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FOREWORD

In conducting the research described in this report , the investigatoradhered to the “Guide of Laboratory Animal Facilities and Care ,” as pro-mulgated by the Committee on the Guide for Laboratory Animal , Resources,
~ationa1 Academy of Sciences-National Research Council.
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SUMMARY

Experiment I: Effects of drugs on Brain Thresholds.

Cats, under general an esthesia , have been fitted with chronic electrodes ,
that have been stereotaxically placed in the medial geniculate body.
rnesencephalic reticular formation , and the caudate nucleus . Following re-
covery from this surgery , they were trained to avoid a ri ght foreleg foot-
shock by making a conditioned response (CR was a right foreleg flexion ) to
the conditioned stimulus (CS) which was direct electrical stimulation of ~ne
of the implanted neural sites. When the cats were trained , conditioning
thresholds were determined by repeatedly lowering the intensity of the CS un-
til no CRs were obtained. The CS intensity that maintained 5O~. CRs was de-
fined as the conditioning threshold . After stable conditioning thresholds
were determined the effects of various drugs in various dosage levels an~J
combinations , upon the conditioning thresholds was determined. The drugs .
tested singly and in combination , at various dosage levels are pentobarbi tal ,
paraldehyde , librium , chioral hydrage , meprobamate, and ethyl alcohol.

Experiment II: Drug Substitution .

Cats have been fitted with chronically implanted electrodes , and receiv-
ed avoidance training. The surgical and training procedures ~~e identic ..il to
those of the first experiment with one exception . Whereas th~ cats in the
first experiment were trained while they were in the normal , non-drugged state ,
these cats were trained while they were intoxicated , following an ir~ injection
of pentoharbital (12.5 - 15.0 mg/kg), so that their responses would he state
dependent and give CRs when they are drugged but not while they are sober.
Thus , when the animal is given a suFrti~ utc~~ ru r it w i l l  give CRs ~f the n iL-
stitute drug produces the same eff ’ctn as r’mtnLarbital. In this ret~ort we
show tha t paraldehyde , l ibri um , chioral hvdr .~te. meprobamate , in single doses ,
and in drug combinations that ~,Folinh CEs in .

~xp criment I effectively sub-
stitute for 15 mg/kg pentobarhital. In ciF~~tion , we show that the effect of
drugs upon brain thresholds , ~s measured ~v changes is. conditioning thresholds ,
is a function of the interaction of the drugged ~t nte and learning , and not
strictly upon the pharmacolog ical effects of the drug alone. The conditioning
thresholds of cats initially trained under pentoharbital Feing progressively
elevated as the dosage level of pentobarhital was progressivly decreased.
This is in direct contrast to the normally trained cat - where progressive in-
creases in pen toharbi tal pr odu ced progressive increases in conditioning
thresholds.

Experiment III. Effects of barbiturate addiction upon brain thresholds.

The method and procedure is like that of experiment I in that the cats
arc nurg i cally fitted with brain electrodes , condi t ioned , and condi t ion in g
thresholds to’ en. In addit ion , forced movements were elicited , and k in d l i ng
seizuren established and the threshold for both the forced movement and the
seizures were determined. The cats were then made physically dependent upen .
and withdrawn from pentobarbital. The course of the addiction and withdrawa l
upon the conditioning , seizure , and forced movement thresholds was followed.

L 

In this report we show that there is no supersensitivi ty of the cen tral
nervous system during, ~dthdrawa1 seizures. There were only slirlet increone~ 
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in the seizure and forced movement thresholds but not decreases in
thresholds as demanded by a supersensitivity theory . In this report we
summarize and discuss the method of producing physical dependence upon
pentobarbital in cats; we detail the dissociation of pentobarbital effects
upon the elevation in conditioning thresholds of caudate nucleus and the
mesericephalic reticular formation , and show the relatively small in creases
in seizure and forced movement thresholds.

Experiment IV. A comparison of drug effects upon conditioned responses
established to peripheral stimulation or to direct electrical
etimulation of the brain.

The method and procedure was like that of experimen t I except that these
cats were conditioned to a 1000 hz tone as well as to direct electrical
stimulation of brain tissue . The results show that in every instance , and
in the same cats , the CRs established to the tone were abolished before those
established to direct brain stimulation . Furtherm3re , attempts to establish
CRs to either a tone , or a light CS wh ile the cat was drugged with 12.5 mg/kg
pentobarhital were unsuccessful despite extensive tra ining while CRs to
electrical stimulat ion of the brain were successful . 

.
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6.

BODY

The ultimate goal of this research goal is to determine which drugs , or
drug combinations can effectively substitute for pentobarhital and block
withdrawal seizures in cats that have been made dependent upon pentobarbital.
A second goal is to determine what brain mechan isms may be operat ing during
the addictive process. To achieve these goals , a series of four related ex-
periments have been , and still are being conducted.

The function of the first experiment is to provide a screening of drugs ,
thought to have some effects in common with pentobarbital. The screening of
these drugs is to determine whether they have similar effects upon brain
excitability levels, determined by cond i t ion ing  thresholds , as does
pentobarbital and to provide a Oe Ofl S  of equat ing dosage levels of the various
drugs to produce eauivalent effect5, The function of the second experiment is
to determine whether the cat equates the drug s the same way that the experi-
menter does and what Iwug,s and at wh.~ dosage level ttev can substitute for
pcntobarb ital. The pursose of the t bird exs~ r i m ’ nt  is to follow the course
of the  dove io:n ’nt of physical d c ’ n i’ nce upon hod it u r a te s , the t ime  course
of w i t h d r u w o l  symptoms , and the chon ses  in  the e x ci t a b i l i t y  levels that
accompany w i t } . d r .iw , , l  se izur  and n y i t t t c m s .  The four th  experiment was de-
s igned to i c t er n in e  w h e t h e r  t h e  dr oss  used in the  f i rst  three  exper iments
di f fer ~. n t b u l ] . ; a l te r  or o~~f sc t  c o n d i t i o n e d  responses el icited by peripheral
(t o n e)  s t i mu l ~~t ion or by s irect e lec t r i co l  s t im u l a t i o n  of the brain .

In all of the  exp er imen t s  the me thod  for record ing  changes in brain
e x c i t a b i l i t y  levels ~s the cond i t ion ing  procedure described by Doty , Rut ledge ,
and Larsen (l~ 56) and m o d i f i e d  by t l i el son , Kni ght , and Porter ( 1962) .  Cat s
are t r a ined  to s i ve  a r i ght  foreleg flexion conditioned response ( C R )  w i t h
direct electrical stimulation of neural t i s s u e  as the condit ioned s t i m u l u s
(CS). When the CR is well e~.;t ah l i shed , the  i n t ens i t y  of the  CS is lowered un-
til no responses are elicited , and ra ised again until the animal is again
resp cniing . Threshold intensities , the measure of brain excitability used
here , is defined as the intensity of the CS that produces CRs 50% of the time .
f uch  thresholds are stable over long periods of time is the normal animal
(h ielson and Davis , 19g6), yet are sensitive to changes in neural excitability
levels produced by electroconvulsive shock (Nielson , lL~f 8), brai n lesions
remote from the site of CS stimulation (Ni elson and Davis , lPE6), anti-
convulsant drugs (Nielson , Justesen , and Porter , 1968) and the drugs reported
here. Furthermore , the acquisit ion and maintenance of these CRs can be state
dependent , ( i u , eiiail  h or, i ’ ~~e lson , 1s72) .

bx ’rimer~ 1: Experiment I is desi gned to de te rmine  which  drugs , and at what
dos c~~ s , produce changes in brain thresholds comparable to those produced by
in  in t r  Ip rit /neoL inject i u of 1.5 ms/kg sodium ~ntoLe d tol. This was
accomplished by stereotoxically pla c ing  bi polar electrodes in a variety of
brain areas of cots , but especially in the medial geniculate body, mesencephalic
reticular formation and the caudate nucleus . When the cats had recovered
from this surgery they were habituated to a conditioning apparatus , which
allowed movemen t of the head and limbs but limited gross locomotion until they
became tolerant of this restraint and remained quiet. Then . avoidance 
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conditioning trainin g was started. The conditioned stimulu s (CS )  was a t r a in
of electrical square wave pulses del ivere d to a pa r t i cu la r  brain site , throu b
the chronically implanted electrodes , for 2 sec. The uncondit ioned s t i m u l u s
(US )  was also a train of electrical square wave pulses , . ?  see. in duration and
overlapping the CS by 50 nsec. ,  that  was delivered to the cat ’s righ t foreleg
through a leg cuff and a grid upon which its lee is placed. The conditioned
response ( CR )  was a flexion of the r ight  forelee which broke the US circuit and
allow the animal to avoid the US. Fhen the animal had learned to n ive  a high
number of CRs , the same training procedure was carried out wi th  electrical
stimulation of another brain site as the CS. ba ch cat was trained to give CRs
to electrical stimulation of at least two different  brain sites .

