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ABSTRACT

Evaluations of dése-response effects of AS— and~A9-
.tétrahydrpcannabinol oﬁ7three,experimeﬁfally-induced seizure models,
‘i;e;, audiogenic éeizure'test,-maximal electroshock seizure (MES) test
and penﬁylenetetrazol-induced éeizure test were cgrriéd out in the
vaudiogénicrrat, Resulté‘of this study indicate thatlboth,tetrahydro—
cannabinols'poéseés a doée-related énticonvulsanf effect against
sbundrinduced seizufe, maximal electroshock.sei;ure and‘
pentylenetetrazdl—induéed maximal seizure, Moreover, anticonvulsant
.potenciés of As#tetrahydrocannabinol were not signifiéantly different
from thaf ofFA9—tetrahydrd§annabinol. These compounds were withoﬁt
éffects on miﬁiﬁalmchemoéhock éeizure and lethality induced 5y
_pgntylenetetrézolg_ Furthermore,-A8-tetrahydrocannabinol is three times
ﬁpré ﬁeuféfé#ic Kasvmeaéﬁred by muscular incqordiﬁatién) than Aga
tefrahydrocannabinol.v The overall results Qf this investigation
suggest tha£ therantigdnvulsanﬁ.spectrum of activity of tetrahydrocanna-

. binols resemble that reported for diphenylhydantoinQv



CHAPTER 1
" INTRODUCTION

Marihuana (Cannabis‘sativa) was first introduced into Western

'medrc1ne by W. B, 0 Shaughnessy (1840) who utilized hemp extract to
‘treat many cond1t10ns 1nclud1ng convu131ons. Since that time, a few
short commun;catlons have.reported the ant;convulsiveieffectvof mari-
huana and its derivatives, Loewe and Goodman (1947) were the first =

hinvestigatore.to stﬁdy'the anticonvulsant properties of marihuana

v fextraet and A3—tetrahydroeannabinol (ABeTHC), a synthetic analog of the
- active chemieal derivatiyes.of cannabis;vin experimental'animals. They

‘reported that marihﬁana extraet and AB-THC abolished the hindleg tonic
eXteheor componentbef maxlmal electroshock eonvulsion in rats but were
1neffect1ve agalnst selzures 1nduced by pentylenetetrazol. .Sofia,

' Solomon and Barry (1971) observed that Ag—tetrahydrocannablnol (A THC),
VanAactlve_chemlcal constituent of cannabls, protected mice against
minimal and makimal electroshock seizure, but enhanced pentylenetetraiol—
induced‘eonvulsionsband lethality. lBoth tetrahydrocannabinols AS—THC

-and Ag-THC were reported by the respectlve groups of 1nvest1gators to

‘f'enhance the lethallty of pentylenetetrazol More recently, Fujimoto

}(1972)»reaffirmed the anticonvulsant effect of A9—THC against maximal
veleetroshoek.in‘hlee andrKillam'and Klllam (1972) dembnstratedrthatn
A9-TH¢ protects baboons (Papio papio)against photieally induced myoc lonic

seizures,



2.

As expected; a survey qf-thermedical 1i£éfaﬁufe réveéled almost
a gompleterléck 6f:clinica1'evé1uation$ of thé anticonvulSént property’_‘
. of marihugna and relaféavdrugs, .Shortly afterrLoewe.and Goodman
réported their observaﬁions,.Davis-énd Ramsey (1949) deécfibe&rthe:
‘clinigal uée'of A3—THC in the management of grand mal‘épilepsy cases
which'ﬁere reffactory to diphenylhydantoin ?hd phenobafbital.r Five.sﬁqh
pétientsawerevtréated with A3—THC aﬁd'it was repo;ted thép the seizufes
.Wére.broﬁght under cdntrol. However, on the basis of one case history
. of én epile?tic patiént~who‘used ﬁarihuaha Keelér aﬁd Reifier (19675'
suégeSted thét_marihuana may be hazardous to Seizure-pféne indiyiduals;

| There is a glafiﬁg'paucityvof publisﬁed aata onrthe anfi—

canulSant properties_of marihuana.aﬁd relétéd<drﬁgs. iOf tﬁe four
 aﬁima1 studies cited-above, three were published as abstracts, The
present,in&éstigatipniwasvundertaken to compare thelanﬁiconvulsént
propefties of As;tetfahydrocanhabinol (As;THC) andéxg—THC, two naturally
. occurriﬁg chemiéél constituents of marihuana, on three experimental »
mééel;-for:epilépsy,.i;e., audiogeniég maximal eléétrbsﬁock, aﬁd.
péntylenétetrazoléinducéd seizurgs.:,Toxicity,,as.indicated by‘neuro-:
musculér;incodrdinétién, was:a1s0'Aet¢rmined in order to Calcﬁiate thé
'protectiVe iﬁdex’(i,e,, TD50/ED50) of the two cannabinois. ~Because
 tﬁere.is ﬁo_pubiiShed data on the enﬁanéing effect of marihuaﬁé and
féléfed éfugélén'pentyienetetrazolllethali£y5:A9-TﬁC Wés also'quantifiedi%

