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e q u i v a l e n t  a m o u n t  of A1-THC a d m i n i s t e r e d  b y  itself. 
The  s u b s e q u e n t  decl ine of CBN c o n c e n t r a t i o n s  was 
cons ide rab ly  more  r ap id  t h a n  those  of A1-THC. These  
facts  al low reconc i l ia t ion  of t he  f ind ings  t h a t  a l t h o u g h  
CBN has  v e r y  low a c t i v i t y  b y  in jec t ion  1,6-11 i t  can  cause 
i n t o x i c a t i o n  w h e n  infused i.v. a t  6 t imes  t he  dose r a t e  
requ i red  b y  A1-THC for i n t ox i ca t i on  12. H o w e v e r  a more  
rapid" d i s a p p e a r a n c e  of CBN c o m p a r e d  to  A1-THC also 
means  t h a t  equ i l ib r ium b lood  c o n c e n t r a t i o n s  ach ieved  a t  
a n y  g iven  dose r a t e  will be  lower  for  CBN t h a n  A1-THC. 
I t  follows t h a t  t he  a p p a r e n t l y  low a c t i v i t y  of CB N is due 
to i ts  r e l a t ive ly  r ap id  c learance  r a t h e r  t h a n  to  a low in- 
t r ins ic  ac t iv i ty .  

W h e n  0.13 m g  CBN was  in jec ted  w i t h  1 m g  A1-THC, 
t h e  A~-THC b lood  levels f rom t he  m i x t u r e  were a l r eady  
as low a t  3.5 m i n  as t h e y  were w i t h  A~-THC alone,  a f t e r  
10 min  (Figure 1). Th i s  suggests  t h a t  a n  a n t a g o n i s m  for 
the  effects of A ~-THC in r a t s  shou ld  be obse rvab le  p r o v i d e d  
t he  a s s u m p t i o n  t h a t  t he re  is r ap id  e q u i l i b r a t i o n  of zl 1-Tt-IC 
be tween  t he  b lood  and  b r a i n  can  be  made.  Such  a n  as sump-  
t ion  is no t  u n r e a s o n a b l e  since i t  h a s  been  n o t e d  t h a t  t he re  
is n o t  such  a b lood - b r a i n  ba r r i e r  for A1-THC in mice  la. Two 
groups  4,5 h a v e  n o t e d  a n  a n t a g o n i s m  b u t  de ta i l ed  com- 
par i sons  w i t h  our  work  are  no t  possible.  
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Fig. 3. A1-THC blood levels determined at 3 rain after i.v. iniection 
of 1 mgz]I-THC and variable amounts of CBN. 

Inc reas ing  t h e  a m o u n t s  of CBN i n t r o d u c e d  w i t h  t he  
A1-THC decreased  A~-THC blood  levels on ly  s l igh t ly  
b u t  increased  CBN b lood  levels in  d i rec t  p ropor t ion .  I t  
m i g h t  be  expec t ed  therefore ,  t h a t  the  CBN in CBN-r i ch  
m i x t u r e s  could c o n t r i b u t e  s ign i f i can t ly  to  t he  over-al l  
ac t iv i ty ,  and  re la t ive  to  m i x t u r e s  low in CBN b u t  w i t h  
t he  same A1-THC, these  m i x t u r e s  could even  e x h i b i t  a n  
i m p r o v e d  ac t iv i ty .  Th i s  could exp la in  t h e  f ind ing  t h a t  
the  a m o u n t s  of A1-THC in m a r i h u a n a  c o n t a i n i n g  a n  h igh  
p r o p o r t i o n  of CBN do n o t  ful ly  a c c o u n t  for  i t s  obse rved  
a c t i v i t y  6. 

CBN is genera l ly  p r e s e n t  in ' pu re '  A~-Tt-IC (as a n  aer ia l  
ox ida t i on  p roduc t ) ,  in  m a r i h u a n a ,  and  is an  a r t e f a c t  of 
smok ing  A ~-THC 14. Our  resu l t s  are the re fo re  of i m p o r t a n c e  
for in  v ivo  and  b e h a v i o u r a l  s tudies .  