When avoidance training was complete the threshold of each brain site
was determined. This was done by lowering the intensity of the CS in blocks
of five trials until  no CRs were obtained. The intensity of the CS was then
gradually increased until a high level of performance was again obtained.
This process was repeated several times a day for several days unti l  stable
thresholds , defined as the CS intensi ty  that give s 5Of CRs , has been determined.
After  stable thresholds had been determined , the experimental animal was given
a low drug dose and thresholds were again determined. If there were no
ident if iable  threshold chanpes produced by the drug,  the animal was returned
to its home cage . The fol lowing day a larger drug dosage was rive n and
thresholds again token .  The drus dosase was progressively increased un t i l
ti reshold ch ances d i  occur ~‘r s i t u , t u e  an i ma l was su f f i c i en t l y  intoxicated
that it could not perform . ~‘7hen a riven dosage of a drug results in a s h i f t
in brain th resholds , the animal was tested two , four and eic-b t hours later
unt i l  the drug wore off and the thresholds ret urned to normal.  After  thus
determining the drug effect  and its t ime course upon the brain thresholds,
another drug dosage level was given and the duration of e f fec t  determined.
This continued unt i l  a ran ge of dosare levels had been given so that the
smallest dosage had no ef fec t  upon the threshold while the largest dose corn-
pletely abolished the CRs . When a dose response curve was thus determined in
one cat it was verified in other cats that  had never received that  drug before .
The same procedure was used when d i f ferent  drug combinations were investigated.

The ef fects  of the various drugs and drug dosages are summarized in
figures 1-12 . Cach of the curves in f igures is based upon the data obtained
from at least three cats wi th  that electrode placement and that drug , and each
figure is based upon at least five cats . The effects  of various drug dosages
upon the condi t ioning  threshold of the caudate nucleus is summarised for
paraldehyde in figure 1, for l ibrium in f igure 2 , for chlora l hydrate in
f i gure 3 , for meprobamate in f i gure L~ , and for ethyl  alcohol in figure 5.
‘~i rn i la r  dose response curve s were obtained for these drugs upon the condition-
ing, thresholds of the medial geniculate body and the niesencephalic reticular
format ion. The only differences in the  drug e f f ec t s  upon the medial geniculate
body and the caudate nucleus were fo un d wi th  l ibrium and meproh omate . The
effects  of these two drugs upon the exc i tab i l i ty  leve l of the medial geniculate
body is show n in f igure 6 for l ibrium , and f igure 7 for meprohomate . The dif-
ferences in the drug effects upon the caudate nucleus arid the medial geniculate body
are directly compared in f i gure 6 for l ibriurn and f i gure 9 for meprohanate .
Inspection of these f igures  shows that  there were d i f ferences  in CR thresholds
of these two brain structures only wi th  the intermediate dosage levels , and
these differences showed the caudat e nucleus to be sl i g ot ly  more s ens i t i ve  
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to the drugs than was the medial geni culate body. There were no other dif-
ferences in the drug effect between the caudate nucleus and the medial
geniculate body. The drug effects upon the mesencephalic reticular formation
were identical to those upon the caudate nucleus and are not reproduced here .

The different drug dosage combinations were next determined. Because
of the similarity of the drug effects upon the three brain structures the
drug combination e f fects are de tailed only for the caudate nucleus. Figures
10 and 11 show the effects of different combinations of librium and meprobarnate
upon the conditioning thresholds of the caudate nucleus. Figure 10 compar es
the low dosage levels and shows that the combination of 5 mg/kg librium ,
which singly produced only a transient effect upon brain excitability, and 25
mg/kg of meprobamate, which singly had no effect upon brain excitability,
produced a small, but very long lasting depression of brain excitability.
Figure 11 shows the effect of larger dosages of the librium-meprobamate
combination . A single dose of meprobamate of 50 mg/kg decreased the ex-
citability of the caudate nucleus for eight hours when given alone . However ,
when this dose of meproba mate was combin ed with l ibriu rn of 10 mg/kg , which
singly had no effect upon brain excitability levels , produced a profound
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depression of the exci tabili ty level of the caudate nucleus such that the
condi t ioned responses were lost for over ei ght hours. We now believe that
any comb inations of paraldehyde , libr ium , chloral hydrate , meprobamate , and
ethyl alcohol , where the combination is one half of the dosage level that
abolished the CRs f or any drug is combin ed wi th one ha lf of the dosage level
of any other drug that abolished the conditioned response the two drugs will
combine and abolish the CR for long periods of time . The potentiation of
drug effects is great when its depression upon the condit ioning thresholds
is measured , hut the  greatest effect of the drug potentiation is upon pro-
longing the depression of brain excitability. Thus , the combination of these
drugs produces a depression of CRs for four to six t imes as long as does a
single dose of a single drug given in twice the amount of any of the drug
given in a drug combination .

To emphasize the nearly identical effects of the drugs effects upon the
caudate nu cleus and the  mesencephalic reticular formation the rescon~ es of
these two structures to the meprobamate-librium drug comb~ n.iitions is shown in
f i gure 12. The data for the figures were taken from cats from which C~
thresholds were taken from both the caudate nucleus on~i the mesenc : F. ~lic
reticular forma tion , so that  it represents data withi.n cats. ~~n~~1 is
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Figure 11). Effects of L ib r i u m  (5 mg/kg) and ~1eprobamatc (2~ mg/ k g~
administered singly or in combination upon the conditioned response thresho ld
of the caudate nucleus .
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comparisons stw o cats that had CR thresholos 1505  on]v one or t h e  other
c ~tes sh~ w . d t h e . sno thing . The druss all effected th caudate nucleus and

nesencenhalic r~~ .~u 1~j y~ formation in the sans ~. , i ,’ . The ~- nt I (Tfl nature
s~ the ~rig c: fect ’ upon these tee structur~ s is emphasized hero because we

~T i~d a ‘lissoc i I t i on  of th2 drug effects on th~ s~ two ‘~~~~~ uctures as the cat
becomes ad lic ted to pen oharbital .

