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The partitioning of  A Ltetrahydrocannabinol into erythrocyte membranes in vivo and its effect on membrane 
fluidity ~ 
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Summary. A LTetrahydrocannabinol (A 1-THC) has been quantified directly in erythrocyte membranes from drug-treated mice 
using gas chromatography/mass spectrometry. Concentrations of  approximately 6 ng A LTHC/mg membrane protein (10 -s M) 
were found when effects of  the drug on behavior were prevalent. At these concentrations the drug produced a decrease in 
membrane order as measured by ESR. 

Cannabis is one of the oldest and most widely used illicit drugs 
in the world, well-known for its psychoactive properties that 
are mainly attributed to the constituent A Ltetrahydrocannabi- 
nol (A LTHC). Despite recent advances in our knowledge of 
the chemistry and metabolism of the cannabinoids, including 
A LTHC 3, the mechanism of action of this compound has not 
been elucidated. Some studies have suggested a possible inter- 
action of A LTHC with a specific receptor or, at least, with a 
hydrophobic site of a specific conformation. Thus minor struc- 
tural alterations may produce marked variations in psychoac- 
tivity 4-7. However, it is also known that A LTHC is extremely 
lipophilic with a partition coefficient between octanol and wa- 
ter of approximately 6000 : 18. On the basis of this high lipo- 
philicity, it has been suggested that some of the actions of d 1_ 
THC might be similar to the mode of action of general anaes- 
thetics. This is compatible with the ability of A LTHC to po- 
tentiate classical anesthesia with its sedative action. 
In vitro studies have shown that A 1-THC partitions into bio- 
logical membranes 9,10 and liposomes! I and that, in contrast to 
psychotomimetically inactive cannabinoids such as cannabinol, 
it produces an increase in fluidity of liposomes at high doses H. 
The drug, in common with lipid-soluble anesthetics ~2, is also 
capable of protecting erythrocytes against osmotic hemo- 
lysis~3.14 again suggesting that the cell membrane is a primary 
site for its action. In early studies, the partitioning of A LTHC 
was assessed using methods such as radiolabeling techni- 
ques 9,10 which often measured total cannabinoid content. The 
present study uses a sensitive, direct method of quantification 
based on gas chromatography/mass spectrometry (GC/MS) 
with metastable-ion monitoring is to measure A LTHC concen- 
trations directly in the readily-available and well-characterized 
erythrocyte membrane. Unlike earliei" studies, this has enabled 
measurement of  membrane levels of  the drug to be made from 
in vivo situations such as those involving drug-induced alter- 
ations in behavior. At the low concentrations found in vivo the 
drug was found to increase membrane fluidity, as measured by 
ESR, in a manner similar to that previously found in vitro. 
Methods. Male Charles-River CD-1 mice (25-30 g), main- 
tained on a standard laboratory diet [No.41B, E. Dixon & 
Sons (Ware) Ltd.] were kept in a warm cage, before and after 
drug administration, to avoid drug-induced hypothermia. The 
dose of  A LTHC, given by tail-vein injection in human plasma 
(John Radcliffe Hospital, Oxford) was 10 mg/kg b.wt. A 1- 
THC was suspended in plasma by shaking the drug and car- 
rier, in darkness, for 6 h in a 37 ~ water-bath. The amount of 
A LTHC in the plasma solution was determined by GC/MS 15 
and the solution was diluted, as appropriate, with more plas- 
ma. Doses were administered in a volume of 0.01 ml/g b.wt. 
Control mice were injected with an equivalent volume of plas- 
ma. 
At several times from 15 rnin to 2 h after injection, mice were 
killed by cervical dislocation and immediately bled from the 
neck. Blood was combined from at least 4 mice and was col, 
lected in heparinized tubes at 4~ The plasma was separated 
for analysis of A LTHC, and erythrocyte membranes were iso- 
lated from the pellet of red blood cells by the method of Hana- 
han and Ekholm 16. Erythrocyte membrane protein was assayed 
according to the method of Lowry et al. ~7. Membrane lipids 

