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SIMPSON. 1). M. AND Z. ANNAU. Behavioral withdrawal .lbllowbt~ wreral psTchoactive drugs. PIIARMAC. BIO('I-|I'IM. 
BI:ItAV. 711) 59-64 .  1977. - f i l e  chronic administration of several psychoactive drugs has been suggested to 
pr~,duce behavioral 'aithdrav, al syndromes in the absence of physical withdrawal. The present study employed four 
representative psychoactive drtlgs, :lnlphetamine. chlorpromazine, iproniazid, and desipramine, in a common behavioral 
paradigm using electrical slilrlulati~n of tile brain to test for behavioral v,'ithdrawal. Behavior differing from both 
predru.e and drug produced behavior occurred following the termination of amphetamine, iproniazid and chlorpro- 
mazinc administration. "File first two drugs produced an increase in sell" stimulation during administration, follo,.ved by 
a veo significant decrease after the drugs were discontinued. Chlorpromazine administration on tile other hand, 
produced a de,.'reasc in sell" stimulation rates, t'ollo',~,ed by a rebound increase after terlnination of treatment. No 
~.Vstemalic et'fects 'acre observed 'aith desipramine. The relationship between tile behavioral effects of these drugs 
durin.tz :rod follov, in.,-' treatmenl and possible homeostatic mechanism influencing response tendencies ix discussed. 
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I 'IXPI!RIMEN'] AI. s tudies  of wi thdrawal  s y n d r o m e s  associ- 
ated ',~,ith chronica l ly  ad tn in i s te red  drugs have dealt pri- 
marily with drugs that  p roduce  physical  dependence .  
Weight loss, a l t e ra t ions  in seizure th resho ld ,  h y p e r t h e r m i a ,  
and a variety of o the r  physiological  var iables  have been 
used to s tudy  the physical  wi thdrawal  s y n d r o m e s  that  
appear  fol lowing the ch ron ic  adm i n i s t r a t i on  of  these drugs 
[ 7 , 1 3 ] .  Tile s tudy  of behavioral  changes  tha t  occur  
c o n c o m i t a n t l y  w i th  physical  s y m p t o m s  is dif f icul t  in light 
of the severi ty of the s y m p t o m s .  I h e r e  is ev idence  to 
suggest, however ,  tha t  several behaviora l ly  active drugs 
which produce  no  marked  physical  wi thdrawal  s y m p t o m s  
have an associated withdravcal s y n d r o m e  best charac ter -  
ized as behavioral  in na ture .  A m p h e t a m i n e  is one such 
drug. 

| l u m a n  s tudies  of chron ic  a m p h e t a m i n e  in take  have 
l inked wi thdrawal  wilh  the s y m p t o m s  of fat igue,  de- 
creased act ivi ty ,  and depress ion  of  several days  du ra t i on .  
fol lowing tile e levat ion of  m o o d  and act ivi ty  dur ing  drug 
ingest ion [16,  30, 3 8 I .  Several d i f fe rent  measures  of  
l o c o m o t o r  act ivi ty  in animals  similarly indicate  a decrease 
m act ivi ty below predrug  levels upon  wi thdrawal  f rom 
chronic  : ,mphe lamine  [6,  ~,~, 12, 36,  3 g l .  Changes  in rate 

of more  complex  behaviors  such as decreases  in avo idance  
re spond ing  and increases in hoard ing ,  have also been 
descr ibed fo l lowing d i s con t i nua t i on  of  a m p h e t a m i n e  treat-  
men t  [ 1 1 , 1 7 ] .  While a m p h e t a m i n e ,  wi th in  l imits,  tends  to 
increase the rate of var ious behaviors  acute ly ,  chlor-  
p romaz ine ,  a n o t h e r  drug charac te r ized  by lack of  physical  
wi thdrawal ,  p roduces  oppos i te  acute  effects.  Addi t iona l ly ,  
the behavioral  wi thdrawal  s y n d r o m e  associated with c h l o f  
p romaz ine  appears  oppos i te  to that  associated with am- 
phe t amine .  Studies  m animals  have shown  an increase in 
avoidance  responding  and l o c o m o t o r  act ivi ty fol lowing 
t e rmina t i on  of drug admin i s t r a t i on  [ 2 .18] .  

