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SHORT COMMUNICATIONS 

Actions of cannabis constituents on enzymes of arachidonate metabolism: anti- 
inflammatory potential 

(Receiued 29 September 1986; accepted 17 December 1986) 

The anti-inflammatory and analgesic properties of cannabis 
herb [l] (Cannabis satiua L) have been associated with non- 
cannabinoid constituents which reduce prostaglandin (PG) 
levels, both in uitro and in uiuo [2, 31. In contrast, can- 
nabinoids have been shown to inhibit PGEz formation 
only at high concentrations, and at lower levels, actually 
stimulate PG release [2]. 

Nevertheless, cannabinoids have been reported to have 
beneficial actions in certain inflammatory conditions, 
notably asthma [4]; they may also inhibit cycle-oxygenase 
at high concentrations [5, 61. In view of the likely com- 
plexity of the actions of cannabis herb on levels of PG’s 
in uiuo, we have continued our evaluation of the anti- 
inflammatory potential of cannabis constituents by exam- 
ining their effects in several cell-free systems, and attempt- 
ing to correlate this information with activity in cell culture 
and animal models. 

In this report we describe the effects of cannabinoids and 
other constituents on enzymes involved in arachidonate 
metabolism. 

Materials and methods 

Preparation of plant extracts. Cultivated cannabis was 
extracted as previously described [2,3]. Both the petroleum 
ether and the ethanolic extracts were concentrated by evap- 
oration on a rotary evaporator and aliquots were then dried 
to constant weight in a vacuum oven. For biological testing 
1 mgml stock solutions were diluted with 50% aqueous 
ethanol. 

Other test compounds. Cannabinoids and olivetol were 
obtained from Makor Chemicals (Tel Aviv) and used with- 
out further purification. The flavone (2), was isolated from 
the ethanolic extract as previously described [2]. The struc- 
tures of these compounds are given in Fig. I. 

Preparation of seminal vesicle microsomes. Ovine semi- 
nal vesicles were obtained from Northeast Biomedical Lab- 
oratories, Uxbridge; 1OOg of frozen glands were hom- 
ogenised in 1.5 vol. 0.1 M phosphate buffer (pH 8.0) 
containing 5 mM EDTA, 5 mM diethyldithiocarbamate 
and 1 mM phenol at 4” using a blender..The homogenate 
was centrifuaed at 12.0OO~r for 15 min and the oellet 
discarded. The supernatantras centrifuged at lOO$OO g 
for 45 min and the microsome pellet stored at -70” in 50% 
glycerol. 

Assay of cycle-oxygenase activity. Enzyme activity in the 
microsome preparation was measured using a Clark oxygen 
electrode (Yellow Springs, Ohio) [7]. The microsomes were 
suspended in 0.1 M phosphate buffer containing 0.1 mM 
phenol, at a concentration of between l-10 mg/ml depend- 
ing on activity, and maintained during the assay at 4” before 
introduction into the assay mixture. The assay was carried 
out at 30”. The assay mixture contained 0.5ml of the 
microsome preparation and 10 fl of the inhibitor solution 
in a total volume of 1.9 ml. The reaction was initiated by 
adding arachidonic acid (Sigma, 200 FM) in 100 ~1 buffer. 
Activity was determined by measuring the initial linear rate 
of oxygen uptake, and assay conditions were selected so 
that control suspensions utilised 5-10% of oxygen present 
in the buffer at saturation with air. Indomethacin (Sigma) 
was used as a control both before and after each assay. 
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Fig. 1. Structures of cannabis constituents; 1. Olivetol. 2. 
Cannflavone-2. 3. Cannabigerol. 4. Cannabidiol. 5. Tetra- 

hydrocannabinol. 6. Cannabinol. 

Assay of soybean lipoxygenare activity. The activity of 
soybean lipoxygenase (Sigma) was measured in a direct 
spectrophotometric assay by measuring the increase in 
absorbance at 236 nm due to the formation of lipid peroxide 
[8]. The assay was carried out at 30”, using a reaction 
mixture containing 500 units of enzyme and 10 ~1 of inhibi- 
tor solution in borate buffer (pH 9.0, 2.9 ml of 0.1 M). 
Arachidonic acid (200 PM) in 100 ~1 of buffer were added 
to initiate the reaction, and the initial linear rate of increase 
in absorbance was measured to determine enzyme activity. 

