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SUMMARY
Earlier findings indicated that several other cannabinoids in addition to Al-tetrahydro-
cannabinol (THC) were able to stimulate the s_ynthesis  of prostaglandins in cell culture
systems. The present study was initiated to delineate the structural requirements for this
effect within the cannabinoid series. Among the primary cannabinoids, we found that the
trend was for more planar structures to show greater activity. In the case of THC
metabolites, the order of activity was A’-THC > 7-0x0-A”  “-THC  > 7-OH-A]-THC  > 3”-
OH-A’-THC = GP-OH-A’-THC  = 6~-OH-A’-THC  > A’* ‘-THC-7-oic  acid. The latter
sequence compares favorably with the available data on the behavioral assay in the
rhesus monkey and the subjective ‘Xigh” in humans. We also observed a good correlation
between the release of arachidonic acid and the production of prostaglandin E, over a
series of eight cannabinoids. This gives further support that the site of action in this
effect is the elevation of activity of the phospholipase(s) responsible for supplying
precursor arachidonic acid for prostaglandin synthesis.

JWRODUCTION
A number of reports over the last decade have

!Jrompted  us to suggest that many cannabinoid effects
are best understood by mechanisms involving changes in
uachidonic  acid metabolism i 1). These changes could, in
turn,  result in alterations of ‘the physiological levels of
‘+uious  prostaglandins, thromboxane AZ,  prostacyclin,
:he leukotrienes, and other oxygenated products-many
‘Ji’ which have potent biological activities (2).

One of the major regulatory enzymes controlling the
‘:+Ynt.hesis  of these subst,ances  is phospholipase AZ, which
yeleases  free arachidonic acid for the subsequent cascade
:lf reactions leading to the phvsiological  mediators (2)+
J&n alternative pathway resulting in the release of free
hrachidonate  has recently been suggest.ed  as a source of
ijrecursor  for t,he svntheiis  of prostaglandins and similar
Q’mpounds  (2). This  involves the action of phospholipase
c: on phosphatidvlinositol  to give a diglvceride which is
then  further hydrolyzed  to yield monogiyceride  and free
“‘achidonic  acid.

1

Previous work in our laboratorv has implicated the
release of arachidonic acid bv se;eral cannabinoids as
tJ+%g responsible for the st&ulatory  effects of these
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cannabinoids on PC’ synthesis (3-5). In this report, we
have sought to demonstrate that there is, in fact, a direct
link between the release effect and the elevation of PG
levels. We also were interested in determining whether
there is any obvious relationship between cannabinoid
structure (Fig. 1) and stimulatory activity. We have
cont.inued  to use human lung fibroblasts in monolayer
culture as our model system since this system has proved
t,o be suit.able  for such experiments in the past (4, 5).

MATERIALS AND METHODS

Chemkals.  BS,4, Fraction V, was purchased from
Sigma Chemical Company (St. Louis, MO.). [l-‘“CJara-
chidonic acid (specific activity 52.7 mCi/mmole)  and [“HI
PGE, (specific activity 165 Ci/mmole) were purchased
from New England Nuclear Corporation (Boston, Mass.)
and purified by thin-layer chromatography. PGE, was a
gift, from The Upjohn Company (Kalamazoo, Mich.).
The cannabinoids were supplied by the National Insti-
tute on Drug Abuse, and their purity was monitored by
gas chromatography and found to be greater than 95%
pure. PGE antiserum was kindly donated by Dr. R.
Skarnes, Worcester Foundation (Shrewsbury.  Mass.). Its
cross-reactivities with other prostaglandins were as fol-

’ The abbreviations used are: PG, prost.aglandin;  BSA. hovine serum
albumin; RT.4. radioimmunoassay; MEM. minimal essential medium;
TX. thromboxane; THC, t.etrahydrocannabinol;  CBN,  cannabinol;
CBCr,  cannabichromene; CBG, cannabigerol;  CBCy! cannabicgclol.
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FIG.  1. Structures of the primary cannabinoids
The terpene numbering system is used in this report: the numbers

in parentheses refer to the pyran system used by some authors.

lows: PGFI,X,  4.0%; 6-keto-PGF1,,  1.0%; PGDZ, < 0.7%.
Falcon disposable tubes were used throughout the RIA
procedures.

