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ABSTRACT

Sorta, R DS D Nareea. J. J. Harakar anp H, B
analgesic properties of A-ret rahvdrocunnabinol (THC . J Pharnueaol, Exp. Ther,
186: 546-133. 1073,

Viassan: Anti-edems anid

A%Tetrahydrocannabinol (THCY is an orally effective anti-edema and anoleesic wwen
In the carragecnan edema tost the potency of THC is 20 rimex that of wepivig snd Heariv
twice that of hvdraeortisone. Tlhe anti-edema activity of THC, ar least in rhwe enrengesnain
edema assay, appears to be mediated by stimulation of the pituitarv-sdrenad axis, siuee
this activity was markedly artenuated i both adrenalectommized and hypophysectouiasd
rats. However, the compound is devoid of corticosteroid-like Qetivity stnee it odid nos
prolong the survival time of adrenalectomized rats nor did it favorubly mfluence the
rate of change of body weight in these animals. Furthermore, THC iz un effective in-
hibitor of developing adjuvant-induced arthritis and suppresses turther Jdevelopment of

the established diseasze. The analgesie activity for THC is substantially greater

than thar

for aspirin. The compound has no antipyretic activity at a dose producing profound

anti-edema effecta.

Recently, it has been shown that A°-tetra-
hydrocannabinol (THC), the major psvchoactive
constituent of marthuana (Hollister, 1971 : Ishell
et al., 1967; Mechoulam. 1970, protected red
blood cells against hypotonie hemolysis (Chari-
Bitron, 1971). This appears to be a manifestation
of several highly lipid-soluble drugs including
tranquilizers, antihistamines, local anesthetics
and nonsteroidal anti-inflammatory agents (Cat-
anese et af., 1969; Inglot and Wolna, 1968;
Seeman, 1966; Seeman and Weinstein, 1966). In
addition to demonstrating marked lipophilic
characteristies (Agurell et al., 1969; Wahlqvist
et al.. 1970}, marihuana extract and THC pos-
sess rtrunquilizing (Hollister, 1971, untibista-
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minic-(Dewey ¢t ai., 1970b) and local anesthetic
activity’ (Loewe, 1946 Mikuriva, 1069) in ex-
perimental animals. Moreover, Burstein and Ruz
(1972) have shown thar THC inhibits biosvnrhe-
sis of prostaglanding i vitro. & property shared
by such anri-nflammarory drugs as aspirin and
indomethacin (Vune, 1971). Althoueh it has not
vet been directiy established that THC displays
anti-edema properties, stimulation of the pitui-
tary-adrenal system has been reported for SVs-
temically administered THC in rats measured by
a dose-related increase in plasma corticosterone
levels (IKubena et al., 1971) and a porent stimu-
lation of udrenocorticotropin seeretion 15 shown
by depletion of adrenal uscorbic acid concentra-
tion (Dewey ¢t al. 1970c¢). Moreover, Nahas
(1973) stares rhat one of rthe many uses pre-
senbed for extracts of Cannabis by ancient Mus-
lims was to cure “inflimmation.” Therefore. the
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purpose of this investigation was to study the
anti-edemn and- analeesic potential of THC in
laboratory animals.

Materials and Methods

Animals. Nonfasted, Charles River male CD
pats (Sprague-Dawley souins and male CD mice
(Rwiss strain) were used in the following experi-
ments onlv after an acclimation period of at least
four davs 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. solubilitv and storage of THC. The vehicle
for THC administration 10 ras undiluted
propvlene glveol while a 105 propylene glyeol~

¢ Tween 80-0.97% saline solution was used for
mice (Sofia et «f., 1971b). Hydrocortsone and
aspirin were suspended in a 1% acacia solution in
4 concentration =uch that 0.5 ml 100 g of rat or 0.1
m] ‘10 g of mouse was given for each desired dose.
THC was prepared for injection to permit a vol-
ume of 0.1 ml/10 g and 100 g bowt. to mice and rats,
yrespectively. Control rais received the appropriatc
volume of vehicle.

was

Anti-Edema Activity

The basic experi-
mental procedure used has been described previ-
ously ( Winter of «f., 1862). Onc hour aflier drug
administration 1o rat< (00-120 ¢i. 005 ml of & 15¢
carrugeenan inosaline wus in-
nto the plantar surface of the right
Limd paw. The vohune of the injected foot 10 the
lateral surcd by
water displacement immedistely before oral drug
1

administracion and neadn three hours afver curra-

Carrageenan edema test.