ix: . i i n n t  II. a u c , substitution . In this exo rin -nt we det~”rrnine the ex—
‘- n ~ to wel ch a cat views a variety of dosage levels given s~ nrlv and in corn-
inat i ons , of :‘m~ id ehyde , librium , chloral hydrate , and meprobamate as
r e c n g  the same drugged state ac that producea by an is injection of 15

mg/Kg of seetcb~ rbital. We can do this because these drucs all sroduce state

~~~~~~ l .:rning . This is a phenomenon in which a r’:;on ;~ acsuirnd by an
animal andet the influence of a d r u g  is 2.ost when tb animal is no longer
u n b r  the infiu er s” r of that drug , but re-appears when the aninal i n  a g i l e  in
thai drugged state. Conversely , responses acquired while the animal is
the normal non-drugged state are lost when the animal is in a .~r u g g e d  st ’it~
but  re-appear as the drug wears off. Thus the maintenance of the rs1 o n’~e is
desendent upon the maintenance of the drugged or non-drugged state that ex-
isted at the time of response acquisition . If both these conditions are met ,
the response is said to be state dependent .

Whil e not all drugs produce state dependen t lea rn ing , the act ion of
those that do is pri nci pally upon the centra l nervous system . These drugs
can also servo as discriminative stimuli , may be used c l in ica l ly  to alleviate
fear and anxiety, and are frequently abused and rroducc Irug dependence.
These drugs may produce s imilar ef f ects, they develop cross tolerance , pro-
duce somewhat similar intoxications and are freguentlv substituted for each
other. This last fact is particularly innortant in the initiati on of abstinence
(Vall ien t , 1969) in that , since the time of iimmelsbach and Andrews (19143)
drug substitution has played a major role in drug ti erasies for addiction .
The state dependent learning paradigm offers a particularly good method for
determinining the extent to which one drug can substitute for another because
the substitute drug must maintain a behavior. In this experiment it is a
conditioned response maintained in a drugged state produced by an ip inject ion
of 15 mg/k g pentobarbital.

The specific training procedure is identical to t- hat of the first experi-
ment. The general training procedure differs from the first experiment only
in tha t these animals beg in each tra in ing  session af ter receiving an ip in-
jection of 12.5 to 15.0 mg/kg pentobarbital. Because all training is con-
ducted whi le the cat is in the drugged state the CRs are state dependent.

To put the results of the  drug s ub s t i t u t i on tests  in perspective the
e f fects of var ious dosage levels of pentobarhital upon the training thresholds
and percent CRs of drugged trained and non-drugged (normal) trained cats is
shown i n Figures 13 and 1i. ~. These f i gu r e s  show that  as the dosage level of
pen tobarbi tal changed away from the training state there was a progressive
loss of CRs and an increase in CR threshold. Thus g iv ing  normally trained
animals (those in exr~~rin ’nts I and 

1.4 ) increasing doses of pentobarbital pro-
gressively elevates the CR threshold and decreases the percentage of CRs.
b irly the rev’~rse was true for those cats trained in the drugged state

— .~~~~ ‘ ?r ~
----: ’ . ,-0 .-.‘- -- ~~~~~~~~~~~~ ‘-‘ .~ ~- ..



prod uced by 12.5 mg/kg of pentobarbital . For these cats the thresholds in-
creased as the dosage level of pentobarbital was decreased. Similarly , the
percentage of CRs decreased as dosage level of pentobarbital decreased until
CRs were lost . Thus we can conclude that  CR thresholds are a funct ion of the
animals training state , and deviations from the training state produce eleva—
tions in CR thresholds , a reduction and finally a loss of CRs. We can con-
clude that the CR t hresholds are a function experience in a state and not
the gbarnacot ocica l  action of the drug alone .

The dissociative dose of pentobarbital for the normally trained cats
was 12.5 mg/kg whi ch was the training dose for the drugged train ed cats.
The result s from our drug subst i tut ion tests show that in each instance , the
di s s o c i a t i v e  dose of the substitute drug , the dosage level that abolished the
CRs in experiment I, was an adequate substitute for l~ mg/kg penoharbital.
Paraldehyde at 300 and 350 mg/kg, clitoral hydrate at 100 mg/kg, librium at
20 mg/kg and meprohamate at 100 mg/kg all substituted for 12.5 mg/kg of
pentobarbital and maintained state dependent responding. Ethyl al cohol was
not tested because these cats were not fitted with tubes so that alcohol
could be admi nistered wi thout the cats vom it ing it up. Smaller drug dosage
levels of these drugs that were not dissociative and did not abolish CRs in
experiment I, did not substitute for pentobarbital and produced very limi ted
responding . Thus the adequate substitute dose in this experiment was the
dissociative dose found in experiment I.

S

~ 400 - /
0 \~ / • Drugged tra ined

~~C/)
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~jj 300 - ,\ 0 Non—drugged trained/
H 0

H 200
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too — 0—~~LUa.
I I I I I I

0 2.5 5.0 7.5 $0.0 12.5
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Figure 13. Comparison of the  e f f e c t s  of v a r i a t i o n  in  the  d a s : i g e  levels
of pentoharhital upon the training threshold of drugged and nondrugged trained
cats.
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Figt’rc~ 14. Comparison of the e~Ic:ts of ~ ar ~~o ic iioeige l e v e l s  of
pentoharhital upon the percent CRs of cats trained in t b ,  drugged (1.~.5 r t g ’k g)
state and the nondrug g ed (no rm a l )  s t a t e .

The di~~t , t ~, nt , :be i t : t . ~ ~run  ~~ :os ’wb , l ’ ~~~~ H. ef ~
t l . -~ cat s .  }‘ j i i ldslv ,H (300 m r / i ~g)  n r~~~ i St  .iat early is
se siorl  .;eirned much Sri (r i at i l ~~~n ,  w t ’  1?.5 m g / i g : . n t ~~ ~rt  N I l , t I L t  a’
t e n t i n g  c o n t inu d these  c i ~~s, u e J  - ‘  t h os e  H n ’ f i r ~~t x: ’t’ ment t ha t were

normally triine i and re ’i ved to an: ion 3g i~~v. I . seemed to .x p r i  ence a g~ n-
sr ii, distress. owe’; r , t b ;  c - o n t i n u e d  o g iv e  goo l CRs t d t  i . re the
sess ion . Wh et :  t he  ca t s  ree l ~~~~ el i ot j~ i c r  V ( 100 rs ; fi g ) be’; were calm
and V niet  t t ,t s ughout  t i e  sessi ens.  T h e i r  fEe w y  good i t  they  wrr r  not as
good as the’; were w i t h  s ’nt ob ’irhitil . l i ~ r u m  (2 0  m g / h i - ) hys bie d cat s t l : a :
w er e  ittoi y in! ag i t it o d  . ini  seemed very nervous e e l  r :; t l e s s .  Tl: ’ r CRs
w .u good . in i remain so. Mi :roi•I m it e (1(10 mg/kg ) reduced  a cat that was
calm ari d : :eemed to be less sedated than with pentol arl it il. The CRs were
slow n l u l l .  The drug combiriat i ce  of l ib r i u m  ( 10 mg/k g)  and r n i r o b lm,rt e
( 5ü  m - / i g )  wh N ’]n also produced d i s s o c i a t i o n  of the CRs in e x p e r i m e n t  I also
s in  V t  t h r  t h e  pentol a r i i t 1 l .  T h i s  drug combinat ion  produced cats that

t V ’ very d :rficuit to h an d l e .  They seemed more ~lttery and ag i t a t ed  than
t h y  r C (  V I  l l~~n i u m  alone . T h e i r  CRs wer e good , however.  A combina-

I ~ 1 chl ir .il hydrate and nieprohamate , made up of half the disso cia t ive
done  of s i c t  ( c h i l o r d hy dr a t e  50 m g / k g  and meprobamate 50 mg/k g) was also
~e a .  Then ~ dru  ;;  , ; u t e f y  had produced cats tha t  were calm and well



behaved. This drug combination substituted for p en tobarb i ta l  i n  that the cits
gave better  than 50 percent CRs , al though the  CRs were poor in ~u d l i t y .
The cats themselves were very calm , easy to handle and seemed alert . Thus
a drug combi nat ion , mixed 1/2 and 1/2 of the dis: ociative doses of the re-
spective drugs can substitute for 15 mg/kg pentoh irhital.

% Pentobarbi ta lV Drug . Dose m a/ k g  Thre shold

Paraldehyde 300 90

V Chloral hy drate 100 90

Librium 20 140

Mep robamate 100 50

Librium and meprobamate 10 and 50 120

Chioral hydrate and meprobamate 50 and 50 25

Table 1. The CR threshold differences of subst i tute  drugs and drug
comb ination s g iven in percentage of pentobarbital state
(12 .5  mg/kg )  CR thresholds .

Thr eshold de te rmina t ions  taken for each of the  drugs and drug combina-
t ions is shown in Table 1. The thresholds are :‘resrnted as Dercentage of
pentobarbita l  s t a te  (12.5 mg/kg). CR thresholds : Most of the thresholds were
fairly close to the CP thresholds obtained in the pentoharbital state. How-
ever , the chloral hydrate-meprobamate combination produced thresholds that
were consid erably lower than the pentoberhital state threshold . It should also
be po inted out that  th i s  deviat ion in threshold was of the greatest magnitude
and also produced the poores t  CRs . It in  d i f f e r e n t  from the expected changes
in that all previous devia t ions  from the t r a i n i n g  s ta te  have produced increased