Cells. WI-38 human lung fibroblast  cells were obtained
from Dr. L. Kelly (University of Massachusetts Medical
School) and had been seeded from stock originally ob-
tained from Dr. L. Hayflick (University of Florida). The
cells were grown to confluence (3.1 X 10’ celIs/35-mm
dish) in MEM containing 10% serum as described previ-
ously (6).

Incubation with cafmbin0ids.  Serum-free WI-38 cells
were incubated for 60 min under standard conditions (5)
with 1 ml of MEM (pH 7.4),  containing 0.1% BSA and
cannabinoid or its vehicle (10 ~1 of ethanol). The media
were harvested and the PGE concentration was deter-
mined by RIA as described previously (5). The results
were expressed as nanograms of PGE per milliliter of
culture medium; data storage and processing were carried
out with the aid of an Apple II computer.

Labeling of cells. The WI-38 cells (approximately 3 x
10” cells/dish) were incubated with [l-lqC]arachidonic
acid (1 x 10” dpm) in 1 ml of serum-free MEM for 60
min. The labeled cells were washed free of unreacted
fatty acid with MEM. Under these conditions more than
35% of the incorporated radioactivity was present as
phospholipids (4).

Drug treatment of the labeled cells, Labeled ceils were
incubated at 37” for 60 min with the cannabinoid deliv-
ered in 10 ~1 of ethanol and added to 1 ml of MEM
containing 0.1% BSA. The supernatant was separated
and an aliquot was analyzed for total radioactivity. The
samples were then acidified to pH 3 with 1 ml of 0.001 N

sulfuric acid and extracted with et.hyl acetate (8 ml)
containing the appropriate carriers, evaporated to a small
volume, and chromatographed  on silica-gel thin-laver
plates using chloroform/methanol/acetic acid (g&6:6).
The chromatograms were then stained with phospho-
molybdic acid, and the zones corresponding to PGE? and

TXB? were removed and assayed for “C by liquid %_
tillation counting.

Gel,?  viability.  Cell viability was determined by a w,
ification  of the DNA4  measurement method of Setaro atld \
Morley (7).  The monolayers were washed twice wia 1
ml  of MEM to remove nonadhering cells  and then tith I
cold  trichloroacetic acid and potassium acetate. ne 1
DNA was extracted with 1 ml of 1 N perchloric acid Rr
plate. Using microcuvettes and a Unicam SP 1800 spec+

i
i

trophotometer,  the absorbance of these extracts at 2aj !
nm was read against that of 1 N perchloric  acid as the f
reference standard. In preliminary studies, our data have I
shown that the relationship between cell number ad
absorbance is linear. Calculating the percentage absorb_
ante of the experimental plates as compared with the.
control plates will also give the percentage of viable celk5.

RESULTS

On the basis of a report by Kelly and Butcher (8) anri
our own observations, we anticipated that high doses (J1
cannabinoids would be toxic to WI-38 fibroblasts. lr!
order to be able to select an appropriate series of dcses
for this project, we carried out a study of the effects  of
several cannabinoids on ceLl viability over a wide range
of drug concentrations. Our measure of viability wap
based on DNA content as determined by a spectropho_
tometric  procedure (7). Figure 2 compares the effects,  of
CBN, CBD, A’-THC, and 7-OH-A’-THC  on viability at
doses of 0.8-32  ,u-“r.  CBN and CBD had little effect until
levels above 8 PM were reached, after which there was ?_
rapid drop in cell survival. A’-THC was slightly more
toxic than CBN and CBD, showing an effect after 3.2 1~
whereas 7-OH-A’-THC,  its major metabolite, had no
significant effect on cell viability over the entire concen-
tration range.