.~ for this potential'effect.~_ ’



CHAPTER 2 -

GENERAL PROCEDURES

Experimental Aﬁimals—
.Adulf female ahimalé from thé University Qf Arizona colony‘of>'
aﬁdiogénic.seizure-suSceptible ratsrwere used in these studies,
Animals wefe allowed.free_éc¢ess to food and water,.excepﬁ dqring the
brief period of testihg?~ Rats_weré houséd,'tén per cagé; in a room

S ) o o :
~maintained at a constant temperature of 25 + 2°C and under controlled

lighting, i.e., an equal cycle of light (0600-1800 hours) and darkness

' (1800-0600 hours).

Drugs
Injectable‘tetréﬁydrocannabinols wére-prepared according to the
" method described by Phillips, Turk and qunéy (1971). Briefly, stock
:H‘éolutions of“tétréhydrocénnabinol (100 mg of tet?ahydro;annabinol pefA
vial)‘in éthanoi were : stored af -1OOC_and protected from 1ighf.
iﬁmediately priof'téiusé, vehicular ethanol was evaporated and fhe liquid
:-residue of tetrahydrocapnabinol was then mixed with polysorbate (Tween)
80,. Thg mixture was shaken vigorousiy.on a vortex sﬁaker. Isétopic.
saiine.édlﬁfioﬁ Qas theﬁ;added d$o;Wiéé and'vigorously shaken ﬁntil a’
stéblefqil in water emﬁisiqnirééultéda' The finai &ehicle consisted of

3

10 percent polysorbate 80 in saline.



Solutions of 1.5 percentepentylenetetrazol were made up in

isotonic saline solution just prior td-beihg used.

» Route of Administration

The tetrahydrocanhabiﬁols (A8-THC andng-THC),,pentylenetetrazol
and vehicle ofvlo'percent polysorbate 80-saline were injected via the

* lateral tail vein in all animals,

Methods and Techniques

Acdiogenic:Seizure‘Test
Aggaretus,r A cylindrical sound chamber, made -of galvanized'

ﬁetal having e diaﬁetef of l6 inches'and'a»ﬁeight of 20 inches, waS'V
utilized fof,audiogeniC'testing, Tﬁo electric doorbells mounted at the
top of‘the chamber prov1ded a sound level of approx1mately 115 declbles
relative to 2 x 10 - -4 dyne/cmz._l‘- | |

. HMethods, 'Wlthln l5-seconds afte;~an'indivldual rat was placed
‘in‘tﬁe'chémber;leocndnwae lnitiated'énd'coﬁtihued until»theeonset of
Aclonus or tonus, If theranimals_feiled to respond to the stimulus;
.i,e;; abseﬁce oflrunningwand convulsion, sound‘wasbdlscontinﬁed at the
:.end of.l20 seconds. |

Audiogenic Response Score (ARS). Usuélly about 30,seconds after

"‘the 1ﬁ1t1at10n of sound stlmulus, untreated audlogenlc rats undergo two

w11d1cg runnlng eclsodes (preconvu1s1ve phase) . followed by a clonic

and/or,tonlc'convu131on5(conyuls1ve«phase). .These runnlng.eplsodes are
separatedhcy a refrathrjiperiod. Occasionally,'the,preconvuleive phase

- ‘consists of one or rarely three running episodes,



The convdlsive phase is characterized by a generalized clonus'
;and/oritonﬁso The intensity of audiogenic,seiZUre'is recorded as a
V rankeddaudiogehic response score Qr'ARS so that-a comparison between
" test and ccntrol animals can be made. The scoring system described by
Jobe, Picchiohi ahd Chin (1973, pp. 1-10) is as follows: | |

ARS Response to sound stimulation

= no response, i,e., absence of convulsion and running.

= running only, but no convulsion,

= minimal seizure characterized by generalized. clonus

involving forellmbs, hindlimbs, pinnae and/or vibrissae;
convulsion preceded by two running eplsodes separated by
a refractory period;

3 = same as 2, except only one runnlng phase and no
refractory period.

4 = % maximal seizure characterized by tonic flexion of
neck, trunk, shoulder joint with tonic extension of
elbow joints and clonus of pelviec limbs; convulsion
preceded by two running episodes separated by a

- refractory period.
5 = same as 4, except only one runnlng phase and no
i 'refractory period.
6 = 3/4 maximal seizure resembles 4 except hlndllmbs are in
- partial tonic extension (i.e., tonic extension of thighs
~and. legs with clonus: of feet); convulsion preceded by a
refractory period.

