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Heterocyclic catechol derivatives (tetrahydroisoquinoline alkaloids) are known to be formed endogenously via condensa- 
tion of the catecholamines with carbonyl compounds. In this study, the effects of a variety of representative simple 
isoquinolines, benzyl isoquinolines, bicyclic isoquinoline-derived alkaloids (pavines and isopavines), an aporphine and 
berberine were investigated after intraccrebroventricular injection in mice. Most (thirteen) of the alkaloids studied were 
found to induce significant alterations in three behavioral parameters (immobility. grooming and scratching behavior). In 
addition, the stereotypic scratching behavior elicited by central injection of arginine-vasopressin (AVP) was significantly 
antagonized by only one of these, 6-O-mcthyl-tetrahydropapaveroline (6-O-methyl-THP). To a lesser extent, ( - )THP and 
the pavine. (_+)bisnorargemonine. were also effective. That this rather specific alkaloid effect did not involve opioid 
receptors was indicated by the failure of naloxonc to reverse the antagonism by 6-O-methyI-THP. 
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IN addition to the well-established enzymatic routes of cate- 
cholamine ( (TA) metabolism such as deamination, 
O-methylation and (glucoronide or sulfate) conjugation, 
there is accumulating evidence for non-enzymatic reactions 
(condensations) of CAs with aldehydes or alpha-kcto-acids. 
Various stable CA condensation products, tetrahy- 
droisoquinoline (TIQ) alkaloid in structure, now have been 
detected and measured in mammalian tissues [2.14]. In- 
creased formation of certain of these "'mammalian al- 
kaloids'" may occur as a result of the altered metabolic states 
associated with alcoholism [4,2 II or phcnylketonuria [ 10]. 

Although alkaloids of mammalian importance have not 
been systematically examined for their behavioral effects in 
rodents and primates, some provocative data are available 
[ 14]. With selected alkaloids, central administration afforded 
dopamine agonist-like responses: in other studies, certain 
alkaloids induced behavioral supersensitivity charac- 
teristic of neuroleptics. Analgesic effects that might indi- 
cate interaction of TIQ alkaloids with endogenous opioid 
receptors is suggested by some experiments with opiate 
antagonists [7], but this is not supported by in vitro studies 
with guinea pig ileum [171. Central TIQ administration in rats 
[15] and monkeys [16] was reported to induce an ethanol 
preference which was blocked by naloxone or naltrexone. 
Also of interest is the report that salsolinol, a condensation 

'Requests for reprints should bc addressed to M. A. Collins. 

product of dopamine (DA) and acetaldehyde, antagonized 
the argininc-vasopressin (AVP)-induced contractions of the 
guinea pig sacculus [8]. 

in the present study, a systematic investigation of mam- 
malian ITIQ-related) alkaloids was done using two simple 
behavioral screening tests after intracerebroventricular 
IICV) injection in mice. Among these alkaloids are the 
bicyclic pavines and isopavines, which in theory could result 
from internal cyclization of a notepinephrine (NE)-derived 
tetrahydropapaveroline (THP)-Iike alkaloid [19], analogous 
to plant biogenesis pathways. The effects were compared 
with those of a DA receptor agonist, a delta-opiate receptor 
agonist, and a mu-opiate receptor agonist. Also, the reversi- 
bility of any "'opiate-like'" behavioral effects by naloxone 
was examined in order to determine if the effects were due to 
a direct action on endorphin receptors or to an opioid- 
peptide releasing action. 

