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Abstract. A histochemical study with the fluorescence method showed that 
administration of cannabis sublimate administered to rats increased the nor- 
adrenaline content of the terminal axonal varicosities of the hypothalamus, prob- 
ably caused by a facilitation of noradrenaline uptake. The findings are discussed in 
relation to other known effects of cannabis derivatives, hypothermia, increased 
appetite and prolongation of amphetamine action. 
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Introduction 

Some effects of cannabis in man and animals suggest an interaction 
with brain noradrenaline. 

In  animals, the anaesthesia after barbiturates is prolonged and the 
activity after amphetamine is increased by administration of hashish 
smoke sublimate (Miras, 1965), by cannabis extract  (Garriott et al., 1967), 
by  natural  and synthetic tetrahydrocannabinols (Garriott et al., 1967; 
Kubena  and Barry, 1970), and by  synthetic potent  analogues such as 
dimethyl-heptyl-pyran (Dagirmanjian and Boyd, 1962) or 3-hydro-6- 
dibenzopyran (Garriott et al., 1968). Hashish smoking in man produces 
hypothermia and an increased appetite (Miras, 1965, 1969 ; Goodman and 
Gilmann, 1965). In  animals intraperitoneal or intracerebral administra- 
tion of hashish smoke sublimate also produces hypothermia (Miras, 1965; 
Garattini, 1965). 

Other experiments have shown tha t  amphetamine lowers the nor- 
adrenaline concentration and increases the serotonin concentration of the 
brain (Smith, 1965). Microinjection of noradrenaline in the hypothalamus 
produces hypothermia,  while mieroinjection of serotonin produces 
hyperthermia (Feldberg and Myers, 1963, 1965); intrahypothalamic 
injection causes an increased food intake (Grossmann, 1962). 
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Hol tzman et al. (1969) found tha t  doses of 5 mg/kg up to 500 mg/kg 
tetrahydroeannabino] administered to mice increased the brain serotonin 
concentration from 10 to 20 ~ The action on noradrenaline was found 
to be biphasic; 5--10 mg/kg significantly decreased the brain concentra- 
tion, whereas 200--500 mg/kg increased it 20--450/0. One hour after 
200 mg/kg tetrahydrocannabinol the increase of scrotonin and nor- 
adrenaline was maximal and lasted about  24 h. The onset of hypothermia 
is rapid and follows the change in the brain amine concentration. 

In  rabbits, the effect of cannabis extract  on the noradrenaline concen- 
trat ion differed in different parts of the brain (Miras, Kephalas, and 
Papadakis). After 300 mg/kg i.p. of cannabis extract  the noradrenaline 
content of the cerebellum decreased 55 ~ , of the str iatum plus the 
anterior par t  of hypothalamus decreased 22~ while the posterio- 
superior par t  of hypothalamus plus the quadrigeminal area showed an 
increase of 80 ~ and pons plus medulla oblongata an increase of 26 ~ 

The above-mentioned observations mot ivated us to investigate the 
action of cannabis on hypothalamic noradrenaline. The histochemical 
fluorescence method of Falek, Hillarp et al. (1962) was applied, in which 
noradrenaline may  be localized as a green fluorescence in the perikaryon 
and axonal and terminal varicosities. 

In  the animal experiments we chose to imitate the condition of the 
human hashish smoker during the state of intoxication, and for this 
reason the sublimate of hashish smoke was used. Only substances contain- 
ed in the smoke are absorbed by  the hashish smoker (Joaehimoglou, 
1965; Vieira st al., 1967) and smoking induces a more intense intoxication 
than eating or chewing the drug (Watt, 1965). Some significant differ- 
ences are found between the action of cannabis extract  and of chemi- 
cally pure tetrahydrocannabinol,  e.g, the latter induces prolonged 
depression of the blood pressure (Garriott et al., 1967) in contrast  to 
the former. Efron (1968) suggests the possibility tha t  some other con- 
stituents of cannabis than  tetrahydrocannabinol may  influence the effect 
directly or indirectly, e.g. by  prolonging the effect, or by occupying some 
of the receptor sites. 