~olution of calcihum

Joeted s

level of the madleolus was mes

ceenun injection, The difference between the 1wo
called edema volume. Drug
wus analvzed in the following man-
ner. Mean paw volumes. pre- and postdrug,
stutistically compared using the Student’s ¢ test
T pereent

meisurements Was

effectivene
were
The inhibition of edema volume  was
obtained from the rae of the predrug volume to
the postdrug volume. Iu addiion, the number of
rats at each dose level whose edema volume was
at least 259 less than thar of the mean for the
vehice-trented controls wax wlso tallied. An ED50
value (055 confidenee Hmits) was then culeuluted
hased on this all-or-none yepreseniation of he
dutg (Litehfield and Wileoxon. 1949),

The carrageenan edena 1=t was also performed
on bilaterally adrenaleciomized rats obtained from
ihe supplier five davs after surgery. In addirion,
hyvpophysectomized rats thut had undergone sur-
gorv 10 days carlier wore used.
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Adjuvant-induced arthritis, An arthritic-like
dizease was induced in rais (140-160 g) by a sub-
plantar injection of 0.1 ml of a 5 mg ml suspension
of Muycobacterium tuberculosis {(Difco  Labora-
tories, Detroit, Micli) in beavy mineral oil into
the right hind paw {Newbould. 1963). Control Lind
paw volumes (right and left) and body weight were
recorded prior to M. tuberculosie injection and at
subsequent intervals thereafter io 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
(prophylactic treatment) and continued for 14
davs or beginning on the 14th day after adjuvant
injection (therapeutic teatment) and continued
for 14 additional davs. Final paw volumes were
recorded one hour after the last oral dose.

Analgesic Activity

Acetic acid-induced abdominal constriction.
This method has been described earlier (Koster
et al., 1959). Twelve mice per dose level were used.
Thirty minutes after oral drug administration
0.25 m! of a 0.5% acetic acid solution was Injected
ip. The numher of abdominal constrictions per
animal In euch group was counted for a five-minute
period starting 10 minutes after injection of acetic
acid. Activity was assessed by noting the number
of drug-treated animals showing a 30% or greater
reduction in the average number of abdominal
constriciions of the respective velicle-treated con-
trol group (Blumberg el «l. 1965). ED30 values
were ealeulated bused on this all-or-none response
Clatehfeld and Wilcoxon., 1949).

Haffner's tail pinch. Twentv-four howrs before
drug administration 1ice were tested {or their
response to application of an arterv cip w the
root of the tuil tBiancht and Francesehini, 1954).
The time it 1ook each animal to respond. i.e.,
biting at the clip. was recorded by stopwateh to the
0.1 sccond, Those animals not responding
within five seconds were not used. On the test day
good res [ e1ght
mice cuch and given either the test drug or us
corresponding vebicle. Thirty minutes later the
artery clip was reapplied and reaction times again
were recorded. The number of mice 1n each group
that displaved a 4077 or greater ncrease 1n re-
setion time from thelr respective predrug control
vilue was noted and EDA0 values were determined
(Litehficld and Wileoxon. 1949).

Hot This nicasuring
analgesie actvity is based on the reaction 1ime of
mice 1o lick their forepaws and or jump after
exposurc 1o o copper suriace hot plate heated and
maintuned a1 34-56"C (Eddy and Leimbacl, 19533,

nedrest

onders were divided 1m0 groups

plate test. method  for
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A control reaction time (1o the nearest 0.1 second)
was obuined 24 hours before any rest for drug ef-
feet. Only those mice with a control reaction time
of 10 seconds or less were nsed. On the fest day
mice were divided into groups of cight mice each
and given ihe rest drug or 1ts cehicele, Thirey min-
utes luter cach mouse was re-exposed to the hot
plare surface and the reaction time was recorded.
The dww were handled identically as deseribed
above for Hatfner's rail pinch test,

