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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  
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i n t e r m e d i a t e  is  a p e r o x i d e .  W E B E R  e t  al.  a h a v e  p r o v e d  
t h a t  t h e  m e c h a n i s m  of  t h i s  r e a c t i o n  fo l l ows  M i c h a e l i s -  
M e n t e n  k i n e t i c s .  

T h e  a c t i v a t o r  in  t h i s  r e a c t i o n  is  e i t h e r  a s t r o n g  ox i -  
d i z i n g  a g e n t  s u c h  as  h y p o c h l o r i t e  ~, f e r r i c y a n i d e  *, p e r -  
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Fig. 1. The curves of luminescence of Ach 1,32 x 10 -3 M (i) and pilo- 
carpine 3,5.10 .3 M (2). 

s u l f a t e  ~, o r  a m e t a l  s~ l t  or  c o m p l e x  w h i c h ,  o n  r e a c t i n g  
w i t h  h y d r o g e n  p e r o x i d e ,  y i e l d s  t h e  h y d r o x y l  r ad ica lS ,  ". 
T h e  o r g a n o p h o s p h o r o n s  a n t i c h o l i n e s t e r a s e  a g e n t s  h a v e  
b e e n  s h o w n  b y  GOLDENSON 7 t o  a c t i v a t e  t h e  c h e m i -  
l u m i n e s c e n t  o x i d a t i o n  o f  l u m i n o l  too .  I n  o u r  p r e v i o u s  
w o r k  s, 9 t h e  a c t i v a t i n g  a c t i o n  of  t w o  o t h e r  p a r a s y m p a t h o -  
m i m e t i c  a g e n t s  - a c e t y l c h o l i n e  c h l o r i d e  (Ach) a n d  p i lo -  
c a r p i n e  h y d r o c h l o r i d e  - w a s  r e c o r d e d .  

T h e  p h a r m a c o l o g i c a l  a c t i o n  of  t h e s e  t w o  d r u g s  o n  
p a r a s y m p a t h e t i c  r e c e p t o r s  d i f fe r ,  A c h  b e i n g  a p u r e  
a g o n i s t  a n d  p i l o c a r p i n e  a p a ~ i a l  a g o n i s t ,  w h i c h  in  a d d i -  
t i o n  e x e r t s  a n o n - c o m p e t i t i v e  a u t o - i n h i b i t i o n  a t  h i g h e r  
doses .  W h e n  c o m b i n e d  i n  l ow  d o s e s  (10-SM) w i t h  a p u r e  
a g o n i s t ,  p i l o c a r p i n e  a c t s  s i n e r g i s t i c a l l y  w i t h  low doses ,  
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31, 2431 (1966). 

3 K. WEBER, LJ. Hold and M. MEAZOVld, Arh.' Hig. Rada 9, 325 
(1958), 
A. O. ALBRECHT, Z. phys. Chem. 736, 321 (1928). 

5 K. WEBER and M. I{RAJ~INOVId, Ber. Dt. chem. Ges. 75B, 2051 
(1942). 

6 K. WEBER, A. I~E~EK and V. VOUK, Ber. Dr. chem. Ges. 75B, 1141 
(1942). 
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Fig. 2A) Maximum luminescence intensity vs. 
Ach concentration. B) Maximum luminescence 
iutensity vs. pilocarpine concentration ( + - + )  
and in the presence of various concentrations 
of Ach: 3 ,3•  -3 M (O-�9 4 ,95•  -~ M 
(O-Q), 9 ,9•  -a M ( A - , ) ,  1 ,65x10 -3 M 
([]-[]). 

Fig. 3A) Maximum luminescence intensity vs. pilo- 
carpine concentration. 3B) Maximum luminescence 
intensity vs. Ach concentration (A--&) and in the 
presence of various concentrations of pilocarpine: 
1 ,5•  -2 M (0- -0) ,  2 •  4 M (A--A), 2 ,5•  -2 
M ( ~ - -  ~ ) ,  3 • 10 -321//(I--  I ) ,  3,5 x 10 .3 M (�9 �9 
3,75 • 10 -2 M (V--.~'), 4 x 10 -3 M (•  --  • 
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bu t  compet i t ive  antagonis t ica l ly  wi th  high doses of the  
agonist. I n  higher  doses pi locarpine always acts as a 
compet i t ive ,  and in ve ry  high doses as a non-compet i t ive  
antagonis t  ~~ ~. As to the site of act ion of these  drugs, i t  is 
general ly  accepted t h a t  an anionic site on the surface of 
the  muscarinic  receptor  is required for the  in te rac t ion  of 
the  pa ra sympa thomime t i c  drug wi th  its receptor.  

The  work presented here reports  exper iments  in which 
the  combined act ion of Ach and pi locarpine on the  oxida-  
t i o n  of luminol  was invest igated.  Fu r the rmore  the  effect 
of a pure  pa rasympa tho ly t i c  drug - a t ropine  sulfate - on 
the  ac t iva t ing  act ion of Ach and pi locarpine was studied. 

