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STRIPLING, J. S. AND E. H. ELLINWOOD, JR. Potentiation o] the behavioral and convulsant effects of  cocaine by 
chronic administration hi the rat. PHARMAC. BIOCHEM. BEHAV. 6(5) 571 579, 1977. The effect of chronic 
administration on the behavioral response to cocaine was studied in male Sprague-Dawley rats. In Experiment 1 five groups 
of rats received daily intraperitoneal injections of either saline, 20 mg/kg, or 40 mg/kg cocaine hydrochloride for 10 days, 
or of higher doses of cocaine until either one or three convulsions occurred. Following this initial treatment, all animals 
were left untreated for seven days, and then sensitivity to cocaine was assessed in all animals by a test injection series (daily 
injections of increasing doses of cocaine). Animals which had received 40 mg/kg cocaine during the initial treatment 
exhibited a greater behavioral response (stereotyped behavior) to cocaine during the test injection series than did animals 
treated with saline; both the 40 mg/kg and one - convulsion treatments during the initial stage of the experiment resulted 
in greater sensitivity to the convulsant effect of cocaine during the test injection series. In Experiment 2 animals were 
injected intraperitoneally with either saline or 40 mg/kg cocaine for 10 days and then tested with a series of daily cocaine 
injections of increasing dosage after remaining untreated for 4, 8, 16 or 32 days. The results indicated that the initial 
treatment with 40 mg/kg cocaine augmented both the behavioral and convulsant effects of cocaine during the subsequent 
test injection series. The sensitization to the convulsant effect of cocaine was significant at all intervals after initial 
treatment except 16 days, while the duration of sensitization to the behavioral effects of cocaine could not be determined 
due to apparent age-related changes in the response of control animals to cocaine. The sensitization which was observed 
was attributed to the effects of cocaine per se rather than to convulsions produced by the drug. 
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COCAINE has two  major  k n o w n  biochemical  effects:  the 
prevent ion  of  m o n o a m i n e  uptake  by neurons  [2, 16, 30, 
31, 33, 35] and a local anes the t ic  act ion [4 ,29] .  Cor- 
respondingly ,  it has two classes of  behavioral  effects .  Like 
a m p h e t a m i n e  and o the r  drugs affect ing m o n o a m i n e  
systems,  it p roduces  l o c o m o t o r  activity and various fo rms  
of  s t e r eo typed  behavior [12, 37, 43, 46 ] .  In high doses 
cocaine and o the r  local anes thet ics  p roduce  clonic con- 
vulsions [6, 32, 42, 44, 45 ] .  Both of these behavioral  
effects  of  cocaine have been repor ted  to undergo  an 
augmenta t ion  with repeated  adminis t ra t ion  of the drug [5, 
15, 19, 27, 40 ] .  One aspect of this p h e n o m e n o n  which has 
no t  ye t  been examined  in detail is the ex t en t  to which this 
augmenta t ion  persists beyond  the t e rmina t ion  of  chronic 
drug adminis t ra t ion .  The purpose  of the present  ex- 
pe r imen t s  was to s tudy in detail the effects  of  chronic 
adminis t ra t ion  of d i f fe rent  doses of cocaine,  and the 
pers is tence of those effects .  

EXPERIMENT 1 

Expe r imen t  1 was designed to de te rmine  the t r ea tmen t  
schedule necessary to p roduce  sensi t izat ion to cocaine,  
part icularly to the convulsant  ef fect  of the drug. Previous 
studies of  the convulsant  ef fect  of cocaine have demon-  
strated sensi t izat ion fol lowing chronic  adminis t ra t ion  in 
one of two ways. First ,  repeated adminis t ra t ion of a 
subconvulsive dose of  cocaine can eventual ly result in a 
convulsion [5, 27, 40 ] .  However,  this ef fect  is difficult  to 
in terpre t  due to the absence of a cont ro l  group.  For  
example ,  convulsive threshold  may vary with age or body 
weight,  bo th  of which change during the course of  chronic  
adminis t ra t ion;  fu r the rmore ,  there is evidence that  daily 
handl ing or cont ro l  inject ions may lower  the convulsive 
threshold  [17] .  

A second measure of  sensi t izat ion is a decrease in the 
number  of inject ions be tween  successive drug-induced 
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convuls ions  dur ing  chron ic  daily adm i n i s t r a t i on  of  a high 
dose of  cocaine  [ 2 7 ] .  Since this  m e t h o d  does no t  use a 
con t ro l  group,  it also suffers  f rom the  dif f icul t ies  
m e n t i o n e d  above.  In add i t ion ,  i t  c o n f o u n d s  the e f fec t  of  
chronic  drug t r e a t m e n t  per  se with  tha t  of  previous  
convuls ions  el ic i ted by the  drug. This  is i m p o r t a n t ,  since 
convuls ions  induced  by several c o m m o n l y  used convuls ive 
agents  have been  f o u n d  to resul t  in a lowered  convuls ive 
th re sho ld  [ 1, 26, 28 ] .  

