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Abstracl.  Hurnan, nrale strbjects from otrr l ight rrrari j rranir usagc categon,\\ ,ere
girerl  paired associate learning ulder eit l rr :r  placcbo or nrari juina irrt isic.at ion.
A 2x2 expt 'r ' inrerrtal design las used to test fcrr r l issoci ir t ion ef l 'ecls. \ [nrr. ;pana
intoxicatt 'd subjects necded signif icanl l .v more tr ials to reach cri teriol learping
than,sul, jr :cts under placebo. Tc-.t ing of recai l ,  ten dar.s later, denronstr.rted I
signif icant statc-de;rndent eft 'cct,  Thc results rr 'cre dis<,ussetl  in terurs of state-
deFndent t l teorv atr<l t l te cffccts of centrals nervous svstem active drugs on lc. irrr irrg
models.

xey u'r'rd;: llarijuana - state-I)epe.de.t - Dissociation -- \-erbal Lca.ring.

A popu l l r  jus t i f . i ca t ion  fo r  mar i juar ra  i s  tha t ,  mar i juana i l to r i ca t io l
providcs au altcret l  stt te of consciousl les-q consid(: l{ . ,( l  to lx '  }r lr .a,pra},r le
ancl lrcneficial ( ' fart,  19?1). Concern has lrccn exqrrr:-rsecl.  l rou't ' r-cr. t l rat
indulgt 'n<'c in this plr iu rntrce'ut ir .al lr-  induct-d stale 1ra.\- actual ly interfere
r. ' i th t l ie furrcl ioning of t l rought l)rocesses (Natiorral (ronrmissiou on
I \ la r i ju : rna  an t l  I ) r .ug  Abuse,  lg72 ;  \ \ ' es t ,  1g70) .  l la r i juana has  l r t . t ,n
docunrentc r l  as  a l te r ing  t in re  sensc  and i rn rned ia te  u rernor \ -  ( ) le lgcs ,
T ink l t 'nbcrg .  l lo l l i " te r  and Gi l l csP ic ,  lg70 ;  Ho l r i s te r ,  IgT l ) :  and - . \b t . l
(1971a,  l97 l  b ,  197 I  c )  has  f r - runc l  t l ra t  ruar i juana in tc r , f r , rcd  * i th  the
in i t ia l  encod i r rg  p roc t ' ss  and long t t ' r ru  s to r t rge  o f  in lbnuat ion .  \ \ ' c  har .e
u t rder taken a  ser ies  o f  exper imcnts  to  fu r . thc r  c l ra rac ter ize  the  cogr r i t i r -e
and phvs io log ica l  concorn i tan ts  o f  the  rnnr i ju r r r ra  inc lucec l  s ta te  o f
consc iousncss .  Sub jec ts  (Ss)  l i th  var r - ing  pas t  h is to r i t s  o f  mar i juana
usagc are lreing studied. Part of these expcrirncnts rr.hich exlr l ,rr .e
accNis i t ion  and re t r ie r -a l  o f  pa i red  assoc ia tes ,  us ing  a ' l  x  2  dnrg  c lesrgn ,
arc tr ' lxrrt t 'd belorr ' .

trIetbod
Srrbir r l , . ' . ' l 'h i r t r ' - tu, r  ̂ (s  f rot t r  our l ig l r t  r rsrrge catc lor1 '  r r r , rc s i ' l t , i  l , . , l . l . i : l i r  r rsers

$ ' e l e  ope r i r t i ona l l ' r - <k ' t i r r e r l  us , \ s  r r ho  s r } ' . k r r l  r r i l r i i r r r n i l  r r o t  r l l , ) r , , r i : r r  r 1 , r , . , , ! l r r r e r -
n c t r t t ' t ' h . a t r d t r o l J r . . t l r i r r r o l l l r ' l ) r , l l 1 9 r r t l r r l r t r i l t g l i r t , 1 t 1 1 , , 1 , , j 1 1 , - . . . , , i . i ' , , , , , _ - t , l e r
th is group to be "socia l"  uscrs.  Al l^ \s \ \ r rc I ) i r i ( l  \ -o lu l l t r ( . r .s  r iu)gi ; r . .1 i r ,  a: t  l i .unr  lS to
27 1 ' t 'ars lv i t l t  an ar(r l t tge of  2J vears.  T[re ,5 's  rvt , re i r r i r i r r l l r .  s t r t . t ,net l  s- i th the
Jl innesota l lu l t iphasic icrsonal i iy  l r r r .entor l '  ( l t ] lp l )  and the t |e l t i te.  . rar t t
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Intelligence Scale (\\'AlS). Present norms for college students \rere rrsed for ttre

fIllPI and -Ss s'ere selected for scores betl'een I l0 arrd 110 on the verbal scrrle of the

\fAlS, Aside frorl hashish, no other drugs were used rrith regularit.r'.