Another parameter to be established in defining OUT
model was the time at which to test the effect. Under the
conditions used, the cells reached confluence in about 4
days after plating. Since the drug response might have
some dependence on cell density as welI as the number
of cells per plate, we measured the PGE elevation pro-
duced by 8 PM A’-THC at several intervals after plating.
Table 1 gives the results of this study, which had one
unexpected feature. There was a steady rise in the stim-
ulatory action of THC for the first 3 days, as anticipated;
however, on day 4 the level dropped to a value between
that of day 2 and day 3 and remained so through day 8.
We decided on this basis to conduct all future experi-
ments with 4-day-old  cultures.

We next compared the stimulatory actions on PC
synthesis of the six primary cannabinoids which were
available to us, namely CBD, CBN, A’-THC, CBCr, CBG,
and CBCy.  All of these cannabinoids were tested at a
dose of 8 FM on the same batch of f”lbroblasts at the same
time to eliminate as many variables as possible. The
results are shown in Table 2 and are expressed both as
absolute values and relative to cell viability. This latter
way of reporting the effects perhaps gives a more accu-
rate comparison, since cell survix-al  did show some vari-
ation  between the drugs. On this basis the order of
potency is CBD > CBN > A’-THC > CBCr  > CBG 3
CBQ.
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FIG. 2. Cannabinoid effects on fibroblast  Lliabilitv  compared with PGE production
Cells were grown and incubated as described under Materials and Methods; the media were then analyzed  for PGE content  Using  the RIA

Ijrocedure  described above. Viability was measured as DNA content using the spectrophotometric procedure detailed under Materials and
hlethods.

In addition to the viability data, Fig. 2 show dose-
response curves for the effects CBD, CBN, A’-THC,  and
;-OH-A’-THC on PGE levels. The results are given as
the act.ual concentrations of PGE measured by the ra-
dioimmunoassav  procedure. The variability in the max-
imal PGE levels  is due in part to differences in the
batches of cells; however, it is interesting to note that the
primary cannabinoids generally showed steeper curves
Than the metabolites.

Figure 3 shows the dose-response curses for a series of

T A B L E  1

.‘~Lmulator%  uction  of8 FM 3’. THC  as u fun&on ofpostp~atin$?  time
Ckllr; were  seeded on &mm dishes at a densir- o!’ about 1.5 X 16’

..‘%dish and grown a~ described under Materials and Methods.

Time PGE”

Control
da.vs Y&T/ml

1 1.65 + 0.33
2 0.1, f 0.35
3 1.90 2 0.63
4 1.63 + 0.20
_

i
4.1; + 0.89

- 4.9’ + - 9 I._ _,

1’.THC  treated

“ pGE was measured m the media by RI-4  using the charcoal-
expiation technique and the antiserum described under Mareriak  and
Methods.  1‘ 1

” ?‘h
a ues are means i standard deviation.

ese values differed significantly from the day 3 THC-treated
Va*ues  (p < 0.005) as determined bv Student’s t-rest (hT  = 4).

metabolites of THC. These were obtained in individual
experiments and are expressed as values relative to 8 PM
A’-THC, which was included in each experiment. Com-
pensation was also made for decreases in cell viability at
higher doses, so that responses reflect. a constant cell
number. Unmetabolized A’-THC gave the strongest re-
sponse; the 7-0x0-A’*  6 derivative was slightly lower. Un-
fortunately, not all of the metabolites were available in
the A.’ series. All of the monohydroxy  metabolites were
of lesser potency, and the 7-carboxy  derivative showed
little activity.

T ABLE 2

Stirnulatop  effect,< of the prirna~ cannahinoids  tin PGE produrtlon

Cannabinoid (8  PM)”
I>(>E” PGE ‘x-iabilitv’

np/ml

CBD 60.3 2 6.2 1.81
CBN 31.1 + 2.0 1.5”
A’-THC 23.2 -t 1.2 1.24
CBCr 24.7 L I.6 0.98
CBG 18.7 2 1.0 0.79
CBCy 19.4 f 1.3 0.70

” The cannabinoids were added from stock solutions in 955 ethanol.
A 10-p volume was used which had been shown to have a negligible
effect on PCE synthesis.