Results and discussion 
Cannabis sativa has traditionally been used in the treat- 

ment of a number of inflammatory and allergenic 
conditions, including arthritis and asthma. The active con- 
stituents of this herb are believed to be the cannabinoids 
(Fig. 1) and although the cannabinoid receptor remains to 
be identified, previous work has concentrated upon their 
ability to affect dependent hormonal activity including 
secondary amines [9] and prostaglandins [2, 31. 
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Our results confirm that several constituents of cannabis 
can inhibit cycle-oxygenase activity in uitro. The activities 
of the cannabinoids (ICY in the range 30-SOpM) were 
similar. In addition the non-cannabinoid compounds (1) 
and (2) were also shown to be inhibitors of cycle-oxygenase. 
Of significance was the observation that the oil and the 
ethanolic extracts induced inhibition of this enzyme (Table 
1). These extracts were more effective on a weight basis 
than the constituents themselves, suggesting that either still 
more effective cycle-oxygenase inhibitors remain to be 
isolated from the plant, or that potentiation occurs with 
individual compounds. Potentiation of in uivo effects has 
previously been observed in the c~nabino~ds [lo]. 

The mechanism of action of these compounds was also 
studied on soybean lipoxygenase in a lipid peroxidation 
system which is well characterised [8]. Once again the 
activities of the cannabinoids were in a similar range with 
ICY; 2.2-9.2 PM. The non-cannabinoid constituents (1) and 
(2) were ineffective at concentrations of up to SO@%. 
(Table 2). Prelimina~ kinetic evaluation of the in~bito~ 
effects of the cannabinoids on the enzyme indicate a com- 
plex mechanism of action. There was evidence of com- 
petitive inhibition at low inhibitor/high substrate con- 
centrations, and non-competitive inhibition predominating 
at high inhibitor/low substrate concentrations, giving rise 
to curved reciprocal plots (Fig. 2). This is characteristic of 
compounds which interfere with peroxide activation of both 
cycle-oxygenase and lipoxygenase [ 111, suggesting that the 
cannabinoids might share a common mode of action with 
other phenolic anti-oxidants. Cannabis constituents are 
probably dual inhibitors of both cycle-oxygenase and lip- 
oxygenase. Burstein and co-workers [12] have recently 
reported biphasic activation of cycle-oxygenase by ana- 
logues of tetrahydro~annabinol. We did not observe a 
stimulatory action of cannabinoi~, inciud~g tetra- 
hydrocannab~ol (5) at lower concentrations, but this 
might have been due to the inclusion of phenol as an 
activator. Clearly, this characteristic requires further eval- 
uation, despite the observations [13,14] that some phenols 
are wholly inhibitory in action. 

The significance of functional groups on the actions of 
cannabis constituents as inhibitors of these enzymes can be 
facilitated by reference to Fig. 1. All compounds which 
exhibit a C-2 phenolic moiety were effective cyclo-oxyg- 
enase inhibitors. The introduction of an alkyl side chain at 
C-l of the phenolic ring conferred inhibitor activity against 
lipoxygenase, which was marginally maximal when the alkyl 
side chain was cyclised to the terpene form as in compound 
(4). The formation of an epoxide and the aromatisation of 
the side chain as in compound (6) reduced the effectiveness 
of that compound as an inhibitor of lipoxygenase. This 
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Fig. 2. Dixon plot of inhibitory action of cannabinol on 
soybean hpoxygenase at varying substrate concentrations. 

observation may also hold for compound (2), in that the 
C-6 hydroxyl and the keto function are known to interact 
by hydrogen bonding ]lS]. 

Comparison of these results (Tables 1 and 2) with those 
previously reported by us [lo] on models of infhunmation 
suggest that that both olivetol (1) and the flavone (2) 
are orally active anti-inflammatory agents acting primarily 
upon cyclo-oxygenase. The anti-infl~mato~ potential of 
the ~Mabinoids presents a more complex problem. These 
compounds have been shown to suppress tetradecanoyl- 
phorbolacetate (TPA) induced release of prostaghmdin 
from cell culture [2] and to inhibit TPA-induced erythema 
of mouse skin [lo]. Protein kinase C is believed to be the 
phorbol ester receptor site [16], but we have demonstrated 
that the cannabinoids (data not shown) only prevent TPA 
activation of that kinase in a cell-free system, at con- 
centrations in excess of 100 @vL Possibly the i~a~ation 
induced by TPA is of mixed aetiology [17], or the can- 
nabinoids are metabolised during absorption through 
mouse skin. The stimulation of phospholipase A2 has been 
suggested as a mechanism for the activity of tetra- 
hydrocannabinol [ 181 and it has been demonstrated that a 
number of related natural cannabinoids will produce a 
biphasic activation and i~bition of that enzyme (19]. 
Further work is required to clarify the complex actions of 