Randall-Selitto paw pressure test. Incrensed
sensitivity 1o a painful stimulus ean be achieved by
the subplantar injection of 0.1 ml of 4 209 hrewer's
veust =uspension in distilled warer into the right
hined paow of et (Randall and Selirro, 1937). This
inereasnd <enzitivity is susceptible to modificarion
by known analgesie drugs. One hour afrer veast in-
jeetion test drugs were administered oradlv 1o rats
(90-120 ¢). The pain threshold was meaured one
hour niter drug injection by applving a steadily
ng oy » to the surface of
the mflamed paw 292 o Teflon cone which was
continunusly  monitored Tao

Midan. Tiadyv). point  or pain
wid wis defined a= the pressure (in grams)

i

CAnaigesv-Meter,

The end

ary o cause the animals ro struggle and. or
voealize, Memn puin thresholds were  ealeulared

for eacii vehicle and drug-treured group. Ruats in
the drug-treated group huaving an individual re-
aection threshold (grams) equal to or exceeding the
control group mean threshold by 2 srandard devia-
tions of that mean (Swingle ¢f al, 1971) were
counted as showing a significant analgesic effect.

TABLE 1

Effect of THC, aspirin and hydrocortisone on
carragecnan-inducerd edema (n the rat hind paw

Fdema - - | 1 hs
. ., g . - LEDS) 037,
Treatment Group® I())g;i &I‘Lgur?li Inhibi- | Confidence
SE. tion | Limits)
mi mg kg
Propylene giveol LT A= 0.08.

THC 0.7 20,05 0
57k 0.020 236 |
A6 3= 0,04 380 4.1

0.4 £ 0.05 40b ;

32 4 0,05 570

21+ 0,04 T2
1Y% acacia vehicle 70 & 0,08 i
Aspirin 50.0 '0.64 = 0.0 3
U0 045 = 0.04 350 | $0.0
0.0 0o o= 005 4y O0-SITD)
Hadroe 3.0 044 = 0,10 3 -
W0 0.4+ 008 417 U
W0 008 =003 T V3RO

F per treattnent oroup.
when compared with respective vehiele-trenred
Sontrol arogp.
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and ED30 values were calewlated (Litehfield and
Wilcoxon, 1940

Autipyretic detivity

Yeast-induced fever test. [ocial
were determined using a0 Yellow Springs Tele-
thermometer and thermistor probe inserted a con-
stant depth of 33 cm. On the day before drug
administration. (150-200 «) mjected
with 1T ml ‘100 g hawt. s of o 1537 suspension of
birower's and 17
(Smith and Hambourger. 1935). Eighteen hours
Luter temperatures were once again aken and the

Temperatares

were

rars

st avacln to produce lever

antals were dosed with approprioe vehiele or

drne. This temperiiure recording wios destenutod
the U hour reading. Addintonad remperature mens-
urements made amd four hours after

drig administrarion. The effeer of each drug and

were TWio

s vehiele on the rectal temperarure of non-

pyretie s was also determined.
Results

Anti-Edeng Actir'ty

Carrageenan edema test. THC, uspirin and
hyvdrocortizone were <shown o he effective in-
hibitors of earrageenan-induend rar paw edeme
itable 1), THC given orallv in doses of 3.75
mg- kg or more mduced a significant dose-de-
pendent inhibition of paw swelling, In this test,
the anri-edema effects of 10 me. ke of THC (407 -
inhibirion). 200 mg kg of aspirin (487¢ inhibi-
rion) and 10 me ke of hydrocortisone (417
inhibition) were approximatelv equal. Relative
to aspir (potency = 1), the estiinated potencies
of THC and hydrocortisone were similar at abour
20, .\ similar relations=hip iz evident when the
ED30 values of each drug are compared.

