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Abstract Monoaminc oxidase (MAO) of porcine brain mitochondria was differentially affected by 
hashish components: with benzs, lamine as a substrate, A~-tetrahydrocannabinol (AI-THC) inhibited 
MAO activity markedly, while cannabidiol (CBD) was essentially innocuous at the same concenlralions. 
When added concomitantly. CBD obviated the inhibitorx effect of A~-THC. An extract of hashish 
was over 10-fold more inhibitory toward MA() than AI'-TH(" on weight basis. A prior incubation 
of the initocholadrial preparation with the cannabis compounds was required to express the inhibitor 3 
effect. Liver mitochondrial MAO was not aff*,'ctcd by either A~-THC, CBD or hashish extract, despite 
a prolonged prcincubation period, thus demonstrating tissue selectivit 3 with rcspec! to the cannabinoid 
ellcct. 

The mode of uction of hashish is not known. One 
of the hypotheses emerging from recent reports as- 
sociates the inlluence of hashish const i tuents  to their 
effccls on biogcnic amines in the brain. The influence 
of several cannabis  components  on biogenic amines 
in the brain has been examined [1 8] but the results 
are inconsistent. In view of the complicat ions inherent 
in iH i'i~o studies, it is worthwhile to ascertain the 
hashish effects on dctined preparat ions from brain. 
We have chosen to study mitochondria l  monoaminc  
oxidase (MAO, E.C. 1.4.3.4. amine:oxidoreductasel  
for several reasons. First, MA O  plays a key role in 
the metabolism of monoamines  in brain tissue [19]. 
Sccondl\,. the interaction of hashish components  ~i th  
cellular membranes  is a pa ramount  feature of their 
eftcot [10 14]. Finally, since MA O  can be isolated 
by similar means from both  brain and liver mitochon- 
dria. it would be possible to discern tissue selectivit\ 
with respect to the drug effect. Ai -Tet rahydrocanna  - 
binol [AI-TH(')  is a major  psychoactive compound.  
while cannubidiol  (CBD) is not active in comparable  
concentra t ions  [15] and their effect ~us therefore 
compared  by us. In addition, a petroleum ether 
cxtract of hashish was also tested, as a source for 
other cannabinoids  as well. 

M,VFERIALS AND MI'/I'IIOI)S 

Preparation olmitochomtria. Porcine brain and Iiver 
milochondria  were prepared according to McCaule\  
and Racker [16]. Whole brain (about 100gl and 100g 
of lixer x~erc obtained from a nearby slaughter house 
and kept on ice fl~r about  30 rain, until used. During 
all further operations,  the temperature  was kept 
bclm~ 5 . The tissues were cut into pieces (3 cm -~} and 
rinsed in 0 .25M sucrose 0-1 M Tris 0-02M EDTA 

* ('orrcspondcncc should bc addressed to: Dr. A. Li~nc. 
Deparlrnent of Biology, Ben-Gurion University of the 
Ncgev. P.O. Box 1025 Beer Sheba, Israel. 

(pH 7'41 to remove blood. The pieces were homo- 
genized for 45 sec in a Waring Blender in 400ml  of 
the same medium. Tile homogenate  was centrifuged 
I~ice in a Sorvall RC2-B centrifuge at 8()00 for 
10min and the pellets were discarded. The supernu- 
tant  was then centrifuged at 12,000~/ (18,000,q for 
liver mitochondria t  for 20 min in the same centrifuge 
and the precipitate was washed twice more with 
100ml of sucrose Tris EDTA and resuspended in 
50 ml of the medium. The mitochondria l  suspensions 
were flozen for two days at - 1 8 .  To the thawed 
mitochondria ,  an addit ional  50ml  of the sucrose 
Tris EDTA medium were added and the mixture was 
homogenized in a Teflon glass Porte> Elvehjem hom- 
ogenizer and then sedimented at 12,000 # ( 18,000 ,q for 
liver mitochondria)  for 20 min. The pellet was resus- 
pended in 50raM potassium phosphate  buffer, pH 
7'4. to giv'e a tinal protein concentrat ion of 10 mg/ml. 
Tiffs preparat ion was then used for the assay of MAO 
activity and cannabinoid effect. 

