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ABSTRACT

Sorra. R0 Do S0 DL Naveea, J. T Hararkan axn Ho Bo Vas=aw: Anfi-edeina

analgesic properties of A-retrahvdrocunnabinol (THC. J. Pharmaeot, Exp. Ther,

186: t5465-1355. 173,
A-Tetrahvdrocannabinol (THCY i3 an orally effecrive anti-edenin and analgesie sgen
In the carrageenan edemn fost the potency of THC is 20 rimes
twice that of bydrorortisone: The anti-edema activity of THC, at least in she earrigeenan
edema assayv, appears to be mediated by stimulation of rhe pisuirarv-udrenal
this activiry was markedly artenuared in both adrenalecromized and bypophysectomized
rats. However, the compound is devoid of corticosteroid-hke activiry since it did no
prolong the snrvival rime of adrenalectomized rats nor did it fwvorably infuence the
rate of change of body weight in these animals. Furthermore, THC iz au effective -
hibitor of developing adjuvant-induced arthritis and suppresses further Jevelopment of
the established disease. The analgesic activity for THC is substantially greater than thar
for aspirin. The compound has no antipyretic activity at a dose producing profound

<ttt ol wepiti and neariv

anti~edema effects,

Recently, it has been shown that A°-tetra-
hydrocannabinol (THC), the major psychoactive
constituent of marthuana ( Hollister. 1971 Isbell
et al., 1967; Mechoulamn.1970). protected red
blood cells against hypotonic hemolysis (Chari-
Bitron,1971). Thiz appears to be a manifestation
of several highly lipid-soiuble drugs including
tranquilizers, antihistamines, local anesthetics
and nonsteroidnl anti-inflammatory agents (Cat-
anese et al., 1969; Inglot and Wolna, 1968;
Seeman, 1966: Seeman and Weinstein; 1066). In
addition to demonstrating marked lipophilic
characteristies (Agurell et ol 1969; Wahlqvist
et al.. 1970} . marthuana extract and THC pos-
gess tranquilizing « Hollister, 1971), antihista-
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minic=(Deweyv et al., 1970b) and loeal anesthetic
activity” (Loewe, 1946: Mikuriva, 1969) in ex-
perimental animals. Morcover, Burstein and Raz
(1972) have shown thar THC inhibits biosynrhez
sis of prostaglandins in itro. @ properry shared
by such dnti-mflammatory drugs us aspirin and
indomethacin (Vane, 1971), Although it has not,
vet been directly established that THC displays
anti-edema properties, stimulation of the pitui-
tarv-adrenal system has been reported for sys-
temically administered THC 1 rats measured by
a dose-related increase in plasma corticosterone
levels {Kubena et al.. 1971) and a porent stimu-
lation of adrenocorticotropin =eeretlon as s10WD
by depletion of adrenal uzcorbic acid concentra-
tion {Dewey ¢t al.. 1070c¢). Moreover, Nahas
(19733 srares rhat one of the many uses pre-
seribed for extracts of Cannabis by uncient Mus-
lims was to cure “inflimmation.” Therefore. the
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purpose of this invesugation was to study the
anti-edema and- analeesic potential of THC in
laboratory animals.

Materials and Methods

Animals. Nonfasied, Charles River male CD
rts (Sprague-Dawlev struin and male CD mice
(Swiss strain) were used in the following experi-
ments onlv after an acclimation period of at least
four days to the laboratory environment had
clapsed.

Drugs. All drugs and their vehicles were ad-
ministered by the oral route. An earlier report
(Sofia el al.,, 1971a) gives details on the prepara-
tion. solubility und =torage of THC. The vehicle
for THC administration 1o rats was undiluted
propylene glyeol while a 10% propvlene glycol-
1% Tween 80-097 saline solution was used for
mice (Sofia et «f, 1971b). Hydrocortizone and
aspirin were suspended in a 1% acaecia solution in
a4 concentration =uch that 0.5 ml 100 g of rat or 0.1
ml '10 g of mouse wus given for each desired dose.
THC wus prepured for injection to permit a vol-
ume of 0.1 mi’10 g and 100 g bowe. to mice and rats,
respectively. Control ruts received the appropriate
volume of vehicle.