Anti-carrageenan activity of THC was com-
pared i intaet. adrenalectomized and hypophy-
sectomized rutsz 1o derermine it the anti-inflam-
matory effecr was mediared rhrough stimulation
of the pituitary-adrenal axiz. The results (table
2) show the anti-edema activity of THC was
markedly affected by both bilateral adrenalec-
tomy and hypophysectomy. Oniv mall and non-
signifieant inhibition ($-19%) of edema forma-
tion was observed after dosex of THC ranging
from 20 16 100 ma ke o adrenalecromized rars,
similar patrern
demonstrared m bhypophyveceromized rut
thar o stgnifieant suri-edema offeer (277 inhi-
bition) ocenrred arter the highest THC dose
resterd, 100 me ke

Moreaver, a G aenvire was

. BN
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Daily trestment with THC 20,0 mg ke or
aspirin (300.0 ma kar did not prolong the sur-
vival time of antreated adrensiecromized rats
maintined on reeular tap water (able 3. In
faet, duily trentment with these compounds de-
ereased the time 10 10007 mormaliny by three
o1 four dave when eompared with the wnrreated
or  vebidestreated  adrenndeetomized  control
group. Ly contrast. dailv treatinent with hvdro-
cortisone, 200 me ke day poo. enabled all ad-
renalectomized rats 10 survive. The same generl
overall results were obtained when the rate of
change of body weight was observed in this same

TABLE 2
Efiect of THC on carrageenan-induced hind paw
edema in intact. adrenalectomized and hypophiy-
seclomized rats

THC  Edema Volume® ]n\:’ibi-

Condition of Rats Oral Dose (Mean = S.E.

tion
me kg mi

Intact " Vehicle0.74 = 0.07.
20 0.32 £ 0.05 57
100 0.21 = 0,04 72"

Adrenalectomized Vehicle 1.07 = 0.08
20 -0.98 = 0.006 8
10 0.92 = 0.11 14
100 0.87 = 0.1+ 19

Hypophysectomized - Vehicle0.73 = 0.06
20 0.74 = 0.05 0
10 0.72 &= 0.04 1
100 0.33 £ 0.05 27"

N = (i ruts per treatment group.
b P < .05 when compuared with respective ve-
hicle-treated coutrol group.

experiment. Body weight eradually  decreased
wuntil death in all treatment groups except with
200 me ke of hydrocortisone. Animals in the
Ltter group gained welght egually with the un-
treated normal croup until dav 6 or 7. at which
Hme o platean was reached,

Adjuvant-induced arthritis. On day 14
the praphviaciic te=t THC, aspirm and hydro-
cortisone were <hown to be effective mhibitors of
developing sdjuvint-induced polvarthrivs in ruts
(1uble 41, Edema formation in both injected and
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.
Arnother manifestation of adjuvant disease i a
reduction of hody weight gain. All arthritic
groups whether administered the test drug or
respective vehicle signifiecantly (P < .03) 1n-
hibited bodv weight gain when compared with
the untreated. nonarthritic control group. How-
ever. daily administration of 10.0 and 20.0 mg kg
of THC markedly reduced body weght gain
to a greater extent (P < .01) than did the
propvlene glveol-treated arthritic control group.
Body weight gain for all aspirin and hydrocort-
sone-treated arthritic groups did not differ sig-
nificantly from their control. However, none of
these groups gained weight at the same rate ag
the nonarthritic control group.

Table 5 gives details on the therapeutic effects
of THC. sspirin snd bydrocortizone in estab-
lished adiuvant-induced polvarrhrinz. The meun
change in paw volume from day 14 to day 28 wus
srikingly similar Tor both vehicle-treated ar-

TABLI 3
Effect vf duily vral adminisiration of THC, aspirin, hydrocoriisone ar their respective vekicles on

the survival time of adrenalectomizeid rats

Daily Oral

Number of Rats Dead on Day

Treatment Group

Q8¢

1
Uuntreated normal 0
Unitreated adrenalectomized 0
Propylene glyeol ) 0
THC 20.0 0
177 acacia 0
Aspirin 300.0 0
Hydrocortisone 20.0 0

3 i 3 I T ES (5] 10
0 0 0 0 0 0 0 0
0 2 2 3 3 6 10

0 1 2 2 5 7 9 10
3 4 3] 10

4} 2 3 3 n 8 10

i 4 4 10

0 0 0 0 0 G 0 0

o A" = 10 ruts per treatment group.
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TABLE 4
Effect uf prophylactic treatment with THC, aspirin and hydrocortisone vn wijuvani-induced
polyarthritis <n rats

Hind Paw Edema Volume :Mean = S.E.}

Treatment Group*

i+ Day Body Weirht Gain

Daily Oral Dose !