Table 1. Inhibition of cycle-oxygenase activity by constituents of cannabis. Data was the 
mean of eight experiments 

Compound 

Maximum 
cont. 
tested 
mg/l 

Maximum 
inhibition 

(a) mg/Y$!SE) luM 

Indomethacin 
Cannabis oil 
Ethanolic extract 
1. 
2. 
3. 
4. 
5. 
6. 

10 
10 
10 
50 

:: 

; 
20 

5.1 (1.13) 
7.5 

2;:; g.;;; 
. . 

12.52.57) 
10.0 (2.22) 
11.7 (4.36) 

14.2 
- 
- 

152.8 
16.0 
- 

39.8 
31.8 
37.7 
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Table 2. Inhibition of soybean lipoxygenase activity by 
constituents of cannabis 

Maximum 
cont. Maximum 
tested inhibition I.C.so (2 SE) 

Compound mg/ml (%) (PM) 

:: 50 50 inactive 40 - 

3. 30 2.2G.6) 
4. 30 

;: 
2.9 (0.2) 

30 83 3.2 (0.5) 
30 79 9.2 (0.3) 

Data was the mean of five experiments 

these compounds on the enzymes of the prostaglandin 
pathway. 

In this communication the actions of cannabis con- 
stituents on enzymes of arachidonate metabolism have been 
determined. The results confirm that the non-camtabinoid 
constituents are primarily cycle-oxygenase inhibitors whilst 
the cannabinoids are dual inhibitors of both cyclo-oxy- 
genase and lipoxygenase. Preliminary kinetic studies sug- 
gest that the cannabinoids share a common mode of action 
with other phenolic anti-oxidants. 
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Monoclonal antibodies specific for 14 benzodiazepines 

(Received 11 August 1986; accepted 5 December 1986) 

Benzodiazepines (BZD)’ are an important class of phar- 
macologically active molecules [l] widely used as anxioly- 
tics, hypnotics, anticonvulsants or muscle relaxants. They 
exert their pharmacological effects through interaction with 
y aminobutyric acid receptors [2,3] localised on neurons, 
probably acting at the synaptic level [4]. “Peripheral” bind- 
ing sites for BZDs have also been demonstrated in kidney, 
heart, lung and on thrombocytes [5,6] but their function is 
not known. 

whereas R05-4864, which is structurally closely related, is 
specific for the peripheral binding sites [7] and does not 
show BZD-like pharmacological activity. Fhmitraxepam, a 
centrally active BZD, binds to both types of receptor [8]. 

One approach to the analysis of the structure/activity 
relationships of these drugs is to use immunological 
methods to develop antibodies that can be considered as 
models for receptors. In this respect monoclonal antibodies 
specific for clonazepam have already been described [9, lo]. 

Minor modifications to the BZD structure can lead to The present report concerns the production and puri- 
dramatic changes in pharmacological properties: thus the fication of murine monoclonal antibodies directed towards 
anticonvulsant drug clonazepam (for BZD structural for- flunitrazepam. The binding specificity and the immuno- 
mula see Fig. 1) is specific for receptors of the neuronal type chemical characteristics of three of these are described. 

* Abbreviations used: BSA, bovine serum albumine; 
BGG, bovine y-globulins; PBS, phosphate buffer saline; 
F’NZ, flunitrazepam; BZD, benzodiazepine; ABTS, 2-2’ 
axino-di-(3 ethylbenzthiazoline sulfonic acid); mAb, mono- 
clonal antibody; tBu, tertiobutyl. 

Materials and methods 

Chemicals. Bovine serum albumin V, bovine y globulin 
Cohn fraction II and adipic acid dihydraxide agarose were 
obtained from the Sigma Chemical Co., 1-(3-dimethyl- 
aminopropyl-)-3-ethyl-carbodiimide hydrochloride from 