]Iaterials and Methods 

Sublimate of hashish smoke was made after the standardized produc- 
tion of resin indicated by Joaehimoglou (1965). 

39 Male albino rats, Wistar N.W., 6 to 10 weeks of age weighing 
200--250 g were used. 

For intraventricular injections the animals were implanted with 
a permanent  cannula into the right lateral ventricle of the brain, accord- 
ing to the method of Hayden  et al. (1966). 
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1st Experiment 
Animals pretreated i.p. with reserpine (3 rats), reserpine with Nialamid 

(3 rats) or saline (3 rats) received a dose of hashish smoke sublimate in 
propylene glycol with added Tween i.p. Drugs were administered at the 
following times : 

0 h 00 Reserpine 10 mg/kg i.p. ; 
1 h 00 Nialamid 250 mg/kg i.p. ; 
3 h 00 Hashish smoke sublimate 300 mg/kg i.p. ; 
4 h 00 Decapitation. 

2 nd Experiment 
Animals pretreated with Nialamid i.p. (3 d- 3 rats, with a further 

3 -d- 3 as controls) received i.p. L-DOPA alone (3 -~ 3 rats) or L-DOPA 
with hashish smoke sublimate (3 d -3  rats). Drugs were given at the 
following times : 

0 h 00 Nialamid 250 mg/kg i.p. ; 
2 h 00 L-DOPA 75 mg/kg i.p. hashish smoke sublimate 300 mg/kg 

i.p.; 
3 h 00 Decapitation. 

3 rd Experiment 
Animals (12 rats) received a single injection of noradrenaline (0.05 mg 

in 10 ~l) intraventricularly after pretreatment i.p. with : a) saline (3 rats) 
or hashish smoke sublimate (3 rats), b) reserpine (3 rats) or reserpine 
with hashish smoke sublimate (3 rats). Drugs were administered as 
follows : 

0 h 00 Reserpine 10 mg/kg i.p. ; 
3 h 00 Hashish smoke sublimate 300 mg/kg i.p., noradrenaline 

0.05 mg intraventricularly; 
4 h 00 Decapitation. 

4th Experiment 
Animals (3 rats) received 0,1 mg of hashish smoke sublimate in 10 ~l 

intraventricularly and were sacrified after 1 h; they were compared 
with animals (3 rats) that  received 10 ~1 of saline intraventrieularly. 

After decapitation under light ether anesthesia the brains were 
removed quickly, sectioned frontally in 5 blocks, deep-frozen in propane 
cooled in liquid nitrogen, and freeze-dried in vaeuo at --35 ~ for 7 days. 
After drying, the blocks were treated with formaldehyde gas at -~80 ~ 
for 1 h in a closed glass vessel. After this t reatment the blocks were 
vacuum embedded in paraffin (for technical details see (Falck and Ow- 
man, 1965). Sections (10 ~) were placed on slides and mounted in Entellan. 
The blocks containing the hypothalamus were studied on the fluorescence 
microscope in serial sections with mounting 1/10. 
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Fig. 1 a and b. Hypothalamic green varicosities of the rat in: a control; b 1 h 
after 300 mg/kg of hash. smok. subl. tip. • 250 

Results 

The green varicosities in the hypothalamie nuclei around the third 
ventricle were studied by fluorescence microscopy. These varicosities 
containing noradrenaline are not found in the perikaryon of hypothalamic 
neurons, but in the terminal and preterminal parts of axons coming 
from neurons situated in the brain stem (Carlsson et al., 1962; Anden 
et al., 1965); they are related to the synaptic vesicles of the hypothalamus 
observed in electron-microscopy and which contain noradrenaline 
(de Robertis et al., 1965). 

a) After hashish smoke sublimate these hypothalamic green varicos- 
ities appear more numerous and with a stronger green fluorescence than in 
the controls (Fig. 1). 

