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A Comparison of the Pharmacological Activity of A9-Tetrahydrocannabinol and its 
Monohydroxylated Metabolites in Man 

A%Tetrahydrocannabinol (AO-THC), the active prin- 
ciple of marihuana has been shown to be rapidly meta- 
bolized in vi t ro  by  the  act ion of the  l iver  microsomal  
enzymes  to  a n u m b e r  of p r i m a r y  m o n o - h y d r o x y  in te rme-  
diates.  These include 11-OH-A~-THC and  8fl-OH-A~-THC z. 
Recent ly ,  WALL et  a l :  have  shown t h a t  in add i t ion  to  t he  
11- and  8/3-OH der ivat ives ,  8a-OH-A"-THC is found in 
m a n  following the  oral admin i s t r a t ion  of A"-THC: A l imi t -  
ed num ber  of s tudies  have  been  carr ied out  on the  pha rma-  
cological ac t iv i ty  of these  metabol i tes .  CHRISTENSI~N et 
a l}  found  t h a t  11-OH-A"-THC was twice as p o t e n t  as the  
pa r en t  compound  in p roduc ing  specific neurologic and  
behaviora l  responses  when  in jec ted  i.v. to  mice. BEN Z w  
et al. a have  recen t ly  r epor ted  t h a t  the  8/3- and the  8e-OH- 
A~-THC have  abou t  z/~ the  p o t e n c y  of A~-THC when  ad- 
min is te red  i.v. to  rhesus  monkeys .  We have  found  the  8/3- 
h y d r o x y  to be a p p r o x i m a t e l y  ~/~ and  the  8e -hydroxy  to be 

Amount in [zg/kg of zJ~-THC or of its monohydroxylated metabolites 
injected i.v. to obtain certain specific effects 

Drug Perception Heart rate Total dose 
of 'high' acceleration 

AO-THC Mean 18.77 23.29 53.14 
N = 21 S.D. 7.51 8.09 16.16 
11-OH-A~-THC Mean 16.60 17.19 , 46.99 
N = 11 S,D. 4.17 8.56 22.09 
8~-OH-A~-THC Mean 48.64 137:37 183.06 
N ~ 9 S,D, 15.16 84.92 67.35 
8cr Mean > 186.36 > 186.36 186,36 
N : 5 S.D. -- - -  11.47 

Only 15 mg per subject of 8~-OH-A~-THC was available. That is the 
reason why no more of this compound was infused. 

~/~ as p o t e n t  as A~-THC when  admin i s t e red  i.v. to mice in 
p roduc ing  cer ta in  specific behaviora l  man i fes t a t ions  such 
as loss of  locomotor  coordinat ion,  general  i r r i tabi l i ty ,  and 
changes  in resp i ra to ry  rate.  This  s t u d y  repor t s  a compar i -  
son of the  effects  of AO-THC and  its m o n o h y d r o x y l a t e d  
metabo l i t e s  when  admin i s t e red  i.v. to man.  
For ty - s ix  normal ,  pa id  male  volunteers  ranging  in age 
f rom 21 to 30 years  were tes ted.  21 subjec ts  were infused 
wi th  A~-THC, 11 subjec ts  wi th  l l -OH-A~-THC,  9 sub- 
jec ts  w i th  8fl-OH-A~-THC, and  5 subjec ts  w i th  8e-OH-A ~- 
THC. All of these  compounds  were suspended  in 25%, hu-  
man  serum a lbumin  by  the  t echn ique  repor ted  else- 
where 5. 

Subjects  var ied in the i r  previous  exper ience  wi th  mari-  
huana  f rom less t h a n  1 c i g a r e t t e / m o n t h  to  more  t h a n  5 
c igare t tes /week and were equal ly  d i s t r ibu ted  in the  groups.  
The subjec ts  were hospi ta l ized  at  the  Clinical Research  
Un i t  of t he  N o r t h  Carolina Memoria l  Hospi ta l ,  Chapel 
Hill,  N.C., and remained  for 24 h unt i l  all the  effects  of the  
drugs had  comple te ly  subsided.  Resp i ra t ion  and  hea r t  
r a te  were cons t an t l y  recorded t h r o u g h o u t  the  e x p e r i m e n t  
by  means  of an Offner  po lyg raph  s i tua ted  in a one-way  
screen room ad jacen t  to  the  sub jec t s '  room. Blood pressure  
was de t e rmined  at  in te rva ls  t h r o u g h o u t  the  expe r imen t  
b y  the  clinical auscu l t a to ry  me thod .  
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MEAN HEART RATE ACCELERATION FOLLOWING 
THE INTRAVENOUS INFUSION OF AS-THC 