Anti-Edema Activity

The basic experi-
mental procedure used has been described previ-

Carrageenan edema test.

ously (Winter of «l.. 1062). One hour after drug
administration 16 rats (90-120 ¢). 005 ml of a 14¢
carragesnan 1n saline wus in-
vluntar surface of the right
e injected foot 10 the
madleolus w

=olution of caleium

Joeted e o the

Liind paw. The velae of o
lareral

waier displacement immedistely before oral

and e

Tevel of the a8

mensured by
drug

wlmini=tration Thye

hours afver curra-
acenun iujection, The difference between the two
measurenents edema volume, Drug
cifectiveness wus analyvzed 1o the following man-
ner. Mean paw volumes, pre- and postdrug,
statisteally comparced u=ing the Student’s t test
The pereent volume  was
ohtuned from the rano of the predrug volume 1o
the postdrug voluwe. In addiion, the number of
rats at each dose level whose edems volume was

was called

were

mhibitdon of  edema

at least 259 less than that of the meun for the
vehicle~trented controls wax wlso tallied. An ED530
value (059 conhdence Inmts) was then culeulated
based on this all-or-uone representation of the
dita (Litehfield and Wileoxon., 1949),

The carrageenan edema 10t was also performed
on bilaterally adrenalectomized ruts obtamed from
ihe supplier five dayvs after surgery. In addirion,
hyvpophysectomized raws that had undergone sur-
gory 10 dayvs corlier were uzsed.

THC, ANTLLEDENMA AND ANALGERIC EFFECTR

G647

Adjuvant-indueed arthritis. An arthriticdike
disease wasg induced in rats (140-160 2) by a sub-
plantar injection of 0.1 ml of a § mg ml =uspension
of Muycabacterium Labora-
tories, Detrolt, Mich.) in beavy mineral oil into
the right hind paw (Newbould. 1063). Control Lind
paw volumes (right and left) and body weight were
recorded prior to M. fuberculosis Injection and at
subsequent intervals thereafter to observe the
development of the arthritis, Paw volumes were
measured by water displacement. All drugs and
their respective vehicles were administered daily
beginning either on the day of adjuvant injection
(prophvlactic treatment) and continued for 14
daxs or beginning on the 14th day after adjuvant
injection (therapeutic treatment) and continued
for 14 additional days, Final paw volumes were
recorded one hour after the last oral dose.

tuberculosis (Ihico

Analgesic Activity

Aceti¢ acid-induced abdominal constriction.
This method has been described earlier (Koster
el al., 1959). Twelve mice per dose level were used.
Thirty minutes after oral drug administration
0.25 ml of a 0.5% acetic acid solution was injected
ip. The number of abdominal constrictions per
animal in euch group was counted for a five-minute
period starting 10 minutes ufter injection of acetic
acid. Aectivity was assessed by noting the number
of drug-treated animals showing a 30% or greater
reduction in the average number of abdominal
consiriciions of the respective vehicle-treated con-
trol group (Blumbere ef ol 1965). ED30 values
were caleulated based on this all-or-none response
tLatehfickd and Wilcoxon. 1949).

Haffner’s tail pinch. Twentv-four hours before
drug adminigtration tested {or their
response to appheation of an artery clip o the
root of the il (Biancht and Francesehini, 1954).
The time it took each animal to respond. te.,
biting at the dip. was recorded by stopwatch 10 the
nearest: 0.1 second. Those animals not responding
within five seconds were not used. On the 1est dav
good responders were divided inio grours of eight
mice cach and gnen either the test drug or s
corresponding  vehicle. Thirty minutes later the
artery clip was reapplied and reaction times again
were recorded. The number of mice in each group
that displaved a 407 or greater incresse In re-
action e from their respeetive predrug control
vidue wax noted and EDAO values were determined
(Litchficld and Wileoxon, 1949).