in CR thresholds. Except for librium , all the other substitute drugs have
produced decreases in CR thresholds. Thi n was not particularly expected.
Nevertheless , we have found in exper iment  I I I  t ha t  there  is an increase in CR
thresholds of the caudate nucleus as the cat becomes addicted , and have
hypothesized that this increase may r e pr e sen t  a part ial , hu t fun ct ional loss
of reflex inhib i t ion .

Exper iment  I I I :  Prug induced changes of b a r b i t u r a t e  w i t h i r a w a l  svnntoms .
Phenobarhital  has been se lected  as t i e  drug of choice for treatment of

w ithdrawal from barbi tura te  dependence ( E m i t h  and Wesson , 1271) even though
;ynergi: ,ti c act i on of’ a variety of other d r u g s  w i t h  the barb i tura tes  has

been reported (W ahl s t rom , 1(170; Gibbins , Kalant , LeBlanc , F. Clark , 1(171; Davis ,
Kind , & Babbirt i , 1(171; S m i t h  & We son , 1971). The ex ten t  to w h i c h  those drugn
tha t  have a sy n e r g i s t ic ac t ion w i t h  the barbiturates wil l  alter pes t  o l ’ er l N a l

s— ~~~~~~~~~~ V
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w N m ’  seal eynn toms is the u l t im a t e  goal of th is  exserinent. A ~urt!.er coal
is to determine the extent to ;.ih ich th ’~ w i thd rawa l  of p e n t o bar b i t a l  C mor ~:
animals that are physically dependent upon pentobr irl ital , in rot Iecte ’l in V
chan g es  in brain excitability levels, and whether  the blocking  of w i t l V l r a w e l
sv:’~~tor:c; by phenobarbital and other d r u m  represents a r e s to r a t i on  of neura l
thresholds to pre-withdrawal  or pre-addiction levels. Furthermore , the dru ’
used to block or alter the wi thdrawal  symptoms w i l l  a c t u a lly  be a Ccci i na t i on
of drugs , iden t i f i ed  in the f i r s t  experiment  h i  t he i r  a b i l i ty  to ret ro l: V
the threshold shifts produced by pentobarbital , and ident ified in tie second
experiment by their ability to substitute for sentobarhital an~ no in tein
state lesendent CRs .

~fe thod and I rocedure :

Cats have been surgically isplanted w i t h  bV inola r  e le -t r o  len in a variety
of subcortical areas , wi th  emphasis upon the caudate nucleus and the
mesencephalic re t icular  formation . When the cats recovered I ron this surV ’ery ,
they were habitua ted  to a hammock and c o n d i t i o ner  r es :Vonses  have l ean e s t a b l i s h -
ed to electrical s t imulat ion of suhcort i ’,~l areas f r I  then  to a tone (H . Ti e
condi t ioning procedure and at ’garatus are identica l to those described for
experinent I except for two var ia t ions .  In a d d i t i o n  to ( ‘StV i! I i s h i n c -  CEs and
then determining, the  CR thresholds , k i n d l i n g  sd errs ::ere established in some
of the cats and the seizure thresholds have  I con det e rn  m ed. In a d d i t i on ,
the  thresholds for any forced movements  were d et e r m in e d  and followed thron:-
out the  exp er iment .  Af te r  the cats were conditioned , ( R  forced novn nent , and
seizure thresh olds determined , they were made phy s i ca lly  desenden ~ upon
pentol arhital. The addiction procedure is one that we have d e v e loy r d .  Face
cat is c-iven a single ip injection of 30 mr / k g  p e n t o har f i t al  for 10 days .
A wi thd rawa l  probe was then Vc, iven where pen tob a rh i t a l  .~eas withheld an I CR .
forced movement and seizure thresholds were de termined for the  next  threr ’ days .
At the end of the three days wi thdrawal  I robe the cats were c’ i ven 45 m s / i c
sentobarhital in two ip in~ ections of nentoharh i tal for 10 P ar s .  The f i r s t
is in~ ecr ion is 30 mg/ i~g followed 7-10 hours later with a second i: in~ ec-tion
of 15 m m / I -  g. At the end of this 10 day period another three (Ta; withdrawal

rol e was Vs i ven and CE , forced movement , and seizure thresholds was tahen . A
thir d 10 day addiction period followed the second withdrawal r rof e dur ing
e’}:ich t I e  cats received 60 m g/ k g  pentol arl ital in two ip i nie c t i o n s  of L t D  rsi - / k c
coilowed 7-la hours later by a 20 mg/kg  i nj ec t ion .  At the end of t h i s  10 div
add ic t i on  per iod  there was another wi thd rawa l  prob e of three days followed I” .’
a fourth addiction period where the cats received 70 mg/kg day for 10 darn w i t h
the first in injection of 40 mg/k g  followed in 7-10 hr irs lrv a second i1
in je ct ion of 30 mg/kg .  This addict ion period was repeated and followed i’v
wi thd rawa l  of all barb i tura tes .  During the withdrawal  periods behaviors such
as righ ting responses , being handled by the experimenter and eating, were filmed.

We have not , to date , tried any drugs to alter the course of withdrawal
s e iw ir o s .  We have followed t he  changes in c o n d i t i o n i ng  thresholds for the
caudate nucleus and the mesencephalic reticular formation . Figure 15 details
the chances in CR threshold for the caudate nucleus and the mesencephalic
reticular formation for a single cat that had placements in both these struc-’

• t ures. The r e S I C t VL V e  curves are very similar to those obtained from cats with
only one or the other placements . We have i llus t ra ted  this  data w i t h i n  a cat
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because it is representative of the data we have obtained between cats as well.
The f i rst wi thdrawal probe, fol lowing daily injections of 30 mg/kg pentoharhital
shows that the conditioning thresholds of the caudate nucleus and the mesencenha l ic
reticular formation are somewhat elevated on the first day of the withdrawal
but return to near normal by the end of the withdrawal period. The drug
produced nearly identical threshold shifts with short term drug exposure as
seen in Figure 12. The second withdrawal probe that followed 10 daily doses
of 45 mg/kg pentobarhital  shows a beginning of a dissociation of the drugs
effect on the caudate nucleus and the mesencephalic reticular formation. II ow ,
when the drug is withdrawn the threshold for the reticular formation is low and V

increases as the wi thdrawal period cont inues , while the conditioning threshold
of the caudate nucleus is elevated and falls during the withdrawal period.
This elevation in the reticular threshold , as the withdrawal period continues ,
is similar to the e f f ec t  seen in Figure 13 and described by Pus akulick and
~ie1son ( 1972) for the reticular formation, where animals that were trained
in the drugged state showed an elevation of threshold as the drug dosage de-
creased. In the next withdrawal probes we clearly see that there is proc-res-
sive di-sociation of the conditioning thresholds of the caudate nucleus ari d
the nesencenhalic  reticular formation . After  the last wi thdrawal  period , and
with no further administration of the drug we see that the  threshold of the
reticular formation recovers as it returns to its normal , pre-addiction levels.
We can also see that the conditioning thresholds of the caudate nucleus remain
elevated and do not recover even sixty days after the last injections o~ V
i ’entobarb ita l .

Another important feature of Figure 15 is indicated b y the circles . Th is
c3t had w ithdrawal seizures two hours before and two hours a f t e r  those thresholds
were taPes . The conditioning thresholds are elevated , and the kindlin g sei’- ure
thresholds are norm-a] or above , but  they are lower than normal. These data
make it e::trernelw difficult to maintain that withdrawal seizures are the re-
sult of a central nervous system hyperexcitabilitv. It would seem that if
central nervous system is hvrerexcitable it would show up when the reticular
formation (the arousal system ) is stimulated , or when a kindling seiz ure is
evoked , if not when part to the motor system itself, the caudate nucleus , is
-;tir’eilated . If there is hyperexcitability of the CNS it should show up when
it is directly stimulated. We have tentatively concluded that the withdrawal
seizures are due to a loss of inh ibition , exercised by the  caudate nucleus ,
on either the alpha or gamma motor neuron . We think it unuikelv that the
reticular s’ister in directly involved in the withdrawal seizures since its
thresholds were near normal when the withdrawal seizures occurred. These con-
cl’m ions are subjec t  to modification as further data is collected. We have
- reviously reported that the conditioning threshold of the amygdala was
elevated during the second withdrawal probe. Unfortunately , the two cats with
those placements have died (choked on t he i r  own food whi le  in toxicated)  and no
conclusions can be drawn . They may have returned to near normal , as the
reticular thresholds did , or they may have increased as did the caudate
thresholds . Only  fu r the r  data w i ll  clear up th i s  detail . A f ina l  observation
is that placements in the medial geniculate body , like those in the amyg,dala ,
have not been through the comp lete sequence and hence , do not provide us with
