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of THC approaching 0.7 mM most sperm cells ceased to move: individual sperm. however. wcrc still 
observed in circular or twisting motion. A striking morphological change \vas visible in scanning electron 
microscopy; it consisted of a remarkable swelling of the mitochondrial helix in most of the ,perm which 
has been exposed to 0.2 and 0.3 mM of THC (Fig. I). No such swellings. howckcr. were observed in the 
examined samples of untreated sperms. 

These findings indicate that THC has a pronounced cffcct on fresh bull sperm. This elliict consisted 
of damage to the mitochondrial helix. decrease of respiration and .4TP content. and changes in sperm 
motility. 

.4ckrloM:/cdyo,ltl,~rs~We thank Dr. R. Mechoulam of the Hebrew University. Jerusalem. for aupply~ng the 
THC. We are also grateful to Dr. M. Aita of Jeol, Milano. for the use of the scanning electron microscope. 

AI%KAHAM SHAHAR 

TASIAK BINC) 

1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 

Y. GAONI and R. MECHOLJLAM. J. Am. chern. Sot. 86. 1646 (1964). 
H. ISBELL, C. W. GORODETZKY. D. JASINSKI. V. CLAC’SEN. F. V. SPULAKE and F. KORTE. P.~~hpht~- 
macoloyia 11. 184 (1967). 
L. E. HOLLISTEK. R. K. RICHARDS and H. K. GILLESPIE. Ch. Phamuc. 7hw. 9. 783 (1968). 
R. MECHOULAM, Science. N.Y 168, 1159 (1970). 
M. WAHLQVIST, I. M. NILSSON. F. SANDBERG. S. AGURELL and B. GRANSTKAND. Biochem Phuma~~. 
19, 2579 (1970). 
T. BINO. A. CHARI-BITRON and A. SHAHAR, Biochim. Biophys. Actu 288, 195 (1972). 
R. G. SAACKE and J. 0. ALMQUIST. A,n. J. Anat. 115, 143 (1964). 
W. W. UMBREIT. R. H. BURRIS and J. F. STAUFFER. Mmomerric Echiqws. Burgess. Minneapolis 
(1957). 

9. P. E. STANLEY and S. G. WILLIAMS. ilnul. Biochw. 29, 38 1 (1969). 

REFERENCES 

Lysis of rat liver lysosomes in aitro by A”-tetrabydrocannabinol* 

THE MAJOR psychoactive component of cannabis is A’-tetrahydrocannahinol (THC: atoms numhorcd as 
in dibenzopyran): the metabolism and properties of this substance have been extensively investigated in 
recent years. ’ 3 In rats the liver is a major site of accumulation of THC and its metaholites,” and these 
are associated with the particulate subcellular fractions.’ The THC molecule is lipophilic and appears 
to have an affinity for biological membranes; it stabilizes erythrocytc membranes” but disrupts 
mitochondrial membranes by a detergent-like action.‘* The present study describes the Iqtic effect 
of THC on rat liver lysosomes which results in the loss of structural integrity alld the release of acid 
hydrolases associated with this subcellular particlc. 

Male Wistar rats weighing 100-150 g were decapitated and their livers homogenised in (I.25 M sucrose 
0.001 M EDTA (pH 7.4). The homogenisation procedure. and the isolation of a lysosomal mitochondrial 
pellet have been described previously. ” The lysosomal~mitochondrial pellet was sus’pended in 0.15 M 
sucrose-O.001 M EDTA (pH 7.4) and the suspension divided into 1,35-ml aliquots. A soiution of AU-tctra- 
hydrocannabinol in ethanol was diluted with dimethylsulfoxide and 0.15 ml was added to each aiiquot 
of lysosomal-mitochondrial suspension. Replicate groups of six aliquots were used for the determination 
of each point in Fig. 1. Equivalent solutions of dimethylsulfoxide and of ethanol were added to control 
groups. Another control group contained 0.1 per cent Triton X-100 in place of the drug, to facilitate lysis 

* This research was supported by Health and Welfare Canada. National Research Council and by the 
Canadian Arthritis and Rheumatism Society. 



Fig. 1. Scanning electron microscopy of bull sperm: after 1 hr incubation at 37”. (a) Control mag- 
nification 10,000 x (b) 0.3 mM of THC magnification 15,000 x. Note the swelling of the mito- 

chondrial heliix. 
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FIG. 1. Elect of THC on Iysosomal latency. Each bar represents the mean f standard deviation for six 
incubations ofTHC with rat liver lysosomes. Four independent preparations of lysosomal-.mitochondrial 
pellets were used. The 100 per cent level at each concentration represents the mean of six controls from 
the same preparation incubated with the lipid solvent only. The enzyme activity of these controls fell 
within the range 57.-131 nmoles phosphate liberated/ml/min. Other controls represent the mean of 24 in- 
cubations w+th O.lO,, Triton in 015 M sucrose~0001 M EDTA (@); the mean of six incubations with the 
maximal concentration of ethanol in dimethylsulfoxide plus 0.15 M sucrose-0901 M EDTA (L-i): and the 
mean of six in~~lbations cont~~inin~ only 0.15 M sucrose~,~l M EDTA (A). The straight line is com- 
puter-h&d by linear regression usin g the method of least squares. Differences hetween TWC-treated 
groups and controls were highly significant (P < 0.001) at all concentrations of THC except the lowest. 

for which the difference was probably significant (P < 0.05). 

of the lysosomes. The contents of the tubes were gently mixed and incubated for 30 min at 37’ to allow 
release of lysosoma! enzymes from the particulate suspension. All tubes were then centrifuged at 15,000 
y for IO min to sediment cell particles and the resultant supernatants were assayed for acid phosphatase 
using /I-glycerophosphate as the substrate. 1 ’ The assay was initiated by mixing 0.5 ml of each supernatant 
with 0.5 ml of 0.2 M a-glycerophosphate in @I M acetate buffer (pH 503_@25 M sucrose to lower the 
pH from 7.4 to 5.0. The THC was provided by the Health Protection Branch. Health and Welfare Canada, 
Ottawa. 

The results obtained show that THC has a marked lytic effect on lysosomes which results in the solubiii- 
sation of particulate acid phosphatase (Fig. 1). At high concentrations of THC (I x 10-3M), the lysis is 
close to that obtained with a detergent. 0.1 per cent Triton X-100. This effect is proportional to the con- 
centration of THC used and is not due to the ethanol or dimethvlsulfoxide which are used to disperse 
the lipid drug. 

The THC concentration range used in our experiments is similar to that used to show mitochondrial 
disruption by THC? and the mechanism of membratle damage to ~tochondria and lvsosomes is nrob- 
ably simi!nr.~The major distinction is that in the case of lysosomes this damage may r&It in the release 
of hydrolytic enzymes: proteases, glycosidases. phospholipases and other enzymes capable of intracellular 
digestion. The lytic action of THC on lysosomes is analogous to the we!! studied action of vitamin A on 
this organelle.” Both THC and vitamin A are lipid alcohols and have membrane-modifying properties. 
The tissue regression seen in cartilaginous rudiments grown in the presence of high concentrations of vita- 
min A has been attributed to the vitamin A-induced lysis of lysosomes and the release of acid hydrolases,r3 

Though the concentrations of THC used here are clearly higher than physiological concentrations 
achieved via the use of cannabis, it may be reasonable to infer, as has been shown for vitamin A.” that 
THC will have some destabiii~ing effect on liver lysosomes in nirrct. Such an effect may contribute to the 
hepatotoxicity and cirrhosis observed in regular users of cannabisI 

ROBERTS. BRITTON 
ALAN MELLORS 
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