Assay of MAO acti,'itv. The reaction mixture con- 
tained, in a total volume of 3 ml: potassium phos- 
phate buffer, pH 7-4, 50 raM: mitochondria l  suspen- 
sion, I m g  protein and substrate, 1 raM. The reaction, 
initiated with the substrate, took place at 3 7 ,  con> 
monly for 30rain and was terminated with 1'4"i, 
ZnSO.~ and 0"03 N N a O H  (final concentrutiom. Fob 
lowing centrifugation, the supernatunt  was analyzed 
spectrophotometrically (Bausch & Lomb Spectronic 
200 UV). When bcnzylamine was used as a substratc, 
readings were taken at 250 nm [17]. If tyramine was 
used as a substrate, the supernatants  were first alka- 
linated (1'), KOH, final concentrat ion) and then read 
at 330 nm. eat of the product, 3 x 1() a. was determined 
by simultaneous polarographic  [18] and spectro- 
photometr ic  assay of the enzymatic activity. Protein 
was dctermined according to Lowry et al. [19]. 

E~l~'ct ol camlahim~ids. Aliquots of ethanolic stock 
solutions of cannubinoids were mixed with 3 ml of 
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the {ISSII) bul'i~2r and the hrain mi tochondr ia l  suspen- 
sion wore then added, as described above. Ethanol  
\tas included in the cont ro l  lit the same final concent- 
r'.ition (0.05°<>, \ v) .  S imi lar  procedure \x4is ornphLved 
li)r l iver mi tochondr ia ,  eXCel)t thai  methanol  was used 
:is a sohent.  Fo l low ing  the prc incubat io l ]  ~ i th  tile 
cannabinoids {0 60 nlin :it 37 ). the reaction t~as in- 
i t iated b 3 addmg ti le substr,:lte. 

llashi.@ ~'xl#'acl. Hashish was CXtl-acted t;~,it.'L' x~ilh 
pctroleunl  ether (I g in a total  of  100 e l ) .  The extract 
included about  25 per cent of the hashisll solid inaicr- 
ials. Stock solut ions wcrc prepared m ethanol. 

('<~nll~olmd.~ uxud. The smuggled Lcb:.lnese hashish. 
used [or extraction, was kindly provided b 3 the Israeli 
Police. CBD and AI-TH( ' were purchased from 
M a k e r  (11clnical ( o . ,  ,lerusalem. Ben/y lan] ine and 
l \ r am ine  \~,crc obtained f iom Sigma ( 'heroical  (o . .  
St. Louis. 

l)ala I~*'u.~untvU. l(ach of t i le experiments was 
repeated at least 6 times, ill duplicates, yielding identi- 
cal pattcrlls. Duplicates agreed within 5",, experimen- 
tal error, and representative cxpcrinlents are sho\vn. 

RI.:NI |Jl'N -~NI) I ) IS( IL%SI( )N 

MAO act ivi t \  of brain mitochondr ia  is inhibited 
by 2x~-THC and hashish extrilcl. Figure 1 sho~,~.s that 
the inhibit ion is dependent  on premcubat ion with 
these cannabis  compounds.  In corltrast. CBD ,aas m- 
effective even afier 1 hr of incubation with tile mito- 
chondrial  preparation.  Thc requirement for a period 
of preincubat ion has been established for known 
M A C  inllibitors [20,21]. Stich a requirement ilia 3 
account [or the cited conclusion the "MAC is riot 
affected by T H e  in ritro" [22]. 