E x p e r i m e n t  1 was designed to exam i ne  sens i t i za t ion  to 
cocaine  by a m e t h o d  which  avoids these p rob lems .  Animals  
which had  been  chron ica l ly  t rea ted  wi th  e i the r  convulsive 
or subconvuls ive  doses of cocaine  received tes t  in jec t ions  of  
cocaine ,  and the i r  response  to the  drug was c o m p a r e d  to 
tha t  of  animals  which  had  been chron ica l ly  t rea ted  wi th  
saline. 

Method 

Animals. The animals  were 53 male  Sprague-Dawley rats  
(Zivic-Miller) which  weighed 220-350  g at the  beg inn ing  of  
the  expe r imen t .  They  were h o u s e d  individual ly  in clear 
plast ic cages (f loor:  20 cm x 40  cm;  he ight :  20 cm),  and 
were m a i n t a i n e d  on  a 12/12  l igh t /da rk  cycle wi th  food  and 
water  available ad l ib i tum t h r o u g h o u t  the  e x p e r i m e n t .  

Procedure. There  were five groups  of  animals  in the  
e x p e r i m e n t  which  received three  stages of  t r e a t m e n t :  an 
initial in jec t ion  series, a wai t ing per iod ,  and a test  in jec t ion  
series. During the init ial  in jec t ion  series, the  five g roups  
were t rea ted  as follows. Two of  the groups,  des ignated  as 
20C and 40C, received a single daily i n t r ape r i t onea l  
in jec t ion  of e i the r  20 or 40  mg/kg  of cocaine  h y d r o c h l o r i d e  
for  ten days. In a n o t h e r  two groups,  des ignated  as 
C O N V ( I )  and  CONV(3) ,  animals  were given daily coca ine  
in jec t ions  of  increasing dosage unt i l  they had  expe r i enced  
e i the r  one or three  clonic convuls ions ,  respect ively.  The 
f i f th  group (SAL)  was a saline con t ro l  group.  One ha l f  of  
the animals  in this  group were in jected wi th  saline for  10 
days to ma tch  the  20C and 40C groups ;  the  o the r  hal f  of  
the animals  were m a t c h e d  to every f o u r t h  an imal  in the  two 
CONV groups  for  the n u m b e r  of in jec t ions  received.  

The init ial  in jec t ion  series for  the  two CONV groups  was 
as fol lows:  Days 1-7, 55 mg/kg ;  Days 8-12, 60 mg/kg ;  Days 
13-15, 65 mg/kg.  This  schedule  was designed to p roduce  a 
gradual ly  increasing convu l san t  effect ,  ut i l iz ing the ef fec ts  
of repea ted  a d m i n i s t r a t i o n  as well as increasing dosage. 

In the rat ,  a coca ine - induced  clonic convuls ion  consis ts  
of  a p r imary  episode of  con t inua l  clonic je rks  which  may  or  
may no t  be fol lowed by one or more  secondary  episodes  
separa ted  by per iods  w i t h o u t  clonic act ivi ty.  Fo r  the 
purpose  of the e x p e r i m e n t  a convuls ion  was def ined  as a 
clonic episode wi th  a to ta l  du ra t ion  of  20 sec or longer ,  and 
was charac te r i zed  by three  measures :  (A)  the  du ra t i on  in 
seconds  of  the p r imary  seizure:  (B) the to ta l  d u r a t i o n  in 
seconds  of  the  seizure f rom onse t  to the last secondary  
seizure;  and  ((7) the n u m b e r  of 15 sec per iods  be t ween  the  
onset  and  t e r m i n a t i o n  of the seizure dur ing  which  clonic 
seizure act ivi ty  was present .  This  last measure  was i n t e n d e d  
to reflect  the  to ta l  a m o u n t  of seizure act ivi ty.  The  to ta l  
du ra t ion  does no t  necessari ly serve this  purpose ,  since in 
some animals  shor t  secondary  episodes  may  occur  several 
m inu t e s  apart .  

T h r o u g h o u t  the e x p e r i m e n t  animals  were observed 
careful ly  for  30 min  fo l lowing in jec t ion  for  the occur rence  
of a convuls ion .  During the initial in jec t ion  series, d iazepam 

(1 m g / k g l P )  was admin i s t e red  to stop a convuls ion  if 
secondary  act ivi ty  c o n t i n u e d  for three  m i n u t e s  b e y o n d  the 
onse t  of the p r imary  seizure.  This  was done  to min imize  
fatal i t ies  and  to avoid the aphagia  which may fol low severe 
convuls ions .  All animals  which exper ienced  a convuls ion  
were given wet  mash in the i r  cages unt i l  any weight  loss was 
regained.  In add i t ion ,  animals  in the CONV(3)  group were 
no t  given addi t iona l  in jec t ions  of cocaine unt i l  any weight  
loss fo l lowing the  convuls ion  was regained.  

