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Abstract. The structure activity relationships of four tetrahydroeannabinols and 
the pharmacological activity of five semi-purified extracts from Cannabis sativa 
were studied using four biological methods: corneal areflexia in rabbits (Gayer test) 
and eatatonia, decrease of motor activity and suppression of isolation-induced 
aggressiveness in mice. Modifications in the structure of pure, natural A'-THC 
rendered the resultant compounds inactive only when activity was measured by the 
Gayer test; by the other three methods the activity ranged from 1/sth to equal to 
the activity of pure A"-THC. I t  was concluded that  of the methods employed, the 
Gayer test was the only useful procedure to measure AP-THC content in mixtures. 
This was confirmed by the relationship found between A 9-THC content and activity 
using five semi-purified extracts. 

Key-Words: Tetrahydrocannabinol --  Marihuana --  Psychotomimetics --  
Cannabis sativa. 

I t  has  long been  as sumed  t h a t  a t e t r a h y d r o c a n n a b i n o l  is t he  pr inc ip le  
fac tor  respons ib le  for t he  effects of  Cannabis sativa (mar ihuana) .  A m o n g  
these  effects a rc  locomotor  a t a x i a  in dogs,  corneal  aref lexia in  r a bb i t s  
a n d  ea t a ton i~  in  smal l  animals .  Opinions,  however ,  a re  n o t  unan imous  
concerning th is  a s sumpt ion .  Loewe (1944) for ins tance,  c la imed t h a t  a t  
leas t  3 ac t ive  pr inc ip les  should  be p resen t  in  Cannabis sativa; Santos  et 
al. (1966), on the  o the r  hand ,  have  shown t h a t  2 cannabis  ex t r ac t s  of  
u n k n o w n  chemical  compos i t ion  and  wi th  equal  a c t i v i t y  when t e s t ed  b y  
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the corneal areflexia method, differed strikingly when tested on isolation. 
induced aggressiveness in mice. These results seem to indicate that more 
than one active principle is present in crude marihuana extracts. This 
assumption is substantiated by the fact that relatively small structural 
alterations of the THC-molecule cause large differences in pharma- 
cological activity. This has been shown by the synthetic and pharma- 
cological work of Taylor et al. (1967), Petrzilka et al. (1969) and Grunfeld 
and Edery (1969). 

The present paper describes the pharmacological activities of four 
tetrahydroeannabinols and five semi-purified extracts of marihuana on 
the corneal reflex of rabbits, on spontaneous motor activity, on catatonia, 
and on isolation-induced aggressiveness in mice. Only by the measure- 
ment of corneal areflexia and catatonia was it possible to find a relationship 
between A~-TItC content and pharmacological activity. 

Methods 

Drugs. Extracts 1.1 TH, 1.2 TH, 1.3 TH and 1.4 TH were prepared 
from 3 different samples of Cannabis sativa confiscated by the German 
police. After proper chemical treatment of the samples, gas chromato- 
graphy analysis was performed on the extracts revealing the chemical 
composition shown in Table 6. Details of the chemical procedures will 
be given elsewhere. Extract 2.4 TH was obtained from smoking of the 
plant material according to Claussen and Korte (1967). (--)Ag-trans- 
tetrahydrocannabinol (Ag-TttC), Asa-l~ (Adams' 
THC) and 7,10,10-trimethyl-3-n-pentyl-l-hydroxy-6,7,8,9-tetrahydro- 
dibenzo[a,d]-pyran (Todd's THC) were prepared by the Bonn University 
group (Silva et al., 1968; Korte and Sieper, 1960; Claussen et al., 1968). 
The synthesis of 3-n-amyl-6,6-dimethyl-l-hydroxy-l,2,3,4-tetrahydro- 
dibenzo[b,d]-pyran (referred to as Sy-Bi) will be described elsewhere. 
Structural formulas of these compounds arc seen Table 5. 

Pharmacological Methods. All compounds and the control solution 
were prepared for injection according to Carlini and Kramer (1965). The 
Gayer test (corneal areflexia) was performed on adult male albino rabbits 
according to Santos et al. (1966); at least 5 rabbits were used with each 
drug. Four photocell cages, as described by van Rossum (1962), were 
used for spontaneous motor activity studies. The cages were modified 
in such a way that light beam interruptions were cumulated directly 
by digital counters. For each substance 4 doses in geometric progression 
were used; at least 10 mice were used at each dose level. All drugs were 
given by the intraperitoneal route and immediatly after injection the 
animals were placed in the cages where they remained for 3 h. To measure 
the catatonic state demonstrated by the mice under the drug action, 
6* 
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the method of Lusvarghi et al. (1967) was used with minor modifications. 
The animals had their forepaws lifted onto a horizontal glass rod which 
was 4.5 cm from the surface. Each animal was placed in this position 
3 times, at 20 rain intervals, up to 3 h after the injections. The theoretical 
maximum of catatonia (1000/9) showed by  an animal should, therefore, 
be 10,800 sec (i.e. 3 h). Four doses, with at  least 10 mice per dose, were 
used for each compound. The isolation-induced aggressiveness method 
was performed as described by Santos et al. (1966). A minimum of 
10 mice per dose and 4 doses for each compound were analysed. 