Summary. The  c o - a d m i n i s t r a t i o n  of c a n n a b i n o l  w i t h  
A l - t e t r a h y d r o c a n n a b i n o l  acce lera tes  t he  r a t e  of c learance  
of z l l - t e t r a h y d r o c a n n a b i n o l  f rom r a t  blood.  Th i s  in- 
c reased r a t e  of c learance  appea r s  to  follow t h a t  of canna -  
binol.  The  impl i ca t ions  of these  f indings  are discussed. 
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Effect of  Ethyl  m - A m i n o b e n z o a t e  (MS-222 )  on  A m p u l l a e  of L o r e n z i n i  and  Latera l -L ine  O r g a n s  

M e t h a n e  s u l p h o n a t e  of m e t a - a m i n o b e n z o i c  acid e thyl -  
es ter  1 (MS-222, e t h y l - m - a m i n o b e n z o a t e ,  t r i ca ine  m e t h a n e -  
su lphona te ,  m e t a c a i n e  m e t h a n e s u l p h o n a t e ,  C o H n O ~ N +  
Ct-I3SO3H ) is wide ly  used for genera l  a n e s t h e s i a  a n d  
seda t ion  of f ish a n d  a m p h i b i a .  (For  references  see B o v s  2). 
Be longing  to  t he  pha rmaco log ica l  g roup  of local a n e s t h e t -  
ics, t he  s u b s t a n c e  can  be  expec t ed  to ac t  no t  on ly  on  t he  
cen t r a l  b u t  also on  t he  p e r i p h e r a l  ne r vous  sys tem.  P rev ious  
obse rva t i ons  (HENSEL a n d  NIER, unpub l i shed)  h a v e  
shown  t h a t  in  cods (Gadus gadus) anes t he t i z ed  w i t h  MS- 
222, t he  s p o n t a n e o u s  a c t i v i t y  of la te ra l - l ine  o rgans  was 
depressed.  The  p r e s en t  s t u d y  was u n d e r t a k e n  to inves t i -  
ga te  more  sy s t ema t i ca l l y  t he  effect  of MS-222 on  i so la ted  
p r e p a r a t i o n s  of ampu l l ae  of Lorenz in i  a n d  la te ra l - l ine  
organs.  

Materials and methods. I so la t ed  p r e p a r a t i o n s  of t he  
m a n d i b u l a r  g roup  of the  ampu l l ae  of Lorenz in i  of dog- 
f ishes (Scyliorhinus canicula) were used. T he  ampu l l ae  
were s t i m u l a t e d  t h e r m a l l y  and  e lect r ica l ly  as descr ibed 
p rev ious ly  (BROMM, HENSEL a n d  NIER 3, I'IENSEL4). The  
electr ic  s t imul i  were appl ied  b y  m e a n s  of a microe lec t rode  
inse r t ed  in to  t h e  open ing  of an  a m p u l l a r y  canal .  I so la t ed  
p r e p a r a t i o n s  of la te ra l - l ine  o rgans  were o b t a i n e d  f rom 
the  m a n d i b u l a r  cana l  of dogfishes  (Scyliorhinus canicula) 
a n d  t he  la te ra l - l ine  cana l  of cods (Gadus gadus). The  

p r e p a r a t i o n s  were p laced  on a wa te r -c i r cu la t ed  the rmode ,  
a n d  a f fe ren t  s ingle-f ibre  a c t i v i t y  was recorded.  Usua l ly  
t he  p r e p a r a t i o n s  were b a t h e d  w i t h  sal ine for se lachians  or 
teleosts ,  respect ively ,  f lowing w i t h  a c o n s t a n t  ve loc i ty  of 
ca. 0.02 cm a sec -1. MS-222 was added  in concen t r a t i ons  
of 10 -a to  5 �9 10 _6 g c m  -3 to t he  b a t h i n g  fluid. 