Hot plate test. This method for mecasuring
analgesic acrivity 15 based on the reaction time of

mice were

mice 1o lick their forepaws and or jump after
exposurc 10 4 copper suriace hot plate heated and
maintwned a1 34-56°C (Eddy aud Leimbiacl, 1953).
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A control reaction time (to the nearest 0.1 second)
wiaz obtained 24 hours hefore any rtest for drug cof-
feet. Only those mice with a control reaction time
of 10 seconds or less were used. On the test day
mice were divided into groups of cight mice cach
and given the test dmg or 118 vehiele, Thirey min-
utes later vach mouse was re-exposed to the hot
plare surface and the reaction time was recorded.
The duiw were handled dentically as desertbed
above for Hatfner's tail pineh test,

Randall-Selitto paw pressure test. Incrensed
sensitiviry 1o a painful sitmulus can be achieved by
the subplantar injection of 0.1 ml ol 14 20%% brewer's
veust =uzpension in distilled warer into the right
hind paow of oot (Randadl and selirto, 1957). This
increased =enzitivity is susceptible to modificarion
by known analgesie drugs. One hour after veast -
jeetion test drugs were administered orullv o rars
(90-120 «). The pain threshold was meaured one
hour after drug injection by applving a steadily
mnere:

prissure of 14 g sec to ihe surface of

the inflamed paw via o Teflon cone which was
continuously  monitored  (Analgesv-Meter, Tgo
Ba Milan. Tiadyd. The end point or pain

threshold wie defined as the pressure (in grams)
necessary 1o catse the animals ro struggle and or
voealize, Meun pain thresholids were calenlared
for eachi vehicle and drug-treured group. Ratz in
the drug-rreated group having an individual re-
action threshold (grams) equal to or exceeding the
control group mean threshold hy 2 standard devia-
tions of thar mean (Swingle et al, 1971) were
counted as showing a significant analgesic effect,

TABLE 1

Effect of THC, aspirin and hydrocortisone on
carrageenan-induced edema in the ral hind paw

Edema = Epsy o
Treatment Group® grul volume G J(:ng::;i]de:cg
0se {Mean =+ : : P
SE. tion Limits)
my. ky ml me kg
Propylene glyeol 0.74 == 0.08.
THC 2 L2005 0
3. 57 & 0.02: 23% |
5. 1 = 0.04 38 4.1
10. Ho£0.05 0% (3.3-5.2)
20. 32 £ 0.05 57
100. 21+ 004 T2

17 acacia vehiele .70 £ 0,08

Aspirin 30.9 '0.64 £ 0.06' 8
0U.0 046 == 0,04 330
2000 0.26 = 006 4

80.0
(30.8-157.2)

Hydroeortisone 5.0 044 ] -
0.0 041 = w0
W0 0.1% o HRBE

A= $ per ireattuent eroup.
P < U5 when compared with respective vehicle-treared
eonrrol aronp.
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and ED30 values were caleulated (Litehfield and
Wilcoxon, 1949).

Antipyretic Activity

Yeast-induced fever test. Recial remperatures
Wt a2 Yellow Springs Tele-
thermometer and thermistor probe inserted a con-
stant deprh of 35 em. On the day before drug
administration. 150200 o) injected
with 1 ml ‘100 ¢ howt. se. of 1 1537% suspension of
brower’s veast and 17 acacln to produce Tever
(<mith and Hambourger. 1935). Eighteen hours
Luer temperatures were once again taken and the

determined  using

s were

ani were do=ed with approprioe vehiele or
drne. This tempernture recording wies destgnaed
the U hour rending. Addintonad remperature meas-
made two and four hours afrer
g administrarion. The effecr of cach drug and

temperature of non-

urements were

irs vehicle on the recral
paretic vars was alzo determined.

Results

Ant-Edema Activity

Carrageenan edema test. THC . azpirin and
hedrocortizone were shown o he efective in-
hibitors of carrageenan-induerd rat paw edemn
itable 17, THC aiven orally in doses of 575
mg kg or more induced u significant dose-de-
pendent inhibition of paw swelling, In this resr,
the anri-edema effecrs of 10 me ke of THC (407~
inhibition). 200 mg kg of aspirin (457¢ inhibi-
tion) and 10 me ka of hvdrocortisone (417
inhibition) were approximatelv equal. Relative
to aspirin (potency = 1), the estinated potencies
of THC and hydrocorrisone were similar at about
20. A similar relationzhip 1% evident when the
ED30 values of cach drug are compared.