Fo l lowing  the  init ial  in jec t ion  series there  was a wait ing 
per iod of  7 days, dur ing which  the animals  were no t  
injected.  This pe r iod  was inser ted  be tween  the initial and  
test  in jec t ion  series to allow t rans i to ry  effects  of the initial 
in jec t ion  series to wear off. 

The test  in jec t ion  series began for  each animal  on the 
e ighth  day af ter  its last in jec t ion  in the init ial  in jec t ion  
series. All animals  were t rea ted  ident ical ly  m this  stage of  
the expe r imen t .  The fo l lowing ascending-dose  series was 
used: 1 day at 4 5 m g / k g ;  1 day at 5 0 m g / k g ;  7 days at 55 
mg/kg;  5 days at  6 0 m g / k g ;  and  3 days at 65 mg/kg.  The 
test  in jec t ion  series was t e r m i n a t e d  for  each animal  af ter  
one convuls ion  had  been p roduced .  The  purpose  of this 
in jec t ion  series was to assess the sensi t ivi ty of  the various 
groups  to the convu l san t  ef fec t  of  cocaine.  The  variable 
used to measure  this sensi t ivi ty  was the n u m b e r  of  
in jec t ions  in the series requi red  to p roduce  a convuls ion.  It 
was an t i c ipa t ed  tha t  this  schedule  would  provide  a very 
sensit ive measure ,  since the repea ted  admin i s t r a t i on  of each 
of  the h igher  doses would allow sens i t iza t ion  to develop to 
tha t  dose before  p roceed ing  to the  nex t  dose. During the 
test  in jec t ion  series, d iazepam was not  given unless a 
convuls ion  pers is ted for  l0  rain ra ther  than  3 rain, in o rder  
to ob ta in  more  i n f o r m a t i o n  on seizure dura t ion .  

On the first day of the test  in jec t ion  series, each animal  
was ra ted by an expe r i enced  observer  for  its behaviora l  
response  to 45 mg/kg  cocaine using a mod i f i ca t i on  of a 
ra t ing  scale developed in our  l abo ra to ry  for the purpose  of 
assessing the behaviora l  ef fects  of  s t imulan t  drugs [8 ] .  
Behavior  was ra ted over a 10 sec per iod  once  per  m i n u t e  for  
15 rain fo l lowing inject ion.  Behavior  was rated on  the scale 
f rom 1 to 8 as foIlows: (1) asleep (lying down,  eyes c losed) ;  
(2) inact ive (lying or si t t ing,  eyes open) ;  (3) in-place 
act ivi ty  (g rooming) ;  (4)  norm al, alert,  active (moving  abou t  
cage, sniffing, rearing);  (5)  hyperac t ive  Irapid runn ing  
m o v e m e n t s ) ;  (6) slow p a t t e r n e d  ( s t e r eo typed  l o c o m o t o r  
act ivi ty ,  usually circling the cage pe r imete r ) ;  (7) fast 
pa t t e rned  (fast  s t e r eo typed  l o c o m o t o r  ac t iv i ty) ;  !8)  re- 
s t r ic ted ( s t e r eo typed  head  a n d / o r  fore l imb m o v e m e n t s  
w i thou t  l o c o m o t o r  act ivi ty) .  

All tes t ing of animals  was done in their  h o m e  cages 
be tween  the  fifth and e ighth  hours  of  the light period.  
Solu t ions  of cocaine h y d r o c h l o r i d e  were prepared  in 
physiological  saline with the c o n c e n t r a t i o n  adjus ted so tha t  
animals  received 1 ml /kg  body  weight.  

Analysis. Eight animals  died f rom convuls ions  dur ing the 
initial in jec t ion  series. This  left  the fo l lowing n u m b e r  of  
subjects  in each group:  SAL 1 0  20C 10; 40C tl: 
CONV(1)  - 8; CONV(3)  - 8. A l though  one animal  in the 
CONV(3)  group failed to develop a convuls ion  dur ing the 
15-day initial in jec t ion  series, it was re ta ined  in the 
e x p e r i m e n t  to avoid selective discard of animals  f rom one 
group.  

Due to individual  d i f ferences  in the convulsive th reshold  
to cocaine,  four  of  the five groups  con ta ined  an animal  
which  did no t  convulse dur ing  the 17 day test  in jec t ion  
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series. This  posed  a p r o b l e m  for  the  analysis  of  the  n u m b e r  
of in jec t ions  requi red  to p r o d u c e  a convu l s ion  dur ing  the  
test  in jec t ion  series. To solve this  p r o b l e m  w i t h o u t  in t ro-  
duc ing  a bias, the  an imal  wi th  the  largest  n u m b e r  of 
in jec t ions  in each group was no t  inc luded  in this  analysis.  