7 = 'same as 6, except one running phase and no refractory

© . period. : :

8 = maximal seizure resembles & except hindlimbs are in

" complete tonic extension; convulsion preceded by two

. running episodes separated by a refractory period.

9 = same as 8, except one running phase and no refractory

.period. ’ :

N - O

In occa31ona1 anlmals Whlch dlsplayed three running eplsodes in

-';the preconvulslve phase 1/2;point-was deducted from the audiogenic

. response score.

Experimental Procedures. Four or five days prior to experimenta-
- tion, all animais'were.screened at least twice on different days to

_assure that each rat maintained a consistent ARS. Only rats that



maintained’anbARS of‘5,6r'ab9§e were used in these studies. Two days
.éfteflfﬁe fiﬁal screénihg animals were. randomly divided into grqups of .
ténvéﬁbjects each,» Gradeq'doses of AS-THC, A9—THC, or 10 percent
pblyso:baté SOfsaline'vehicle.was ihjected intravenously iﬁfo each

group.of animals., Audiogenic seizure test was performed 30 minutes

following injection and the ARS was recorded for each animal.

. StatisticalyProcédureS}v The data obtained from the audiogenic

' seizure test were sﬁbjected to two different forms of statistical
énaiyses. The median protective dose (EDSO) of each drug was determined_
graphicélly; the.95 percentvfiducial limits were calculated,)and a |
vcompafison of-the:relatiVe potencies of A%—THC and Ag-THC was made
Iaccoréihg to the method of Litchfield and Wilcoxon (1949), _In addition
_the éffecté Bf thé,tetrahydrocannabinols on tHe ranked ARS were |
evaluated b&ianalysis'éf Qariance and the Student "t'" test (Snedecor

and Cochran 1967).-

. MaXima1 E1eétroshock Seizure-(MES) Test
| '»M§§.; A sgétémaximal.current of 150 mA with a duration of 0.2
seéonds suppliedbffom an e1e¢troshock seizuré apparatus‘was délivered
1throﬁgh a pair of cofnééi electrodes to the eyes of the ratn(Swinyard,
Brown and Géodman’1952; Woodbufy and Davenport 1952);-rDrop§,of isotonic
_saline weré’apﬁliea:Lo.thé'eyes of the rat brior to insertiqn of corneal

" electrodes to assure adequate electrode contact (Swinyard et al, 1952),

. - Experimental Procedures. Since not all rats respond with

-maximal convuisionvaftéf supramaximal electroshock (Swinyard et al, 1952)



animals were- screened three days before the experunent and only those
whlch exh1b1t max1ma1 electroshock seizure were used in the present
7'studies. Graded dcses of AS—THC, AQ—THC or 10 percent polysorbate.8b~
”Saline vehicle was administered intravenousiy to each group of:ten-v

7 anﬁnals. Thirty'ninutes-after.injecticn, animals were tested. for their
‘response toISupramekimal electroshock. The protective end point was

abolition of the hindleg tonic extensor compenent of the seizure.

Stétisticai:?rocedures. }The median protective dose (ED50) of
each drug nas~determined graphicslly,_rhev95 percent-fiducial limits -
were caicﬁlated,.and a -comparison of the reiative potencies cf AS-THC
and'AgeTHC,was made_according to'the method'of Litchfield and Wilcoxon

O (1949).

Pentylenetetraéol Infusion Test

: "iPentyienererrazoi'Infusion. The intravenous infusion technique'
as described hy Orloff, Williams and Pfeiffer.(l949) as modified by
McQuarrie‘anthinglr(1958)-nasbused for the pentylenetetrazcl infusiond
test. - The opﬁimal rete of.infnsiOn, as suggested by Fingl and McQuarrie
(1960) was 0.3 ml/minnte (eqdivaient tc 4,5 mg/minute) in this study.