l )espite these suggest ions of  a behavioral  wi thdrawal  
s ~ n d r o m e  for psychoac t ive  drugs, there has been no  
sys temat ic  a t t e m p t  to s tudy the behavioral  ef fects  of  
wi thdrawal  f rom several d i f ferent  types of  psychoac t ive  
drugs using a c o n l m o n  behavioral  variable.  The purpose  of  
the present  set of  e x p e r i m e n t s  was to provide such a 
s tudy using four  drugs, each represen t ing  a class of  agents  
that  have been used to al ter  CNS func t ion .  None of  the 
drugs p roduces  classical physical  d e p e n d e n c e  [ 1 3 ] .  Am- 
p h e t a m i n e  was chosen  as a p s y c h o n l o t o r  s t in lu lan[ ,  chlor-  
p romaz ine  {('I 'Z~ as a neuro lep t i c ,  des ip ramine  {I)MI~ as a 
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lr icyc l ic  an t idepres s a nt ,  and iproniaz id  as a m o n o a m i n e  
o x i d a s e  inhibi tor .  The  behavior  variable c h o s e n  for this 
s tudy was electrical self-s t imulat ion of  the brain (I-{SB). 
[!ach of  the four drugs has been previously shown to 
produce  changes in rates of ESB when adminis tered 
acute ly  [:), 21.  22,  24.  31 ,  32 ,  33 ,  3 4 ] .  In order to s t u d y  
chronic effects  of these drugs, rats were given unlinti ted 
24 h.r access to ESB. It has been  previously shown that 
under  these condi t ions ,  rats develop stable daily rates of  
responding  that arc sensitive indicators  of env i ronmenta l  
manipula t ion  [ 1.151 . 

',1 I-i l - l t ( ) l )  

All experiments used male. hooded rats ~veighing 
350 500g .  Under  pen tobarh i ta l  anesthesia,  bipolar  stain- 
less steel e lec t rodes  !Plastic Products  303) were placed at 
coord ina tes  relativc to hregnla, poster ior  4.5 ram. lateral 
ri,.zht 1.5 ram. 8.5 mm t~elow tile level of  the skull. After 
recovery from surgery,  animals were placed in individual 
chaml~ers, acoustically isolated on a 12 hr l ight;dark cyclc 
with light from 8 a.nl. lo 8 p.111. These chanlbers  were 24 , 
24 x 24 cm clear plastic with a stainless steel grid floor. A 
metal lever att : ,ched to a microswi lch ,  when depressed with 
a 5 g force,  activated the brain s t imulat ion circuit,  on :, 
COlllilll.lOtlS re in fo rcement  schedule.  l h c  animal was con- 
nected Io the s t imula tor  by way of a flexible c(~rd tPlaslic 
Products  \1S3041 c o n n c c l e d  tO a c o m m u t a t i n g  device, 
which allowed the ,LllliiIla] unres t r ic ted llltlVelllen[ ill tile 
chamber .  ].ood and water  werc available ad lil~. l!ach lever 
press delivered a 0.25 see 60 l l /  pulse train fronl a Ct)llSlLlIIl 
currenl sourcc. St imulat ing CtllrCll[  fo r  eaCll  r:l[ w a s  

adjusled to give 2000 -5000  lever presses per day (g3 20g 
lever presses .hrL :\ stable baseline was c(msidered t(~ he at 
least three days of unchanged current  sett ing,  during which 
lhe rates of t-.SB remained within these limits. 