MI'THOD 

Thc fivc simple I)A- or D()PA-dcrived catecholic and 
phenolic TIQs, and the benzyl T1Q, THP, all shown in Fig. 
1, were synthesized in pure form in our laboratories by con- 
densation reactions described in detail elsewhere [2]. 
Purities were assessed by high performance liquid chroma- 
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FIG. 1. Structures of alkaloids examined in this study. 
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tography 12, 3.20J. Structures were proven by infra-red and 
nuclear magnetic resonance spectroscopy and melting point 
comparisons with the literature. The two O-methyl-THP 
isomers and the six pavines and isopavines in Fig. I were 
gifts from Dr. Arnold Brossi of NIMH. Boldine, berberine, 
harmaline, apomorphine, morphiceptin and D- 
Ala"-D-Leu:'-enkephalin (DADL) were purchased from 
Sigma Chemical Co. 8-Arginine-vasopressin (AVP) was 
sythesized at the University of Illinois Medical Center in the 
laboratory of the late Roderich Walter. 

Male Swiss-Webster mice, 25-35 g. were used. The 
animals were housed at 24 ° in a 12 hr light/12 hr dark cycle in 
groups of 5 per cage, with food and water available ad lib. 
The compounds were dissolved immediately before use in 
artificial CSF solution consisting of 128 mM NaCI, 3.0 mM 
KCI, i.0 mM MgCI~, 1.25 mM CaCI~ and 1 mM glucose in 10 
mM NaOAc buffer, pH 5. A slightly acidic pH was used to 
minimize oxidation of the alkaloids. Mice were injected over a 

period of 30 seconds ICV under light ethyl ether anesthesia 
with a Hamilton microsyringe at a site 1-2 mm lateral from 
the midline. An injection volume of 20 gl, which had previ- 
ously been found to be optimal for the induction of behav- 
ioral excitation after ICV injection of vasopressin 112], was 
used in all experiments. Control injections of a I~ solution 
of methylene blue showed that this procedure resulted in a 
distribution of the injected solution throughout the ventricu- 
lar system. In previous studies 112,131, no irreversible behav- 
ioral alterations were found after this injection procedure, 
even if the mice were injected repeatedly. This suggests that 
tissue damage is not involved in the induction of behavioral 
alterations after ICV injection. 

Injected mice were placed individually in a 16.5×26.5 cm 
transparent cage and in the timed period between 5 and 10 
minutes after the injection, immobility, grooming and 
scratching were determined cumulatively in seconds/test 
session for the whole 5-minute period. Using this timing. 
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Treatment (Dose) Immobility Grooming Scratching 

CSF - -  94.5 _* 19.6 49.6 ± 1(I.7 1.0 ~- 0.3 
Alx~morphine 110 txg) 209.(I ,- 25.8- 9.9 ± 4.7§ 0.0§ 
Apomorphine 125 txg) 56.8 ± 33.1 1.5 _'- 0.7§ 0.1 _+_ 0.1, 
Morphiceptin 15 tag) 152.5 • 30.5 0.9 ± 0.7§ 0.1 ~ 0.1~: 
Morphiceptin (20/xg) 162.2 _- 43.3 13.5 ± 11.1, 0.1 ± 0.3 
DADL't (50ng) 51.0 '_ 20.8 19.7 -'. 6.4~: 1.5 " I.I 
DADL (250 ng) 293.0 ± 7.0§ 0.0§ 0.0~ 
Serotonin (10 tag) 91.0 +_ 39.9 51.7 -- 25.6 0.7 , 0.7 
Serotonin 125 tag) 249.3 ± 28.8§ 0.0§ 0.0§ 
Harmalinc 150 tag) 262.2 ±. 11.0§ 5.8 ~ 4.9~ 0.0~ 

Simple TIQs 
I ' ) SAI, 150/zg) 152.2 - 51.5 27.8 ± 20.9 1.0 ± 0.7 
I - ) S A I , N  (50/xg) 264.7 = 10.5§ 1.6 ± 1.4§ 0.0§ 
I.+_)SAL-I-CA (50/xg) 138.0 ' 23.7 34.5 = 16.6 (1.3 -+ 0.3 
I±) SAL-3-CA (50#g) 65.5 ± 27.8 44.5 ; 11.7 1.7 -+ 0.8 
I_-) 6-OCH:cSAL-3-CA (5(1 tag) 97.8 ~: 33.5 43.3 t 18.3 (I.0§ 