When pa rame t r i c  tests  were appropr i a t e ,  da ta  were 
ana lyzed  by analyses of  var iance  fo l lowed by individual  
compar i sons  using the  Newman-Keu l s  m e t h o d  [ 4 7 ] .  Non-  
pa rame t r i c  s ta t is t ics  were used for  var iables  which  were no t  
no rma l ly  d i s t r ibu ted ,  and  for the  n u m b e r  of  in jec t ions  
requi red  to p roduce  a convu l s ion  dur ing  the  test  i n j ec t ion  
series, since the  dose increases  in the  tes t  in jec t ion  series 
were no t  evenly  spaced.  In these  cases, the  data  were 
ana lyzed  by  the  Kruskal-Wallace H test  or the  F r i edman  
analysis  of  var iance by  ranks  for  repea ted  measures ,  w i th  
the  Mann-Whi tney  U test  used for  indiv idual  compa r i sons  
[361.  

Resu l t s  

Ini t ial  in jec t ion  series. During the  init ial  i n j ec t ion  series 
animals  t r ea ted  wi th  cocaine  gained weight  more  slowly 
t han  saline animals.  In add i t ion ,  individual  an imals  lost  
s ignif icant  a m o u n t s  of  weight  fo l lowing convuls ions .  How- 
ever, the  wet  mash  placed in these  an imals '  cages com- 
pensa ted  for  the  weight  loss. The rate of  weight  gain for  the 
groups  f rom the  first day of  the  e x p e r i m e n t  to the  first day 
of the  test  i n j ec t ion  series, expressed  as a pe rcen tage  of  the  
weight  gained in the  saline group,  was as fol lows:  20C 
(100 .1%) ;  40C (98 .7%);  C O N V ( 1 )  (95 .6%);  CONV(3)  
(94.7%).  While this  d i f fe rence  is s ignif icant ,  F (4 ,39 )  = 2.77, 
p < 0 . 0 5 ,  the  d i f fe rences  are qui te  small  and ind ica te  t ha t  
even in the  two CONV groups  the an imal  body  weights  had  
recovered  to near  n o r m a l  levels at the  beg inn ing  of  the  test  
i n j ec t ion  series. Thus  it is d i f f icul t  to a t t r i b u t e  d i f fe rences  
in seizure suscept ib i l i ty  dur ing  the  test  i n j ec t ion  series to 
physical  deb i l i t a t ion .  

Dur ing the  init ial  i n j ec t ion  series, the  CONV(1)  group 
received an average of 5.63 in jec t ions  of  cocaine ,  while the  
CONV(3)  group received an average of  10.25 in jec t ions  of  
cocaine.  Thus  the  d u r a t i o n  of t r e a t m e n t  for  the  CONV(3)  
group was comparab l e  to  tha t  received by  the  20C and 40C 
groups  while the  CO N V ( 1)  group received t r e a t m e n t  of  
sho r t e r  dura t ion .  

The seizure pa rame te r s  for  the C O N V ( 3)  group dur ing  
the ini t ial  in jec t ion  series are shown  in Fig. 1. As can be 
seen there  was a t rend  for  all pa rame te r s  to increase f rom 
the first to  the th i rd  convuls ion.  This  t r end  was s ignif icant  
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only for  p r imary  dura t ion ,  F (2 ,12 )  = 4 .03,  p < 0 . 0 5 ,  and the 
n u m b e r  of  15 sec per iods  con ta in ing  seizure act ivi ty 
( F r i e d m a n  analysis of variance by ranks;  x~. = 7.9; d f  = 1, 
p < 0 . 0 2 ) .  Thus  the  a m o u n t  of seizure act ivi ty p resen t  
dur ing a convuls ion  increased as a f u n c t i o n  of  the n u m b e r  
of previous  convuls ions .  

Test  in jec t ion series. The behaviora l  response  to the  
in jec t ion  of  45 mg/kg  cocaine  on the  first day of  the test  
in jec t ion  series is s h o w n  in Fig. 2. A s ingle-factor  analysis of  
var iance ind ica ted  a highly s ignif icant  d i f ference  among  the  
groups,  F (4 ,40 )  = 5.92, p < 0 . 0 1 .  Individual  compar i sons  by 
the Newman-Keuls  p rocedure  ind ica ted  tha t  the  40C group 
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had  a s ignif icant ly  grea ter  response  to cocaine t han  did the  
SAL (q = 6 .33,  p < 0 . 0 5 ) ,  the 20C (q = 2.91,  p < 0 . 0 5 ) ,  the 
C O N V ( I )  (q = 3.85,  p < 0 . 0 5 ) ,  or the C O N V ( 3)  (q = 4 .92 ,  
p < 0 . 0 5 )  groups.  No o the r  compar i sons  were s ignif icant .  