. Experimental Procedures, Graded doses of AS-THC A9-THC or 10

;percent polysorbate 80-saline vehlcle was admlnlstered 1ntravenodsly
“to each group of anlmals welghlng between 180-195 grams.. Thlrtyvmlnutes
after 1ntrevenous 1nJecrlon, each anlnal wasvlnfused w1th 1.5 percent'f
pentylenetetrazcl'soluticn; _Three'endjpoinrs are typically observed in

the following sequence during continuous infusion: minimal seizure,
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mgximalrséizuye and'ﬁgéth. A pinimél seiiure is definedras the pgrsiétent
' cldnus'of hindlimbs.and/or foreiimbé for at leést fhree sec&nds, Thé in-
fusion-was-terminéted atVthegonset of maximal seizure (tomic éXtension of
fhe hindlimbs)grif an aniﬁal failed to display a maximal seizure,infusion
was continﬁed‘until the deétH of that animal., The infusion timés for

the induction of minimal and maximal seizures were recorded. The doses
(6r thé concentrationjbf‘pentylenetetrazol):éf infusion,was calculated
) from'the‘foilowing fbrmula: |

infusion time (minutes) x 4.5 mg/minute
weight of animals (kilogram)

Dose =

Statistical Procedures, The data obtained were evaluated by

. analysis of variance (Snedecor and Cochran 1967).

iNéﬁrotoxiéitykféét.

S AEEaratﬁé;>.Th¢-fotorod technique described by Dunham and Miya
»(1957) Waé'ﬁsed in this_study; A wooden rod, 36 inches in Iength and
»i1—1/8 ihcﬁ>in»diameterrwas held‘24-inche§ above tﬁe tablé.top by two
‘metal ring stands on each'end,A~Several.cifcu1ar éieces’of céidboardr
were piaced dnbthe;rod ééﬁidistance from each other, These compartments
reétricted the walking space of the animals and allowed more.than one
- rat to bé trained'at.a-time. :The speed of rotation wasiadjustedzto:15

.févoiutions per minute by means of a rﬁeostat.

* Experimental Procedures, Animals were trained "to walk" on a

.rotating.rod until they could_manageftb remain on the. rod for three

-one-minute trials,



Craded doses Qf>the tetrahydrocannabinolé,or 10 perceﬁt'
Vpoiyséfbéte 80—$a1iﬁe §ehic1e>were randomly given to each group of ten
trained animals. .Tﬁirty minutes after injection, the ability»of~the
animals "to walk" oﬁ the_rod for:one minute was tested. ~Animals which

fell off the rotorod were considered to be neurotoxiéa

| Statistiéal Procedures.r The median toxic dose (TD50) of each
bdrﬁg was'détérmined,graphically, the 95 percent fiducial 1imits.were
”vcalpuiated, and.a comparison of the relative potenciés of AS-THC and
Ag-THC was made according to the method of Litchfield and Wilcoxom -

(1949).

Effect of AQ-THC on Pentylenetetrazol-induced Lethality:

ii'Experimental Procédures. lGraded doses of 1.5 pefcent
' pentylénetetrazolrsolution were injecfed”intravenously into the animals,
fAnimals—that died ﬁéually did so weil»within one hour, however,
».Qbservations were made for one hour followingrinjéction of ther
Acoqvuisénﬁ;

Animalé'were randomly divided into gtoups of ten and a dose of
1.25 mg/kg ofyﬁg-TﬁC'was_injeétqd intravenously iqto each rat, Thirty
minﬁtés later graded doses of pentyienetetrazol were injected intra-
-venously'énd the,number:ofldeaths were recorded.

 Statistical Procedures. The median lethal dose (LD50) of the

drug with or without'a -THC was determined graphically, the 95 percent
) fiducial limits were calculated, and, a comparison of_thé relative
- _potenciés of pentylenetetrazol was madevacéording to the method of

'Iitchfiéld and'Wilcoxon'(1949),.b



¢HAPTER 3
RESULTS

- Audiogenic Seizure Test

The énticohvuléant effect of AS-THC and'Ag-THC against sound-
_induced-cbnvulsions was demonstrable_wﬁether quantitagive or quantal
end points were employed,_i.e,, ranked AR$ of'EDSO, respeétivelyrr
.(Table 1). .The tetréhydfocannabinols-ﬁere effective in reducing the
ARS in all doses tested and exhibited a doée-response relationship:

(F = 5,50, df = 29, p < 0.05 for A8-THC and F = 8,20, df = 29, p < 0,05
:;for A“9—>T‘HC).T On the basis of camplete protection from convulsions the
» EDSO calculations indicaté that the median protective dose of AS—THC
‘ is 6.50~mg/kg.and that of AngHC is 3.30 mg/ksg. AHowever, despite the
;two;fold,difference5iq fhe ED50s of.AS—THC and A9—THC"a statistical
 éva1ua£i0ﬁ‘qf'the reiativg‘potencies.of the t%o fetrahydrocannabinols o
:iﬁdicaté that tﬁeitwp ED50s éfe not‘significantly different from each

‘other (p > 0.05).