Benzyl l l Q s  
I ) THP (10 tag) 100.8 _~ 22.2 23.0 = 15.5 0.0§ 
( - )  THP (50 p,g) 191.4 _+ 27.9§ 4.6 : 2.9§ (I.0§ 
I + ) I H P  (50tag) 50.2 ± 36.2 16.2 ± 5.4§ 1.5 ~ 1.5 
(±) 6-OCH:cTHP (10 #g) 102.0 ± 27.3 33.6 ± 10.0 1.1 ± 0.4 
(=) 6-OCH:~-THP (50/xg) 188.0 ± 32.6-~ 16.4 ± 7,1- 0.5 ~- 0.5 
( - )  Y-OCH,-THP 150/,tg) 239.8 ,_ 23.6§ 5.5 '- 2.9§ 0.0§ 

Other Alkaloids 
Boldine (10 tag) 174.0 ± 50.2 22.0 -'- 14.2 1.0 ÷ 0.6 
Boldine (50/.tg) 253.7 ± 12,1§ 5.3 ± 3.8§ 0.0§ 
Berberine (10 #g) 149.8 = 35.1 28.11 ± 16.3 0.5 ± (I.3 
Berberine (50/.tg) 234.7 ± 12,(1§ 9.7 = 4.7§ 0.0§ 

N--6 to 20 mice per group. All values are determined cumulatively: Seconds 
tDADL-D-  Ala~- Le u:'-enkephalin. 
- =p < 0.05. 
§ =p<0.01 Student t-test, compared with CSF. 

per 5-minute test-session. 

in te r fe rence  by the o ther  anes thes ia  is minimized while the 
metabol ical ly  labile alkaloids and vasopress in  are still act ive.  
The alkaloids were  injected e i ther  alone or in combina t ion  
with 5 ng AVP.  As shown previous ly ,  this dose  of  AVP 
reduces  immobili ty and markedly  increases  grooming and 
particularly scra tching [12]. The observa t ion  that both am- 
phe tamines  and an opioid pept ide  block AVP- induced  
scra tching behavior  led to the suggest ion that this test may 
be useful as a pr imary screening  device  for psycho t rop ic  
drugs,  part icularly those  act ivat ing DA sys tems  or those  act- 
ing on opiate  recep tors  [13]. 

RESUI,TS 

In Table I are the effects  on spon taneous  activity of  the 
mammal ian  alkaloids,  excluding the pavines and isopavines ,  
and for compar i son ,  the effects  o f  some o the r  c o m p o u n d s  
with known neuropharmacolog ica l  activit ies.  An increase in 
immobil i ty,  accompan ied  by dec reased  grooming activi ty,  
was obse rved  with several  o f  the alkaloids,  including S A L N ,  

( - ) T H P ,  (±)6-O-methyI -THP,  (___)Y-O-methyI-THP, bol- 
dine and berber ine .  Similar effects ,  however ,  were  induced 
by apomorph ine ,  the opioid pept ides  morphicept in  and 
DADL.  serotonin ,  and the beta-carbol ine ,  harmaline.  When 
studied in combinat ion  with A V P  (Table 2), the only al- 
kaloids in Table 1 to significantly antagonize AVP- induced  
scra tching behavior  were  (± )6 -O-methyI -THP and, with 
lower  po tency ,  ( - ) T H P .  