enough information to determine what the secuence of excitability shifts , if
an y ,  are associated with  the es tabl ishment  of dependence and wi thdrawal
seizures.
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Figure 16 (N i e l s o n , et a l . ,  1962) Thresholds of e l e c t r i c a l  s t imulat ion
provoking avoidance c o n d i t i o n e d  r esI en~~es. (Symbols indicate
stimulus frequencies in pulses per second:  Triangles. 300 p/s;
crosses , 150 p/ s ;  circles , 30 p/ s ;  squa r e s , 3 p / s ) .  N o t e — —  V
VA , N .  ven t ral i s  a n t e r i o r ;  R+Cd , N.  caudatus , r i gh t  head;
RET MES , substant ia ret icular is  mesen cep halica; Mm , Corpus mam-
millare ; R , N. reticularis; LM , lemniscus medialis; L+Cd ,
N. caudatus , lef t  head ; 1dm , N. l im i t ans ;  CM , N .  centrum
medianum ; Put , Putamen ; H1

-Spf, Forel’s field H
1 

and N. sub-
parafascicularis; VPM-VL., N. ventralis posteromedialis and
N. ven t ral i s  l a te rali s ;  CI , capsula interna;  N CM- M2 , N .  cen-
t r a l is  media l i s  and N.  med ia l in  dorsalis;  NCP , N.  commissurae
posteriorin; LP , N. lateralis posterior ; Ped , pedunculus cere-
bralis; CS , colliculus superior ; Hi ppo , hi ppocampus.
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Another aspect of th i s  experiment is the unknown r e l a t i onsh i s  between V

food intake and the ip in jec t ions  of pentoharbi tal  in these cats . We have
had several deaths in these cats and had stopped the addiction sequence until
we were sure that the schedule of drug administration was not responsible
for their deaths. Within the last cousle of months we have noticed that these
cats were not eating much and had lost w e i g h t .  To combat this we chanced
their diet from dry cat chow to their particular favorite canned cat food.
We now feed these cats the canned cat food of the i r  c h o i c e .  This is because
we noticed that these cats tended to not eat their food until they  rece ived  V

their iniection of pentobarbital . This Vc~ives them a l im i t e d  t ime  to eat ,
the tine between the i r  ip in ject ion of pentobarhital  and sleep. Consequent ly
we fed them someth ing we hoped they would gulp down in a hurry . We have not ,
until now , kept accurate re c ords of the relationship between their eating
behavior and their pentobarbital. injections so we do not know whether this
is an example of state dependent control of food motivation or not .
Ilevertheless , we have been able to main tain their weight  on ly by feeding  them
h i g h l y  preferred foods fo l lowing the i r  i n  i n iec ti o n s  O C pentobarb i tal  with-
drawal. The consequence of feeding them the hi c -h lv pre ferred food , that  they
wil l  gulp down has been unfort unate.  The cats, while they are s t i l l  very
drunk try to eat i t .  ;V;e have had several of them choke to death on their
food whi le  the-,’ have been heavily intoxicated and one of them has apparent ly
drowned in its water bowl. We now allow them access to food and water several
times a day hut only while someone can watch them .

Experiment IV. A comparison of drug effects upon conditioned responses
established to ner inhera l  s t imula t ion  or to direct electrical
stimulation of the brain .

This experiment was conducted to compare t he  effect of pento lnarhita l  ugon
CRs estab lished to peri pheral s t imula t ion, i.e., to a ton e CS , and to a CS
anp lied directly to the brain. We wanted to Pnow whether drugs , in this case
pentoharhital , dif f erent ially influemce central or peripheral neural processes .

The same general procedure was used in this exT eriment as i n  t h e  ‘ir s t
experiment .  however , one P i f 1er ~ nce was t ha t  these cats were tra i. n ’~d to cive
CRs to a 1000 lIz tone in addi t ion to having  CRs e st ab l i she -I to electrica l
s t imula t ion  of the medial gen i culate l ody as the CS. ~ne o ther V t ~~f f or~~~r’e is
that  some of these cats were trained whi le  dru ged f o l l o w in -  an i ;  i nj e c t i o n
of 12.5 mg /kg  pentobarbital , as they were in e : • m er i n en t  I I , ~c e ie rtri~~~l
st imulat ion of the medial g,en icula te  body . We also a t t e-  - t ed  to t ra in  them
to give CRs to the tone CS whi le  they were d r u c m c V l  ‘ V : t  th e  t rain .i n  was
unsuccessful . When the CRs were es tabl ished cond i t ion ing  thresholds were
established of the  electrical s t imula t ion  delivered to th e  m e d i a l  genicula te
hody . Similarly , the intensity of the tone CS was varier] from 60 to lOP
daeihcls , measured at the cats ear , to de te rmine  whether the intensity of the
tone CS was a factor in maintaining the CR when the  cat s were in a drugged
s ta t e .

The resul t s  from the ca ts  f i r s t  trained in the normal state , summarized
in  Figure 17 , show tha t  w i t h o u t  excep t ion  the CRs established to the tone CS
were ibojisi el at a lower drug dosage than  were the  CRs e l i c i t e d  by e lec t r ica l
s t imulat ion  of the medial  ge n icu l a t e  bod y .  The CRs es tabl ished to the tone 

— - -_ _ _ _ _ _ _ _ _
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I
CS are abolished at much lower dosages than are th ose es tabl ished to s~~i”i i ia- V
tion of the medial ceniculate ody . It is pointed out in Pigures 18 and 10
that  the fa i lure  to resmond to the tone cannot he due to any ro to r  im l a ir c . cn t
since the same anima ls were still responding to medial seni •:ulute stimulation
with only slight increases in the CR thresholds . Four cats were given exten-
sive training to the tone CS while drugged , with some receiving over three
thousand trials . All failed to learn . We thought , that maybe we could train
cats to a tone CS if they had already learned a CR while in the drugged state .
Consequently , cats were fi r s t  trained to give CRs to electr ical  st iPu l at  ion of
the medial . en i cu lat e  bod y whi le  they were drugge d w i t h  an ip i n j ec t ion  of
12.5 m r / b r  pentobar l i t al .  When they had acauire d t h i s  response , t he’.’ were
then trained to cive CRs to the Tone CS whil.e drugged with an ip inject ion of
10 mg/kg pentoharbita!.  The results , graphed in Figures 18 and 10 again show 0

that the CRs es tabl i shed to the tone are aJ.olished b y smaller dosages of the
druc than are the CRs e l i c i t ed  by the central s t imula t ion . Furthermore , the 

V

fact  that we could not train a cat to respon d to the tone in the drugged state V
unless it had f i r s t  been condit ioned to medial  ce n i c u l a t e  stimulation , sun— 

V

ports the position that pentobarhital  has a greater impact on neri : eral
stimuli  than they do on central s t imul i . Another aspect of this  i mp a i rm e n t
of CRs established to the tone is that  it is clear that the sensory process-
ing of stimuli that have great imPortance for the animal is not altered. These
cats, at all dosages that  abolished the tone CRs , would still catch or at-
tempt to catch a mouse and attempt to flee 5rom a dog. Thus the sensory
systems still process biolog ically important s t imul i .  To determine whether
a hi gher intensity tone would produce more responses at a siven drur level,
i.e. , does the tone show elevation in thresholds wi th  i n c r e a s i ng  drug dosages.
we plotted the intensity of the tone in decibels measured at the cat ’s ear .
against the percentage of CRs . This is shown in Figure lL~. There was no
relationshin between the intensity of the tone CS and the number of CRs th a~
were e l ic i ted .  There was no evidence that  the sensory systems had changed
threshold.

Di scus sion and Concl usions

I wish ~~ comment about the range of s t imu l u s  intensi t ies  tha t  we use in
these experiments . bh e,n a cat has been implanted and before it is t ra ined  to
gi ve CRs to electrical stimulation of the brain it is stimu lated at all
electrode placements with a wide range of stimulus intensities . This pre-
l im inary  screening of the anirna.l is so that we will know what kinds of move-
ments and at what intensities movements are e l ic i ted .  This is a routine
screening of ani mals so that we do not select a condi t ion in c site whi ch give s
us any forced movement that could in te r fe re  wi th  the cats learning the f lex iom

V CR , tho t  could masauerade as a condi t ioned response . or that  iS obtained with
1o~-. intensity stimulation. We do try to find forced movements that won ’t
interfere w i t h  the  cats learninc and that are obtained w i t h  moderate ( . 9  to

V 1.2 mi l l iamperes)  s t i m u l a t i o n .  We then fo l low the e f fec t s  of the d ruc s  and
druc t reatments  upon these forced movement thresholds. In fact , Cirden and
Culler , when they f i r s t described “dissoc ia t ion  of learning” measured
elevation in forced movement thresholds and described the  dissociation of
l ea r n i ng  as a func t iona l  decor t icat ion . The reason we do not rout inely Ic-