"""" Mean = S.E.
i Injected Uninjected
my, kg l ml
Nonarthritie controls D027 = 0.04 0.31 = 0.04 98.5 = 8.1
Arthritie controls (propylene 2.26 £ 0,200 1.27 £ 0.26° 69.0 = 7.1
zlveol) i
THC treated arthritics 5.0 2,04 = 0.13 0.99 = 0.18 55.5 = 4.2
10.0 1.75 =& 0.11¢ 0.77 & 0.16 9.1 = 5.7¢
20.0 1.64 &= 0,17 0.49 =+ 0.15¢ 48,65 = 6.1¢
Arthritie controls (1°; acacia) 1.83 = 0.14% | 1,16 = 0.23¢ : = 5.3
Aspirin-treated arthritics 150.0 1.58 £+ 0.10 0.79 = 0.14 50.0 = 7.0
300.0 1.37 & 0.15¢ 0.48 = 0.18¢ 6.0 = 7.4
Hydrocortisone-treated ar- 3.0 1.76 %= 0.10 0.7 = 0.11 38,3 = $.0
thrities 10.0 1.40 = 0.14¢ 0.49 = 0.10¢ 0.1 = u.3
20.0 1.11 = 0,12 0.29 = 0.03¢ 2.2 = 3.4
+ V' = 9 rats per treatment group.

» P

<
¢P <

-05 when compared with the nonarthritic control group.
.05 when compared with each respective vehicle-treated arthritic control group.

TABLE 3

Effect

of therapeutic treatment with THC, aspirin and hydrocortisone on adjuvani-induced arthritis

n rats

i
Treatment Group?

‘ Daily? Oral Dose |
! ‘

Hind Paw Edema Volume Change .
{(Mean = S.E.j ay Body Weight

(ain, Day 14-Day 28

i\’leun':ﬁ.lih

Injected Uninjected
; myg/kg mi £
Nonarthritie controls r 0.31 = 0.0¢ ' 0.31 == 0.03 117.1 £ 7.3
Arthritie controls (propylene gly- 1.64 = 0.48% 0.32 = 0.05 91.7 = T.34
col) i
THC-treated arthritics i 20.0 0.05 &= 0.02¢ 0.01 = 0.02¢ 56.2 = .4
Arthritic controls (17, acacia) 1.41 == 0.37¢ 0.40 = 0.07 93.8 = 7.0
Aspirin-treated arthritics 300.00 0.71 £ 0.21  0.52 = 0,08 0.2 %= 6.8
Hydrocortisone-treated arthritics 20.0 0.20 = 0.09¢ 0.16 = 0.08¢ i 115.3 = 8.1

¢ N = 9 rats per treatment group.

® Oral dosing commenced on day 14 after injection of 3. tuberculosis.
¢ Difference between paw volumes on day 28 and day 14.

#P X .05 when compared with the untreated control group.

¢ P < .05 when compared with respective vehicle-treated groups.

thritic groups. The data clearly point out the
effectiveness of daily administration of 20.0
mg, kg of THC in this test system to inhibit the
progression of the discase since there was virtu-
ally no chunge in the volume of each hind paw.
Aszpirin (300 mg ke). on the other hand, caused
a 50% reduction in paw volume change of the in-
jected hind paw. Since there was greater varia-

hility among both the aspirin and 197 acucia-
treated groups, these data were significant only
at the 107 level. However. aspirin did not sig-
nificantly affect the volume of the uninjected
paw. Like THC, hydrocortisone had a profound
therapeutic effect on adjuvant arthritis resulting
in 84 and 60¢¢ reductions in the volume of the
injected and uninjecred hind paws, rezpectively.
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Onee ngain, ag in the prophvlactic experiment
(1ahle 4. THC administration wus shown to
senificantly reduce body weight gain beyvond thay
of its vehicle-treated urthrite control group. In
addition. aspirin was also without effect m re-
versing the rerardation of body wuight gan pro-
duced in adjuvant arthrius, However, hydro-
cortisone-trented arthritic rat> gained weight
similarly 1o the nonarthrite control group.