Tile extent of inhibition o f  M A C  b y  A ~ - T H (  ' o r  

by the hashish extract is dose-dependent {Fig. 2), the 
extract being about  ten times more potent than 
A~-Tt IC  A1-TH(" prescnt in tile hashish extract can- 
not account lot the relatively high clticacy of the 
extract, and studies are in progress to isolate and 
idcntit~ the potent conlpotlnds. The inifibition of 
M A C  activit> b \  A~-Tlt(" and hashish extract ~as  
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Fig. 2. I Ilt:ci o1 hashish compounds on \ IA() acti\ii~. 
PrcJncubalion time: 30 rain. 

also examined at a range o[  ben,,ylanlhle conccnb  
rations{O-I 2 5 m M L  Lincwea',er Burk plots [23] in 
the presence and absence of these drugs ~cre  linear. 
exhib i t ing different slopes and also dM'crent iniercepl 
p o e t s  ~ i i h  the ordinale.  Such kinetic I~ehaviour is 
classified as nonconH-~etJti\e [241]. t i e \ re \o r ,  the inter- 
pretat ion e l t h e  kinetics is not clear, par t icu lar ly  smcc 
v~e are not dealmg wi th a l-)tli-e onz\nlc" s\<qoln. 

l : n l i ke  A~-Tt-I( ' l ind the hashish cxlract. (t;11) is 
esseritially hlnoCtlOtlS at a ~ ide concentrat ion i;,illgC 
(Fig. 2). The marked difference in potent  5 of CBD 
and A~-TH(" is or signilicance since it correlates x~ilil 
tile established differential effects of these canna- 
binoids in rin~ [ 15 ]. Solubi l i ty  propert ies of  C B D  and 
A l - f } - I ( "  and their par t i l io i l  bet\~ccn II/embFilncs ;.llld 
aqtieotls media ;.ire too simi lar to account for their 
different m ritro effects, part icular l  3 in \iex~ of the 
~icte concentrat ion l;.lllgC tested. Some specific mtur- 
act ion betWeCll the cannabinoids and a n l e n ] b l : l n L '  

componcnt ,  possibly a lipophylic one. is a likch inter- 
prctation. The dilterential effect as well :is the extent 
of inllibition arc grcatly diminished if t\ r',inlinc is tlsed 
as a substrate, instead of bcnzylaminc (Fig. 3i. Poss- 
ibh.  M A C  isozymes are presellt in porcine braill 
mitochondr ia ,  which ~arv ill scnsitixitx to hashish 
components .  Tile presence M M A C  isoz\nlc,'s in beef 
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Fig. 4. Inhibitory effect of ALTHC and hashish extract 
interfered with by CBD Preincubation time: 30rain. 
Where indicated, CBD [135pg:mg protcinl was added 

along with the inhibitor. 

and rat brain mitochondria has already been demon- 
strated [ 16, 25]. 

If administered concomitantly, cannabidiol is 
known to interfere with the effects of zXLTHC in man 
[26], and in experimental animals [27]. The counter- 
action of CBD, which by itself appear to exert little 
activity, is clearly of interest, but its mechanism is 
not known. The phenomenon can be demonstrated 
in ritro as the inhibitory effect of ALTHC on MAO 
of brain mitochondria is essentially obviated by CBD 
(Fig. 4). CBD also partly diminishes the inhibitory 
effect of the hashish extract. If CBD is added at the 
onset of the reaction, following the preincubation 
period, it no longer interferes with the inhibitory 
effect of A~-THC. When CBD is added during the 
pretreatment with A~-THC the interference is pro- 
portional to the duration of concomitant  incubation. 
On the basis of these data, wc are encouraged to pur- 
sue experimentally the challenging antagonistic effect 
of CBD. 

The present study is probably the first case in 
which a differential effect of the cannabinoids is 
demonstrated in biochernical terms, in ritro. Evi- 
dently, the MAO system from brain is potentiall 3 
vcry useful for studying structure-function relation- 
ships of cannabinoids and particularly the pheno- 
mena of antagonism and synergism. This conclusion 
is reinforced by an intriguing tissue selectivity: MAO 
of porcine liver mitochondria is not affected by either 
A~-THC CBD or hashish extract (given in doses of 
94, 94 and 19 pg/mg protein, respectively), with either 
benzylamine or tyramine as a substrate, despite a pro- 
longed preincubation period. 

In contemplating the mode of action of hashish m 
brain tissue, an effect on MAO should be taken into 
a c c o u n t .  
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