The n u m b e r  of days requi red  for  a seizure to occur  
dur ing the tes t  in jec t ion  series is shown  in Fig. 3. A 
Kruskal-Wallace H test  ind ica ted  tha t  there  was a s ignif icant  
d i f ference  a m o n g  the  groups  (H = 11.95, df = 4, p < 0 . 0 2 ) .  
The na tu re  of  this d i f fe rence  was ana lyzed  by compar i son  
of  each cocaine  group with the SAL group using the 
Mann-Whi tney  U test. Both  the 40C group (U = 12.5, 
p < 0 . 0 5 ,  two- ta i led)  and C O N V ( I )  group (U = 7.0, p < 0 . 0 2 ,  
two- ta i led)  convulsed  s ignif icant ly  sooner  than the  SAL 
group.  In add i t ion ,  the  CONV(3)  group a p p r o a c h e d  sig- 
n i f icance (U = 12.5, p < 0 . 1 0 ,  two-tai led) .  While the  40C 
group was i n t ended  to represen t  a high bu t  subconvuls ive  
Ievel of  t r e a t m e n t ,  three  of  the animals  in t ha t  group 
convulsed  dur ing the init ial  in jec t ion  series, and con-  
sequen t ly  the increased sensi t ivi ty to cocaine in this  group 
c a n n o t  be a t t r i b u t e d  to a pure ly  subconvuls ive  init ial  
t r e a t m e n t .  

The seizure pa rame te r s  for  the  five groups  dur ing the  
test  in jec t ion  series are shown  in Fig. 4. During the test  
in jec t ion  series 12 animals  ou t  of the  45 in the e x p e r i m e n t  
died dur ing convuls ions .  Because the  to ta l  du ra t i on  and 
n u m b e r  of  15 sec per iods  of seizure act ivi ty were cut  shor t  
in the animals  tha t  died, analysis of  these measures  inc luded  
only  animals  which survived the convuls ions .  Pr imary  
dura t ion  was ana lyzed  by analysis of  var iance,  while the  
o the r  measures  were ana lyzed  by the Kruskal-Wallace H 
test.  The groups  dif fered s ignif icant ly  in bo th  to ta l  du ra t i on  
(H = 14.57, p < 0 . 0 1 )  and the  n u m b e r  of 15 sec segments  of  
seizure act ivi ty  (H = 17.22,  p < 0 . 0 1 ) ,  bu t  no t  in p r imary  
dura t ion .  F (4 ,36)  = 2.31,  p < 0 . 1 0 .  Mann-Whi tney  U tests  
ind ica ted  t ha t  on ly  the  two CONV groups  had a sig- 
n i f icant ly  grea ter  to ta l  du ra t ion  and n u m b e r  of 15 sec 
per iods  of seizure act ivi ty  than  did the  SAL group 
(CONV(1) :  U =  5 , p < 0 . 0 1 5  and U = 0, p < 0 . 0 0 1 ; C O N V ( 3 ) :  
U = 0, p < 0 . 0 0 1  and U = 0, p < 0 . 0 0 1 :  all p values 
two-tai led) .  

EXPERIMENT 2 

E x p e r i m e n t  1 ind ica ted  tha t  chronic  adm i n i s t r a t i on  of a 

convulsive dose of cocaine  p roduces  a sens i t iza t ion  to the 
drug's  convu l san t  effect .  However ,  the  ques t ion  of  w h e t h e r  
chron ic  admin i s t r a t i on  of a sub-convuls ive dose can also 
p roduce  sens i t iza t ion  was left  unanswered ,  since three  
animals  in the 40C group convulsed  dur ing initial  t reat-  
ment .  E x p e r i m e n t  2 was designed to address  this  po in t  and 
also to assess the e x t e n t  to which the sens i t iza t ion  to 
cocaine persists b e y o n d  the t e rmina t i on  of chronic  ad- 
min i s t ra t ion .  

M e t h o d  

Animals .  The animals  were 66 male Sprague-Dawley rats 
(Zivic-Miller) which weighed 240 320  g at the beg inning  of  
the expe r imen t .  Thei r  hous ing  cond i t i ons  were identical  to 
those  of  E x p e r i m e n t  1. 

Procedure.  Like E x p e r i m e n t  1 this e x p e r i m e n t  had three  
par ts :  an initial in jec t ion  series, a wai t ing per iod,  and a test 
in jec t ion  series. There  were five groups:  a saline g roup  
(SAL)  and four  cocaine  groups• During the  initial in jec t ion  
series, all an imals  were in jected in t r ape r i tonea l ly  once  per  
day for  10 days. The SAL group received saline and all tile 
cocaine  groups  received 40 mg/kg  cocaine.  Two animals  
died f rom convuls ions  dur ing the init ial  in jec t ion  series, 
leaving 64 animals  in the s tudy:  16 in the SAL group and 
12 in each of the  cocaine groups.  Fol lowing the inilial 
in jec t ion  series, the four  cocaine groups,  des ignated  as 
40C-4,  40C-8,  40C-16,  and 40(?-32, were left  un t r ea t ed  for  
a wai t ing per iod  of 4, 8, 16, or 32 days, respect ively.  The 
SAL group was divided in to  four subgroups  (N = 4 each)  
which were ma tched  to the four cocaine groups  for 
du ra t ion  of the wait ing period.  Fol lowing the wait ing 
per iod all an imals  u n d e r w e n t  an identical  test in jec t ion 
series which began at 45 mg/kg  cocaine and increased each 
day by 2.5 mg/kg.  In jec t ions  were t e rmina ted  for  each 
animal  when  tha t  an imal  had a clonic convuls ion  of a total  
du ra t ion  of 2 0 s e c  or longer,  or if it reached 77.5 mg/kg 
w i t h o u t  convulsing.  Because the dose of cocame  in the test 
in jec t ion  series increased in regular daily increments ,  
pa ramet r i c  s tat is t ics  were used to analyze the dose at which 
the animals  convulsed.  