’Maximal Electroshock Seizure (MES)~Testl‘
';:QThe tetréhydrocénnabinols,3A$-THC and Ag—THC, are effective
‘”égaiﬁéfjmaximal eleé;roéhqckAseizége as indicated by their ability to
'}aﬁoliéh tonicvhindieg.eﬁtension. Alikdosés of the two_dfugs‘prééected

o rats against:MES (Table 2). . Although ASjTHC appears to be . twice as

10



Table 1. Effect ofz&s- and Ag-tetrahydrocannabinol (AS- and A9-THC) on Sound-induced Seizure
in the Audiogenic Rat.

Mean ARS + S.E. % complete ED50
Treatment NX:?;:1zf Do;e/if THC Before After seizure- mg/kg
B/ %8 (control) protection  (95% C.L.)
10% polysorbate
80 - saline 10 - 6.15 + 0.81 6.15 + 0.98 0% -
A8 - THC 10 1.25 7.10 + 0.57 4,50 + 0,97% 10% 6.50
. (3.50-11.83)
10 2,50 6.20 + 0.51 3.40 + 0.86%* 107%
10 5.0 5.37 + 0.37 1.55 + 0.45% 40%
AS - THC 10 1.25 7.50 + 0.54 4.00 + 0.86%* 107 _ 3.30
(2.00-5.45)
10 2.50 5.85 + 0.56 1.70 + 0.42% 407
10 5.0 7.22 + 0.83 0.70 + C.37% 70%

* Significantly different from matching control

(paired Student "t"

test, p < 0.005).

1t
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Table 2. Effect of A8- and A9-tetrahydrocannabinol (AB- and A9-THC)
on Maximal Electroshock Seizure (MES) in the Audiogenic Rat.

Treatment Number of Dose % Animals Eg?gg
Animals mg/kg Protected (95% C.L.)
28T 10 1.25 10% 2.60
(1.57-4,29)
10 2.50 607
10 5.0 807%
Ag-THC 10 1,25 20% 5.60
(2.66-11,76)
10 2,50 40%
10 5.0 40%

potent as A9-THC, statistical evaluation of their relative potencies
indicates that the two ED50s are not significantly different from each

other (p > 0.05).

Pentylenetetrazol Infusion Test

The tetrahydrocannabinols, A8-THC and A9-THC and the vehicle
did not decrease the infusion time for onset of minimal chemoshock
convulsions (p > 0.05), however they were effective in reducing the
incidence of maximal chemoshock convulsions (Table 3). A statistical
evaluation of the effect of the tetrahydrocannabinols on maximal

convulsion was not made because the experimental design of the



Table 3, Effect of A8- and A9 -tetrahydrocannabinol (A - and A9 -THC) omn Pentylenetetrazol (PT2)

Infusion in the Audiogenic Rat,

Minimal Seizure*

Maximal Seizure

Treatment Num'r.)er of Dose of Onset Time 4+ S.E, Convulsive dose of % Animals
Animals THC -
mg/kg sec PTZ + S.E. Protected
mg/kg
None 10 - 82.7 + 2.50 33.32 + 1,02 0%
10% polysorbate 10 - 85.5 + 5.29 34,64 + 2,13 30%
80-Saline

AS-THC 10 1.25 70.3 + 6.51 27.98 + 2,63 40%
10 2.50 80.9 + 5.47 33.05 + 2.25 80%
10 5.0 69.8 + 4.90 27.60 + 1.83 80%
A9-THC 10 0.05 79.4 + 5.69 32,64 + 2.32 607
10 0.10 74.5 + 4.55 30.67 + 1.90 50%
10 1.25 77.2 + 3.91 31.06 + 1,44 807

* None of the test values are significantly different from the control value (p > 0.05).

£l
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'pentylehetetrazol infusioﬁ test is basedrén meésufemént'of time requiredJ
~ for the onset-qf spécific:endpoints’and some tetrahydrocannabinol--
freated,énimals,did not have maximal seizures, quever,.the fact that -
-A9-THC‘and ASeTHC~pfoduced comﬁarébie inéidences of protection against.1
maximal convulsion déspite thleacttthat a 1oﬁef dosage range of A9-THC
" was used,:strongly SAggests ﬁhat Ag-THC is more potent thanlits ASZ
'analog iﬁ’abolishing,maximal éentylenetetraZol-induced maximal
conﬁulsioﬁé. | o

‘ Neurotdxicity Test and Calculation of
Protective Indexes

Thefneﬁrotoxicity study suggestsrthat AS-THC is over thfee'fimés
morev§5tent than A94THC invthe production of neuromuscular deficit, as
indicatedAby thrée-fdld>difference in the respective median toxic

. dosés (Table 4). Stétistical analyéié revealed that this‘difference.is
- signifiéént (p < 0.05). | |

| 7:;>_Ca1culétioﬁ;of the_pro#éétivelindexeé (P.I.) of the

) tétféhydrqcénnabindls revéal that the P.I, of AS-THC for audiogenic
:seizure»and‘maxiﬁai electroshock seizure are both less than one

F(Tabie 5). The PmI;-éf AQ-THC for audiogenic seizure and maximal
:électroshqck sgizure afe greater than one, but 1eés than two.