The EDs0 necessary to reduce spontaneous motor activity, to produce 
catatonla and to suppress aggressiveness was calculated graphically using 
the log-probit method. 

Results 

Corneal Are/lexia Method (Gayer Test). The results are shown in 
Table 1. Todd's THC and Sy-Bi were not able to abolish corneal reflex 
for doses as high as 46 and 50 mg/kg, respectively, whereas Ag-THC was 
highly active, producing areflexia with 0.114 mg/kg. Adams' THC and 
2.4 TH were 42 and 263 times less active than dg-THC, respectively. 
However, the activity of the 1.1 TH to 1.4 TH  extracts correlated 
reasonably well with their content of Ag-THC. 

Measure o/Spontaneous Motor Activity. The results are summarized 
in Table 2. Ag-THC was the most active compound, with an EDs0 of 
18.75 mg/kg. However, a discrepancy was found when the pharma- 
cological activity of the extracts was correlated with their content of 
Ag.THC. Thus, the effects of 1.1 T H  and 1.4 TH  fell within the limits 
expected according to their A~-THC content, but  1.3 TH  was almost 
inactive, for at  200 mg/kg it  reduced motor activity to only 76.50/0 of 
control; this value lacks statistical significance. However, 1.4 TH  seems 
to have a biphasie effect, namely decreasing activity with larger doses, 
but  increasing it  with the smaller ones. Thus, the spontaneous motor 
activity of mice injected with 16 mg/kg (not shown in Table 2) was 
574 =L 99. 

On the other hand, no correlation was found among 4 compounds 
when their effects were compared by  the Gayer and motor activity tests. 
Thus, Adams' THC was 42 times less active than LJg-THC in Gayer test, 
but  only 3 times less active in reducing motor activity; Sy-Bi did not 
abolish the corneal reflex of rabbits bu~ significantly increased motor 
activity, an effect not found with any other compound. 1.3 TH  had 
1/3 of the activity of Ag-THC in the rabbit,  but  did not significantly 
reduce motor activity; finally, 2.4 TH was only 10 times less active when 
compared toAg-THC by the motor activity test. 
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Table 1. Activity o/4 tetrahydrocannabinols and 5 semi-purl/led cannabis extracts on 
the corneal reflex o/rabbits (Gayer test) 

Drug Percentage of Positive Gayer test Percentage of 
AP-THC (mg/kg 4- sd) activity a 

AP-TttC pure; 100 0.114 ~: 0.018 100.0 
Adams' THC pure -- 4.6 ~ 1.8 2.4 
Todd's THC pure -- 46.0 (n.a.) b _ 
Sy-Bi pure -- 50.0 (n.a.) b __ 
1.1 TH impure; 27.6 0.247 • 0.074 46.2 
1.3 TH impure; 26.5 0.327 ~ 0.06 34.9 
1.4 TH impure; 9.8 1.460 :L 0.35 7.8 
1.2 TH impure; 4.6 6.451 • 0.74 1.8 
2.4 TH impure; 0.09 34.8 -4- 9.9 0.38 

a Activity of AP-THC was taken as 100~ . The same for the following tables. 
b n.a.--not active up to the dose stated. The same for the following tables. 

Measure o/Catatonia. The results summarized in Table 3 show that  
there is some correlation between AP-THC content in the extracts ~nd 
their catatonia-inducing properties, namely, the higher the concentra- 
tion of ztP-THC in the extracts the higher the capacity to induce cata- 
tonia. 

Todd's THC was inactive by this method, as it was with the other 
2 tests. Adams' TItC and 2.4 TH, however, were only 4.3 and 32 times 
less active than AP-THC by this method, which would not be expected 
according to the results obtained by the Gayer test. 

Suppression o/Isolation-Induced Aggressiveness. Surprisingly, as seen 
in Table 4, Todd's THC although being inactive by the other tests, 
showed good activity, equal to 1/3 of that  of A9-THC. However, Adams' 
THC and 2.4 TH were found to be equiaetive and 2.5 times less active 
than A9-THC, respectively, whereas with the measurement of catatonia 
and spontaneous motor activity they revealed activities 3 to 43 and 10 
to 263 times smaller than that  of the natural compound. 