b) After reserpine treatment a depletion of green fluorescence in the 
varicosities of the hypothalamus is observed. This depletion is less 
noticeable if the reserpinised animal receives hashish smoke sublimate 
(Fig. 2). Nialamid administered after reserpine produces a very intense 
yellow fluorescence in serotonin neurons and varicosit!es of the brain 
stem, but the influence on the green fluorescence of catecholamine nerve 
cells in the brain stem and of noradrenaline varicosities of the hypothala- 
mus is very slight (DahlstrSm and Fuxe, 1964); the green fluorescence 
of the hypothalamic varicosities is more intense in animals receiving 

6* 
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Fig.2a and b. Hypothalamie green varieosities of the rat. a 4 h after l0 mg/kg of 
reserpine i.p. ; b 4 h after 10 mg/kg of reserpine i.p. and 1 h after 300 mg/kg of 

hash. smok. subl. i.p. • 250 

reserpine with Nialamid and hashish smoke sublimate than in those 
receiving reserpine with Nialamid alone. 

c) Hashish smoke sublimate administered in the ventricle enhances 
an increase of green fluorescence in hypothalamie varieosities (Fig. 3). 

d) Noradrenaline administered intraventrieularly is taken up in the 
periventricular structures normally containing eateeholamines. In 
reserpine treated animals noradrenaline (1--2 ~g intraventrieularly) is 
taken up if the monoaminoxidase has been inhibited; with higher exo- 
genous amine concentrations accumulation of noradrenaline in the eate- 
eholamine neurons occurs after reserpine although the monoaminoxidase 
is not inhibited (Fuxe and Ungerstedt, 1968). With a high dose of nor- 
adrenaline (50 ~g) administered intraventrieularly, we observed an 
increase of green fluorescence in the hypothalamie varieosities and the 
dopamine neurons of the tubero-infundibular system with or without 
reserpine pretreatment ; this phenomenon is accentuated by administra- 
tion of hashish smoke sublimate (Fig. 4). 
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Fig. 3 a and b. Hypothalamie green varicosities of the rat  1 h after intraventricular 
administration of: a 10 ~1 saline; b l0 ~1 containing 0.1 mg of hash. smok. subl. 

• 250 

e) L - D O P A  admin i s t e red  i.p. produces  a green fluorescence of  the  
cap i l l a ry  endo the l ium of  the  brain,  the  L - D O P A  being t r ans fo rmed  in 
th is  endo the l ium to dopamine ;  th is  endothe l ia l  fluorescence is much  
s t ronger  af ter  N i a l a m i d  p r e t r e a t m e n t  and  is abol ished b y  the  decarboxyl -  
ase inh ib i tors  (Bert ler  et al., 1966; Constant in id is  et al., 1967). Admin i s t r a -  
t ion  of hashish  smoke sub l imate  in an imals  t r e a t ed  wi th  L - D O P A  or 
N i a l a m i d  -c L - D O P A  has  no influence on the  i n t ens i t y  of  the  capi l la ry  
green fluorescence. 

Discussion 

According  to H o l t z m a n  et al. (1969) low doses of  Cannabis  der iva t ives  
decrease,  and  higher  doses increase  cerebra l  noradrenal ine .  Our experi-  
men ta l  condi t ions  correspond to his resul ts  wi th  high doses as we observe 
an  increase of  green fluorescence in the  noradrena l ine  conta in ing varicos-  
i t ies  of  the  hypo tha l amus ,  which means  an  increase of the i r  noradrena-  
line content .  

There are  m a n y  possible mechan i sms  for such an  increase : s t imu la t ion  
of  synthesis ,  fac i l i t a t ion  of up t ake ,  decrease of  ca tabol ism.  
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Fig.4a--d. Hypothalamus, I I Id ventricle of the rat 1 h after intraventricular 
administration of 0.05 mg NA in l0 ~zl in animals pretreated i.p. by a saline; 
b hash. smok. subl. 300 mg/kg; e reserpine 10 mg/kg; d reserpine -b hash. 

smok. subl. 300 mg/kg. • 100 

A decrease of catabolism by  inhibi t ion  of monoaminoxidase is no t  
l ikely: t I o l t zman  ct a/. (1969) found tha t  ~fter t e t r ahydrocannab ino l  the 
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5tIIAA in the brain is not decreased but  slightly elevated. This is 
supported by  our finding that  the DOPA induced capillary green fluo- 
rescence is not increased by hashish smoke sublimate as it is after Niala- 
mid. 