Anti-earrageenan activity of THC was com-
pared in intaer. adrenalectomized and hypophy-
sectomized rats ro derermine i the anti-infam-
matory effeer wag mediared rhrough stimulation
of the pituitary-adrenal axis. The results (table
2) show the anti-edema activity of THC was
markedly affected by both bilateral adrenalec-
tomy and hypophysectomy. Onlv amall and non-
signifieant inhibition (8-19¢) of edema forma-
tion was obzerved after dosex of THC ranging
irom 20 1o 100 me ke to adrenalecromized ra
similar

Moreover, a pultern ol eliviry was
.

demonstrated in bvpophyseetomized rats, exeerns
thar
birtony oceurved after the hchest THC dose

rested, 100 mg kg

=

o stgnifeant anrl-eden offeer (27700
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Daily treatment with THC 1200 mg ke or
aspirin (30000 me ke did not prolong the sur-
vival time of untreared adrensieeromized rats
maittained on reenlir tap water (able 3y In
fact, daily trentment with these compounds de-
1007 morraliny by three
or Jour davs when rompared with the vmireated
or  vehlele-treared

creased the 1ime 1o

control
eroup. Iy contrast. daily treatment with hydro-

sdrenaleetamized

enabled ol nd-
renalectomized rats 1o survive, The same gencr:l
overall results were obtained when the rate of
change of body weight was observed in this same

corti=one, 200 me ke dav jro.

TABLE 2
Effect of THC on carrageenan-induced hind paw
edema in intael, adrenalectomized and hypophy-
seclomized rats

N ' s
THC  Edema Volume? s
Oral Dose (Mean = S.E. l'g‘({g"

Condition of Rats

mg kg mi
Intact " Vehicle0.74 = 0.07.
20 10.32 £ 0.05. 57
100 .21 &= 0.04 72°
Adrenalectomized Vehicle 1.07 = 0.08
20 098 = 0.06 8
40 0.92 & 0.11 14
100 0.87 = 0.1+ 19
Hypophysectomized  Vehicle0.73 £ 0.06
200 0.74 = 0.05 0
40 0.72 &+ 0.09 1
100 0.53 = 0.0 27

¢ N = (i ruts per treatiment group.
P < 05 when compared with respective ve-
hicleareated control group.
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experiment. Body weight gradually  decreazed
until death in all treatment groups except with
200 me ke of hydrocortizone, Animals in the
latter group gatued weight equally with the un-
treated normal group until day 6 or 7, at which
e o platean was reached,

Adjuvant-induced arthritis. On day 14 m
the prophviaetie test THC, aspirin and hydro-
cortisone were =hown 10 be effective inhibitors of
developimg sdjuvant-induced polvarthrins in rats
{table 41, Edema formation in both injected und
uninjected paws was significantly reduced by all
three drugs in a dose-related manner. However,
a higher dose of THC was required to signifi-
cantly reduce the volume of the uninjected paw.
Another manifestation of adjuvant disease 1= a
reduction of bhody weight gain. All arthritic
groups whether adminiztered the test drug or
rexpective vehicle significantly (P < .03) in-
hibited body weight gain when compared with
the untreated. nonarthritie control group. How-
ever, dailv administration of 10.0 and 20.0 mg kg
of THC markedlv reduced body wewght gain
to a greater extent (P < .01} than did the
propvlene glyveol-treated arthritic control egroup.
Body weight gain for all aspirin and hydrocorti-
sone-tredted arthritic groups did not differ sig-
mficantly from their control. However, none of
these group: gained weight at the same rate as
the nonarthritic eontrol group.

Table 5 gives details on the therapeutic effects
of THC, wspirm and Dbydrocortizone m estabe-
lished adpuvant-induced polvuarthriniz, The mean
change m paw volume from day 14 1o day 28 was
sirikingly similur Tor both vehicle-treated ar-

: TABLL 3
Effect of vuily vral adwinisiration of THC aspirin, hydrocoriisone ur their respeetive vehicles on
the survival time of adrenalectomized rats

ailv Oral
Treatment Giroup® Daily Oral

Number of Rats Dead on Day

03¢
1 2 3 B 3 o : % o 1
T T T ‘__ N ‘:.. D T T T T
Untreated normaul 0 0 0 0 0 0 0 0 0 )
Untreated adrenalectomized 0 0 0 2 2 3 3 6 10
Propylene glveol ) 0 0 0 1 2 2 5 7 9 10
THC 20.0 0 0 3 4 3] 10
17 acacia 0 0 0 2 3 3 T & 10
Aspirin 300.0 0 1 6 1} 9 10
Hxydrocortisone 20.0 0 0 0 0 0 0 0O ¢ 0 0
¢ N = 10 ruts per treatment group.
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TABLE 4
Effect of pruphylaciic treaimeni with THC, aspirin and hydrocortisone on wljuvunt-induyced
polyarthritis in rats