‘Effect of Ag—Tetrahydrocannabinol on
Pentylenetetrazol Lethality

The lethality Qf>pentyienetetrazol.isbnot increased or decreased
by pretreatment with 1.25 mg/kg of»Ag-THC (Table 6). Statistical compar-

ison revealed no significant difference between the two LD50s (p > 0.05).
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Table 4. Negrotoxic Effect of A8- and Ag-tetrahydrocannabinol
(A" - and A"-THC) in the Audiogenic Rat,.
o TD50
Treatment NXZ?:ZlZf mE?iZ Neurétoxic mg/kg
(95% C.L.)
28 mc 10 0.50 10% 1.85
(0.98-3.45)
10 2.75 70%
10 5.0 80%
%-THC 10 5.0 30% 6.15
(5.0-7.56)
10 7.5 80%
10 10.0 80%
Table 5. Anticonvulsant Effect and Protectige Indexes (P.I.)* of
A8- and A”-tetrahydrocannabinol (4%- and A9-THC) on Audiogenic
Seizure (AS) and Maximal Electroshock Seizure (MES) in the
Audiogenic Rat.
Drug  TD50 AS MES
mg/kg ED50 mg/kg P.I. ED50 mg/kg P.I,
(95% C.L.) (95% C.L.) (95% C.L.) (95% C.L.) (95% C.L.)
28t 1.83 6.50 0.28 2.65 0.71
(0.98-3.45) (3.50-11.83) (0.12-0.67) (1.57-4.29) (0.32-1.59)
a’-THC 6.5 3.30 1.86 5.60 1.09
(5.0-7.56) (2.0-5.45) (1.08-3.16) (2.66-11.76) (0.51-2.35)

* Protective Index: TD50/EDSO0.
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Table 6. Effect of Ag-tetrahydrocannabinol (Ag-THC) on
Pentylenetetrazol (PTZ)-induced Lethality in the
Audiogenic Rat,

Treatment Number of Dose of PTZ % LD50
Animals mg/kg Lethality mg/kg
(95% C.L.)
PTZ 10 20,0 10% 28.5
(24.56-33,06)
10 27.5 40%
10 35.0 807
PTZ 10 20,0 10% 30.4
+ (25.87-35.72)
1.25 mg/kg 10 27.5 30%
9
A~ -THC 10 35.0 70%

Behaviors Observed in Tetrahydrocannabinol-
treated Rats

In a dose range of 1.25-10.0 mg/kg the THCs caused depression as
evidenced by catalepsy, ataxia and decreased spontaneous locomotion.
This behavioral depression lasted for several hours, With higher dosage
levels (i.e., 5 mg/kg or greater), periodic states of motor excitation
such as jerking and jumping usually occurred within 15 minutes after
injection. A lower dose of 2.5 mg/kg occasionally produced these
symptoms, No clonic or tonic convulsions were observed at any doses
used in the study. All animals were hyperactive to sound and tactile
stimuli, Vocalization upon tactile stimulation was a characteristic

behavior that was induced by low doses of the tetrahydrocannabinols,
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i.e., 0.05-2.50 mg/kg. A strong grasping movement in all four limbs

and marked rigidity in the tail were also observed.



CHAPTER 4
DISCUSSION

J xThe iﬁtravénous route was uéed for fhe administration of the
‘tetrahydrocahnabinols.iﬁ this investigation because these chemicals
are poorly aBsorbed following other routes qf administration. For
‘example, Ho et al. (1971) reported that tritiated Ag-THC administered
.iﬁfraperitonéally in polyéorbate (TWeen) 80 and saliné yielded only:'
approximétely 10-§ercent_abs§£ptionn |

The test time of 30 minutes was employed because a pilot study

Aiﬁ_our 1abérétory indicated that 30 minutes is the peak time for ﬁhe
| ahticonvﬁlsant effécg of Ag-THC following intravenous injection (Man
and Cons?de 1973)% 1t is of interest to note‘that.Hp et al, (1971)
reported that radioactivity was immediately detectable»in the centrél
nérvou; systém foliowing in;révenous administfation of tritiated Ag-THCﬂ
énd Klausner.ahd'Dingell (1970) reported that peak activity in.the |
'céntrai nervous systémvoccurred 30 minutes following intravenous
injection éf cafbonrlabeled A9-THC.