The effects  o f  the pavine and isopavine alkaloids are 
shown in Table 3. All o f  these  compounds ,  which exhibit  a 
high degree  of  structural  rigidity, proved to be quite act ive in 
the behavioral  test .  At the higher dose  (50 #g),  toxic effects  
were  evident ,  al though no dea ths  occur red ;  specifically,  
t ±)N-norbisnorargemonine ,  (±) te t rahydroxyisopavinan,  (±)  
te t rahydroxypavinan and I±)N-northal idine caused dis- 
turbances of  motor  co-ordination,  and convulsions were oc- 
casionally seen after the last two alkaloids. Although it did 
not show over t  signs of  toxici ty,  the pavine,  I±)  bis- 
nora rgemonine ,  was the only alkaloid in this table to effec- 
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(Dose) Immobili ty Grooming Scratching 

CSF - -  94.5 ± 19.6 49.6 .*_ 10.7 1.0 • 0.3 
AVP (5 ng) 19.6 • 9.4 107.6 , 9.6 69.5 • 7.5 
AVP - Apomorphine  (10/zg) 1211.1 = 22.7~ 41.4 _- 10.8~ 21.6 , 8.0,~ 
AVP - A!m~morphine (25 /zg) 121.8 z 17.8~ 3.9 • 2.6~ 0.5 , ().4~ 
AVP  ,- Morphiceptin 15 p~g) 131/.11 *- 37.8~ 15.6 - 8.9~ 211.4 _:. 11.8~ 
AVP-~ Morphiceptin (211/zg) 174.8 ± 26.7~ I.).7 ,. 11.7~ 0.0~ 
AVP , DADL  + 15(Ingl 251.3 • 12.8~ 0.(1~ 1.0 • 11.6~ 
AVP + DADL 12511ng) 86.1 , 31.9:i: 7.0 • 4.0~ 0.1 _' 0.1~ 
A V P - S e r o t o n i n  (10/ .zg) 13.1 , 7.1 77.1 • 17.8 2 3 . 9 '  5.8~ 
AVP + Serotonin (25gg )  232.2 • 46.1~ 0.0 11.7 • 0.7~ 
A V P -  Harmaline (50gg)  82.1 • 30.1:1 31.0 • 18.1~ 103.0 , 22.9 

Simple TIQs 
AVP t SAI.  (5()/lg) 128.5 = 30.7~' 19.4 ' 9.0~ 23.3 " 22.3:: 
A V P - S A L N  15(1gg1 213.11 • 32.2.~ 1.3 ' 0.9~ 67.1 ' 311.3 
AVP , SAL- I -CA 150p.g) 73.5 • 36.0 87.3 • 311.9 40.5 , 19.7 
AVP - SAI.-3-CA 150 p.g) 39.3 .'_ 18.5 68.11 +_ 16.0:i: 53.0 .*_ 23.9 
A V P ,  6-OCH:,-SAL-3-CA 151) ,ug) 46.11 ,. 26.9 48.2 • 16.6~ 59.3 • 26.2 

Benzyl TIQs 

A V P -  1- ) T H P  (10p.g) 4.5 = 3.3 124.11 - 29.9 42.1) • 8.2 
AVP ~ ( - ) I H P  1511 gg) 200.4 • 34.6~ 27.5 _' 14.2~ 25.0 "_ 16.4:i: 
A V P -  ( . ) ' I H P  (50/.zg1 50.6 • 28.5 75.8 _* 13.tl:i: 76.11- 18.0 
AVP ~- 6-OCH:,-THP (10/.,tg) 138.6 _' 26.4§ 26.0 ": 12.5~ 1.4 • 11.5~ 
AVP ÷ 6-OCH:,-THP (5()gg) 181.3 - 32.5~ 16.11 • 5.6~ 3.5 • 2.1,~ 
AVP ~ 3'-OCH:,-THP (5(Igg) 51.2 ' 17.3 711.5 = 21.6 52.3 - 211.1 
A V P *  Boldine (10p.g) 3.1 - 2.1 98.3 • 15.9 61.6 -. 8.8 
AVP * Berberine 110 ,ug) 11.8 ~ 11.5:1: 88.8 • 14.9 61.8 + 14.9 

+ N  6 to 2(I mice per group. Alkaloids were injected along with A V P  m a single ICV injection. Results  arc 
seconds  per 5-minute test-session.  