scribe in our method section how we ob ta in  forced movement thresholds , and
the fact that  we follow them is b e c au s e  we cannot always coun t on o t u i n i n c

V V V V V~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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them. It is something we follow when we an.

The thresholds for seizure s were d e t er n i n e V i  and we have filme d the entire
seiz ure seonence w i t h  th e seiz ure elici ted ~y several different stimulus in-
tensities. The topography of the seizures are reliable and the same to dif-
ferent intensities. The duration of the ‘oncononts is relate to the intensity
of the e l i c i t i ng  s t imulus . However , as the cats have  ,~~~n r e ’e i vi n g  the
addic t ing  dru g seguence , the i r  seizure thresholds have increased.  The to: o-
gra phy of the seizures when they are in a drucg ed  V edit icr i s  est  r~ 1at ed to
the s t imulus in t ens i ty  hut  rathe r to the  curren t tha t  the  V V t i m u l a t i n  i n t en s i ty
is above the threshold .  This is true for the  CR th resholds  also. n t e n c it i e s

V of CS stimulation that the an imal  would not an could not tolerate in ths
normal state are frequently be low threshold when the anirol j~ V . r V I 1~~~~~~eh .  

V V ’ I V
US

we use a wide range of s t imulus  in t ens i t i e s , it is ~ust that often the th re c h n i d
V has been elevated and the  eat does not r esp ond.  Thus th~ st i cu l m~, i n t e n s i ty

is related to the animal ’ s drugged state , or threshold , and has meaning only
in that context .

Furth ermore , when we i n i t i a l l y  t ra in  an animal w . always try to use a
stimulus intensity that we are reasona lv sure the anima l can perce i ve , i.e.,
one th a t  is well above threshold.  he have no desire to spend tine traininr a
cat w i t h  a s t imulus  that  the cat P I V C t not be ab le  to respond to. gonsec11ent~V V

ly,  we select a fain ’; hiyh Ch intensity . A ‘an of the trainins protocols
show that  the intensity of our t r a i n  i n  stimuli ran g’ from 2 to 4 t ines  their
threshold.  We have no wa~,’ of ~.‘1O5’in 

‘ C crc the  an ma I is son lit 1Ofl~~~ V where
we are in re la t ionship to the th reshol  ~ V :V g~ V~ cat can only tel l  us whether
he can detect the st i mu lus or no t by m.b i n g  a condi t ioned  response.

There is one f ina l  o i n t  O f l I  t ha t  is the  manse of CF thresholds in the
V 

normal state. The range of the CR thresholds for the  mesencephalic  r e t icu l ar
formation is from .03 to .5 milliamperes with a mode at .01 milliamperes;
the caudate nucleus f rom .2 to .7 m i l l i am p e r e s  w i t h  a mode of .5 mi l l iamp er e s :
and the medial V ’eniculate body f rom .1 to .2 milliamperes with  a mode of . lU V

V 
mil l iamperes.  In the drugged state the thresholds for the mesencephalic
reticular formation may reach .35 mA b efore  the CRs are lost , w h i l e  those of V
the caudate have reached 2.5 mill iamperes and the medial geniculate thresholds
have reached 1.45 before the CEs are lost. This b r i ng s  us to another point
abo u t eur ran ce of c~ intensi t ies. When a cat has been drugged with a dose of

V pentohar ital that abolishes CRs , we use stimulatinc- intensities up to 10
t imes thos e foun d in the normal state and frequently five times the CS in-
tensi t ies  that  last produced CRs . Thus we commonly use a range of CS in-
tensities that rance from normal state CR threshold intensi t ies  up to 10 t ime s
the threshold intensi t ies .

To compare the drug e f fe cts we ha ve obtained w i th d i f f e r e nt thresho lds .
even within the same structure , we have made the comparison on the basis of

V t e r c e n t a c e  CR threshold change . IVIO could have graphed the  results in terms
of threshold in tens i ty  (m i l l  i ammercs) and shown that there were th reshold  d i f -
ferences across s t ructures . “h i s  in fo rmat ion  is available , however , and we
chose to pre sent  the  data  in terms of relat ive ef fec t , or percentages , be-
cause the dr in’ s do seem to have the same relat i ve e f f e c t .  This we believe.]
to I c  more important than to res ta te  the f indings that  areas of the  brain vary

V V
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in  s e n s i t i v i ty .  I have to es the l i i  ert’; of  enclos ing h i ’  ~~~~ 20, wh:c i: i s
previous wor~ which shous t h e  Cb~ t h re sho lds  of v a r i ous  b r i m  areas as a unc . t ~~)fi

of f re V lu en , y of t h e  CS.

1er ~~.aemt5 I org II V a t ,  con lu c t e l so tha t  t h e  t 1: rim e of act i on
for each of the :rucs  could he fetern ined , and the e V I u i v a V l.ence of the d i V -

ferent  drugs at d i  I fer ent  doso’es  could be es tabl ished.  T h i s ,  has been done .
The e suivalence of any dru ., at any dosage to any other Ir s - upon CR thresholds
can se de termined .  This  done re ference to t o e  figures showHs the ef-
fec t s  of  those two  dru gs . The e’s i va lent  drug dosages are those tha t  produ ce
ez u Vivalent sh ilts in CF th reshold .  That  these drugs could be so equated  was
es tab l i shed  by the  fac t that h a l l  of the dissociative dose of one druc added
w i t h  h a l f  of the  d i sV a ,i a t i v e  dose of another dmus produced dissociation
(“ieerot ,j r n i t e  and lihr’ iurr , me; rol,amate and ch Vloral h y d r a t e) .  Further support
for  conclusion that these i c - f  : o n b c r V V l t : o nS , or drug dosages were esu iva len t
‘cime from e sr or in en t  ~J ~~~~~~~~ t i . ’ d i sso ci a t i v e  dosages of drugs given singly V
or ~n nor-h nation in d i V ,soViative dosages maintained dr n’ged state learning
and responding. hrr .aller ins ’ dosacet-. di 1 not produce dissociation and did not
maintain dru --c i tote learning and resnonVli en . We can conclude , then , that  the
eq u ivalence of d i f f er en t Jru r s  V

o n aV ; e s, and t u e  t ir e  course of their  ac t ions
can be determined by their e f f e c t  up on f lo n d it i o n in c  thresholds . These results
renresent  the f i r s t  svcte :’rat ic  a tt e mp t  to e idte drug V I o s a ~’es and their  t ime
of o : t io n  on the central nervous .e.-tem as they i n fluence  b ehavior ,  N o other
s tud ies  ha ve e:~uate t dosa ges as t hey  i n f J~ encc :‘oth the central nervous system
and behavior.

A second c o n ; - l s , c i o n  t ’~a~ we V i f l  ~‘e~~~ p I nst e:.:pcri’ cml IT is tha t  the e f f e c t
of a particular iron , in ts i r  e x t e r i ’ s’n t V o nt o V O r V V i t a l , w i l t  have unon brain
exci t V V iI i lit ’;  levels is a min c t V i on of the in _ I t S C S  r i enc- e in tI .e Iruc-ed
s ta te  and not s im p ly lue to 0 tb V~~~1V O l O  V :11 a t  ion , of t h e  ‘ru ’ alone. This
was seen in e > :peri . V ent  II , an V~ r I V h . V~ V i in I ~r s  l3 on i 10 wh ere  brain
ex c i t ab i l i ty  levels , as t e u ~~~r’ V i n eV :  by  ‘F thre ,d olds . decreased when sent on ar l ’lt a l
dosa’e s-u ’; rrdu: ’d in t I . e  t rw-ce  I t r a b r ~ I c; i ’nals , IC.]  was also decreased as
the p e n t o h V i r V  i ~ i I  t O , r a V e ~ ~~LL~hVC J T ~ ~~ the r ( n V ’ r~~ l ced  t r V a i n c 1  ani .als. Thus
the e f f e c t  of  eec-el srI a1 upon V r ] r ~ C V  

V~~ ‘ l~ ~~ iV; I V ;  a ISfiCt Jflf , of the
V l f l  l ttV O Vl 5 t r a i n i n g  s , t  I t O .  (~~~~c also is.a I i I ch an V ‘ .i elson , 1 72).

Wh i le e::r arineri~ V I V5 n , V ’ fl ~~ rp icc; I V~~rie I t o  d e t e rm in e  the dura t  ion of dru
a c t i o n  and e st o b l i  ~h on p V , ~~iva1en V e of t he  Ir on  on Ices  so tha t  the  dose and
durat ion ;;aronVetrrs that “ I ch t  loct  with drawa l sei:ur ’e. could he in I er r ~ d ,
I :.s e r i ” en t ; ;  I I I  and l’i had au ;  one 0 ” th e i r  V ’OflS a deser’bt ion of I C
add ic t ive  process i t se l f .  The ‘Indi ncs of these e:.::eri:’ents is tha t  durinc
t he  addic t ive  V V r c c e s V V  t i , e r’e is V

i f i  -i l t er , i t  ~ Oc-I IC the  f l T~
V ,i], i~ I i t  ionsh ip  between

the caridate nuc less an t the r t  i”ular c r r V at  ion . When t ’ V C V V , ,it V were h o l ly
Iepen t °n t , t I c  th resho lds  of the r~ ticu1 in f Or~

V V V
V

V
I~ V n ,  h u t  nea r ly  r eturned  to

t h e i r  p r e — a l d i - t i v e  leve ls w h i l e  the  I V r c s, ;ol t of t h ~ cat li t C nucleus  V,~~, V
rV S

VV r e i t l y  ele va ted  and r e m i i n e t so a t ’r  w i  t N V I r V 1 V V.V i i .  Th us , the r V u ~~or change
th a t in the  cen t r a l  nervous Sy st e m , a chance  t ; I V i t  oc - irre C u r i n c  a I :1 -t ion
I it -an t a f ter  re~ l i n e d  a f t e r  w i t h d r a w a l  ~~~ in t e  ( I;IV 1 I t, , nucleus . Thin
especially in t r ’ c sr in r  ‘V i n ce t I e  c , u i i I c i t e  nucleus  is V 

V 0 t  I V V u I a 1~ I V V h i’l: in
dop.izine , and chances in tr S I ; : ine l e v e ls  h ive t een a SV V V;c ci Vi t e d  W It V

V motor
d i c t t r ~Vances , partin l ir iv •