Analgesic Activity

Acetic acid-induced abdominal constric-
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
ED50 values of 115.0 and >>200.0 mg/kg. respec-
tively. Hence, the potency of THC was 10 times
that of aspirin and much greater than hydro-
cOTTisone.

Haffner's tail pinch. THC produced highly
significant and dose-related analgesia in thiz {est
with an ED30 of 11.6 mg/kg (table 6). No anal-
gesia wuz observed in mice treated with aspirn
or hvdracortizone, 300.0 and 200.0 mg, kg, re-
spectively.

Hot plate test. Table 6 reveals that only
THC wus effective in incressing mean reaction
lime to exposure to the painful stimulus, le.,
leat. The responsze was dose-related resulting in
an ED3S0 of 10.3 me ke

Randall-Selitto test. Further evidence for
the Lichly effective snalgesic aetion of THC cun
he seen in 1able G when 1tz ED30 value iz com-

e

prred with that obtned for aspirin. 0.4 und
2530.0 mg kg, respectivelv, Hydrocortsone was
meffective i 1his 1est sysTem.

Tubie 7 <hows the resulis of experiments in

which pain thresholds of both the veast-injected
and uninierted eft hind paws were determined.
Both THC (0.5-16.0 mg kg and aspirin (125.0-
500.0 me kg) significantly increased the pain
threshold of the injected hind paw. Only after
the two I ¢ doses (8.0 and 16.0 me kot of
THC was 1he pain threshold of the contraliteral
uninjected hind paw significantly clevated, None
of the doses of aspirin tested reliably merensed
the pain threshold in the uninjected paw, hut a
trend was observed in that direction.

Table 8 illustrates clearly the fact that the
analgesic activity of either THC or aspirin iz
not due to an anti-inflammatory action of these
compounds. When edema volume produced by
intraplantar injection of veast as outlined for the
Randall-Selitta test was measured. neither THC
nor aspirin significantly affected 1he response.

Antipyretic Activity

Yeast-induced fever. When administered an
oral dose which did not affeet rectal temperature
in nonpyretic rats (20 mg kg), THC failed 1o
reduce rectal temperatures in fevered rats (ta-
hie 9}, On the other hand. aspirin at 100 mg kg
reduced fever at both two and four hours after
administration. At the latter time interval rectal
temperature had returned to control level (non-
pyretic unrreated controli. This dose of aspirin
did not alter rectal temperatures In nonpyretic
rats,

Discussion

THC appears capable of
edema formation ax demo

inhibiting acute
wrrated in the car-
ragecnan edema tesT, an

ect approximarely
equal 10 hvdrocortisone. but 20 times greater

TABLE ¢
Comparalive analgesic effectiveness of THC, aspirin and hudrocoriisone in wice and rals using
Four different models of cxperimentally induced pain

ED30 =37 Conndence Limits

Test Compound” . S
: Acetic acid-induced

; abdominal Haffner's tail pinch Hot plate Randall~§_elitto paw
constriction ! pressure
- ) o mg ke
THC 11.6 (7.9-17.1) 11.6 (6.4-21.0} 10.3 (6.8-15.7 0.9 (0.4-1.9
Aspirin 115.0 (¥1.5-178.8) >300.0 >300.0 250.0 (136.9-386.0,
Hydrocortisone >200.0 >200.0 >200.0 >300.0

a A" = § to 12 animals per dose (at least three doses of each compound were used to determine E150

values).
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TABLE 7

Effect of THC aned aspirin on puin
using ihe

threshold of hoth [njected and wninjected hind paws of rais
Randall-Selitto paw pressure test

Pain Threshold «Mean = S.E.