AND ITS MONOHYDROXYLATED METABOL|TES 
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SELF REPORTED PSYCHOLOGICAL EFFECTS OF 
THE INTRAVENOUS ADMINISTRATION OF/O-THC 
AND ITS MONOHYDROXYLATED METABOLITES 
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The values recorded in this figure were ob- 
tained by infusing 8/3-OH-Ag-THC at twice 
the rate and 8~-OH-Ag-THC at4 times the rate 
of Ag-THC and its 11-hydroxy derivative. The 
units of measurement of the subjective score 
a r e  the number of squares of a standard graph 
paper by which the subjects elected to rate 
themselves. The curves represent the mean of 
all the subjects tested. Statistical analysis of 
the differences was based on the area under the 
curves, thus taking into consideration the in- 
tensity and duration of effects. 
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To o b t a i n  t he  sub jec t ive  e v a l u a t i o n  of d rug  effects, 
t h a t  is of m a r i h u a n a - l i k e  'h igh ' ,  w h e t h e r  p l ea sen t  or un-  
p leasan t ,  we asked t h e  sub jec t s  to  r a t e  t h e m s e l v e s  in  a 
g r a p h  form p rov ided  for t h e m .  Th i s  r a t i n g  was o b t a i n e d  
a t  a p p r o p r i a t e  in t e rva l s  for 6 h fol lowing d rug  a d m i n -  
i s t ra t ion .  No specific i n s t ruc t i ons  were g iven  for these  
ra t ings ,  and  each  sub jec t  was free to  ut i l ize  w h a t h e v e r  
c r i t e r ion  he  wished.  W e  found  t h a t  a l t h o u g h  the re  were 
v a r i a t i o n  in r a t i n g  t he  m a g n i t u d e  of ' h igh ' ,  t h e  p a t t e r n  of 
the  psychologica l  exper ience  in t i m e  was cons i s t en t ly  si- 
milar .  

Sub jec t s  were to ld  t h a t  in i t i a l ly  t h e y  would  be  i.v. in- 
fused w i t h  a drug-free  so lu t ion  (normal  saline), a n d  t h a t  a t  
some unspeci f ied  t ime,  i t  would  be  replaced  w i t h  t he  pre-  
p a r a t i o n  c o n t a i n i n g  e i the r  Ag-THC or a n y  of i ts  mono-  
h y d r o x y l a t e d  der iva t ives .  T he  r e p l a c e m e n t  of solut ions  
w i t h o u t  t he  subiec t s '  awareness  was possible  because  t h e  
H a r v a r d  c o n s t a n t  infus ion  p u m p  ut i l ized for in j ec t ion  
was loca ted  in t he  obs e r va t i on  room.  T he  sub jec t s  were 
i n s t r u c t e d  to r e p o r t  t h e  m o m e n t  t h e y  fel t  t he  ac t ion  of t h e  
drug,  t h a t  is t h e  in i t i a l  pe rcep t ion  of m a r i h u a n a - l i k e  ef- 
fects, and  to  ask  for t h e  t e r m i n a t i o n  of t he  in fus ion  as 
soon as t h e y  fel t  t h e y  h a d  a r r ived  a t  t h e i r  desired level  of 
' h igh ' .  The  vo lun t ee r s  were encouraged  to  receive  t h e  lar-  
gest  a m o u n t  of t h e  d rug  t h a t  t h e y  could c o m f o r t a b l y  to-  
lerate.  B y  g i v i n g  t he  sub jec t s  con t ro l  as to  t h e  a m o u n t  of 
d rug  to  be  in iec ted  a n d  b y  t he  c o n s t a n t  record ing  of v i t a l  
signs, we insured  t he  safe ty  a n d  conf idence  of t he  vo lun-  
teers.  Likewise,  progress ive  a d m i n i s t r a t i o n  of t he  d rugs  
mimics  t h e i r  ac tua l  p a t t e r n  of use, s ince t h e y  are m o s t  
f r equen t ly  inha led  u n t i l  t h e  user  decides t h a t  he  has  reach-  
ed his  desired level  of ' h igh ' .  Var i ab le  t i m e s  of p lacebo  in- 
j ec t ion  were used r a n g i n g  f rom 15-25 min,  a n d  t h e  sub-  
j ec t ive  r a t ings  were a lways  base  l ine i nd i ca t i ng  t h a t  t he re  
were no  p lacebo  responses  u n d e r  our  e x p e r i m e n t a l  condi-  
t ions .  Af te r  t h e  p lacebo  in ject ion,  A~-THC a n d  l l - O H -  
Ag-THC were infused a t  t he  r a t e  of 0.2 m g / m i n  (0.92 ml /  
min)  u n t i l  t h e  sub jec t  decided t h a t  he  h a d  ach ieved  his  
desired level. In fus ion  of 8fi-OH-A~-THC a t  th i s  r a t e  in  t he  
f i rs t  sub jec t  t e s t ed  fai led to p roduce  any  m a r i h u a n a - l i k e  
effects. Fo r  t h i s  reason,  t he  r a t e  of a d m i n i s t r a t i o n  was in- 
creased to 0.46 rag / ra in  (2.23 ml /min )  for t he  r e m a i n i n g  9 
subjects .  I n fus ion  of 8 e - O H - d % T H C  a t  th i s  h igher  r a t e  
of a d m i n i s t r a t i o n  fai led to p roduce  a n y  effects in  t h e  f i rs t  
sub jec t  tes ted ,  and  t he  r a t e  of a d m i n i s t r a t i o n  was in- 
creased to  0.92 m g / m i n  (4.46 ml /min )  for t h  e r e m a i n i n g  5 
subjects .  

