te  recep tors  in t he  f i e ld - s t imula ted  gu inea-p ig  i l eum 13 
on  wh ich  i t  ac ts  as a weak  agon i s t - an t agon i s t .  The  bi-  
phas ic  ana lges ia  p a t t e r n  ev inced  b y  3cSAL m a y  r ep re sen t  
a h ighe r  a f f in i ty  of t he  i soquinol ine  for t h e  agonis t  re- 
c e p t o m e r  w i t h  increas ing  i n t e r ac t i on  w i t h  t he  a n t a g o n i s t  
con f igu ra t i on  occur r ing  a t  g rea te r  concen t r a t i ons .  
C o - t r e a t m e n t s  of 3eSAL (200 FM/kg) and  M cons i s t en t l y  
increased  t he  level  of ana lges ia  over  t h a t  of M alone.  The  
app l i ca t i on  of t he  conse rva t i ve  e v a l u a t i v e  sample  pro-  
po r t i ons  m e t h o d  of ana lys i s  revea led  t h a t  t he  accep ted  
level  of s ignif icance was ach ieved  w i t h  on ly  t he  lowest  dose 
of M. E v e n  so, th i s  c a n n o t  be  cons idered  to  ref lect  an  
add i t i ve  M-3cSAL in t e r ac t i on  as t he  increased  level  of 
ana lges ia  is n o t  s ign i f i can t ly  d i f fe ren t  f rom t h a t  p roduced  
b y  t he  3eSAL alone. The  poss ib i l i ty  of such  an  i n t e r a c t i o n  
occur r ing  is, however ,  sugges ted  b y  t he  s t u d y  in w h i c h  
3cSAL (4 ~xM/kg) was c o m b i n e d  w i t h  t he  low dose of M 
in C D - p r e t r e a t e d  mice. In  t h i s  case, t h e  e l eva t i on  of 
analgesic  responses  were s ign i f i can t ly  h ighe r  t h a n  those  
of M alone, M in deca rboxy la se  i n h i b i t e d  an ima l s  a n d  
of t h e  i soquinol ine  in t he  p r e t r e a t e d  mice.  Th i s  s t u d y  
ind ica tes  t h a t  3cSAL, or SAL, can  p roduce  op ia te -  
assoc ia ted  analgesia .  The  p r e s e n t  in  v ivo  resu l t s  p rov ide  
some e n d o r s e m e n t  for h y p o t h e s e s  t h a t  i soquinol ines  m a y  
un i fy  e t h a n o l  a n d  op ia te  dependenc ies  14, is. 
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Summary. The  biologica ! r eac t ion  to  ca rmine  a n d  ca rmin ic  acid a t  cel lular  level on ' in  v i t ro '  cu l tu res  was t e s t ed  a n d  
s ign i f i can t  va r i ab le s  were control led .  Resu l t s  sugges ted  t h a t  p ro l i fe ra t ion  and  m e t a b o l i s m  of these  cu l tu res  were n o t  
af fected b y  t he  2 s ta ins .  

Recent ly1 ,2  i t  was  sugges ted  t h a t  c a r m i n e  induced  da-  cu l tu res  were care fu l ly  s tud ied .  Cul tures  were  f rom em- 
m a g i n g  ac t ion  w i t h  t e r a t o g e n e t i c  effects  in  mice.  I n  t h e  b ryon i e  m y o c a r d i u m  and  t e n d o n s  of ch icken  and  severa l  
p r e sen t  work,  t he  biological  r eac t ions  a t  t h e  cel lular  level  m a m m a l i a n  species. Ca rmine  or ca rmin ic  acid so lu t ions  
on  b o t h  h a n g i n g - d r o p  and  m o n o l a y e r e d  ' in  v i t r o '  t i ssue  were su1~plemented to t h e  cu l tu re  m e d i u m  (p lasma a n d  