De.st11n and I'rocedure. Each S x'as ohserred on tlro occasions, ten davs apart.

Test ing was perforn 'Led under both mar i juana () I )and placebo (P) condi t ions.  The.ss,

lvere randonl lv  assigned to four groul)s,  tcsted respcct ivel r ,  undt ' r  cotrd i t ions

P-P, P-] I ,  ] [ -P.  and ) l - l l .  Dur ing each erper iu ient i t l  session,  S rr 'as comfortabl l '

seated in a smal l  subject  room facing a project ion screen.  Electrodes s-ere at tached

for recording ph;'siological reactions on a pol5graph located in an adjoinins room
(results to be reported elserrhere). After obtaining 5 min of baseline phtsiologl-

I srnoked trro 1 g "marijuana" cigarettes. On P days, each cigarette cotrtailled

1000mg ofexhaust ivel l ' ,  a lcohol"extracted nrar i juana. On ) l  da1's,  each c igaret te

contained 500mg ol  mar i juana, assavt-d to contain 1.40' '0 J9-THC, rrh ich s 'as

aandrriched betrveen Ji() nre of placebo plact'd at ea ch end of t he cigaret t c. Therefore

on l I  dals,  14 nrg of  J9-Tl lC was avai lable to the S.  The S smoked in h is usual

fashion for  mar i juana c igaret tes (deep inhalat ion and hold)  and was asked ro f in ish

both c igaret tes in 30 nr in.  The usual  smoking t ime rras ?5 nr in and each c igaret te

nas snroked as conlplete ly as t l r t ' ,S could.  ' \  l tenro-stat  rvas prot ided for  hold ing the

short  but t .  Double bl ind condi t ions u 'ere maintained throughout.

Follorving snroking, 5 min of ph1'siologl rvere recorded. A hnbituation sequence

of ten 500H2,75 db tones of  one second durat iot t  then enstred.  The tones $ere

accompanied.bl 'a one second presentat ion of  a b lank,  u l r i te s l ide.  Drrr ing the

habi tuat ion sequence, the tcne-s l ide conrporrnd st i lnulus l -as pro1aranrtr t t 'd  on a

var iable intcrval  schedule (range l5-25 scc,  av( ' rage 2o sec).  Subjects nt ' r t  rec 'e i red

instntct ions for  leart r ing a l is t  of  u ine paired associates.  Etrch pair t ' t l  asro(  iate

consist td of  a nonscnsc s-v l lable (C\ .C t r igraru)  and n comnlon Engl ish n 'ord.  The

nons{.nse s1-llable rvas presented 1br 1.0 scc follo*'ccl by tlte coturtton En':li.h q-otd

for  1.0 sec.  Intcrpolat t 'd  betrreen the nonsertse s-r ' l lablc atrd the q 'ord \ \ ' rs  l ' . .1 sec

blanl i  sereen t imc *hi le the projector  changet l  s l ides.  Thtrs,  there uas a tota l  of

1.5 sec f rom thc onset  of  lhe notrsense s1' l lable to thc onset  of  the s 'ord.  The 7;  db

tone accompanicd thc norlscnsc s1'llable atrtl actecl as o cue for the beginning of a

pair .  Thc tone also sen-cd to ntask t l te sount l  of  the Kodak 8;-r0 Carousel  s l ide

projector .  Thc projcctor  r ras locuted in the a<l jo in ing roonl  s ' i th t l te pol l r raph and

projected through one-\ \ 'av g lass into the subjcct  roorn.  A 90 sec f ix td inter t r ia l

inten'a l  separaterd thc paired associntes to a l lorv for  r t 'cor- t ' r - !  of  phasic phts io logical

responscs.  Dur ing th is 1x ' r iod,  the project ion screen tas blar tk.