During the first 48 hr  of the initial in jec t ion  series daily 
food  c o n s u m p t i o n  of the groups  was measured  to de- 
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injection of 45 mg/kg cocaine on the first day of the test injection series. 

t e rmine  the  m a g n i t u d e  of coca ine ' s  ef fec t  on  food  in take .  
S u b s e q u e n t  to this  po in t ,  an imals  in the cocaine  groups  
received food  pel lets  in the i r  cages to c o u n t e r a c t  the  
coca ine- induced  r e d u c t i o n  in weight  increase,  while SAL 
animals  were p laced on a slightly res t r ic ted  feeding schedule  
(90% of the  ad lib a m o u n t ) .  These  m a n i p u l a t i o n s  r ema ined  
in ef fec t  unt i l  the s ixth  day of  the  wai t ing per iod ,  excep t  
for  the SAL-4 and 40C-4 animals ,  which  were r e tu rned  to 
n o r m a l  feeding on the th i rd  day of  the  wai t ing per iod  
(48 h r  before  the beg inn ing  of the i r  test  in jec t ion  series). 

On the first day of the  test  in jec t ion  series the  behaviora l  

response  to 45 mg/kg  cocaine  was ra ted  for  all animals.  The  
behav ior  for each animal  was ra ted  over  a 10 sec per iod  
every 3 rain for  the first 15 min  pos t in jec t ion ,  and every 
15 min  the rea f t e r  unt i l  120 min  pos t in jec t ion .  The  ra t ing  
scale was the same as tha t  used in E x p e r i m e n t  1. 

All data  were col lec ted  be tween  the  f i f th  and eighth 
hours  of  the  l ight  per iod.  Drug so lu t ions  were p repa red  as 
in E x p e r i m e n t  1. All animals  were closely observed for  
30 rain fo l lowing in jec t ion ,  and convuls ions  were scored as 
in E x p e r i m e n t  1. The  data  were ana lyzed  by the  p rocedures  
used in E x p e r i m e n t  1 and  by D u n n e t t ' s  t- test  [ 4 7 ] .  
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Resul t s  

The animals  in the  cocaine  g roups  had  a s ignif icant ly  
lower  food  c o n s u m p t i o n  than  did SAL con t ro l s  over  the  
first 48 hr  of  the init ial  in jec t ion  series (26.1 vs 29.1 g; 
F (1 ,62 )  = 10.64,  p < 0 . 0 1 ) .  However ,  Fig, 5 i l lus t ra tes  t ha t  
the feeding m a n i p u l a t i o n s  e m p l o y e d  resu l ted  in comparab l e  
body  weights  in the SAL and cocaine  g roups  t h r o u g h o u t  
the course of  the  ex pe r i m en t .  

The behaviora l  response  to 45 mg/kg  cocaine on the  first 
day of the test  in jec t ion  series is shown  in Fig. 6. Two 
animals  were no t  inc luded  in this  figure and the s u b s e q u e n t  
analysis:  one in the 40C-32 group  which  was the only  
animal  to convulse  on the  first day of  the test  in jec t ion  
series, and one  in the 40C-4 group which  did n o t  exh ib i t  a 
behaviora l  response  to the in jec t ion ,  having a m e a n  ra t ing  
of 2 .38 over the  first  h o u r  vs 5 .50 as the nex t  lowest  score 
in the  expe r imen t .  Fo r  the  purpose  of analysis the  data  
were pooled  in to  th ree  b locks  i n t ended  to ref lect  the  onse t  
(Min 3-12),  max i m a l  level (Min 15-60), and of fse t  
(Min 75-120)  of the  drug ef fec t  (Fig. 7). A s ingle-factor  
analysis of variance ind ica ted  tha t  there  was a s ignif icant  
d i f ference  a m o n g  the groups  in each of the three  b locks  
(onset :  F (4 ,57 )  -- 5,75,  p < 0 . 0 1 ;  max ima l  level: F (4 ,57 )  = 
3.59,  p < 0 . 0 5 ;  offset :  F (4 ,57 )  = 3.18,  p < 0 . 0 5 ) .  Individual  
compar i sons  with the SAL group via D u n n e t t ' s  t - tes t  
ind ica ted  tha t  all of the  cocaine  g roups  had  a s ignif icant ly  
greater  behavioral  response  than  the SAL group dur ing  
onset  (40C-4:  t = 3.47,  p < 0 . 0 1 ;  40C-8;  t = 3.87,  p < 0 . 0 1 :  
40C-16:  t = 3.79,  p < 0 . 0 1 ; 4 0 C - 3 2 :  t = 2 . 8 1 , p < 0 . 0 5 ; a l l p  
values two- ta i led)  and all but  the  40C-8 group had  a 
s ignif icant ly  greater  maximal  level (40C-4:  t = 3.10,  
p < 0 . 0 5 ;  40C-8:  t = 2.48, p < 0 . 1 0 ;  40C-16:  t = 2.97,  
p < 0 . 0 5 ;  40C-32:  t = 2.66, p < 0 . 0 5 ;  all p values two-tai led) .  
However,  no  cocaine  group was s ignif icant ly  d i f fe ren t  f rom 
the SAE group dur ing  offset .  E x a m i n a t i o n  of  Figs. 6 and 7 
indica tes  tha t  the  s ignif icant  overall  d i f fereng a m o n g  the  
groups  dur ing  offse t  ref lects  a more  rapid offse t  of  the drug 
ef fec t  in animals  tes ted  af te r  the shor t e r  wai t ing periods.  