Fol lowing the es tabl ishmenl  of  a baseline rate Ior each 
animal, drug inject ions were hegun. All drugs xverc in.iccted 
inl raper i toneal ly  in a 0.5 cc saline vehicle, and the doses 
w e r e  given as salts. | 7 o u r  g r o t l p s  o f  a I l l l l l a l s  were u s e d .  ( ) nc  

fo r  e a c h  drug. l h e s e  g r o u p s  w e r e  f t l r t b e l  s u b d i v i d e d  to  
provide a separale  subgroup for each dose schedule.  
d -Amphe lamine  sulphate was tested at three doses,  2.5 
mg.kg q6 ratsL 5 mg..kg (7 lals) and 10 mg.kg (5 ralsL Each 
an lphe tamhle  dose was aehninislered three limes a day :it 
t) a.m., 5 p.m. and 1 a.m. I~r five days. [)lie to tile short  
half-lile c)l amphe t aminc  in tile rat brain of ab()tlt ()0 iilill 
[1~] ,  this mult iple injection schedule was selected to 
prevent c(~mplete drug withdraxval Ir(ml occurr ing within 
each 24 hr period.  ( 'hh~rpr(mla/ine hydr(~chloride was 

adminis tered OllCe a d a y  LIt 1 p . n l .  fo r  three days at three 
differenl  doses, 3 mg.:kg 17 ratst.  10 mgekg (7 r a l s ) an d  .~0 
mg.kg (7 rats), l )esipramine hydroch lor ide  was adminis- 
tered daily at 1 p.m. according tc~ three dose schedules,  10 
mg.kg was given for e i ther  three days 4(~ rats} or five days 
(g rats), and 30 mg.kg ,,,,as given l()r {rely three days ~6 
rats). Iproniazid was given daily at 1 p.m. for three d ay s a l  
two doses. 25 mg.kg ( ~' tarsi and 1 (')0 Illgzkg (4 lats). 

Rates nf  t:SB were lnoni lored during drug in.iection and 
for a nl inimum of five days following the last injection.  :\ 
da.v was defined as llt)()ll 1() l]oon, t:(.)r statistical analyses, 
:ill data were expressed as percent  conli{)] rate for each 
animal. ( o n l r o l  rate was taken h.v averaging the number  of 
responses ~xel the {hree prcdrtlg baseline days. and ranged 
ll(Hi1 122 to 147 bar presses per hour  for lhe various 

groups, l)ay one pos tdrug x~,as not included in the anal>sos 
to prevent  the carryover  of acute drug e t icc ts  illt(~ the 
withdrawal period.  Split-plot analysis of variance was run 
for each drug compar ing  l):,vs 2 4 postdrug against the 
different  dose schedules  I Sl .  The mean response rate 
during drug ~,dmmistration, tile grand mean response rate 
for Days 2 4 pos tdrug and I)a~s 2 4 postdrug analyzed 
separately,  were colnpared to control  levels using a tw(> 
tailed t-test for matched  pairs. In the presence oI a 
significant hetween-d(~sc effect  I11 the analysis {fl xariancc. 
or in lhe prt 'sence ()I large hc le ,ogene i ty  e l  xariance 
herD, Ceil de)sOs, a l - l c s l  l o r  l l() l lhc,  l l logCllC()tlS VaIiallCC \van 

u s e d  l o r  [~e t , .veen-dose  C()llll'~aliS()llS. 

RI SI ' I  IS 

[[iS[('~[,:'~°} " O11 ~l r:lll~.l(l111 s e l e c t i o n  ()I I~rains sll~x~ed 
COllSistent placemenl  of e lecl rode lip in lhe poster ior  
hypo lha l amus  around cc,ordinatcs 1.5 mm laleral, 2.5 mm 
inferior.  2.95 mm anlerior  I I41 (t"ig. 1). 

Z 
1.1(_;. I. Representative histological sections taken t'r~ml animals used 
in the experiments v, ith the electrode placements drav, n (~n tile 
appropriate coronal set'timls taken from tile Konig and Klippel 
Stereotaxic Alias 114]..,~nimals 6 and 8 received amphetamine, 1 
and 4 desipramine, 2 and 5 chlorprmnazine and 3 and 7 il'~r~miazid. 