Hind Paw Edema Volume :Mean = 5.E.;

Daily Oral Dose | i Da'. Body Weicht Gain

Treatment Group*

ean =g
Injected Uninjected
mg kg ml
Sonarthritic  controls 0.27 = 0.04 0.31 = 0.04 98.5 = 8.1
Arthritie controls {propylene 2,26 £ 0,200 1.27 + 0.26° 60.0 = 7.1%
rlveol)
THC-treated arthritics 3.0 2.04 = 0.13 0.99 = 0.18 35.5 = 4.2
10.0 1.75= 0.11" 0.77 == 0.16 49.1 = 5.7
20.0 164 £ 0.17° 0.49 = 0.15¢ 48,65 = 6.1
Arthritic controls (1'; acacia) 1.83 + 0.14" 1.16 = 0.23¢ 2.1 = 8.3
Aspirin-treated arthritics 150.0 1.58 =+ 0.10 0.79 = 0.14 50.0 = 7.0
300.0 1.3; =0.15¢ 0.48 £ 0.18¢ B = T.4
Hydrocortisone-treated ar- 5.0 1.x = 0.10 0.79 = 0.11 8.5 5.0
thrities 10.0 140 == 0.14¢ 0.49 = 0.10¢ 3
20.0 111 = 0.17 0.29 = 0.03¢ 4

= N = 9 rats per treatment group.
» P <.05when compared with the nonarthritic control group.
¢ P < .05 when compared with each respective vehicle-treated arthritic control group.
TABLL 3
Effect of therapeutic treaiment with THC, aspirin and hydrocortisone on adjuvant-induced arthritis
n rats

Hind Paw Edema \olume Change

{Mean —
Treatment Group?® Daily® Oral Dose !
Injected Uninjected
mg/kg mi £

Sonarthritic  controls 0.31 £ 0.01 ' 0.31 = 0.03 1171 = 7.3
Arthritic controls (propylene gly- 1.64 &£ 048" 032 = 0.05 1.7 = 7.8

col)
TIIC-treated arthritics 20.0 0.05 & 0.02¢  0.01 %= 0.02e 56.2 = §.4¢
Arthritic controls (17, acacia | 141 =+ 0.3 0.40 = 0.0; 93.8 = T.u¢
Aspirin-treated  arthritics 300.00 071 £ 0.21 052 = 0.08 0.2 % 6.8';
Hydrocortisone-treated arthritics 20.0 0.20 + 0.09¢ 0.16 =+ 0.08¢ 115.3 = 8.1

¢« N = 9 ras per treatment group.

¢ Ora dosing commenced on day 14 &fter injection of .J/. tuberculosis.

< Difference between paw volumes on day 28 and day 14.

4P <.05 when compared with the untreated control group.

¢« P £.05 when compared with respective vehicle-treated groups.
thritie groups. The data clearly point out the hility among both the aspirin and 1% acucia-

effectiveness of daily administration of 20.0
mg kg of THC 1 this test system to inhibit the
progression of the disease since there was virtu-
allv no change in the volume of each hind paw.
Aspirin (300 mg, ke). on the other hand, caused

treated groups, these dafa were significant only
at the 109 level. However. aspirin
nificantly volume of

did not sig-

affect the uninjected

paw. Like THC, hydrocortisone had a prefound
therapeuric effect on adjuvant arthritis resulting

a 50% reduction in paw volume change of the in-
jected hind paw. Since there was greater varia-

n 84 and 60¢r reductions 1 the volume of the
injected and uninjected hind paws, respectively.
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Onee again, ax in the prophvlactic experiment
table 41, THC administration wus shown to
sgnificanty reduce body weight gain bevond that
or its vehicle-treated arthrive control group. In
addition.

aspirin was also without effect in re-
versing the retardation of body weight gain pro-
duced 1 adjuvant arthrids. However, hyvdro-
cortizone-irented arthritic rats gained weight
similurly 1o the nonarthritic control group.