Luminescence in tens i ty  was recorded as a funct ion  of 
t ime  wi th  a luminophotomete r  described earlier• The  
react ion mix ture  in a glass of 100 ml  was placed above the  
photocell ,  and the  recorder  was s tar ted  wi th  ac t iva to r  
addit ion.  The  m ~ x i m u m  readings were p lo t ted  a g a i n s t  
ac t iva to r  concentrat ion.  The  totM vo lume  of the  react ion 
mix tu re  was always 10 ml, except  in the  exper iments  
wi th  atropine,  in which i t  was 50 ml. The  final  concentra-  
t ions of the  reagents  in all the  exper iments  were as 
follows: luminol  4 • 10-4M, hydrogen  peroxide  1.76 • 
10-2M and N a O H  4.5 •  The  reagents  were of 
analyt ica l  grade. Acetylchol ine  chloride (Hoffmann-  
La Roche) and pi locarpine hydrochlor ide  (Medika) 
solutions were always freshly prepared  prior to use. 

The  curves of luminescence obta ined wi th  Ach differ 
f rom those obta ined wi th  pi locarpine in shape as well as in 
in tens i ty  (Figure 1). Luminescence formed in t i le presence 
of Ach reached peak  in tens i ty  immed ia t e ly  after  adding 
the  act ivator ,  while wi th  pi locarpine the  m a x i m u m  
reading took about  90 seconds to develop.  On p lo t t ing  
the  m a x i m u m  readings against  Ach concentrat ion,  a 
s t ra ight  line is obta ined (Figure 2A). Pi locarpine exerts  
i ts ac t iva t ing  act ion in a ve ry  narrow concent ra t ion  range. 
M a x i m u m  effect was achieved wi th  3 . 5 •  of 
pilocarpine,  while wi th  higher concentra t ions  of this 
drug an auto- inhibi t ion  (concentrat ion inhibit ion) is 

50% inhibition values (Cl/2) Of atropine sulfate 

Concentration of the 
activator in the 
reaction mixture 

Aeh 2,75 x 10 -3 M 9,0 • 10 -s M 
Pilocarpine 3,5 • 10 -z M 1,6 • 10 -3 M 

apparent  (Figure 3 A). The  combined effects of Ach and 
low doses of pi locarpine (2.J0-eM) are much  higher  t han  
those expected  by  simple addi t ion (Figure 2B and 3B). 
The maximum height of the concentration-effect curve of 
pilocarpine combined with Ach is shifted to lower con- 
centrations of pilocarpine with increasing concentration 
of Ach (Figure 2 B). Pi locarpine in higher  doses shows a 
non-compet i t ive  auto- inhibi t ion similarly to its act ion in 
isolated organs described by  VAN R o s s u ~  u (Figure 3 B). 

I n  the  reactions of inhibi t ion wi th  a t ropine  sulfate, the  
values of percentage inhibi t ion  were p lo t ted  as a funct ion 
of inhibi tor  concentrat ion.  The  curves thus  obta ined were 
used for es t imat ing  the  50% inhibi t ion  values (cl/2). The  
react ion mix tu re  in these exper iments  contained 2.75 • 
10-~M of Ach and 3 . 5 •  of pi locarpine resp. 
Atropine  was added to the  react ion mix tu re  before 
adding  the  act ivator .  The results of these exper iments  are 
g iven in the  Table,  and the  curve  of inhibi t ion for Ach is 
shown in F igure  4. 

In  summary,  the  present  work  points  to the  following 
analogies be tween  the  ac t iva t ing  act ion of the  invest igated 
p a r a s y m p a t h o m i m e t i c  drugs and their  pharmacological  
ac t ion:  1. the  synergism between low doses of pi locarpine 
and Ach, 2. the  non-compet i t ive  auto- inhibi t ion  of high 
doses of pilocarpine,  3. the  inhibi t ion of the  act ion of bo th  
drugs by  a t ropine  sulfate. To these, another  analogy 
der ived f rom the  above-ment ioned  da ta  m a y  be added:  
the  first  step of the  ac t iva t ing  as well  as pharmacologica l  
act ion takes  place be tween  the  pa ra sympa thomime t i c  
drug and an anion ~a. 

The  present  exper iments  confirm the  author ' s  previous  
suggestion ~4 of the  possible in terre la t ion be tween  the  
pharmacologica l  and ac t iva t ing  actions of cholinergic 
drugs. 

Zusammenfassung. Folgende Analogien zwischen der 
Akt iv ie rung  der Chemilumineszenz des Luminols  durch 
P a r a s y m p a t h o m i m e t i k a  und ihrer pharmakologisehen 
Wirkung  wurden  festgestel l t :  1. Synergie zwischen kleinen 
Dosen yon Pi locarpin und Ach ; 2. n i ch tkompe t i t i ve  Auto-  
inhibi t ion grosser Dosen yon Pi locarpin ; 3. Inhib i t ion  der 
Wirkung  beider  Medikamente  durch Atropin-sulfat .  
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Fig. 4. Maximum luminescence intensity as a function of atropine 
sulfate concentration. Activator: Aeh, 2,75 X 10 -a M. 
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