There is some evidence that  tetrahydrocannabinol increases the 
turnover and metabolism of noradrenaline in the brain: following tetra- 
hydrocannabinol administration, the uptake of intracisternally adminis- 
tered 3H NA is slightly increased (Schildkraut and Efron, cited by 
Efron, 1968). We found that  the increase of green fluorescence in the 
hypothalamie varieosities af ter  intraventricular administration of nor- 
adrenaline is accentuated after t reatment with hashish smoke sublimate 
in the reserpinized and non reserpinized animal. This phenomenon may 
be related to a facilitation of the uptake of noradrenaline but we cannot 
eliminate the possibility of increased synthesis. 

There is a parallelism between a) our finding that  hashish increases 
noradrenaline in hypotha]amie varicosities; b) tha t  microinjection of 
noradrenaline in the hypothalamus produces hypothermia (Feldberg 
and Myers, 1963, 1965); c) that  intrahypothalamic administration of 
noradrenaline induces increased food intake (Grossman, 1962) ; and d) that  
hashish smoking produces hypothermia and increase of appetite (Miras, 
1965, 1969). 

The prolongation of amphetamine action by cannabis derivatives is 
probably related to a common effect of the two drugs on serotonin, but  
also to an increase of uptake of noradrenaline ; it is known that  amphet- 
amine lowers the noradrenaline concentration of the brain (Boyd and 
Meritt, 1965) ; the mechanism of this action may be an imipramine-like 
inhibition of re-uptake in the presynpatic vesicles (Carlsson et al., 1966), 
or a facilitation of release of amines from the neurons (Fuxe and Unger- 
stedt, 1968); hashish, facilitating the re-uptake should prolong the 
amphetamine action in a competitive manner. 

Increase of uptake should explain why Demethyl- tIeptyl-Pyran 
lowered the blood pressure in eats (Dagirmanjian and Boyd, 1962), but  
it  is difficult to explain why it potentiated the effects on blood pressure 
of noradrenaline and adrenaline (Dagirmanjian and Itodge, 1969). 

Some other physiological actions of cannabis are also probably 
related to an effect on the noradrenaline varieosities especially of the 
reticular formation: Dimethyl-Heptyl-Pyran (0.2 mg/kg) increases the 
threshold for EEG arousal induced by  electrical stimulation of the retie- 
ular formation (Boyd and Meritt, 1965, 1966); tetrahydroeannabinol 
(8 mg/kg) lowers the threshold of the arousal response elicited by direct 
stimulation of the reticular formation (Bircher and Meehoulam, 1968). 
In monkeys, tetrahydroeannabinol in doses from 4 to 8 mg/kg prodnces 
depression of general activity; increase of the dose to 16, 32, 64 mg/kg 
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produces s t imula t ion  and  hal lucinat ions  (Scheckel et al., 1968). I n  the 
cat, t e t r ahydroeannab ino l  a t  10 mg/kg produces relaxation; 30 mg/kg 
produces insomnia  for 15 h (Huer l iman et al., cited by  Efron,  1968). I f  
cannabis  derivat ives really act  on the ret icular  formation,  this  act ion 
seems to be tranquilizing in low doses and exciting in relatively high doses. 

A n y  similarities between the effects of hashish and  LSD in  m a n  
(dreamy state,  illusions, hal lucinat ions,  euphoria),  have different 
mechanisms:  LSD decreases the noradrenal ine  and  increases the sero- 
ton in  levels in  the  bra in  (Freedman,  1963), bu t  there is no cross tolerance 
between t e t r ahydrocannab ino l  and  LSD (Isbell et al., 1967; Silva et al., 
1968). 
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