Analgesic Activity

Acetic acid-induced abdominal econstrie-
tion. THC was the most potent. drug tested with
an ED50 of 11.6 mg/kg (table 6). Next in
potency were aspirin and hydrocortisone with
ED350 values of 113.0 and >>200.0 mg/kg. respec-
1ively. Hence, the potency of THC was 10 times
that of aspirin and much greater than hyvdro-
cortisone.

Haffner's tail pinch. THC produced highly
significant and dose-related analgesia in this {est
with an EDS0 of 11.6 mg/kg (table 6). No anal-
gesia wus obzerved In mice treated with aspirin
or hvdrocortizone, 300.0 and 200.0 mg kg, re-
spectively.

Hot plate test, Table 6 reveals that only
THC wus effective in nereszsing mean reaction
ume to exposure to the painful stimuluz, (e,
heat. The responze was dose-related resulting in
an EDS0 of 10.3 me ke

Randall-Selitto test. Further evidence for
the hichiv effective snalgesie action of THC cun
be seen 1 table 6 when s ED30 value iz com-
pured with that obtned for aspirin. 0.8 und
230.0 mg ke. respecuvelv, Hydrocorusone was
meffective 1 this test svatem.

Table 7 <hows the resulis of experiments in

THC, ANTI-EDEMA AND ANALGERIC EFFECTS
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which pain thresholds of both the veast-injected
and uninjected feft hind paws were determined.
Both THC (0.5-16.0 mg. k) and aspirin (125.0-
500.0 me kgt significantly inereased the pain
threshold or the injected hind paw. Only after
the two lughest doses (3.0 and 160 me ke of
THC was the pan threshold of the contralateral
uninjected hind paw significantly elevated, None
of the doses of aspirin tested reliably ineressed
the pain threshold 1 the uninjected paw, but a
trend was observed in that direetion.

Table &illustrates clearly the fact that the
analgesic activity of either THC or aspirin is
not due to ananti-inflammatery action of these
compounds. When edema volume produced by
intraplantar injection of veastas outlined for the
Randall-Selitto test was measured. neither THC
nor aspirin significanty affected the response.

Antipyretic Activity

Yeast-induced fever. When administered an
oral dose which did not affeet rectal temperature
in nonpyretic rats (20 me ke), THC failed to
reduce rectal temperatures In fevered ratz (ta-
ble 4). On the other hand. aspirin at 100 mg kg
reduced fever at hoth two and four hours after
admimstration. At the latter time interval rectal
temperature had returned to control level {non-
pyretic unireated controll. This dose of aspirin
did not alter rectal temperaturer In nonpvretic
rats.

Discussion

THC anpears copable of inhubiting acure
edema forma

jon ax demonstrated in the car-
rugecnan edem test. an effect approximately
equal 10 hvdrocortizone. bt 20 times greater

TABLE ¢
Comparative analgesic effectiveness of THC, aspirin and hudrocortisone in wice and rals using
four different models of experimentally induced pain

ED30 ‘U7, Conidence Limits

Test Compound” . L
! Acetic acid-induced

; c‘:}r)-‘%?xr':?giln : Haffner's tail pinch Hot plate Rand?}gggirteto paw
o mg ke
THC 1.6 (7.9-17.1) 11.6 6.4-21.0) 10.3 (G.8-15.7 . 0.9 (0.4-1.9)
Aspirin 113.0 (71.5-178.8) >300.0 >300.0 230.0 (136.9-386.0;
Hydrocortisone >200.0 >200.0 >200.0 >300.0

a N = § to 12 animuls per dose (at least three doses of each compound were used to determine ED50
values).
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TABLE 7
Effect of THC andd aspirin on puin threshold of hoth injected and uninjected hind paws of rais
using the Randall-Seliito paw pressure test

[reatment Group'® Oral Dose

Pain Threshold «Mean = 5.E.

Injected paw Uninjected paw

Pain threshold 7 increase Pain threshold . increase

o my, kg ¢ g

Propylene glyveol MBS+ 3.7 109.0 £ 6.9
THC 0.5 97.8 = 3.4 308 1129 = 3.4 3
1.0 114.7 = 10,1 520 1240 =+ 12.5 i4
t.0 143.1 = 14.3 Hoe 2 £ 19.2 202
8.0 169.7 £ 15.3 125% 141.3 = 10.0 308
130 2043 = T4 16590 1886 = 11.1 T3

17 acaeia 0.9 £ 2.8 §7.1 = 5.8
Aspirin 125.0 90.5 £ 7.4 28" += 4.3 ~5
230.0 95.0 = 6.1 1" = 7.0 S
200.0 1I0L.Y = 6.8 447 = f.4 15

* N = § rats per treatment group.