Figure 8 shows a b r e a k d o w n  of the  response  to cocaine  
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FIG. 8. Experiment 2. Mean behavioral rating and S.E.M. for the 
four SAg subgroups over three blocks of time following injection of 

45 mg/kg cocaine on the first day of tile test injection series. 

a m o n g  the SAL animals.  There  was no  s ignif icant  d i f fe rence  
a m o n g  the  four  subgroups  dur ing  the  onset ,  F (3 ,12 )  = 0.60,  
or maximal  level, F (3 ,12)  = 1.39, p > 0 . 2 5 ,  of the drug 
effect ,  bu t  there  was a s ignif icant  d i f fe rence  during the 
offset ,  F (3 ,12)  = 3.62, p<O.05.  As wi th  the cocaine groups,  
the SAL subgroups  tes ted earliest  had a more  rapid offset  
of  the  drug effect .  

Seizure suscept ib i l i ty  was measured  by the dose at which 
a convuls ion  occur red  dur ing the test  in jec t ion series. Several 
of  the  groups  con t a ined  an an imal  which  did not  convulse  
dur ing  the  test  in jec t ion  series, and to solve this p rob lem 
w i t h o u t  bias the h ighes t  score in each group was discarded 
f rom the  analysis.  Under  these cond i t i ons  (Fig. 9A),  there  
was a highly s ignif icant  d i f ference among  the groups,  
F (4 ,54 )  = 4.80,  p < 0 . 0 1 .  Individual  compar i sons  with the 
SAL group by means  of D u n n e t t ' s  t- test  indica ted  tha t  the 
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convulsed during the initial injection series discarded. 

40C-4 (t  = 3.37,  p < 0 . 0 1 ) ,  40C-8 (t = 3.64,  p < 0 . 0 1 ) ,  and 
40C-32 ( t  = 2.73,  p < 0 . 0 5 )  groups ,  bu t  n o t  the 40C-16 
group (t  = 1.28), were s igni f icant ly  more  sensit ive to the  
convu l san t  ef fec t  of cocaine  t h a n  the  SAL group  (all p 
values two-ta i led) .  However ,  this  ef fec t  c a n n o t  be at- 
t r i b u t e d  to a pure ly  subconvuls ive  level of  t r e a t m e n t ,  
because six of  the  an imals  in the coca ine  groups  convulsed  
dur ing  the  ini t ial  in jec t ion  series. If these  animals  are 
discarded,  so t ha t  on ly  animals  which  received a pure ly  
subconvuls ive  level of cocaine  t r e a t m e n t  dur ing the  initial 
i n j ec t ion  series are ana lyzed  (Fig. 9B),  there  is still 
a s ignif icant  overall  d i f fe rence  a m o n g  the groups,  F (4 ,48 )  = 
3.12, p < 0 . 0 5 .  Using a two- ta i led  tes t  only  the 40C-8 group 
has  a s ignif icant ly  lower  convulsive dose (t = 3.00,  p <  0.05),  
while the  40C-4 (t  2.35, p < 0 . 1 0 )  and 40C-32  (t  = 2.50,  
p < 0 . 1 0 )  g roups  app roach  signif icance.  However ,  given the  
d i rec t ional  na tu re  of the h y p o t h e s i s  be ing  tes ted ( t ha t  
chronic  coca ine  a d m i n i s t r a t i o n  lowers  the convuls ive 
th re sho ld  to cocaine) ,  one- ta i led  tests  are appropr ia t e ,  in 
which  case the  40C-4 and 40C-32 groups  are s ignif icant ly  
more  sensit ive to coca ine  t han  the SAL group at the  0.05 
level, and the  40C-8 group at the  0 .025 level. 