~~~f i n ; o n i : . t . These r,, su l t~~~~~,r s . Vn , ;V t tl; it the
n eur ’o tr ’an s rn it t e r  s ’i In t ance  t ha t  is prohabl V ’; the most acutely in ’ ~~V pn, • ‘ l ur i n  -

V 
~ V
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the develot i-en t ot 511 ; V V~~~~I dependence i s  tO l l ; ,  1

lie have come to the f o l l o w i n g  conc lu s ions  ~r’c ’ I .V ; V r i_ ,,flt  ‘ \ :  1) I t  is
ex t r em e ly  d i f f i c u l t .  I C not i rrwos ; i i  le , to t r a in  i t s  to  i v i  s ta te  ;‘ ge n d e nt
responses to a tone ‘ V w i t h o u t  H r’st l e a r n i r i ’ to  d y e  CRs t i  dir ec t e lec t r i ca l
s t i nu l a t i on  of the cen t ra l ‘;ir ’,’o V OV nznte :;. 2) The sensory systems are c i l l
functional when an animal i V under  a V u  ~I j e t  amoun t of dr ip to ny ’n t ce

state dependent learning s in e t h V
V V V~ I 11 ac -t emp t to catch i c  and r i  I mc ’

dogs , yet they do not respond to si ~ t ’ I J I V that re; ceV V e n t  shock . This , we
li cvr , sr V i cpest s  that i n s t i n c t u a l type behavior’ can s t i l l  b e  ‘uid ~ d by ce ns or ’ ,’

st imulation, but s o f t e r  type  of  behavior t h a t  is heavi l ’.’ dependent  w ait learn-
ing is disrupted by drug dosages necessary to produce 5 t , t c - C  dependent 1, V V i r r ~

fly. , and furthermore, new learning r e u u i ’ r i r  V.nsorv c;~ tc in ce cannot  OC
V
J I .