Discussion 

According to Table 5 the main structural differences among s 
and the 3 other compounds, are the position of the double bond, the 
phenolic OH group and the angular tetrahydrodibenzopyran nucleus. 
The importance of these chemical features in affecting pharmacological 
activity varies greatly according to the biological method employed. 
Thus, for the Gayer test the integrity of the zJP.THC molecule is of para- 
mount importance, because changing the position of double bond 
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(Adams' TtIC) decreased activity by approximately 98~ and 
absence of the angular tetrahydrodibenzopyran nucleus (Todd's THC) 
or changing the saturation of the nucleus attached to the pyran ring 
�9 (Sy-Bi), abolished pharmacological activity completely. On the other 
hand, the position of the double bond is not important for the induction 
of catatonia and the suppressive effects on motor activity, as Adams' 
THC was fairly active, being about 1Is the activity of A~-THC. Similar 
results were obtained by Grunfeld and Edery (1969) in comparing the 
effects of •l-tetrahydrocannabinol and Al(6)-tetrahydrocannabinol syn- 
thetized by 1V[echoulan's group. However, the absence of the angular 
tetrahydrodibenzopyran structure (Todd's THC) and/or changing the 
degree of saturation of nuclei attached to the pyran ring or phenol group 
(Sy-Bi) rendered the compounds inactive. Finally, Table 5 shows that 
suppression of the isolation-induced aggressiveness method was the least 
affected by changes in structure. Thus, the position of the double bond 
did not affect activity (Adams' THC), and Todd's THC with a linear 
tetrahydrodibenzopyran nucleus showed about 1]~ the activity of natural, 
pure A ~ 

These results indicate that among the methods employed in this work, 
only the Gayer test is useful to measure A%THC; it was more sensitive 
than the eatatonia method and did not give positive results for the other 
3 compounds. However, its use as the only assay method for measuring 
the pharmacological activity of cannabis extracts, may lead to errors 
when attempting to obtain all active principle(s) from the plant, because 
a principle inactive by the former test may show good activity by any 
other of the 3 tests. This has previously been shown by Santos et al. 
(1966) who demonstrated that  2 extracts from Cannabis sativa, equi- 
active by Gayer's test, differed by a ratio of 16 when their pharma- 
cological activities were measured by the aggressiveness method. These 
conclusions were further confirmed by the results obtained with extracts 
1.1 TH to 1.4 TH (Table 6). Thus, there was a relationship between 
AP-THC content and pharmacological activity when Gayer's Test was 
employed, but not so when the other 3 biological tests were employed. 
Among the discrepancies that arise it is interesting to analyse the failure 
of 1.3 TH to decrease spontaneous motor activity. According to its 4 9- 
THC content such activity should be expected and failure to observe it 
can be explained only by accepting the existence in the extract of an 
antagonist which blocks Ag-THC action on motor activity and/or of a 
compound stimulating motor activity in mice which would then counter- 
act the Ag-THC effects. Cannabidiol and/or eannabidiolic acid, among 
other substances present in the unknown components, could be such 
antagonistic compounds. Cannabidiolic acid can be ruled out because 
it is present in extract t.4 TIt, which reduced motor activity as expected 
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by  its ~9-THC content .  On the  other  hand,  the  rat io of  Ag-THC/canna- 
bidiol for 1.3 T H  is 1.27, whereas for extracts  1.1 T H  and  1.4 TH,  bo th  
effective in decreasing moto r  act ivi ty ,  the  values arc 2.20 and 1.81, 
respect ively;  this seems to  indicate t h a t  cannabidiol  could counterac t  
Ag-THC effects on motor  ac t iv i ty  of  mice. This suggestion is fur ther  
s t rengthned by  the fact  t h a t  1.2 TH,  with a rat io of  1.05, was also in- 
act ive in reducing moto r  act ivi ty.  

Our results also show t h a t  1.3 T I t  was able to  induce eata tonia  bu t  
failed to  reduce spontaneous  moto r  ac t iv i ty  in mice. This discrepancy 
is ra ther  apparen t  because decrease in moto r  ac t iv i ty  a l though often 
associated with catatonia,  is in real i ty  independent  f rom it, as has been 
shown b y  Carlini and Silva (1968). Finally,  i t  is interesting t h a t  com- 
bust ion of  cannabis  did no t  increase the  pharmacological  ac t iv i ty  of  the 
extract .  Thus,  2.4 TH,  in all 4 methods,  had  similar or lower ac t iv i ty  as 
compared  to  extracts  1.1 T H  to  1.4 TH.  
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