To prerent  ser ia l  learning,  three randonl  seqrrcnces of  t l le  n ine l -ord l is t  sere

uscd.  Presentat iou of  one complete sequence rvas dcf ined as a leart r i t tg t r i r r l ,  and the

three sequenees \ \ 'ere prcscntcd in rotat ion unl i l  cr i tor iorr  learning was reached.

C r i t e r i on  l ea rn i ng  cons i s t cd  o f  < ' o rn ' c t 11 -  an t i c i pa t i ng  a l l  n i ne  l o rds  r r i t l t i n  oue

sequence of  a l is t .  Ant ic ipat ion of  thc correct  sord l rad to orcr t r  c lur ing the 1.5 s€c

inter-pair  interra l .  At ta innlent  of  cr i ter ion s 'as fo l lorred b1- 1(X-to/o oser leant ing.  - {s

an exanple,  i f  the S needed f i r 'e  t r ia ls to rcach cr i ter ion th is n 'as inrmediatel .v

fo l losed b1- f ive addi t ional  t r ia ls.  On dav t l -o.  af ter  test i r rg for  retent ion of  c la l  one

learning,  Ss were required to lcarn anothcr ptr i r r t l  associate l is t  ofequal  d i f f icul t l -  in

pronunciat ion,  learnnbi l i tv ,  and meauingfulness (Thorndike and I -orge,  l9{1;

Undenrood and Schul tz,  1960).  On ei ther day,  i f  S fn i led to reach cr i t r r ion s ' i th in

15 t r ia ls l re rvas dropper l  f rom the studr ' .  This n 'as done td insure that  learning took
place under a state ofat 'ute i r r tosicat ion.

On day two, inr t r tediate l l -  preceding the lcarning phase,  S $ 'as tested for  recal l

of list one leanring. List one nonscnse syllables $'ere p!'esented, along \r'ith the tone,

for one trial and I rvas asked to recall the rrord that had been associated rrith a
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part icular nonsensc syl lable. 'rhe'onsensc syl lable rvas presented for.one second
follo$-cd by 2tl sec of blank screeu tinre. Thc ,5 rvns given t-he full arnount of tirne torespond.

I lesults

on da1' one, eight ,ts failcd t ' reach criteriou rearning, ser.cn *nder
the drug corrdit io' a'd orr. urrrlc. pltrcebo. on thc sr,crncl cL.v, tr,.o ,ss did
not rcach critt ' ' ion : both ,u'cre urarijuar.ra i.toxicatccl. T*,o ss failed to
follorv experinre'tal Protocr,i l ; both had rccei't,cl nrari juana. rf a s *.as
dropped, thc'c-rt s arrivi 'g at the laborator.y rras assigned the sa're
double b l i .d  c 'oudi t io ' .  Ther t , forc,  the rcrnain i 'g  20ss rverc equal lv
divided anlong thc four gr.oups.

The lcsults rePorted bclorv concern learrring olr dtys one and tu.o and
recall of dav one lc.arlring. ] letu'eerr grouPs cornparisons u.cre calculated
.r day onc tri ' ls to critcrion for the t*-o grorrps rcceiving placel)o un(l
the t* 'o  gro.ps 'ec:c i ' i 'g  nrar i juana.  lu  botr r .nr , , . ,  ih"  c l i f l t , r ,ercc
bet*een tlrc rnr,a,s *'us rrrrt sig'if icant. Tht, sa'rt, conrparisons *.cr.
performed f,r t lre nrarijuana arrd yllar.ebo grr)ups orr cla\--t*.o trials to
crite.ion. Agtri ' , rro cli lrc'cnces \\ 'cl 'c lburrd. \\ 'h.. possirrle, s'bseque't
a.al1-scs *'erc, t lrereforr:, co'r ' luctr.t l .. the ptiolcrl data f 'orn the te'ss
receiv ing l ik t 'drug condi t ions.  ) l lans and standard c lcv i t t ions baser l  o .
trinls to c.it.r ' i .n ft ' ' t lrc i.dir. it lrral gr.oups arc 1'.t,se.tetl in Talrlc l.