Results. The  i so la ted  m a n d i b u l a r  ampu l l ae  were k e p t  a t  
19~ A t  t h i s  t e m p e r a t u r e  t he  s ta t i c  d ischarge  has  i ts  
m a x i m u m  (HEI~SEL a n d  NIERS). The  c o n t i n u o u s  appli-  
ca t ion  of 10 -a to  5 �9 10 -6 g cm -3 MS-222 led to a g r adua l  
decrease  in t he  r e s t ing  d ischarge  of t he  whole  n e r v e  as well 
as of single f ibre  p repa ra t ions ,  t he  impulse  r a t e  r each ing  
t he  zero level  a f t e r  4 to  9 min.  No sys t ema t i c  cor re la t ion  
was seen b e t w e e n  t he  c o n c e n t r a t i o n  appl ied  and  t he  t ime  
requ i red  for comple te  inh ib i t ion .  Th i s  m i g h t  be due  to t he  
fac t  t h a t  t he  size of ampul lae ,  l e n g t h  of a m p u l l a r y  canals ,  
t h i ckness  of connec t ive  t issue, a n d  loca t ion  of recep tors  
w i th in  t he  ampu l l ae  va r i ed  w i t h  each  p r epa ra t i on .  W h e n  
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MS-222 was  rep laced  b y  sal ine,  t he  s ta t ic  d i scharge  s t a r t e d  
aga in  an d  u s u a l l y  r eached  t he  ini t ia l  level a f t e r  9 to 
15 rain. 

R a p i d  cooling f rom 19~ to 13~ caused  a t r a n s i e n t  
ove r sh o o t  in t h e  i m p u l s e  ra te  of single fibres. D u r i n g  
c o n t i n u o u s  app l i ca t ion  of MS-222, t he  s ta t ic  as well as 
t he  d y n a m i c  r e sponses  decreased  gradua l ly ,  t he  s t a t i c  
c o m p o n e n t  be ing  inh ib i t ed  earlier t h a n  the  d y n a m i c  one. 
On  a p p l y i n g  saline, t he  d y n a m i c  as welt as the  s ta t ic  
r e sponses  were res to red  (Figure  1). Cor re spond ing ly  t he  
s t a t i c  c o m p o n e n t  r e a p p e a r e d  la te r  t h a n  t he  d y n a m i c  
one. 
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Fig. 1. Static impulse rate at 19 ~ and dynamic overshoot on cooling 
from 19 ~ to 13 ~ of single fibre from ampulla of Lorenzini in Scy- 
liorhinus when applying MS 222. The preparation was bathed with 
saline before and after MS-222. 

Elect r ic  d.c. s t imu i i  were app l ied  to t he  a m p u l l a r y  
cana l  a t  c o n s t a n t  t e m p e r a t u r e  of 19~ t he  inse r t ed  
microe lec t rode  be ing  posi t ive.  I n  m o s t  e x p e r i m e n t s ,  t he  
electric s t i m u l u s  was  set  10 t i m e s  h ighe r  t h a n  t he  t h r e s h o l d  
v a l u e . T h e  t h r e s h o l d  was  def ined as  t h e  c u r r e n t  requ i red  
for a 10% c ha nge  of t he  r e s t ing  d ischarge .  The  onse t  of t he  
r e c t a n g u l a r  electric s t i m u l u s  caused  a s u d d e n  inh ib i t ion  
of t he  s t a t i c  d ischarge ,  followed b y  a g r a d u a l  r ecovery  of 
a c t i v i t y  (Figure  2). Th i s  r ecovery  was  m e a s u r e d  in t e r m s  
of t h e m e a n  impu l se  r a t e  w i t h i n  3 sec a f te r  t he  onse t  of tile 
electric s t i m u l u s  ( 'on, r ecovery '  in F igu re  2). F u r t h e r m o r e ,  
the  s t a t i c  impu l se  ra te  a t  19 ~ a n d  t he  d y n a m i c  ove r shoo t  
( 'of f - response '  in F igure  2) fol lowing t he  offset  of t he  
electric s t i m u l u s  was  me a su re d .  D u r i n g  app l i ca t ion  of 
MS-222 all descr ibed p a r a m e t e r s  decreased,  the  s ta t ic  
c o m p o n e n t  d i s a ppe a r ing  earlier t h a n  the  d y n a m i c  one. 