- D A  DL = D-Ala 2- Let?-enkephal in.  
:i: = p -:-- O. (15. 
~=p.: 0.0l;  Student t-test.  Compared  with AVP. 

t i ve ly  a n t a g o n i z e  A V P - i n d u c e d  s c r a t c h i n g  in a m a n n e r  s imi -  
la r  to (+__)6-O-methyI -THP a n d  ( - ) T H P .  

N a l o x o n e  r e v e r s i b i l i t y  o f  the  m o r p h i c e p t i n  o r  D A D L  an-  
t a g o n i s m  o f  A V P - e l i c i t e d  s t e r e o t y p i c  b e h a v i o r  is d e m o n -  
s t r a t e d  in T a b l e  4. H o w e v e r ,  as  s h o w n ,  t h e  o p i a t e  r e c e p t o r  
a n t a g o n i s t  fa i led to r e v e r s e  t he  b l o c k i n g  e f f e c t s  o f  6- 
O - m e t h y I - T H P  or  b i s n o r a r g e m o n i n e  on  A V P - i n d u c e d  b e h a v -  
ior.  

D I S ( ' U S S I O N  

W i t h  t h e  e x c e p t i o n  o f  t h e  t w o  c a r b o x y l a t e d  S A L s ,  all o f  
t he  T I Q s  t e s t e d  in th i s  s t u d y  c a u s e d  s t a t i s t i c a l l y  s i g n i f i c a n t  
b e h a v i o r a l  a l t e r a t i o n s ,  e i t h e r  a l o n e  o r  in c o m b i n a t i o n  w i th  
v a s o p r e s s i n .  T h i s  s h o w s  t ha t  " m a m m a l i a n  a l k a l o i d s "  a re  
no t  b io log i ca l l y  iner t  C A  p r o d u c t s ,  a n d  m a y  be  r e l e v a n t  
p h y s i o l o g i c a l l y  o r  p a t h o p h y s i o l o g i c a l l y  i f  p r o d u c e d  in suff i -  
c i en t  q u a n t i t i e s  a n d  at spec i f i c  loci in v i vo .  T o  d a t e ,  SAL 
a n d  S A L N  118, 2 1 , 2 2 ]  h a v e  b e e n  d e t e c t e d  in b ra in ,  a n d  T H P  
is f o r m e d  a f t e r  L - I ) O P A  t r e a t m e n t  i"20.231. 

In t e r m s  o f  m e c h a n i s m s  o f  a c t i o n ,  the  e f f e c t s  o f  6- 

( ) - m e t h y I - T H P  and  ( - + ) b i s n o r a r g e m o n i n e  on  v a s o p r e s s i n -  
i n d u c e d  b e h a v i o r ,  a l t h o u g h  p h e n o t y p i c a l l y  v e r y  s imihu-  It) 
t h o s e  o f  I ) A D I .  a n d  m o r p h i c e p t i n ,  c l ea r ly  a re  not  d u e  to a 
d i rec t  a c t i o n  on  de l t a  o r  m u  o p i a t e  r e c e p t o r s ,  o r  to t h e  re- 
l e a s e  o f  e n d o g e n o u s  e n d o r p h i n s ,  a s  e v i d e n c e d  by  the  fa i lu re  
o f  n a l o x o n e  to b lock  t he  e f f e c t s  o f  t h e s e  a l k a l o i d s .  W e  c a n -  
no t  e x c l u d e  t he  p o s s i b i l i t y ,  h o w e v e r ,  tha t  r e l e a s e  o r  p o t e n -  
t i a t i on  o f  e n d o g e n o u s  o p i o i d s  at s e l e c t e d  b r a in  s i t e s  m e d i a t e s  
s o m e  o f  t h e  e f f e c t s  o f  T I Q s  on  s p o n t a n e o u s  b e h a v i o r .  T h e  
r e p o r t e d  ab i l i ty  o f ' r H P  to act  o n  o p i a t e  r e c e p t o r s  in v i t ro  at 
v e r y  h igh  d o s e s  [71 is u n l i k e l y  to bc r e l e v a n t  at t h c  d o s e s  
u s e d  in th i s  s t u d y .  O t h e r  m e c h a n i s m s  m i g h t  i n v o l v e  I )A re- 
c e p t o r s  [ I ,24 ] .  o r  p o s s i b l y  l hc  s e r o t o n e r g i c  s y s t e m ,  s i n c e  
s e v e r a l  T I Q  a l k a l o i d s  a r e  k n o w n  to a l t e r  b ra in  s c r o t o n i n  
l eve l s  f o l l o w i n g  a d m i n i s t r a t i o n  [5, 9, I II. 