” As in Table 1. Values are means + standard deviation.
’ Relative values of PGE concentrations corrected for the number of

surviving cells. Viability was determined by measuring cellular DNA as
described under Materials and Methods.
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Cannabinoid Concentration (MM)

FIG. 3. Effect of metabolisnz  on cannabinoid stimulation of PCE
synthesis in fibroblasts

The cells were grown, incubated, and analyzed by RIA as described
under Materials and Methods. PGE levels are expressed relative to the
8 PM 1’-THC control which was included in each experiment.

In order to be able to demonstrate that the ensuing
elevation of PG levels was directly due to arachidonic
acid liberation, we utilized the radiolabeled precursor
approach described previously (4, 5). In the present re-
port we have utilized this method using CBD as the
agonist, whereas earlier experiments were conducted
with A’-THC. This was done to ensure the generality of
the product distribution for all cannabinoids. Table 3
shows the thin-layer chromatographic distribution of ra-

T ABLE 3

Product composition from [“‘CJarachidonate-labeled fibroblasts
Cells were grown and labeled as described under Materials and

Methods. About 805 of the added radioactivity was incorporated, and
4.35 of this was released into the medium under control conditions; no
BSA was present in the media.

TLC zone” ControIh 8 FM CBDh

9 total dpm 65 total dpm

1 iorigin) 4.6 t 2.0 .5.0 * 2.3

2 9.8 2 1.9 4.0 k 1.0’
3 (TXB2) 5.9 Zk 0.7 7.4 + 0.3’
4 (PGE>J 19.0 + 2.0 38.0 f 2.0’
5 11.0 2 1.0 6.T f 0.4’

6 9.9 2 1.1 4.9 * 0.2”

7 m2&) 12.0 27 2.0 6.6 2 2.2’
8 11.8 f 1.0 12.0 ?r 2.0
9 (arachidonic acid) 10.0 t 1.0 9.6 2 1.2

10 (front) .7.1 -;t;  0.8 5.8 * 0.9

q Thin-layer chromatography (TLC) was carried out as described
under Materials and Methods. Zones were removed according to the
location of the standards where possible. The remaining area was
dkided  into equidistant zones.

‘Values  are means i standard (deviation as recovered from TLC.
The control treated cells received 11, ~1 of ethanol.

’ Significantly different (p < 0.05) from controls as determined by
Student’s t-test (f‘v’  = 3).

diolabeled products in the media from fibroblasts whl
lipid pools contained esterified  [ “Clarachidonic  acid. F
lowing CBD stimulation, both labeled FCE, and T’;
were significantly increased as compared with the pr’
ucts from vehicle-treated cells.

The above experiment was conducted without B&5,
the medium, which has been shown by others to ha\
profound effect on the extracellular levels of free fa
acids ,(9).  Table 4 shows the effectiveness of BSA
“unmasking” the release of [‘“Clarachidonate  in (
model. The data are expressed as a percentage of i
radiolabel content of the cells. since the content val
somewhat between experiments. It is imeresting  to n
that, although there was a 12-fold  increase in relea:
arachidonate, the effect of BSX on PGE.2 release i
minimal.

A comparison of the release of [“Clarachidonic a
with the synthesis of [‘QPGE,  is shown in Fig. 4-A
series of nine cannabinoids and mecabolites was tei;
at a concentration of 8 ,u~M,  using the same preparatior
cells. The values of each measurement are expres:
relative to a value of 1.0 for A’-THC. All of the substan
(with the exception of CBCy!  showed a clear correlar
between the release of arachidonate and the synthesi!
prostaglandin. The correlation coefficient was R = 0.5
by excluding CBCy  this could be improved to R = O.$

A second comparison was made between [“C]arac
donate and PGE qynthesis  as measured by radioimr
noassay  (Fig. 4B). In this instance only six cannabino
were tested, and the results were again expressed relat
to A’-THC.  A good correlation was obtained when CB
was omitted (R = 0.85); however, inclusion of CB
resulted in a poor correlation (R = 0.60).