The  isola ted la te ra l  lille o rgans  of Gadus a nd  t h e  m a n -  
d ibu la r  la te ra l  line o rgans  of Scyliorhinus were ke p t  a t  
c o n s t a n t  t e m p e r a t u r e  of 19~ A t  t h i s  t e m p e r a t u r e  t h e y  
showed  a regu la r  s t a t i c  d i scharge  of a f f e ren t  single fibres 
(Figure  3). C o n t i n u o u s  app l i ca t ion  of MS-222 led to a 
revers ib le  inh ib i t ion  of a c t i v i t y  s imi la r  to t h a t  seen  in the  
a m p u l l a e  of Lorenzini .  

Discussion. The  resu l t s  show t h a t  MS-222 in concen-  
t r a t i o n s  as low as 5 �9 10 5 g c m-a  causes  a comple t e  and  
revers ible  inh ib i t i on  of t h e  s t a t i c  d i scharge ,  t h e  d y n a m i c  
ove r shoo t  on cooling, a nd  tile r e sponse  to electr ic s t i m u -  
la t ion  of the  a m p u l l a e  of Lorenzini .  T h e  s t a t i c  a c t i v i t y  of 
la teral - l ine  o rga ns  is inh ib i ted  in a s imi la r  way.  Th i s  ac t ion  
m u s t  be a c c o u n t e d  for w he n  e x p e r i m e n t s  on s e nso ry  ne rve  
end ings  are carr ied ou t  in a n i m a l s  a n e s t h e t i z e d  w i th  MS- 
222. For  example ,  ia teral- l ine a f fe ren t s  h a v e  been recorded 
in Xenopus laevis a ne s the t i z e d  w i t h  MS-222 in concen-  
t r a t i o n s  of 2 �9 10 -a to 2 " 10 -4 g c m  -~ (MURRAY a nd  CAPRA- 

1.0- 

30- 

20- 

10 

0 

/.0- 

30" 

20" 

10- 

0 

SCYLIORHINUS, AMPULLA. SINGLE FIBER, 19~ 

o - o  o -  

[i-" o - o  �9 ~o 

- =  i i T ,~- 
0 /- 8 SEC 0 I, 8 0 4 8 SEC 0 /, 8 SEC 

+ + - / . f ~ L - -  § 0 _ r ~ L _  ; _1---1_ 0 0_J - - - I -  

- "r 
0 

" _ ~ _ _  
0 

ELECTRIC STIMULI 3xTHRESHOLD 

MS- 222 10 "~ g c m  - 3  

i 

~176 
OFF - RESPONSE ~ o ~  

STATIC 

1. 8 SEC 

\ �9 - - e  - - - - - - - _ . _ _ . _ Z  ~ 

ON, RECOVERY / = o 

~ ' ~ ~ - ' ' ' 1'6 0 2 4 6 8 10 12 14 

T I M E  M I N  

Fig. 2. Response of single fibre from ampulla of LorenzirA in Scyliorhinus to electric d.c. stinmlation during application of MS-222 at 19~ 
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Fig. 3. Static impulse rate at 19 ~ of various single fibres from lateral- 
line organs in Gadus and Scyliorhinus when applying MS-222. During 
the remaining time intervals~ the preparation was bathed with saline. 

NICA6). However ,  in these  par t i cu la r  exper iments ,  the  
d i s tu rbance  by  the  anes the t ic  m a y  poss ibly  be neglected 
since the  isolated lateral- l ine p repara t ions  had  been b a thed  
in saline for a longer per iod of t ime  before impulses  were 
recorded ~, s. 