The  Tab le  i l lus t ra tes  t he  doses necessary  in ~g/kg to  
perce ive  t he  ac t ion  of t he  drugs,  to  accelera te  t he  h e a r t  
r a t e  more  t h a n  25% over  t he  in i t ia l  level, a n d  to  ach ieve  
t he  desi red level  of 'h igh ' .  The  resu l t s  ind ica te  t h a t  t h e  
A~-THC and  i ts  11 -hydroxy la t ed  m e t a b o l i t e  h a v e  s imi la r  
po tenc ies ;  t h e  8f i -hydroxyla ted  m e t a b o l i t e  is less po ten t ,  
a n d  t h e  8 e - h y d r o x y l a t e d  d e r i v a t i v e  appea r s  to  h a v e  no  
p o t e n c y  a t  t he  dose and  ra t e  of in fus ion  ut i l ized.  

The  sub jec t ive  exper ience  of m a r i h u a n a - l i k e  ' h igh '  was  
r a t e d  as equa l  b o t h  in  d u r a t i o n  and  i n t e n s i t y  a m o n g  t h e  
sub jec t s  rece iv ing  t he  zt 9-THIC and  i ts  11 - and  8/3-hydroxy- 
lu ted  m e t a b o l i t e s  (Figure).  A t  t he  end  of t h e  expe r imen t ,  
sub jec t s  infused w i t h  e i the r  A 9-TI.IC or t he  1 I~OI-I-Ag-Tt-IC 
r epo r t ed  t h a t  t he  ' h igh '  h a d  been  t he  m o s t  i n t ense  t h e y  

h a d  ever  exper ienced,  whi le  those  infused w i t h  t h e  8fl- 
OH-Ag-THC did  not .  This  d i m i n i s h e d  p o t e n c y  of t h e  8/5 
m e t a b o l i t e  is f u r t h e r  i l l u s t r a t ed  b y  t h e  fac t  t h a t  5 of t h e  9 
sub jec t s  infused w i t h  i t  n e v e r  r eached  t h e i r  desired or 
m a x i m u m  level  of ' h igh ' .  