DISCUSSION

The cannabinoids tested in this study showed a w
range of stimulatory activities on both the synthesis
prostaglandins  and the release of arachidonic acid fr
fibroblasts in culture. Some generalizations regarding I
relationships of structure to activity can be made,
though-as in any study of this type-it is not possi
to be too precise in de&kg structural requirements.

An examination of Table 2 suggests that, in compar
the primary cannabinoids, activity may be related
planarity of the molecule, among other factors. CBCJ
the compou_nd least able to assume a plana~~  conformat-
and it is the least potent. At the other end of the 1
CBN and CBD are the most planar structures, althoL
on this basis CBN should be the most active, There is

T A B L E  4

Effect of BSA on the release of arachzdonate by 8 PM Cl3D
Cells were grown and labeled as described under Materials a

Methods. BSA (0.1%)  was added where indicated.

Product I’ - BSA + BSA

dpm k SD 7 dpm” dpm t SD 7: dpn

PGE- 1360  f 8” 1.65 934 r 144 1.17
Arachidonic acid 34 1 f 3:3 0.42 3’770  2 72’7 4.10

~.~____
” As in Table 3.
h Values are the fractions of radioactivity in this thin-layer chl

matographic zone based on the amount of “C incorporated in the ccl
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FIG.  4. Comparison ojaruchidonlr  acid r&use and PG.5  sythesis
1’1  jibrublast,q i

The release of [“Clarachidonate  is romparrd with the synthesis of
i ‘C:]PGE,  (A) or the endopenous synthesis of PGE iHI.  -411  cannabi-
!l~~id~  were added at a concentration of 8 FM as described under
Materials and Methods. The curves shown do nut in&de the values
ic;r  CBCY and resulted from the following equations: -4. .v = 1.023~ -
!‘.!)48:  IiF = 0.939x + 0.019.

obvious  explanation for this discrepancy; it seems that
CBIJ  is better able to occupv  whatever site in the cell is
involved  in this action.

c

With  regard to the site of action, we have previously
Q%gested  that the cannabinoids mav act on sites occu-
pied bv cholesterol (10). Since cholesterol is a relatively
Plan& molecule, our present findings lend further sup-
POR  to this hypothesis. In this connection, it has been
rePorted  recently that. platelets enriched in cholesterol
become  hypersensitive to aggregation; this was shown to

be related t.o an increase in arachidonic acid release
resulting in enhanced TXA2  production ( 1 I).

In comparing the activities of those metabolites which
were available to us, a second factor seems to have
emerged. In general, the addition of oxygen to a canna-
binoid decreases its potency as a stimulator of PGE
synthesis (Fig. 3) as compared with the activities of the
primary cannabinoids (Table 2). This finding suggests
that the site of action is probably in a lipophilic region of
the cell such as the plasma membrane. This is, in fact,
where-done  would expect a lipase stimulator to exert its
action.

Our main objective in this study was to provide addi-
tional evidence that the PG effect is due to cannabinoid
action on a lipase (presumably phospholipase A,). The
close correlation between the release of [‘4C]arachidon-
ate and the synthesis of- [“CJPG&  which we found (Fig.
4A) provides strong support for this suggestion. It should
be pointed out that it is necessary to have BSA present
in the media during the drug treatment to trap the
released arachidonic acid. There is no sign&ant  effect
of BSA on PGEZ synthesis (Table 4), so we believe that
our data reflect an accurate measure of cannabinoid
action on both processes.

One substance, CBCy, did not correlate well in this
series. As was pointed out above, CBCy  differs markedly
in its molecular conformation from  all of the others. Our
findings suggest that it is relatively more effective as a
lipase stimulator than is any substance in the rest of the
series. A possible explanation is that CBGy can cause the
release of arachidonate from cellular compartments
which do not affect PG synthesis.