Zusammen/assung. A e t h y l - m - A m i n o b e n z o a t  (MS-222) 
f i ihr t  in N o n zen t r a t i o n en  yon  10 .8 bis 5 �9 10 .6 g c m  -a an 
Lorenzin ischen Ampul len  zu einer  komple t t en  und  rever-  
siblen H e m m u n g  der  Spontanakt iv i t / i t ,  der  dynamischen  
Reak t ion  bei K/ i l tespr i ingen und  der  e lektr ischen Reiz- 
an twor t .  Ebenso  h e m m t  es die Spontanaktivit '~tt  yon  
Sei tenl inienorganen.  Diese per iphere  Wirkungskom-  
ponen te  der  als Ka l tb l i i t e r -Anaes the t i cum ve rwende t en  
Subs tanz  muss  bei allen Versuchen  an pe r ipheren  Rezep-  
to ren  ber i icksicht igt  werden.  
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A Central  N e r v o u s  S y s t e m  D e p r e s s a n t - A n t i d e p r e s s a n t  

Tricyclic an t idepressan t s  of the  imipramine  class are 
accep ted  as useful in the  t r e a t m e n t  of endogenous  
(involutional) depress ive  illnesses. Ins tances  of 'pure '  
involut ional  depress ion are in the  minor i ty  and  usual ly 
anx i e ty  is associated wi th  depress ion 1. Such mixed  
depressed anx ie ty  s ta tes  are f requen t ly  t r ea t ed  wi th  
an t idepressan t s  p roduc ing  marked  sedat ive  effects,  viz., 
ami t r ip ty l ine  or doxepin  ~ or combina t ions  of an anti-  
depressan t  and  a neurolept ic  3 or anxiolyt ic  4. Anxioly t ic  
or even seda t ive -hypno t i c  the rapy ,  viz., d i azepam or 
phenoba rb i t a l  alone is also used 2, 5, 6. 

The p resen t  repor t  deals w i th  a new tr icycl ic  agent  
d is t inguished  by  the  presence  of an allenic side chain,  I t  
possesses proper t ies  which  m a y  be ideally sui ted  for 
mixed  anx ie ty -depress ive  the rapy .  This  agent ,  5-(3-di- 
me thy l aminoprop - l - eny l idene ) -5H-d ibenzo  ~a, d I cyclo- 
hep tene  maleic acid salt,  abb rev i a t ed  D M P D  ( IVb) ,  
exer t s  marked  an t idep res san t  effects and  s imul taneous ly  
is a p o t e n t  cent ra l  ne rvous  sys tem (CNS) depressant .  

Methods. Reversa l  of reserpine  (RES) induced  hypo-  
t he rmia  ~ was used to assess the  an t i dep re s san t  ac t ion of 
D M P D  and  o ther  agents .  Albino mice (18-24 g) were 
given R E S  (5 mg /kg ,  i.p.). 2 h la ter  t e s t  mate r ia l  was 
admin i s t e red  orally. 1 h la ter  and  at  hour ly  in terva ls  for 
4 h, rec ta l  t e m p e r a t u r e s  were recorded.  Pe r cen t  reversal  
of h y p o t h e r m i a  = (D-R/C-R)  100, where  D, R and  C 
refer  to  m e a n  rectal  t e m p e r a t u r e s  of d rug  t r e a t ed  reser-  
p inized mice, reserpinized un t r ea t ed  mice and  contro l  
animals ,  respect ively .  

D M P D  was given i.p. to mice a t  a dose of 10 mg/kg 
30 min  af ter  t r e a t m e n t  w i th  the  MAO inhibi tor  pargyl ine  
(30 mg/kg,  p.o.). L-DOPA was given 41/2 h later  to  these 
mice. The degree of CNS exci ta t ion  evoked in such mice 
was compared  to  u n t r e a t e d  mice or mice receiving ei ther  
pargyl ine  and L-DOPA or L-DOPA alone. 

13ehavioral changes  p roduced  in normal  mice by  
compounds  under  s t u d y  were also sys temat ica l ly  evaluat -  
ed s. Large groups of mice were used to ob ta in  EDs0 
es t imates  9,1~ of each agen t ' s  abi l i ty  to  produce  a loss of 
r igh t ing  for a 30 sec period.  

The effect  of D M P D  on blood pressure,  hea r t  ra te  and /  
or n ic t i t a t ing  m e m b r a n e  responses  was eva lua ted  in 10 
pen toba rb i t a l - anes the t i zed  cats.  In  these  prepara t ions ,  
a l te ra t ion  of var ious  n e u r o t r a n s m i t t e r  and autocoid  
responses  were measured .  
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