.Anothér factor’which greétiy influences the pharmac§1ogy of
1tettahydrocannabihq1 is fhe &ehicle‘in which, the drug is adﬁiﬁistered.
Z’Variousisubstances hayerbeen used to solublize or suspend tetrahydro-
cénnabiﬁols in liquid fofm;lsoivents such as ethanol andvpropfiene

glycol or suspending agentslsuch as surfactants (e.g., polysorbaté 80)

8
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  and bovinebserum albumin a;e_commonly employed. . Organic sélvénts, such
as ethanol; are undesirable because they contribute their own depressant .
' effect to the phéfmégblogy of tetrahydrocannabinols (Kubena and Barry
1970, Forney 1971). Bovine serum albumin has. the major disadvantage
‘that it haé a strong affinity for binding fhe fetrahydrocannabinols and
thereby reduce their pharmécoiogical'activity. All factors considered,
'theysurfactént‘pqusorbate 80 may ﬁe the best agent .for rendering tetra-
hydrocannabiﬁolé miécible with water. Polysorbate 80 was employed in
:,this inﬁestigatidn to’ﬁrepare emulsion of tetrahydrocannabinols for
].injection? because>it_is believed to have negligible pharmacological
activity.,a
- The ﬁwo.tetréhydrdcannabinols, AS-THC and Ag—THC were observed

“to bé’effective in blééking au@iogénic convulsions, maximal electro-=
shock convulsions; and;maximél pentylenetetrazol convulsions in a dose
~ related manner, 'The‘éhticonvuisant potencies of these two tetrahydro-
'cannabinois5 as ﬁeasuréd:by fhe above convulsive: tests, are similar,_'
fhis préséntation is-the»first'reportrof fhe anticonvulsant effect.ofr
1feﬁréhydroéanﬁabinols agéinSt audiogenic seizurés and :is the first
- report of the use of As-THC against any seizure modelé. The results
of the maximal'e1ectr§sﬁock>study support previbus reports that
. marihuana extract and ABfTHC protect rats kLoewe an@—Goodman 1947) .
and.that AQ—THC protects ﬁicé (Sofié_et al, 1971) against mgximal
'elééﬁrééhock convulsions. | |

| Thé penfylénepeﬁrazol‘infdsion study indicate that Ag—THC and

'A?—THC.do not protect rats against minimal pentylenetetrazol convulsions,
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an observation which'poincides with thé findings of Loewe and Goodman
(1947> thaf mafihuana extract aﬁd A37THC are ineffective in blockiﬁg
. seizures induced by subcutaneous injection of pentylenetetrazol, In
contrast, the report of Sofia et al, (1971) that A9-THC enhances
pentylenetetrazol seizures énd lethality in mice is at variaﬁce with
__fhe presenf dafé;'neifher pentylenetetfazol infusion time for maximal
pentylenetetrazol'seiZure_nor the LD50 of pentylenetetrazol in rats was
; affected by tetrahydrocannabinois. It éhduldiﬁe noted that different _
'lspécies of rodents were‘employed in these studies and the difference |
in resﬁlts.may-be éttributable to the difference in species. It ié
éll the more pefplexing that.Karler'(1973)'recently reported that
Ag—THéiprotects mice against seizure produced by subcufaneous iﬁjection
of peﬁtylenetetrazdl; |

In-genéral‘fhe‘tefréhydrgcannabinols appeér to be qualitative
similar to diphénythdant§in in its speétrum:of aﬁticonvulsant activity.
Diphenylhydantoiﬁ'ié;known to'eXert a potent anticonvulsént'action on
- maximal audiogeniq seizure-(Mérritt and Putnam 1938, Gfiffiths 1942,
Fink‘én& SWinyafd 1959, Swinyard et al,_1963), maximal electroshock
seizure (Toman and Géodman 1946, Gray et al, 1958, Fink and Swinyard
V1959,'Mitche11 and Keasling 1960, Swinyard 1963, Swinyard et al. 1963)
~and ma#imal,pentylenetétfazol-induéed_seizure (Mitchell and Keasling 1960)
in mice and rats. ;Howevef,jeven iﬁ‘high doses (100 mg/kg or more)
'”],dibhénylhydantoinvislndt only ineffective in blocking ﬁiniﬁal '
peﬁtylenetétrazol seizufe buﬁ enhances the seizure‘severity of th¢

‘convulsant agent (Goodman and Lih 1941; Goodman, Swinyard and Toman 1946 ;



t Chen, Bohner and'Ensor'1954; Mitchell and Keasiing 1960) ., Similarly,
A?-THC and AngHC_are effective against max%mal audiégenic, maximal -

. ‘elegtroshock and maximal pentylenetetfazol‘convulsions but‘got against
.minimal péntyleﬁetetrazol convulsions. "However, tetrahydrocannabinol
did;hot enhance minimal'pentylenetetrazol convulsions in the doses