A possible weakness in using the radiolabeled-precur-
sor approach is that the relevant cellular sources of
arachidonat,e  would not be labeled to the same extent as
other lipid pools, Figure 4B compares the release of [‘“Cl
arachidonate with the s_ynthesis of PGE from endogenous
arachidonate. Although data for only six cannabinoids
were obtained, the pattern is similar to that from the
measurement of [‘“CJPGE,  (Figure 4A). If CBCy  is omit-
ted, the correlation in this comparison is reasonably good.
This would seem to imply that the labeling conditions
utilized by us are appropriate for measuring effects on
PG synthesis.

Our observation on the effect of A’-THC as a function
of cell growth (Table 1) may be of interest in studies of
compounds other than cannabis. Taylor and Polgar  (12f
have recently reported a similar finding using human
embryonic lung fibroblasts wit,h bradykinin as the stim-
ulator. They concluded that cell density per se was not
a factor and that the rate of growth seemed to be related
to responsiveness. Growing cells were less responsive,
whereas quiescent cells produced many-fold higher levels
of PGE, when stimulated by bradykinin. This was gen-
erally the pattern we observed with THC, except that we
found a significant peak of activity at 3 days.

The relevance of our findings to the pharmacology of
the cannabinoids poses an obvious question. In discussing
this question. emphasis must be placed on what may be
a well-known fact: the cannabinoids can exert a number
of pharmacological actions which may or may not arise
from a common mechanism. Since few structure-activity
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studies have been reported on cannabinoid effects other
than behavioral responses, at the present time we are
restricted to this type of comparison.

An examination of relative potencies for the series of
THC derivatives in Fig. 3 gives the following order of
activity: A’-THC > i-oxo-A’*  “-THC  > 7-OH-A’-THC  2
3”-OH-A’-THC = 6/SOH-A’-THC = Ga-OH-A’-THC  > 7-
COOH-A’. “-THC. This compares well with the relative
activities reported for the behavioral assay in the rhesus
monkey (13) and for the subjective “high” in humans
(14, 15). It would be premature to conclude from this
comparison that these in riuo effects are mediated by
changes in PG synthesis, However. it is not unreasonable
to suggest that the PG stimulatory action and the psy-
chotropic responses are each initiated by similar molec-
ular interactions such as drug alteration of membrane
lipid conformation.

Other in uivo actions of A’-THC  may well require the
stimulation of PG synthesis, of which there are two
examples in the literature. The cataleptic effect in mice
can be blocked by pretreatment with aspirin and indo-
methacin, and is restored by injection of PGEz  (16).
Moreover, mice deficient in polyunsaturated fatty acids
exhibit a low cataleptic response which can be restored
by the administration of arachidonic acid (11). Second,
we have shown previously that the hypotensive action of
A’-THC in dogs can be greatly reduced by aspirin pre-
treatment (18). It would be of interest to determine
whether inhibition of PG synthesis would reduce the
psychotropic effect of THC in man.

A C K N O W L E D G M E N T

We would like to thank Mr. John Cruz,  Jr., of the Department of
Biochemistry, for growing the cells used in this study.

3.

7.

8

9

10

11

12

13

14

1.5.

16.

Ii.

18.

W o l f e ,  L, S. Eicosanoids: pmstaglandina.  thromhoxanes,  leukotrienes,  and
other  derivatives of carbon-20  UWLUratttd  Fatty acids. J. I~~w~I?c~P~.  28:  l-14