'71)3

TABLE 8
Effcct of THC, aspirin and hydrocortisone on yeasi-
induced edema in rais produced (n the Randall-
Selitto test

™. Change

Treatment Group” Lo)f;t L\C[ié;ld:\:o:mi“? 12(1\;::\
Volume?
my, kg mi
Propvlene glveol - 1.35 = 0.06
THC 200 1.4 = 0.06; +6.8
17, acacia S 140 & 0.06:
Aspirin ©300.0 | 1.47 £ 0.060 +5.0
2N = 6 rats per treatment group.

* Based on a comparison between a drug-treated
group and its respective conirol group.

than aspirin, However, this aetivity was shown
to be mediated through adrenal activation since
the anti-edema activity observed-in intact rats
was markedly attenuated in bilaterally adrenalec-
tomized and in hypophysectomized rats. These
data suggest a central rather than a peripheral
activarion of the pitmrary-adrenal axis sinee re-

movil of the hypophysis (adrenals intact) mark-
cdly altered the ann-carrmgeenan acrivity of
THC. Since it has been shown thar THC mark-
edlv mereases plusma corticosterone levels (Ru-
bena et al., 1971) and derrenses adrenal ascorbic
acid econcentration (Dewey et al, 1970¢), it is

.03 when compared with respective vehicle-treated control group.

nor surprising that the ann-edema aerivity of thiz
compound 1= exerted throueh adrenal activation.
Moreover, the proposed mechanism of ceniral
mediation is also corroborated by a diminution
of the plasma corticosrerone elevating activiiy
i hypophysectomized ratz atter THC adminis-

TABLE 9
of THC, aspirin
brewer's yeast-induced pyresis in rats

Effect and  hydrocortisone on

: Postdrug Rectal Temperature
Mean = S.E.-

Rat Condition and ' Oral

Treatment (roup® - Dose .
o hr 2 hr +hr
my ke o
Nonpyretie
Untreated con- 36.7 = 0.1 36.3 0.1 36.7 = 0.1
trol
Propylene glycol - 36.7 = 0.2 36.6 £ 0.1 36.7 = 0.1
control
THC 1200 °36.8 £ 0.2 369 £ 0.2 36.7 = 0.1
177 acacia 36.% 2= 0.1 36.7 = 0.1 36.% = 0.1
Aspirin '100.0 36.6 == 0.1 36.6 %= 0.2 36.6 = 0.1
Pryretic
Yeuast control 385 = = 0.3
Propyiene glyeol 3801 = = 0.1
romerl
TIIC 20 382 odsil =
170 seuncin A8.5 U382 =
Aspirin WH.0 552 = U 370 = 0. 38,8 =
*N = 7 rats per group.
bP < 001 when compared with the nonpyretic antresied

comtrol group.
¢ P < 001 when evmpared with tesvective § hour reeral tem
Deruture.
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tration (IKubena of ol 10711, However, the ina-

bility of THC 1o mamtan hife in adrenalecto-

mized ratz shows that 11 iz devoid of corticos-

teroid-like activity, On the contrary. # i quite
possible that THC and aspinn act as =iressors
sinee both signifieanty deereased the time 1o
deuath in adrenaleeromized rats,

The prophvlactic activiry exhibited by THC
in adjuvant-induced arthritis was intermediate
in actuvity to that produced by hydrocortisone
and aspirin. Not only was a doze of 20 mg. kg of