The  i.v. in fus ion  of Ag-THIC and  i ts  l l - h y d r o x y l a t e d  me- 
t abo l i t e  p roduced  a m a r k e d  acce le ra t ion  of t he  h e a r t  r a t e  
and  a l t h o u g h  the re  was a d i f ference in t he  m a g n i t u d e  
(Figure),  i t  was  n o t  s t a t i s t i ca l ly  s ignif icant .  The  t a c h y -  
ca rd ia  p roduced  b y  t he  8fi-OH-AgTHC was of less magn i -  
t u d e  and  d u r a t i o n  (p > 0.01) even  t h o u g h  i t  was  infused 
a t  a fas te r  ra te .  The  8=-OH-AgTHC did  n o t  accelera te  t h e  
h e a r t  w h e n  infused a t  4 t imes  t he  r a t e  of t h a t  of t he  A 9- 
T t lC .  This  fa i lure  to  accelera te  t he  h e a r t  para l le ls  t he  ab-  
sence of psychologica l  effects and  d e m o n s t r a t e s  t he  lack 
of pha rmaco log ica l  a c t i v i t y  of t he  8~ -hydroxy la t ed  me ta -  
boli te .  

The  f ind ing  t h a t  h y d r o x y l a t i o n  a t  t he  l 1-posi t ion did  
n o t  s ign i f i can t ly  increase  t he  p o t e n c y  of Ag-THC casts  
r easonab le  d o u b t  ou t he  h y p o t h e s i s  t h a t  t he  11-hydroxy  
d e r i v a t i v e  is t he  ac t ive  fo rm of t he  p a r e n t  compound .  
Thus ,  i t  if were necessary  for A%THC to  be  me tabo l i z ed  to 
t he  l l - h y d r o x y  c o m p o u n d  to  exer t  i ts  m a r i h u a n a - l i k e  ac- 
t ion,  t he  in j ec t ion  of t h e  11-hydroxy  d e r i v a t i v e . a t  t he  
same r a t e  should  h a v e  p roduced  more  in tense  effects more  
qu ick ly  t h a n  those  p roduced  b y  t he  p a r e n t  compound ,  b u t  
t h i s  d id  no t  occur. F u r t h e r m o r e ,  a f te r  t he  i.v. i n j ec t ion  of 
Ag-THIC, we h a v e  found  t h a t  t he  levels  of t he  11-OH-A 9- 
T H C  were neve r  more  t h a n  2% of t he  t o t a l  c a n n a b i o n o i d s  
p r e sen t  in  t h e  p l a s m a  (results will be  p u b l i s h e d  elsewhere).  
I t  is un l ike ly  t h a t  t h i s  m i n u t e  a m o u n t  of t he  l l - h y d r o x y  
m e t a b o l i t e  is respons ib le  for the  effects of zJg-THC. 

Resumen. Se hizo n n  es tudio  c o m p a r a t i v o  de la capa-  
c idad  del zJg- te t rah idro-cannabino l  y de sns m e t a b o l i t o s  
m o n o h i d r o x i l a d o s  en p roduc i r  effectos s imi lares  a los de la 
m a r i h u a n a  cuando  son inyec t ados  i n t r a v e n o s a m e n t e  a 
h u m a n o s .  Se encon t ro  que la h id rox i l ac ion  en  la posic idn 11 
no cambio  la po tenc ia ,  en  la pos ic idn  8fi la redujo,  y e n  la 
posic i6n 8~ la abol io  por  completo .  
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The  Act ivat ing  Act ion of Acetylchol ine  and Pi locarpine  on the Oxidat ion of Lumino l  

The  c h e m i l u m i n e s c e n t  ox ida t i on  of l um i no l  (3-amino- 
p h t a l h y d r a z i d e )  w i t h  aqueous  a lka l ine  h y d r o g e n  perox ide  
and  a n  ' a c t i v a t i n g '  a g e n t  t or ' co -ox idan t  '2 is a v e r y  
complex  m u l t i s t e p  reac t ion .  A n u m b e r  of de ta i l ed  mecha -  

n i sms  h a v e  been  proposed  for t h i s  r eac t ion  b y  va r ious  
workers .  I n  m o s t  of t h e m  t h e r e  are two c o m m o n  po in t s :  
1. t h e  f i rs t  s tep  of t h e  r eac t i on  invo lves  t h e  o x i d a t i o n  of 
t he  an ion  of l umino l  b y  t h e  a c t i v a t o r  a n d  2. t he  key  


