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The  Effect of Cannabinol  on Zl t - T e t r a h y d r o - C a n n a b i n o l  Clearance f r o m  the Blood 

A1-Tet rahydrocannabinol  (A1-THC) is t he  main  biolog- 
ical ly-act ive cons t i tuen t  of mar ihuana  ~ and i t  is t h o u g h t  
t h a t  the  presence  of th is  molecular  species in t he  bra in  
p lays  a ma jor  role in mar ihuana  in tox ica t ion  2,a. Canna-  
binol  (CBN), ano the r  na tu ra l ly  occurr ing cons t i t uen t  of 
mar ihuana  has  no t  been  found to p roduce  any  marked  
biological effects  ~ and  as a possible con t r ibu to r  to  mari-  
h u a n a  in tox ica t ion  i t  has  therefore  been  largely ignored. 
Three  ins tances  of modif ica t ion  of the  behav ioura l  effects 
of A1-THC b y  CBN have  been  repor ted .  On the  one hand ,  
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Fig. 1. The disappearance of/]I-THC from the blood of rats. A) 1 mg 
pure zP-THC injected i.v.; B) 1 mg zI1-THC and 0.13 ing CBN in- 
jected i.v.; C) 1 IngEII-THC and 1.3 mg CBN injected i.v. 
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Fig. 2. The disappearance of CBN from the blood. A) 1.3 mg pure CBN 
injected i.v. ; B) 1.1 mg CBN and 1 mgA1-THC injected i.v. 

it  has  been  found t h a t  the  A1-THC depressan t  effect  can 
be b lockaded by  CBN in b o t h  ra t s  4 and  mice 5 and  on 
the  other,  it  has  been  suggested t h a t  large p ropor t ions  
of CBN in m a r i h u a n a  can po t en t i a t e  the  ac t iv i ty  of A 1- 
THC also present% Since CBN is general ly  p resen t  in 
admin is te red  A1-THC as well as in mar ihuana ,  fu r the r  
inves t iga t ion  in to  the  role of CBN in mar ihuana  intoxi-  
cat ion appeared  to  be called for. 

Materials and methods. Male ra t s  were conven ien t ly  
used wi th  the  m e t h o d s  of i.v. admin i s t r a t ion  and analysis  
r epor ted  previously~. In  these expe r imen t s  (and in o the r  
unpubl i shed  results),  t he  a m o u n t  of biological var ia t ion  
was found to  be surpr iz ingly  low for ra ts  of the  same sex 
and  similar  weights .  E x c e p t  in the  case where  levels of 
pure  A1-THC fall ex t r eme ly  rap id ly  f rom 20 to 3 ~zg/ml 
the  var ia t ion  appea red  to  be no grea ter  t h a n  normal  
exper imenta l  errors which  were wi th in  =k 5% for de ter -  
mina t ions  of spiked samples.  

The cannabino ids  were repur i f ied using p repa ra t ive  
layer  ch roma tog raphy ,  the  A 1-THC conta in ing  0.1% CBN. 

Results. Figure  1 i l lustrates  the  d i sappearance  of A 1- 
THC from the  blood af ter  in jec t ion  of 1 mg A1-THC. 
Resul ts  ob ta ined  pr ior  to 35 sec show t h a t  the  peak  level 
f rom A1-THC admin i s te red  alone is 20 ~g/ml and  occurs 
a t  35 sec. Observable  behavioura l  effects (sluggishness, 
lack of grooming etc.) appeared  wi th in  3 min  af ter  in- 
ject ion (c.f. GILL et  al. 8 who found a similar rapid  in- 
tox ica t ion  wi th  mice). 

Figure 2 shows the  d i sappearance  of CBN from the  
blood af ter  the  in ject ion of 1.3 mg CBN. The CBN admin-  
is tered by  itself reaches  a m a x i m u m  of only 5.6 tzg/ml 
and d isappears  cons iderab ly  more  rap id ly  t h a n  A1-THC 
admin is te red  alone. 

W h e n  in jec ted  together ,  A1-THC and  CBN d isappeared  
at  the  same ra te  (Figures 1 and 2) wi th  the  rat io be tween  
t h e m  s tay ing  the  same as it was in the  injection.  Thus,  
in the  presence  of CBN, the  ra te  of clearance of A1-THC 
was found to be cons iderably  enhanced  (Figure 1), whereas  
in the  presence of A1-THC, the  ra te  of d i sappearance  of 
CBN remained  v i r tua l ly  unchanged  (Figure 2). A 10-fold 
increase in the  a m o u n t  of CBN (0.13 to 1.3 rag) in t roduced  
wi th  t he  A1-THC p roduced  no qua l i ta t ive  change in t he  
observed effect  (Figure 1) a l though  a fu r ther  smal ler  
depress ion of A~-THC blood levels was not iceable  wi th  
increasing a m o u n t s  of admin i s t e red  CBN (Figures 1 and  
3). 

Discussion. The blood levels f rom CBN admin i s te red  
alone were a t  all t imes  less t h a n  those  of the  in jec ted  
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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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