With the addition of the results tsrenente,t her o , th e r e  is a consi Ier a l  ‘te
amo imt of evidence that pentoharb it a l  and other nharrsl:alo”icV :illv related
drugs d i f f e r en t i a l l y  a f f e c t  i-he u t i l i  nat ion  of 1 or ! ~~h e r V a  V I f i V I  V V V c n t r ; i 1  e~ i r ila-
tion . Pusakulich and Nielson ( I A l t ” c - 1 7 — 7 3 — C - 3058; report ~4 )  hos e d t h a t  i t V

V ; V 1 ;
V

V

vi r tua l ly  inposs l i le to t ra in  l r r e ’cr d rats to i t i l i n e  V l i s t a l  suer ; i: t ’ u t
solution of a water  m ane  escape ; rol 1e- V .  The same animals , however  i si r e d

response solutions ,~j t h  re lat ively l i t t l e  difficult ’,’ . lV 1~~5fi ( 1 17 4 )  f o ’j n I
s i mi l a r  e f f ec t s  of pent ot a rh i t a l  on dissrimina ; IOiV

; rc ;~ o nn e s ,  in  r; on cc5.
Vjsrj~ l discriminations proved to he more aft ected lv t h e Iron than did re-
sponse (pressin c’ a left versus p r e s s i n g  a right door) :Ijscrjçc-jn~ tion~~. i’e_
su i t s  of -two earlier s tudies  by I :e isl  rant ::  (W e i s k r a nt z  and ho lt :er , iqc-~
fros t and Weiskrantz , 116 1) are consistant w i t h  the results of 1 0th of these
s t ud i e s  and with the results presented here hut  indicate that there na’; not
he a clear distinction between tIm effec ts  on central an] periphera l stiu ’ li .
The experimenters cave non 1

~ e’;s training in a vis ual or an audi tory discrimina~
tion task and in a de layed response task and then tes ted for retention of re
s p o n din -  w h i l e  the  animals were drugged w i t h  meprobamate. Of the three
tasi s, the druic’ disrupted performance of the  audi tory  task the most severely .
i’e r forcance  on the visual discrimination task was also disrupted Bc-’ the drr~
hut  performance on the delaye d response task was the same or better than
normal. ftparently related to these sane effects , Weiskran tz has also noted
that  m et - r ob t n a t w  ameliorates V 1~~~ ff i c u l t i e s  that monkeys ‘s ith frontal cortex

Vle’V;ions have in the sol ut ion of d eia , ,e V 1 resnonse problems . The animals or’s
t’,”icali’,’ descr ib ed as ; in g  b i ~ h l :  di s t r a c t i b l e  and meprobamate presumably
modulates the a l l  lit’; of the anim als to attend to or otherv~ise utili me hack cround
stimuli.

The exact na tu re  of t i e  changes which  mi ght underlv drug produced sensory
res t r ic t ion is of course uncertain, it  seems unlikely , howeve r , that they are
Si V r ;F l e  reception d e f i c i t s .  l r u ” g e d  an imals  behave qu i te  asProsr iate ly  in a
variety of s i t u a t i o n s  an V

t 50” exh ib i t  eIsa \ , io rrc  which presumably reouire the
processing of a great dea l of sensory s t imu l i .  It is a common observation , for
instance , tha t  if food is o v , l i hil Ic . that animals drucged with pentohar l-ital
w i l l  eat un t i l  t h ey are nearly unconscious . im i lar l y , thr oi ch they are qui te
clumsy , drucred anim als will att’~’rpt to elude capture if stared in an open
area. Drugged V a t ~ and Its  c ’ ’  I ra ts  w i t h  h i ;t or i c t V ; of killing m i n e  w h i l e
nondr t’ -ed w i l l  pursue and k~ V Vl1 m i c e  w h i l e  under doses of b arb i tu ra tes  Wh I Ch
( V 0cV ;let (ly dis r uat t condit  lone  I r esr onse c .  This  was most impres sive ly
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de rlcnst ror eV l with one of the Its in the experimen t dew’r’il’e I above . The
V i r V t ~i cu1ar an ima l did not respond to tone or to b r a i n  st V i~ V c la t ion  wh i l e
in ter  w,’eri c - l i e  s t i ll  L:’st t e  ~t dose of pentot cirl i— al (5 ~~c ’/ ~~ V~~

) I t t  pursued and
‘ . i l led  a mous e  w h i l e  under 7.5 n g / I V : c ’ . Under 10.0 mr/Pc , I-he a n i m a l  watt  in-

e b  t ” c t u a l  in it V att c: t VT b u t  neve r the l e s s , sur ~ ued a mouse for the  3 “ i n u r e
V I

~~~~~ Ot ~~~OC of t h e  t e s t . It is of course a t r u i s m  tha t  an anima l cannot he
c’c: V I i r  l oned I; respon ’ to a Vn t i V rV l i’ ; or c on f i c ’ c i r V l t  io n  of st i r ~u 1  i unless t ue
151 cal 3:1 sense t I , ; sti’ccila t ion. There are reports of succ essful drug con—
: t 1 r l ! ; i V  w i t h  v i s ua l ,  a u d i t or ” ’  and p ar t i t i o n  V o r l d j t i o r r , .] St1~ V V

V

li 1 . It ‘teems .
th’ re;orc’. ~d:a t t : i e  dr u ,’ ’ed a n i m al  is  at  once H ot h  s e n s i t i v e  and insens i t ive
to ‘ s e en’; ;t i ’cuI  at ion .  An C t 2  lanat ior i  0~ the 0t, cIr 1, r: t ~~~

V
Ir ,~~i S V V V 1 tua

t I c S ’ S th  V
j c -  dc: r ennV V -mt s  in ter fere  with cross moda l i ty  n e c t ar y  1n ” ’ r V u t i o n .

‘ 1 , onI ‘I icison , for i n n c t a n  e , have noted t h a t  r o se  l C u ; ’ ni n ’ in n nm’ : , V I ]

i t s  t evolves ~~ c- ’~ very least , the inteorat ion of v isua l  and body ~o~;i t  in n
cue : ; . 1 1 .5 ir  I in l i e  ‘n :, ere til t drriy - ed anim als cannot learn to it 111 ‘c c l  tel
cues hu t  can learn a set nc ’ of responses to escape a water  ;V V

r~V e . ~‘a r ’ n i n c
under a t r i g  ma’; thus ‘c or im p l er  and mo re restri  to I i - i S  i-b at in c-lie
norma Vl sta t e .  ‘ t h i s  j V

V in fact perfect lv consistent w i t h  oI s,,,rvi * i on s  t h a t
dr  i” ’e ’t ra ts  learn s-are s insle approach or avoidance res o nn c s  tO t ’ ’ moo l i l y
t h a n  do not-i-Vol a n i m al s  but  have great d i f f i c u l ty  wi th ~i s u ’i’cinV t icr: 3 ’  V V

and responses re V s i i r in g ,  Vt el , a . ,ed  resnonses (Sachs , it s  5 ) .

he have  tentatively concluded , from our results  to date , thi ,~’ t , ,

addictive process is characterized hi a double d issocia t ion . In i t i a l l ’ ,’ It ia
charactcric’€td by a d i ssoc ia t ion  of the peripheral from the centra l n e rv ou s
system , and the cr r:tral nervous system becomes “fre e rrVinnin- ’ . As Ir s - V - c l

conditions continue . tI:ero is a fur ther  d i s s o c i a t i o n , :~~tweon the arousal
c V

, Vi te~
V

, and the motor system. Thin is r e f l e c t ed  in the  s h i f t s  in Ck ti:ronhclds
of t i e  , a V V d st ~~ n u cle u s  bu t  not the reticular formation. ‘ u r t i a rmore . t n i s
dissociation a~ nearn to Bc permanent , and is p r o b ab ly  related to sh i f t s  in
V] Ot ~an i r, c  i’urn ctionin- . It is possib le th at a fruitful rr sroaciu to the St-c IC
of controll inc  wi thdrawal  seizures and also re tu rn inV~ the animal  to  i t s  mre-
dr u V c’ dependent  state will involve restoring caudate nuc leus , in.] nrobablv
lo amine , to its IVrC V V I !  U ‘li ’r e n u l en t  level o.t I in t i o n i ng .
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