were extracted by the method of Folch et al. 18 and their phos- 
pholipid content was estimated by assay of phosphorus ac- 
cording to the method of Morrison 19. A LTHC was measured 
in plasma by GC/MS as described earlier 15, and the same 
method was used for A LTHC measurement in erythrocyte 
membranes. Samples of membrane containing approximately 
2.5 mg protein were used in the assay. 
Erythrocyte membranes were obtained as above from groups 
of 8 mice for measurements of the spin-label order parameter 
(S). AS was obtained by comparisons between control and 
drug-treated animals. Membranes were labelled with approxi- 
mately 1 mole % of either 5- or 12-doxyl-stearic acid 2~ and 
ESR spectra were recorded at various temperatures (table) us- 
ing a nitrogen gas flow controler fitted to the cavity of a Va- 
rian E-109 ESR spectrometer. Calculations of the order pa- 
rameter were based on the method of Gaffney. 21 The nature of 
the signal with t2-doxylstearic acid above 30~ did not allow 
accurate values for S to be measured. A LTHC was obtained 
from the National Institute on Drug Abuse (Rockville, MD., 
U.S.A.) and was found by GC/MS to be 98% pure, the 
remainder being cannabinol. All solvents were distilled twice 
and all glassware was silanized with a 5 % solution of dichlo- 
rodimethylsilane followed by methanol. 
Results and discussion. Control tests showed that the concen- 
tration of A 1-THC in the erythrocyte membrane did not de- 
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Plasma and erythrocyte membrane levels of A LTHC in mice at various 
times after i.v. administration of 10 mg A LTHC/kg in plasma. O, ng 
A LTHC/ml plasma; o, ng A LTHC/mg membrane protein; mean values 
• SEM; n = 4--7 groups of mice, with 4-8 mice/group from at least 4 
separate experiments. 
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Exp. No. Dose A I-THC Time of blood Membrane concen- A S 
mg/kg sample (min) tration of A I-THC Temperature of membrane 

(ng/mg protein) 21.5 ~ 26.5 ~ 31.0~ 37.00C 

1 a 3.2 30 1.57 -0.0050 
(n = 2) (151, (-0.0040 

1,63) -0.0060) 

2 a 10.0 60 1.78 b -0.0067 -0.0174 -0.0098 -0.0085 
(n = 3) 4-0.51 • 4-0,0117 4-0.0030 4-0.0036 

3 a 10.0 60 2.19 -0.0118 
(n = 4) 4-0.12 4-0.0070 
4 e 16.0 30 5.25 -0.0128 - 

:t:0.12 4-0.0084 (n = 4) 

a 5-Doxyl-stearic acid probe, n refers to groups of 8 mice; b Mean • SEM; c 12-Doxyl-stearic acid probe. No measurements of A S were made at 
the blank positions of the table. 