T h e  fa i r ly  h igh  b e h a v i o r a l  t ox i c i t y  o f  t he  c a t e c h o l i c  a n d  
p h e n o l i c  p a v i n e s  a n d  i s o p a v i n e s  s u g g e s t s  tha t  t h e s e  u n u s u a l  
a l k a l o i d s ,  if t h e y  a re  f o r m e d  e n d o g e n o u s l y  in a d r e n c r g i c  
n e u r o n s  f r o m  4 - h y d r o x y l a t e d  T H P  p r e c u r s o r s  [ 19], c o u l d  he  
o f  p a t h o p h y s i o l o g i c a l  r e l e v a n c e ,  for  i n s t a n c e ,  in t he  c o n t e x t  
o f  a l c o h o l i s m  o r  o f  d e g e n e r a t i v e  n e r v o u s  s y s t e m  d i s e a s e s .  
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Alkaloid (Dose I Immobility Grooming Scratching 

CSF (--)  44.8 ,_ 18.6 44.5 ± 12.2 (I.4 '- 0.4 
AVP (5 rig) 27.4 ~ 12.8 105.4 , 12.3 65.9 _+ 9.6 
( ~ ) Bisnorargemonine (50 gg) 196.8 ~ 26.2:1: 5.(I ._-- 2.0, 0.7 ":_ 0.4 
AVP ~- (_+.) Bisnorargemonine (5(I/.tg) 83.5 -~ 30.8- 17.5 ± 3.9, 4.6 ~. 2.5:i: 

±)-N-Norbisnorargemonine (10 ~g) 52.7 -'~ 42.6 23.7 ~ 10.7 0.0 
(=)-N-Norbisnorargemonine 150 ~g) 228.2 -~ 6.0:~ 1.5 ':_ 1.5:i: 0.0 
(±)-2,3,8,9-Tetrahydroxy- (10~g) 18.3 ± 12.4' 7.5 _-: 3.6- 1.3 ± 0.8 

isopavinan 
(_+)-2,3,8,9-Tetrahydroxy- (50 txg) 163.0 ± 53.8 0.0~ 2.2 ~ 2.2 

isopavinan 
AVP + (±)-2,3,8.9-Tetrahydroxy- (10/.tg) 0.0* 48.6 :~ 18.3, 115.6 ': 19.5, 

isopavinan 

( ,.)-N-Northalidine (10/xg) 28(I.5 _+ 7.3:- 0.8 ~- (1.8~ 0.0 
(~)-N-Northalidine (50/xg) 294.2 '_ 3.6:1: 0.0:i: 0.0 
AVP ~- ( ,-)-N-Nortbalidine (10 p.g) 189.8 , 21.6:~. 4.9 ", 1.9- 33.2 * 7.0- 

(±)-2,3.8,9-Tetrahydroxy- (10 p.g) 0.0 0.4 = 0.4-: 0.0 
pavinan 

(-+)--2,3,8,9-Tetrahydroxy- (5(1/xg) 1.5 - 1.5- 0.()~ 0.0 
pavinan 

AVP '-(±)-2,3,8,9-Tetrahydroxy- (10 ~xg) 5.5 t 10.4 + 61.7 '_ 10.4- 6 9 . 8 -  28.0 
pavinan 

*N=mice per group. Results are given in seconds per 5-minute test-session. 
+ =p<0.05.  
~: =p<0.01;  Student t-test. Compared with CSF or AVP respectively. 