[ he  results of amphetanlme treatment a~e presented in 
Fig. 2. l 'he mean rate for the five days of drugadmini~,tra- 
tion is compared  with tile mean rate l~r Days 2 4 postdrug 
f{)r each of the three allll.)Iletailline doses. I)ata are shown as 
percent  change from control  talc ' s tandard error e l  the 
mean. During amphe lamine  adminis t ra l ion ,  the mean per- 
cent increases in I:SB were 407 ' ;  for the 2.5 mg. 'kggroup .  
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376!; Ior tile 5 vng/kg group, and 351(; for the I0 mg/kg 
group. "[Ills 5 mg/kg dose produced  a significant elevalion 
of ESB rates (p ,  0.01). l h e  2.5 mg/kg t r ea tmen t  also 
p roduced  a significant elevation in rates (p<0 .05) .  but the 
I0  mg.kg t rea lmcnl  showed a nonsignif icanl  elevation of  
rates during drug, dtve ill part t() tile increased variance in 
Ibis group. As can be seen in Fig. 2. all doses of  
amphetaTnine were fol lowed I~y a significanl decrease in the 
mean rate for l)ays 2 - 4 pos tamphetanvine  when compared  
to cont ro l  levels ( /5-0.01) .  The mean rares during with- 
dra`.val wcrc 57"; bch)v.' cont ro l  for the 2.5 ntg/kg gr(mp, 
7,R<; below cont ro l  for the 5 llvg,:kg groi.lp, and 91 ' ;  below 
contr~51 for the 10 mg/kg group. The lowest rates of  I{SB 
were seen on the seCOlld day of wi thdrawal  for all groups. 
l h e r e  v, as a g r a d t l a l  rettvrvl t o w a r d  COll l ro]  r/.vluS ztcr()ss 

l)ays 2 .4. Analysis of  variance per fo rmed  on the dai l)  
pcsstdrug rates yiehled a significant difl"erence be tween 
doses I ( 2 , 15 )  = 4.20,  p-, 17).05, and a significant d i f ference  
across days F(2,30)  = 4.88, p<. 0.05. l-he higher doses of 
amphe tamine  p roduced  a greater decrease in rate of fiSH 
d t l r i ng  w i l hd rc lwa l ,  and fo r  all doses, there was a s ign i f i ca i l t  
recovery toward baseline dilrhlg the three days posldru.e. 

l h e  cfIccls  ()f ( 'PZ administrat icm arc shown in Fig. 3. 
The mean rate of  I.S,B during and pos tdrug is shown for tile 
thrcc ( 'PZ tl(sscs. A11 doses significantly decreased rates of  
list3 cttvring adminis t ra l ion .  I 'he decreased rates ,.,,ere 38"; 
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FIG. 3. Rates ('.t" l.iSl:l during and following CPZ treatment. Mean 
rates across days are shown by solid-lined bars. Sienificincc based 

on comparison to5 control rate v,'ith l-tesv for lnalched pairs. 

below cont ro l  for tile 3 mg/kg group (P" 0.025),  7c, l'" below 
contro l  for tile 10 mg,'kg group (p, 0.011, ,:tnd t)3"; below 
contro l  for the 30 mg/kg group (p, 0.01). Foll(~wing tile 
te rminat ion  of  chlorpr(miazine injections,  the two higher 
dose groups showed a significant increase m rates above 
contro l  levels. "lhe 117) mg/kg group increased u8";. :ihove 
contro l  (p,  0.025) and the 30 mg;'kg group increased to 
1 2 ( Y ;  • above cont ro l  (p ,  0.01 I. l h e  increase in rates of  ESB 
during withdrawal  from chlorpr(mlazine was greatest (sn 
Day 2 pos tdrug and decreased toward baseline across tile 
three days. Analysis (H variance on the posi-( 'PZ daily rates 
demons t r a l ed  a significant di f ference be tween doses 
I.(2,18) = 3.q12, p ,  0.05, and a significant effecl across 
Days 2 4, F ( 2 . 3 6 ) =  5.00, p. 0.025. 