Orr  dnr 'o l l ( ' ,  S ' .s  i r r tox icatc<l  t l i t l r  rnar i j r rant  necr led s igrr i f ic .anl l . r -  nr . , rc
t.r ' ials to rt,etc.h t.r ' i ter.ion than lrla<,t,bo Ss, ,F- (1, lS) : 1.g1, p < ti.t j ;. L.l ic
a\'( 'r&ge trials to c' itc'r ' i ,n lbr J1 arrd 1, grt^rPs r'crc g.6 a'cl J.6 l.r,srx,c-
!lvt 'I.v. Thc sarue lt lrerromerrorr l.trs oltscrr.t,r l ori t lat. t l .o tr. it ls 1o critt,r. ion
i ' (1 ,  18)  : : l . i l ,  p  < 0.0J.  p lacebo  ̂ Ss re<pr in,c l  5 .1 nn<l  ura l i juana fs
needcd a '* \ ' ( ' r .gc of  z .T t r ia ls  to at ta i r i  t l ' i t , , r i , - ,^ .  The data l l .or r r  the
recal l  o f  l i> t  <-r r r t ' learr r i r rg l . t le  su l i jec, ter l  to  a 2:<2 analys is  of  var iarrcc.
f 'ablc 2 surrrrrrirr ' izt,s t lre ex1x,r' inr. 'ntal desigrr, cr:l l  rnearrs, alt l sta'4trrd
c lev iat ions f r , r  r .ecal l .

' I ' . l re  o ' ly  s igrr i f icarr t  f i r rd i 'g  for  r l rc .er .a l r  scct i .n  *as tho J)Lrr ,one
l ) rug X Dar '  ' l 'u , r  l ) r .ug i r r tcract ion,  I -  (1,  l6)  . -  J .  i ]6 ,  p < 0.0J,  i rd icat ing
that recall u'as significantl.r. influenc.etl by drug srate.

TaLk 1.  l leans aud standarr l  deviat iot rs for  t r ia ls to
c rL l cu l a ted  us i ng  l - 1 .  I )  -  p l aeebo ,  l I

cr i tcr ion.  Stant larc l  der. iat ions
.  = .  D l8 r i j uana

Group Day I Da; '2

llcarr S.D. l lenn S,D.

P-P
JT.. \ I
l l , r i
I\T.P

5.6
5.0

10.{)
7.2

2.5
2.9
3.2
3.3

5.4
6.{
9 .0
4 .8

1 . 3
2.1
4.2
1 .6
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Table 2. Drug rotat ion n1l").ulng: rceal l  for groups, p :  placcbo, l I  :  mari juana.
Standard der. iat ion calculatcd using r i- l

Day tl'o drug

.= 5.8
:  3.6
: 8.2
: 0.8

I)iscrrssiorr
The results s.ggested trrat in e group of "sociar" marijua.. users, amoderately high d<-'se of nrarijuuntr ir it.rferecl *.ith learning 'crr uaterinr.

Not o.l,v did r'a.i jurrur i^t 'xir.att.d ,Ss rt,rlur.e rl.ro.e trials to rcach
cr i ter iorr  on both da 's ,  n i 'e , f  t l ie  tcr r  ss fa i r i 'g  lo  at ta in cr i ter ion * .crentar i jua 'a in tc- 'x icated.  Al r l  ( rgTl  a,  r071 b,  l07r  c)  concludcd nrnr i ju .na
causes an irnPtritntent in tlrc furtction of attclt ion antl t lr is interl 'ercs
rvith the rehcarsar of the irrfornration. Thus, i^rbrrnation ca''ot enterlong tenn stolagt'. Atl altcl,uatc h.r-pothesis is thtt thc transfer ntet.lranisrrr
frorn tlre-se.nsory registcr into slxu.t tcrnr l l lcn)or.\- rs intenrlrted alrrl,S has nothirrg irr short-tt,r.nl rnerDorY to rclrcarse. fhis. lrol.evcr, <l,x,s notappear to bc tlrei case, for urarijuana does not protlur.e a cc-,rtrpletc arnncsia.
rnf.r 'ration does gct i lr.ough, b,t aPpar.ntrf is ineffici,,,rt lr- p..,c"*.",I.

o'ce irrf<r.^ation *'as lca.nt'rr, r.cail of ltt,r '" st,,rect i^ iong t".rn
menlorJ' *'as suPcri.r '  * 'he* pcrfrrrrnccl in the samc rlrug state that
lcarning took placc. Thcse rc.sults a.e iu ac,cortl rvith anirnal st'r l ies
d_emo'strtrt ing state-dep.rrrlc' ' t effcr.ts of rIr(r (I larr.;- a'cl l iul lena . rgiJ;
I lenr i l isso 'arrc lJarbe,  197l , rg72) .  1 ' l rcs inr i lur . i t1 , r r ,n . , , , " " i i , . , r . r ' . t ,ong, ,
groups (I '-P a'cl )I-lt) is fu'ther substantialed b' thc lou-c:r ,u.ithin-gr.)up
var iance as opposcd-to t 'e  chtr r rgc gro l rps (p- l r  arr r l  I I - r r ) .  A statc-
dependent thcor.r ' might posturatc trrai a cirs actir-e ch' 'g gir*. 