T A B L E  4 

INTERACTIONS OF 6-OCH,-THP AND I±)-BISNORARGEMONINE WITH VASOPRESSIN (AVP) IN NALOXONE-TREATF.D MICE* 

Pretreatment + 

ISec/Session ± S.D.) 

Treatment (Dose) Immobility Grooming Scratching 

NaCI AVP (5 ngl 2.9 :. 2.0 73.6 ,-t_ 11.8 107.3 = 14.0 
NaCI Morphiccptin 120lzg) +AVP 175.8 ~ 35.1 10.3 _* 4.5 0.3 _+ (I.2 
Naloxone Morphiceptin (20 lzg) ~- AVP 0.3 -+ 0.3 65.7 ± 29.5, 49.3 ± 13.4-: 
NaCI DADL (50ng) + AVP 152.(I ± 43.2 13.5 • 7.2 2.7 ± 2.1 
Naloxone DADI, ~50ng) ~- AVP 1.3 + 1.3- 81.1 _- 14.8, 55.9 ± 11.7- 
NaCI 6-OCH~-THP (10tzgl - AVP 174.8 --_ 28.7 23.8 • 12.5 2.5 ± 2.1 
Naloxone 6-OCH:~-THP I I0 p.g) * AVP 167.4 ± 30.8 15.9 ~ 9.6 (1.4 ~ 0.3 
NaCI ('-1 Bisnorargemonine (50~g) ~- AVP 212.0 _+ 18.1 4.1 ~ 1.0 4.9 - 0.3 
Naloxone 1_ +) Bisnorargemonine (51.) #g) + AVP 181.4 _- 26.9 3.0 ÷ xl.0 9.2 = 5.6 

*N =6 to 10 mice per group. Results are seconds pet 5-minute test-session. 
-lntraperitoneal injection of NaCI or 10 mg/kg Naloxone 30 minutes before the test. 
~p-'0.01, student t-test. Compared with NaCl-pretreated controls. 
DADL = D-AIa- Leu-enkephalin. 

T h e  severa l  un ident i f ied  ca t echo l i c  " ' a lka lo ida l "  s u b s t a n c e s  
s e p a r a t e d  f r o m  i n c u b a t i o n s  o f  label led N E  with  bra in  o r  l iver  
h o m o g e n a t e s  [6] might  c o n s i s t  o f  bicycl ic  p a v i n e s  o r  
i sopav ines  ra the r  than  or  in addi t ion to the sugges ted  benzyl  
T H P .  Clear ly ,  m o r e  i n f o r m a t i o n  a b o u t  the pos s ib l e  f o r ma-  
t ion o f  these  c o m p o u n d s  is r equ i r ed .  

Part icular ly novel  and  in teres t ing is the ra ther  specific an- 
t a g o n i s m  o f  the s t e r eo typ i c  r e s p o n s e  o f  cen t ra l ly -  
a d m i n i s t e r e d  A V P  by 6 - O - m e t h y l a t e d  T H P  and to a l e s se r  
degree ,  by its bicycl ic  ana logue  ( b i s n o r a r g e m o n i n e ) .  O t h e r  
O-me thy l  i some r s  o f  T H P ,  including the s t e r e o i s o m e r s  o f  re- 
t icul ine t6 .4 ' -d i -O-met  h y I - N - m e t  hy l - TH PI and nor-  
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reticulinc,  will be examined  to obtain a more  comple te  
structure/activity relationship. While the present  study pro- 
vidc,s a survcy  o f  the behavioral  effects  o f  i soquinol ine-based 
mammal ian  alkaloids,  the b iochemical  mcchan i sms  and 
sites of  action have to be investigated in more detail. 
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