The restllts of  iproniazid adminis t ra t ion  tire shown in 
I"ig. 4. The lower dose of  ipronizid,  25 mg/kg, did no! 
produce  a reliable elevation (~f rates during or fc)llov;ing 
adnfinis trat ion.  The higher dose, 100 mg:'kg, prodtzced a 
significant elevation (st ESB rates it5 26(Y; above control  
(p, 0 .025)  which was fol lowed by iv significant decrease in 
rates it5 58'i  below contro l  dtiring withdrawal  qp, 0.05). 
l 'hese effects  are similar to those seen for anvphetamiile. 

1"he 100 mg/kg group which showed a significant 
decrease ill rates postdrug,  also showed a recovery toward 
control  levels during {he three pos tdrug days. /tn:dysis (sf 
variance for these data yielded a significanl di f ference 
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be tween  the two doses of iproniazid,  t:(1.~) = 5.78, 
p<O.05.  

Of the four drugs tested in this exper in len t ,  I)MI was the 
only one which did not produce  slatislically significant 
changes from baseline levels. Figure 5 presents  tile data for 
DMI l rea tment .  As can be seen, the most  striking eftcot  was 
the large increase in rate following the 30 mg/kg t r ea tmen t  
together  wilh the associaled increase in variance. l h e  mean 
pos tdrug rate in the 30 mg/kg group was 183': above 
control  with a s tandard error  of 280"; of contro l  rate. File 
observed he le rogene i ty  of variance was a product  of 
be tween animal differences.  Thus of the six animals in tile 
30 mg/kg group, four showed increases of more than 1007; 
above con t ro l  for all three pen;drug days, while lWO anitnals 
showed liltle or no change. 

In addi t ion to increasing rates of t:SB, the fotlr animals 
men t ioned  lost up to 25"; of  body weight over a two-week 
period.  All died within four weeks. ' lhe  elevated rates of  
t S B  are Ihtls difficult  t() in terpre t  since the nutr i t ional  state 
of lhe animals was markedly altered. The two animals 
which showed no pos tdrug  elevation of rates at this dose of  
I)MI also showed no weight loss. In light of the hetero-  
geneity of variance be tween I)MI groups,  a t- lest  for 
i lonhonlogclle()us variance was employed  to compare  lhe 
pen;drug data for the lhree d o s e s . l h e  30 mg. ,kggroup was 
significantly different  froln ei ther  of the o ther  twc) groups 
(p." 0 .05 . / - t e s t  for nonhon logeneous  v~uiance I. 

I ) I .'-;C t : .'-;:q I( ) N 

Whih." Ill,_' ( ' R F  s c h e d u l e  is t m l  k u s t o n t a r i l y  used i l l  
m v e s l i g a l i n g  l h e  b e h a v i o r a l  e I f e c l s  ( ) I  p h a r m a c o l , . ) g i c  a g e n t s .  
l he  b e h a v i o r a l  p a l l e r n  p r o d u c e d  b., ,  a n i m a l s  h a v i n g  c o n -  
t inuous access to t-SB is \c ry  differenl  from the lypi~,al 
con t inuous  responding seen wilh such a schedule.  The 
pat tern  observed ill the present e x p e r h n e n l s  under predrug 
condi t ions  has been described previously in detail I I l ,  and 
il consists  of  periodic bursts of rapid lever pressing, 
fol lowed by periods of  inactivity. Fhis tSpe el ICSpL)I/SC 
pal terning allows both  for ,~leat h/creases and decreases ill 
daily response tolals, st) that depressanls  ;is well ;,N 
s t imulants  call be tested effectively [ I 5 ]. 