crease with the repeated washings used in the isolation proce- 
dure. The observed values therefore represent A ~-THC that  
was strongly associated with the membranes. Plasma and 
erythrocyte membrane concentrations of A I-THC at intervals 
after the i.v. injection of the drug at 10 mg/kg are shown in the 
figure. The earliest measurements show plasma concentrations 
(of free and bound drug) of approximately 1500 ng A 1-THC/ 
ml at which time the mice showed marked behavioral effects, 
such as increased aggression. At 2 h after the injection, plasma 
drug concentrations had declined by 90-95%. These concen- 
trations may be compared with those of 50-100 ng A ~-THC/ml 
in man at early times after smoking a few mg of A I - T H C  22. 
The figure shows that the decline in A ~-THC concentration in 
the erythrocyte membrane followed a similar pattern to that  in 
plasma, falling from approximately 6 ng A I-THC/mg mem- 
brane protein to about 0.6 ng/mg after 2 h. This indicates an 
early equilibrium of the drug between plasma and the erythro- 
cyte membrane. 
Expression of these results as a partition coefficient, defined as 
the number  of moles of At-THC kg -t dry membrane/No,  of 
moles of free d ~-THC 1 -~ plasma gave a mean value over the 
time period studied of 118.5 ~- 13.9 (•  SEM, N = 26). A slight 
increase with time was found, from a mean of 95.7 i 14.0 (• 
SEM, n = 7) for the combined 15 rain and 30 rain values to a 
mean of 135.4 • 24.1 (~: SEM, n = 9) for the combined 1 Y2 h 
and 2 h values. These calculations assume that protein consti- 
tuted 49 % of erythrocyte membrane dry weight 23 and that 3 % 
of total A 1-THC in plasma w a s  free 24. The lower values for the 
partit ion coefficient seen at early times suggested that  equili- 
bration is attained some 30-60 min after dosing, the partition- 
ing being dependent on both  the equilibrium between the 
bound drug (largely lipoprotein-bound) 25 and the 3 % that  was 
free in solution as well as that  between the unbound drug and 
A ~-THC associated with the membrane.  
It is difficult to compare the results of this in vivo study with 
earlier observations on zjI-THC partit ioning in vitro 9'1~ 
because of the different conditions. The relatively small differ- 
ences in parti t ion coefficients seen over the 10-fold range in 
plasma concentrations in this study indicated that  the mem- 
brane levels were not saturating ones. This was confirmed by 
calculations showing that membrane concentrations of A 1_ 
THC were in the range 10 -6 to 10 -5 M (moles /kg dry mem- 
brane), much lower than calculated levels of approximately 
10 -4 to 10 -3 M obtained from earlier in vitro studies ~~ Roth 
and Williams j~ point out, however, that from the in vivo tissue 
data of Gill and Lawrence 26 it may be estimated that brain 
membrane concentrations, at effective doses for behavioral ef- 
fects, would be only about  2 x 10 -s M, in reasonable agree- 
ment with values from the present in vivo work. It seems un- 
likely that a saturating membrane concentration of A1-THC 
could be achieved in vivo after i.v. injection of the drug since 
the dose required would be fatal. Since the mouse erythrocyte 
membranes in this study were found to contain 0.36 mg + 0.01 

(mean • SEM) phospholipid/mg membrane protein, it may be 
calculated that  for every molecule of A ~-THC in the membrane 
there would be of the order of at least 2 • 104 phospholipid 
molecules. However, some variation in parti t ioning between 
different membrane types might arise from differences in mem- 
brane composition, particularly in cholesterol content, as has 
been shown for thiopenta127. In vitro studies, however, indicate 
that  the partitioning of A ~-THC into erythrocyte and into exci- 
table membranes is of the same order 9. 
The table shows that at the low concentrations of At-THC 
observed in the erythrocyte membrane, a disordering effect of 
the lipid chain motion was consistently seen as shown by the 
decrease in order parameter over a wide range of temperatures. 
This may be contrasted to the much higher drug concentra- 
tions of 30 mM required of general anesthetics for anesthesia 28 
and which produce similar changes in the order parameter. It 
has been suggested that the volume occupied by the general 
anesthetics alone, rather than any additional disordering influ- 
ence, accounts for the associated membrane expansion ~9. In the 
present study, the volume occupied by the few A t-THC mole- 
cules appears to be an insufficient explanation, suggesting that 
the disordering of the lipid phase was initiated by a more spe- 
cific interaction. Although the nature of the interaction is un- 
known, ei ther .conformational  changes of protein within the 
bilayer could cause changes in the bulk properties of the mem- 
brane that  could correlate with a decreased order parameter or 
the overall lipid-protein interactions could be modified 3~ Such 
interactions could also be of relevance in brain tissue since 
membrane proteins immunologically related to erythrocyte 
spectrin 3~ and ankyrin 32, for example, have been found in that  
tissue. It is not  known, however, how closely related changes in 
the fluidity of brain membranes may be to the behavioral ef- 
fects of A ~-THC. 
The present work does not  eliminate the possibility that the 
observed effects on fluidity could have been produced by an in 
vivo metabolite of A ~-THC rather than A ~-THC itself. Suitable 
analytical techniques have not yet been developed for measur- 
ing these compounds in membranes.  However, as the concen- 
trations of the major psychoactive metabolite, 7-hydroxy-A I- 
THC, in plasma are some 10-40 times lower than those of 
A ~-THC itself 33 after i.v. injection, it is thought  unlikely that  
metabolites would contribute singnificantly to the observed ef- 
fects. 
In conclusion, this study has indicated relatively low concen- 
trations of A ~-THC in mouse erythrocyte membranes follow- 
ing injection of psychoactive doses of  the drug. Neither mem- 
brane nor  membrane binding sites appeared to be saturated 
and an early equilibrium was established for the drug between 
plasma and membrane. The observed changes in membrane 
fluidity associated with the low concentration of the drug in 
the membrane and the previously reported absence of a fluid- 
izing effect for non-psychoactive cannabinoids, suggests some 
type of structurally specific interaction with the membrane. 
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(3H) Spiroperidol binding decreases in brains of  rats infected with Venezuelan equine encephalomyelitis virus ~ 
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Summary. After i.p. inoculation with the Guajira strain of Venezuelan equine encephalomyelitis virus a significant decrease in the 
density of (3H) spiroperidol binding sites in the striatum, midbrain and frontal cortex was observed. No changes in the affinity of  
the receptors could be demonstrated. This finding is compatible with neuronal degeneration caused by the viral infection. 