Treatment Group™® Oral Dose Injected paw Uninjected paw
Pain threshold 7 increase Pain threshold U0 incregse

my, ky ¢ g

Propylene glyeol B5x 37 109.0 £ 6.9
THC 0.5 9.8 £ 5.6 300 112.9 = 3.9 3
1.0 114.7 = 10,1 520 1240 %= 12,5 i+
+.0 143.1 = 14.3 e 1326 = 19.2 22
5.0 169.7 £ 15.3 125% 141.3 £ 10.0 30
16.0 2043 = T4 16490 IS8.6 == 11.1 T3k

1 acacia 0.9 = 2.8 8§71 = 3.8
Aspirin 125.0 90.5 £ T.4 280 828 £ 4.5 -5
250.0 93.0 = 6.1 a1t 4 = 7.4 S
a0C.0 101.9 = 6.8 {47 1003 = 6.4 15

* 3 = § rats per treatment group.

»p

TABLI 8
Effect of THC, aspivin and hydrocoriisone on yeasi-
induced edema in vats produced in the Randall-
Selitto test

. Change

Treatment Group® IO)E:IL L\?é;:f;imi“? 12(1\61;14.1:\
Volume?
my, kg mi
Propylene glveol 1.35 £ 0.06
THC 200 1.4 + 0.05 +6.8
177 acacia S 140 % 0.06
Aspirin ©300.0 | 1.47 = 0.06¢ +35.0
¢ = 6 rats per treatment group.

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

than aspirim. However, this activity was shown
to be mediated through adrenal activation since
the anti-edema activity observed-in - intact rats
was markedly attenuated in bilaterallv adrenalec-
tomized and in hyvpophysectomized rats. These
data suggest a central rather than a peripheral
activarion of the piruirarv-adrenal axis since re-
moval of the hypophysiz (adrenals intact) mark-
edlyv altered the anti-carrageenan acrivity  of
THC. Binee 1t has been shown thae THC mark-
edly mereases plusma corticosrerone levels (Ku-
bena et ol., 1071) und decreases adrenal ascorbie
actd concentration (Dewey et al, 1970¢), 1t is

< .05 when compared with respective vehicle-treuted control group.

nor snrprising rhat the anr-edems acriviey of this
compound 1= exerted through adrenal activaton.
Moreover, the proposed mechanism of central
mediation is also corroborated by a diminution
of rhe plasma corticosterone elevating activity
in hypophysectomized rats atter THC adminis-

TABLE 9
Effect of THC, aspirin and hydrocortisone on
brewer's yeast-induced pyresis in rais

Postdrug Rectal Temperature

Rat Condition and ' QOral tMean = 5.E.

Treatment (roup® - Dose
0 hr 2 hr 4+ hr
my ke ¢
Nonpvretie
Untreated con- 36.7 = 0.1 36.5 0.1 36.7 = 0.1
trol
Propylene glycol - 36.7 == 0.2 36.6 = 0.1 36.7 = 0.1
control
THC 120.0 °36.8 £ 0.2 36.9 = 0.2 36, .1
19 acacia 36.% = 0.1 36.7 = 0.1 36.% = 0.1
Aspirin 100.0 36.5 = 0.1 36.6 = 0.2 38.6 = 0.1
Pyretic
Yeuast control 0.2"38.4 = 0.258.3 = 0.2
Propyiene glveol %1 = 0.0 3¥2 =001 332 = 0.1
h 2000 ; =2 A8 L =0l sl = i
170 seucia AR = 001 382 = 0.0 382 2
Aspirin 0000 552 = 0d 370 = 0.1 WS = 4

* N = 7 rats per group.

5P < 001 when compared
eemtrol group.