- empioyed in the present study. ACCordihg to the limited literature
regéﬁding the anfiéonyulsant’actiVity of tetrahydrocannabinol, the
similarities between diphenylhydantoin and tetrahydrocannabinol are not
entirely ciear cut, For example,'Sofia et al, (1971) indicate that

AgiTHC enhances ?eﬁtylenetetrazol con&uisions andilethality in mice,
Whereés Karlef'(l973)_réport'that A9-THC protectéd mice against sub-
cﬁtaneous,injections'of pentylenetetrazoi;

Thé:overt behéﬁiors observed in the tetrahydrocannabinol-
'trébfed réts are in general agreemeht with those repofted by other

'-.authors. Such behéviérs include production of.én initial excitation

'»folléwed»by.debréséiéﬁyafter adﬁinistrétibn of high doses of tetr#—

hydrocannabinol (Grunfeld and Edery 1969, Moréton and Daﬁis 1970),

.A hypefactivity t0-aﬁdiﬁory anditactilestimuli (Grunfeld and Edery 1969,
‘f{ATruitt 1971), Voqélization (Carlini and Kramer 1965, Henriksson and
Jarbe 1971), ataxia (Grunfeld and Edery 1969, Holtzmén et al. 1969,

bllrwin 1969; Truitf'i97i) and%qataiepsy (Grunfeld and Edery 1969,
', Séhi1dkrau£vaﬁd Efron i971, Truitt i971),- Mbreover,'the powerful -

. grasping ébility and incfeased rigidity’iﬁ'ﬁhe<tail obsér&ed in the
| éudiégenip;rats éuggeét thaﬁ musclé_tone is not'feduced in

;Eetrahydrocannabinql-treated animals. Interestingly enoﬁgh, these
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pharacteriétic effects of tail rigidity have been reported in reserpine-
tréatéd fats (Cole'éﬁdeéarnaley 1959); |

In the préséﬁt investigation.As-THC was found to have the same
pharmacological effects as A?-THC. It is as effective as_Ag-THC in
the}supbresSion of audiogenic and maximal éiectroshock‘seizures. It
appears to be less pdtent'than.Ag-THC in the suppression of maximal
- peﬁtylenetetrazol confulsions, In addition, AS-THC is three times‘more
VhéurOEQXic'than.Ag-IHC and.its protective indexes_are.iéwer than those
- of Ag-TﬁC‘for aﬁdiogenic.énd maximal electroshock seizures, It is of
Aiﬁteresf to note tﬂat AS;THC and Ag-IHC also have analgesic activity
and that Ag—THC is féporféd to be more“pétent thaﬁ A8;THC on the basis
~of the hot plate test and the phenylquinone abdominal-stretching test
Jin micé_(Hafrisv1971§'Dewey,'Harris and Kennedy 1972). The tetra-

A hydrocénnabinols also depress respénses to a schedule-~controlled behavior<
of rafs_andlﬁigeons; Qith’Ag-THC being.moré effective in this regard
.j}(Fréﬁkehheim;'McMiilan and Harris 1971; Harrié 1971). Thus, alfhdugh
A8_THC and A?-THC aﬁpéé?;to be identical in their pharmacological

effécté it iérinapproﬁriéte to generalizélthat the pharmacological
potehéy.of oﬁe tétrahydr@cannabinol is greater or éméller than ‘another
tetrahydrocanﬁabinol. Indeed,.the pharmaéological effecﬁs of both
tetfahydrocéhnabinol comppundsvmust be determined on each measured

parameter before true potency comparisons-can be made..



CHAPTER 5
SUMMARY AND CONCLUSIONS

 1.[ The:tetrahydrocannabinols,are active against sound-induced-_
and ﬁaximal eiectroshoek seizure, No>significant differences exist
_betweenAthe potenciés of these two compounds in these tests.

.2, Tétrahydrocannabinqls_are ineffective in protecting against
'pentylenétetragol-induced ﬁinimal’éeiéures, Hﬁwever, maximal'
pentylenetétrazol seizures are Blécked by both AS-THC and A9-THC,

| 3. Delta-9-THC ié thfee times less toxic than AS-THC when
‘ﬁeaSured by a test forlmuscular incoordination (rotorod test), ,Thﬁs
Ithe proteétive_indexesrare greater for A9-THC than for AS-THC.

| 74;. Pretreatment wifh‘Ag-THC, 1.25 mg/kg, has no effect on
. pentylenefetrazol-induced lethality in ‘the audiogenié rat,

-i' 5. C&mparispn of the present data with previously published
.aata dn dipheﬁylhydantoiﬁ indic?tes that’As-THC and AQ-THC have a
spéctrum of énticonvuisant activity which is similar fo that of the

antiepileptic drug.
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