The resuhs of the present expe r imen t  delllonMrate thai 
repeated adnliniMralioll of  beh.:tviolally active allrigs can 
produce behavior,  following discontht t la t ion of l rcatnlent .  
that differs both  frtml contro l  ESB behavh)r and from drug 
induced I-SB behavior. Of the fotlr dr; i ts  lcNled, three 
changed rates of ESB during drug : ldministration.  All of lhe 
drugs produced  changes in I{SB rates upon tcrminal ion of 
t rea tment .  Anq~hetamine and iproniazid,  at appropr ia te  
doses, elevated rates of  ESB during IreatnlcnT.. a;ld upon 
disconl int la t ion pl-odtlced :,l decrease ill rates 1o below 
baseline levels, b',ates following drug terminat ion  gradually 
re turned toward predrug levels, l)ccreases in FEB were 
produced  by ( 'PZ adminis t ra t ion while d iscont inuat ion  of 
( P Z  wan associated with mcreases in I"SB. DMI. lhe fourth 
drug tented, p roduced  no slatislically significant effecls  
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either during adnl in is tral ion,  or fo l l owing  form|nat ion o f  
treatment ,  largely because of  the large variance observed.  
l h e  fornier  effect  conf i rms  previous observat ions  13 2]. 

The behavioral e f fec ts  of  withdrawal  seen m the present  
s l t ldy  are  in agreement  with many previous studies [ 2, 6, 9, 
l l ,  12, 16. 17, IS, 36, 37, 38] ,  and addi t ional ly ,  with 
studies of  the effect  of  pheno th iaz ine  t r ea tmen t  upon drug 
induced s l e reo lyped  behavior.  Acutely pheno th iaz ine  
blocks lhe s l e r eo typed  hehavic>r p roduced  by psychcmlo tor  
s t imu lants  ;ind a l m m o r p h i n e .  I ' o l l o w i n g  t e r m i n a l | o n  of  
repeated phenoth iaz inc  [rciillllenI, h o w e v e r ,  bol]l aponlor-  
phine dlld n l e l h y l p h e n h l a l e  tire repor ted  1o p roduce  an 
increased aliiotlnt <,)f s t e reo typed  behavior [ 20, 27, 35] .  

In (>rder to de termine  whether  tolerance developed 
dnring drvg I reatnlcnl ,  daily rates were coniparcd with 
control  rates. l h e  only drug that p roduced  reliable changes 
was ( 'PZ, in thai at holh 3 and 10 nlg.kg, there was a 
r e c o v e r y  ()I resp( ) i ld ing  Ioward COl]Ire] r:.lleS with repeated 
a d n l i n i s l r a t J o n . . \ I  ho lh  o|  these doses s ign i f i can t l y  fewer  
Ip. 0 .05}  re,q~onse,> were inade on I )av I o f  drug adni in is-  
t r : i l ion  lhan (>11 the last con t ro l  day when compared  v , i lh  
[- lesls for pa i red nieans. ()n the th i rd  day o f  drug 
a (hn in i s l ra l i on  response rates were no longer  s ing i f i can t l y  
d i f fe ren t  Iron1 con t ro l .  I )espi le this ev ident  recovery ,  the 
increase in iesp()nding ()n the first day fol low,,ins tern | |na-  
t ion o f  d r u g a d i n i n i s t r a t h m  was h igh ly  s ign i f ican l  i p  0.01).  
l hese  iesul is tl(~i on l y  s i low loh_'rance deve loph lg  to the 
eI1ects ()1 ( I ' Z .  bul  als() ind icate that  l i le reboui ' ld ef fect  
was i lo l  due to a rcco%er.v IF()lll general a tax ia  d t i r ing drug 
ct t l l l l inJs l rat ion. .N 'o such l(,)ler:ince ef fec ls  were scei1 w i l h  
;111",,' ('ll t h e  other  drLlgS. 