We have found that different central aminergic systems are af- 
fected by infection with the Venezuelan equine encepha- 
lomyelitis (VEE) virus. A significant decrease in the activities 
of the enzymes glutamate decarboxylase 2, tyrosine hydroxy- 
lase 3, and choline acetyltransferase 4 has been observed in 
several brain regions of mice and rats infected with VEE virus. 
However, the receptor components of these aminergic trans- 
mitter systems have not been studied in animals infected with 
VEE virus. 
(3H) Spiroperidol is at present the most commonly used do- 
pamine antagonist radioligand and it has been widely em- 
ployed to detect changes in striatal dopamine receptors in re- 
sponse to a variety of conditions. It has recently been shown 
that both (3H) spiroperidol and (3H) haloperidol bind to the 
same striatal receptors 5 which seem to be approximately evenly 
distributed among striatal interneurons and corticostriatal glu- 
tamate-containing neurons 6. It has been reported that in the 
striatum, (3H) spiroperidol binds mainly to dopamine (D2) re- 
ceptors, though in parts of the brain such as hippocampus and 
frontal cortex, it is known to bind with high affinity to seroto- 
nin-related sites also 7. From studies with an in vivo (3H) spiro- 
peridol radioreceptor assay it has been concluded that (3H) spi- 
roperidol binds mainly to dopamine receptors in hippocampus 

as well as in striatum, whereas both serotonin and dopamine 
receptors are labeled in frontal cortex 8. In order to get a better 
insight into the pathogenesis of  this viral disease, we therefore 
analyzed the binding of (3H) spiroperidol to its brain receptors, 
which seem to be located in pre and post synaptic membrane 
structures that have the characteristics of plasma membranes 9. 
We now report evidence that the density of receptor sites (Bmax) 
is reduced in VEE infected rats without alterations in the affin- 
ity of the ligand for its binding sites. 
Sprague-Dawley male rats, weighing 200-300 g were inocu- 
lated i.p. with 0.3 ml of a suspension containing 100 LDs0 of 
the Guajira strain of VEE virus in 0.4% bovine albumin 
borate-buffered saline solution (BABS), pH 7.4. To control 
animals we administered equivalent volumes of BABS. They 
were killed by decapitation simultaneously with the diseased 
animals, 6-8 days after the inoculation, when the latter 
presented signs of encephalitis. The brain was quickly removed 
and the striatum, frontal cortex, and midbrain were dissected 
out at 4 ~ following the technique of Glowinski and Iversen l~ 
and stored at -80~  until analyzed. Each brain region was 
homogenized and the incubation performed according to a 
previously reported procedure z~. The concentrations of (3H) 
spiroperidol used were: 0.10, 0.25, 0.375, 0.50, 1.00, 1.50, 2.00 