¢ P < 001 when ermpared with Tespective 0 honr reetal tem

with the nonpyretic anfresied

Derature.
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tration (Kubena ot ol 10711, However, the ina--
ife 1 adrenalecto- -

bility of THC 1o maintuin
mized rais shows that 1t iz devoid of corticos--
teroid-like activity, On the contrarv. it is quite
possible that THC and aspirin act ag siressors
smee hoth significamly  decreased the time 1o
dewth in adrensiceromized rats,

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

- THC beneficial in treating developing arthrits, it

was also of therapeutic value since it completely

retarded the progression of mmflammation associ-
ated with the established disease. In. contrast.
300 mg-kg of aspinin did not markedly affect the
established arthritis, Unlike aspirin or hvdro-
cortisone, THC markediv potentiated the redue-
tlon In body welght gain associated with both
adjuvant test systems. Indirectly, 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 unlikely that the reduction of paw vol-
ume in the carrageenan edema test mav be a
consequence of weight loss or retardation of body
weight gain since it is an acute experiment and
completed over a span of four hours, When given
acutely. 1t has been reported that THC decreases
food consumption (Sofin and Barrv, 19720,
Furthermore, Manming et /. (1971) showed de-
creazes in both 1ood consumption and bodv
weight guin atter chronie wdminisiration of THC,
Various stressors such ag exposure 1o cold (Glenn
and Grayv. 1963 and malnutrition (Tavior of ¢/,
10671 have been hown 1o suppress tle inflamma-
10TV process,

Another matter of conrern iz the sperificity of
the unulgesic and anti-edema effects of THC.
These actvites cannor be explained by complete
abolition of locomotor aetivity and general cen-
tral mervous syvstem depression. Although some
degree of depression of spontaneous locomotor
activity wag apparent in the THC-treated ani-
mals (particularly doses of 5.0 mg kg or greater) .
all animals demonstrated some =pontaneous and
evoked locomotor activity. These obzervations
corroborate the findings of Kubena and Burrv
(1070), who found thut spontaneous activity of
rats was unaffected by acute admmnistration of
4.0 meg/kg and significantly but not completely
suppressed by 16.0 mg/kg of THC given i.p.
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AMoreover, chronic administration of 50 mg ke of
THC for 11% consecutive davs. produced toler-
ance to several bebavioral paramerter: such as
disruption: of conditional uvoidauce responding
and spontadecus locomotor activivy, with the:
latter significantly inereasing following depression
after the witul doses (Thompson ¢f al.. 1971).
Likewise, Muanning et al>(1071) reported toler-
ance to many of the behavioral effects of THC
developed. rapidly in rats, ée.. within 2 to 10
days after oral administration of 8.0 mg ‘kg daily.
THC showed marked analgesic activity in
commonly used methods including chemical
(acetic acrd-induced abdominal constriction and
Randall-Selitto test), mechanical (Haffner’s tail
pinchl) and thermal (hot plate) stimuli. Aspirin
and to a lesser extent hvdrocortisone were effec-
tive against only the chemical stimuli. These data
seeln to suggest the analgesic activity of THC
is exerted centrally rather than peripherally.
Both THC and aspirin displayed analgesic
activity, with the former having an oral ED50
of 0.9 mg/kg and the latter 230.0 mg, ke to ele-
vate pain 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. 1965). This latter effeet
oceurred after 8.0 and 16.0 mg ke of THC which
was 16 1o 32 times greater than the dose (0.5

me- kel necessary to praduce an equal elevation
oi the pmin threshold in 1he injeered pavw.

Neither THC nor aspirin whey given drera-
peuteally was able 1o reduee the already estub-
lizhed veast-induced edema produced as outlined -
for the Randall-Selitto test (raliie 81, These data
sugeest that the analgesic effectiveness of THC is
mdependent of its ant-inflammaiory sction, 7.
the nerense in pain threshold iz not related to a
deereased paw volume and consequently de-
creased gensitivity to painful stimuli, Further
cvidence 1o support this come: irom the results
of the present investigation as well as from sev-
eral experiments (Bicher and Mechoulam, 1968 ;
Buxbaum et al.. 1960 Dewev et of.. 1070a, 1072
which demonstrated analgesic acrivity for THC
in the ahdommal ennstrietion, hot plate and 1ail
pineli procedures in which anti-inflammatory
drugs Iike aspirin are ineffective.

THC was devoid of antipvretic activity at a
dose (20.0 me kg) which produced profound
anti-inflammatory activity, Morcover, the fever-
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reducing abiliry already established for aspirin
Wiz corroborated in this stady:
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