"i*" 
t, uu.nirluc_, dist'ernilr lc Pattcrn of intcrnul r.ut,s. \\ 'hcn a task is lcarnecl urrrlcr.

thc i ' f lucnce of r.rrre 'f thtse dnrgs, t lre i ' tcr'al cues beconrc l lart anrlparcel  of  the lea 'n ing process.  I f  s 'bsr 'q 'err t l . r 'J  per for .u ls  the task i 'a
non-intoxicatecl state. thc stinrulus configr'rt iorr is sorue*.hat cli l i i ,rc,nt
frorl l t l tc origirtal lcalrring situation. Irerfi,rprance shoulcl the' dcc.tasc
along a generalization gradie't based on a close rcsponse reratiorrship.
Dose response relationships have been report.d fcx. statc-deperrr.rcnt
learr r ing u. i th  ani l la ls  (Or.er ton,  lg7 la) .

Hurrarr ' r ' r 'ba l  l rar ' ' i r rg  is  pr ,Lru l - ,11-  r r rorc cornPl icated.  J let . r rarr isr r rs
such as rehearsal and the formation oi nrueru,r.ics come into consider-
ation' only a ferv studies have been ca''ied out *ith regarcl io a.u*

I)a1'one P
drug

Il

( lroup P-P, Recall
S .D.

Group lI-P, Ilecall
S .D.

Group P-II,

Group lt-ll,

: ti.0
-  1 . 0

:  6 .8
: 1 . 9

Recal l

s.D.
Recall
S.D.
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induced state-dcpendeti t  lce'r l tr ing. Such clmg effects have been reportcd

for alcohol and ant.\- t i t l  (Storrn ancl Caild, 1907; Bustamente' Rosello,

Pradere ,  and l la l t inez ,  1969;  Or -c r ton ,  1971b) .  Though the  nurnbcr  o f

expcrin)ental subjects in this stut lv u'as small .  * 'e suggest that the

statc-cle' lrcndc,nt rnirr i juantr effect is rel ial-r le. l ' rocetlural varialr les rvel 'e

plcscnt l 'hiclr arc knc-,rt ' t r  to att t ' t tutrte the state-t lcperldent effcct. These

itrcluclc 1000/o overlt ' t rruirtg aDd practice rthi le the drug effect is di-

rn in ish i r rg  (B l i ss ,  1968;  Ovcr ton ,  1971a) .  Thus ,  s ign i f i can t  rcsu l ts  \ re re

obtained undcr cotrcl i t ions cotrsit lcralr lv less thalr optirnurlr for de'

monstrat ing statc t l t 'pendcttc.t ' .  Pt iot '  e\pcrictrcc l ' i th mali juarln, high

verba l  I .Q. ,  and the  oppo l tun i t l ' f t r r ' ^Ss  to  fc r rm rnnemot r ics  c lu r i r lg  the

expct ' inrcnt are ot l tel  varial- ' les rvlr icl t  probably intel 'act 'with statc-

depcrrdent cf l 'ccts i tr  as r-ct.  an indcterrni l tatt '  rvav. To test t l re e-xtt ' t r t  to

u'hich prior rh'ug exl icr ictrcc is a Irtcatt ir tgful variablt : .  r te l tave run

chronic nrari juanrr usels t l tnl tgl i  thc ver' l ral lcnrtr ing task. The: results

s' i l l  l -re avai lable short l . \ ' .

This strrdy' $' . ]s supported b.r '  \ I l tH Crartt  5 I IOI l t l l  191S8-02. Computing
as,qistancc $'ab ol)tained frorn t l ie l{calth Scicnct 's Cornputing } 'aci l i ty '  UCI.A'
sponsore'd by NIH Spccial I l rsourccs Grant l l l l -3.
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