(IW’).
&Ursteln,  s.. and S;. A. Hunter.  Prostaglandins and I.:mnabis.  1-I. Reieaw of
arachidonic :lcid from Hela  cells by A!-THC  and other cannablnwis. B&_
I.hem,  Phormoc~ol.  $7: 1’175-12%)  C 19??1.
Burstein.  S., and  S. A. Hunter. Prostaglandins and <,;mnabis.  VIII.  Elevation
of phol;pholipase .a_ actwit!, by cannabinoide m whole cells and subcelluiar
preparations. +I. Chn. Ph~mad. 21:?4Ik-Z48s I 19Hi I.
Burstein.  S., S. X. Hunter. C. Bedot.  and 5. Shulman. Prostaglandim and
cannabis.  XI. stimuiation  of prostaglandin E, synthesis in h u m a n  lung
fihroblacs  bv A.-THC.  Biw,hem.  Phurmarol.  31:2361-2365  I 198?1.
Kelly, L. A.,. and R. W. Butcher. The effects of epinephrine and PGE, on
cAMP levels in U’I-38  fibrnblasts. rJ. Riof. Chem. 219:3098-3102  ~1974).
Setaro, F.. and C. G. D. Morley. A modified tluorometric  method for the
determination of microgram quantities of DNA from cells or risaue culture.
.&rnl. Blorhrni.  71:;j1:1-,317  I 1976i.
Kelly-,  L. A., and  R. {V.  Butcher. The effects of A!-THC  on c.AXiP leveis in
WI-38 fibrobl~ts.  B~orhl!rf.  Biuphys.  .4cta  32O:jdO-.J44  I 19711.
Isakson. P. C., .i. Raz, 3. E. Denny. .%.  Wyhe.  and P. Neediernan,  Hormona:
stimulation  of arachidonate  release From isolarcd  organs. Prus/ugiun&n.,
I1:853-,351  (15771.
Shoupe, T. 3.. 5. X. Hunter. 5. H. Burstein, and C. D. Hubbard. The nature
of the inhiblrion of cholesterol esterase by A’-THC.  Enzyme ISwell  2Z:87-q!
IIYHOI.
Sjtmrt, ,X4.  ~J.. -I. IM.  Gerrard. and  .J. G. h-hire. E f f ec t  o f  ~holestetol  ,jn
production of TXB,  by platelets in vitro. N. Engl. .I.  Med. 302:tLll)  ( 15801.
Taylor. I,.. and P. Polgar. Cell growth and the reguiation of ptostaglandin
s>%thesls.  Prostaglandins 22:X3-238  11981).
Mechoulam. R.. and H. Edery. Structure-activity relationships in the canna.
binoid series. in .Mar~/nnna  cR. Mechoulam pd.!. -Academic Press, New York.
101-1113  (1973).
Hollister, L. E. Structure-activity relationships in man of cannabis constitu-
ent,s  and  homologs and  merabolit.es  of 1”.THC.  Pharmucoioprst  11::3-11
(19743.
Perez-Reyes. M.. $1.  C. Trimmons,  M.  X. Lipton. Hi. D. Chnstenren.  K. H.
Davis. and MM.  E. Wall. A comparison of the pharmacological activity of 1’.
THC and its monohydroxylaced metabolites  in man. Experientla  (Basei/
29:1(X%1010  l197fl.
Fairbairn,  .J. W.. and .J. T. Pickens. The oral activity of .Y-THC  and if::
dependence on PGE:.  Br. J.  Pharmad.  67:3TQ-385  (1931.
Fairbairn, d. W.. and J. T. Pickens.  The effect  of conditions influencmg
endogenous  prostaglandins  on rhe activity of A’-THC  in mice. Br. -1. Phar-
macol. 69:491-493 11980).
Burstein, S.. K. &man,  E. Burstein. N. Palermo, and E. Smith. Prosraglandiw
and cannabis. XI, Inhibition of A’-THC  induced hypotension  by aspirin,
Biochem. Pharmacol.  31:SQl-592  (1982).

R E F E R E N C E S Send reprint requests to: Dr. Sumner Burstein, Department of
1. Burst&, S., and S. A. Hunter, The biochemistry of the cannabinoids.  Rev. Biochemistry, University of Massachusetts Medical School, Worcester.

Pure Appl.  Pharmacol.  Sci. 2: 155-226  (1981). Mass. 01605.