The rate (f l  I'SB increased marked l y  dur ing  an ]phe tammc  
adll l inistralion.  I h i s  increase Jn h_'ver pressing was nol 
due Io lhe generally activating ef fec ts  of  the drug since it 
has hecn sh(>wn lhat anin~als receiving the drug and having 
access In two 10vcrs, (me fclr t!SB ano the r  lc~r food will 
only shove increased response rates ()n lhc ESB associaled 
lever [ 2 5 ] .  ] h u s  whi le  al high doses ot" an lpt ie tanlJnc 
I:.ibo~.e 5 n lg .kg)  s te reo typed  hehav io r  w i l l  appear,  this w i l l  
I),,.' i l o l ed  :.is a alL'crease Jn response rate. as it is ai1 
i n c o m p a l i h l e  heha~ic)r w i th  lever pressing. 

l h e  depression c)i self s l i n l u l a i i o n  follc~,,ving drug ter ra in-  

ation could be interpreted us being related to tile punishing 
effects  of the induced self s t imulat ion during file peak drug 
effect .  If this were a likely explana t ion ,  one wouht expect  
rapid ex t inc t ion  of  this effect  once the drug was with- 
drawn. Recent  observat ions  (ill our la tmratory)  indicate 
that this depress ion may persist for at least 10 days, and 
reflects a change in the reinfc~rcing effects  of  the stimula- 
tion, since a small increase in current  (5,uA) will restore 
rapid self s t imulat ion behavior. 

:% general pa t tern  exists I~etween the acute effects  of  
these behaviorally active drugs, and the effects  {if with- 
drawal from these drugs. In both  the present  results and 
previous studies,  tile acute hehavioral cffcct  of  tile drug is 
associated with an oppos i te  ef fect  during withdrax~.al. l h c  
changes in behavior upon ssithdrawal are not merely a 
return to predrug levels, hut a ch:lnge in a direct ion 
opposi te  to thai o f  tile acute drug effecls .  Since the active 
drug is eff¢clively ahsent  during withdrawal ,  the exis tence 
of  a t3ehavioral withdrawal  s y n d ro me  suggests a change, 
p roduced  by drug adnl inis t ra t ion,  in the factors which 
deler ln inc  the drug-free levels nf 13ehavior. Pile influence ot  
these factors appears Io co | in te r  the effects  of the drug on 
behavior. At a broad theoret ical  level the x~,ithdrawal 
SylldrolllC Call he seen :is a illdlGifestatJ()n of" a d a p t i v e  
c]langes in tile olganisin.  Such ctlanges occur Jr1 response to 
the presence of  the drug, and counterac t  the ef fec ts  of the 
drug. Upon drug wilhdrawal  these changes cont inue  to 
influence hehavior  for ,t period of  time. A theory of this 
sort is appealing, since it also explains drug tolerance.  
Indeed,  s u c h  h o m c ( I s l a l i c  lllech.:lRlSlns ;ire conl l l lOn t(i ii1os[ 
cur rent  theor ies o f  to lerance and dependence oi1 opiates,  
barb i tu ra te ,  and e thano l  [3,  4, S, 13, 20, 23, 7~. 201. [ t lesc  
theor ies d i f fe r  p r ima r i l y  w i t h  regard it) i t lc hypo thes ieed  
tqo log ica l  basis o f  lhese adapt ive  c]lan,m_'s. Ihe  concept  e l  
homeos ta t i c  n lechanisnls i lnl) l ies no pcir t icular  b io log ica l  
n lechanisnl .  

l 'he  present s tudy  suppor ts  lhe Vahle o |  l i fts ¢oncep l  o f  
adapt ive  change hi the s ludy  o f  lhe ef fects o f  repealed drug 
I rea t l l l e i l l .  1his concept  c~iil seFve {is a guide to fn r t l l e r  
e x p l o r a t i o n  o f  the h io log ica l  nwchan isms t)f to lerance and 
dependence to psychoac t ive  drugs. 
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