“ THC beneficial in treating developing arthrius, 1t
was also of therapeutic value since it completely
retarded the progression of mflammation associ-
ated with the established disease. In. contrast,
300 mg kg of aspirin did not markedly affect the
catablished arthritis,. Unhke aspirin or hvdro-
cortisone, TH(_ m‘ir]\edl‘\' potentiated the redue-

| lox 1.
aeq \\lLLl [S1S1N 33

tion in uuu\ gl
adjuvant test ~'\*<tem~ Indlrectlv it is possible
the effect on body weight, at least in part, may
have been responsible for the effectiveness ob-
served in adjuvant-induced arthritis. However,
it seems unlikelv that the reduction of paw vol-
ume in the carrageenan edema test mav be a
conzequence of weight loss or retardation of body
weight gaib since 1t 15 an acute experiment and
completed over a span of four hours. When given
acutely. 1t has been reported that THC decreazes
food consumption (Sofiu and Barrv., 1072,
Furthermore. Mannine et o/, 11971) showed de-
creages in both 1ood consumption :wnd body
welght gain atter chronie sdminisiration of THC,
Various stressors sueh az expozure 1o cold (Glenn
and Gray. 1965) and malnurrition (Tavlor ot o/,
16067 have been shown 1o suppress the inflamma-
10TV Process,

Another matier of conrern is the specifieity of
the analgesic and anti-edema eflects of THC.
These activities cannot be explained by complete
abolition of locomotor activiry and general cen-
tral mervous svstem depression. Although some
degree of depression of spontaneous locomotor
activity was apparent in the THC-treated ani-
mals (particularly doses of 5.0 mg kg or greater].
a1l animals demonstrated some spontaneous and
evoked locomotor acivity. These observations
corroborate the findings of Kubena and Barrv
(1070}, who found that spontaneous activity of
riats was unaffected by acute admmistration of
40 mg/ke and significantly but not completelv
suppressed by 16.0 mg/kg of THC given 1.p.
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Moreover. chronie admimstration of 50 me kg of
THC for 119 conserutive davs. prodived toler-
ance to severul behavioral parameter: such as
disruption: of conditional avoidince respouding
and _spontaeous locomotor activity., with the
latter significandy wsereasing following depression
after thie mitul doses (Thompson ¢f ol 1971).
Likewise, Manmng et ai>- (1071} reported toler-
ance 1o many of the behavioral effects of THC
developed rapidly in rats, e., within 2 to 10
days after oral administration of 8.0 mg kg dailv.
THC showed marked analgesic activity in
commonly used methods - ineluding chemical
(acetic acid-induced abdominal constriction and
Randull-Selitto test), mechanical (Haffner’s tail
pinch) and thermal (hot plate) stimuli. Aspirin
and to a lesser extent hvdrocortisone were effec-
tive against only the chemical stimuli. These data
seem (o suggest the analgesic acuvity of THC
iz exerted centrallv rather than peripherally.
Boith THC and aspirin displaved analgesic
activity, with the former having an oral ED50
of 0.9 mg kg and the latter 230.0 mg ke to ele-
vate pan threshold in the veast-injected hind
paw. However, only THC significantly increased
pain threshold in the uninjected hind foot. a pro-
file similar to that observed for morphine
(Winter and Flataker. 1065), This latter effeet
oceurred after S.0and 16.0 mg ke of THC which
wis 16 10 32 times greater than the dose (0.5
me ke necessary 1o praduce un equal elevation-
oi the pan threshold in 1he injected paw.
Neither THC nor aspirin when given tlieras
peutieally was able 1o reduee the already estub-
lished veast-induced edema produced as outlined
for the Randall-Selitto test (iahte 87, These data
sugeest that tlie analgesic effectiveness of THC i
mdependent of itz anti-inflammaiory action. ...
the meresse in pain thresheld 15 not related to a
decreased paw volume and con:equemlv de-
creased fensitivity to painful stimuli, Further
evidence 1o support this comes rom the results
of the present investication as well as {rom sev-
eral experiments (Bicher and Mechoulam, 1Q6‘"~'
Buxbaum ¢t al.. 1960 Dewev et al.. 1070, 1972

which demonsirated analoesic acrivity for THC
in the abdomimal eonstrietion, hot plate and tail
pinelr procedures i which - anti-mflammatory
drugslike aspirin are ineffective,

THC was devoid of antipyretic activity at a
dose 120.0 me ‘kg) which produced profound
anti-inflammatory activity, Morcover, the fever-
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reducing ability already established for aspirin

wus corrohorated m this study:
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plied through the courresy of Monicue Braude
Ph.D.. Execurive Seeretury, NTMH-FDA Psyv-
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authors extend their thanks to Drs. Frank ).
Berger and Milton Kletzkin for eritical evalua-
tion of the manuseript and to Merck Sharp and
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