There  was no  s ignif icant  d i f ference  among  the  SAL 
subgroups  in sensi t ivi ty to the convu l san t  ef fec t  of cocaine  
(Fig. 10; F ( 3 , 1 2 ) =  0.43).  None  of the seizure pa rame te r s  
( init ial  du ra t ion ,  to ta l  du ra t ion ,  or n u m b e r  of 15 sec 
per iods  of  seizure ac t iv i ty)  varied s ignif icant ly  as a f u n c t i o n  
of the  drug admin i s t e red  dur ing  the  init ial  in jec t ion  per iod  
or the du ra t i on  of  the  wai t ing per iod.  

D I S C U S S I O N  

The results  of the p resen t  e x p e r i m e n t s  conf i rm previous  
repor t s  tha t  the  chron ic  a d m i n i s t r a t i o n  of cocaine  can 
resul t  in a u g m e n t a t i o n  of  its behaviora l  effects.  Fu r the r -  
more ,  this a u g m e n t a t i o n  was f o u n d  to persist  b e y o n d  the  
t e r m i n a t i o n  of chron ic  drug admin i s t r a t i on .  E x p e r i m e n t  1 
indica ted  a pers is tence  for  at least  8 days of  b o t h  the  
e n h a n c e d  s t e r eo typed  behav io r  and the  e n h a n c e d  con-  
vulsant  ef fec t  of  cocaine,  bu t  E x p e r i m e n t  2 did no t  
p inpo in t  the du ra t i on  of  this  e n h a n c e m e n t .  The  s tereo-  
typed  behav io r  p roduced  by coca ine  in E x p e r i m e n t  2 was 
s ignif icant ly  grea ter  in all coca ine  groups  than  in the SAL 
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FIG. 10. Experiment 2. Mean dose at convulsion and S.E.M. for the 

four SAL subgroups during the test injection series. 

g roup  for  the first  hr  pos t in jec t ion ,  bu t  t rends  among  the  
SAL subgroups  (see Fig. 8), a l though  no t  s ignif icant ,  
suggest tha t  the  s ignif icant  e n h a n c e m e n t  of  s t e r eo typy  in 
the  coca ine  groups  wi th  the longest  wai t ing per iods  (40C-16 
and 40C-32)  may  have been  due at least  in par t  to an 
increase in response  wi th  age. The  s ignif icant  d i f ference  
a m o n g  b o t h  the  40C groups  and the SAL subgroups  dur ing 
the  second  h o u r  pos t in j ec t ion  indica tes  t ha t  the  rate of  
offset  of the  coca ine  effect  decreases wi th  age (see Figs. 6, 
7, and 8). O the r  work in our  l abo ra to ry  has  ind ica ted  tha t  
naive rats  have similar age-related d i f ferences  in offset  when  
in jec ted  wi th  cocaine  for  the first t ime [ 2 0 ] .  This  change 
could  be a secondary  effect  of the body  weight  increase 
associated wi th  increasing age in the rat  (Fig. 5), or re lated 
to o the r  changes  wi th  age such as reduced  degradat ive 
me tabo l i sm of  drugs [ 18 ]. 

The per iod  of t ime dur ing which  the  convu l san t  ef fec t  of 
cocaine r emained  e n h a n c e d  in E x p e r i m e n t  2 is also un- 
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certain.  It can be argued tha t  the e f fec t  pers is ted for 33 
days or more  a f te r  t e r m i n a t i o n  of drug admin i s t r a t i on ,  
since the 40(?-32 group e x h i b i t e d  a s ignif icant  en- 
h a n c e m e n t ,  while the SAL subgroups  showed  no t e n d e n c y  
for  sensi t ivi ty to increase wi th  du ra t ion  of  the wai t ing 
period,  t towever ,  the  absence  of a s ignif icant  pers is tence  in 
the 40C-16 group weakens  this i n t e rp re t a t i on .  The  sig- 
n i f i can t  effects  in the 40(?-4 and 40C-8 groups  ind ica te  tha t  
the  sens i t i za t ion  pers is ted for  at least 9 days af ter  the end 
of init ial  t r e a t m e n t ,  bu t  the  conf l i c t ing  resul ts  in the  
40C-16 and  40C-32 groups  do not  clearly es tabl ish  the  
du ra t i on  of  this  pers is tence.  

Several po in t s  can be made  a b o u t  the na tu re  of  the 
e n h a n c e d  response  to cocaine.  A d m i n i s t r a t i o n  of e i the r  
40 mg/kg  cocaine  or the CO N V ( 1)  t r e a t m e n t  p roduced  an 
increased convu l san t  ef fec t  of  cocaine in E x p e r i m e n t  1. 
E x p e r i m e n t  2 d e m o n s t r a t e d  t ha t  a pure ly  subconvuls ive  
level of  cocaine  t r e a t m e n t  ( 4 0 m g / k g )  could resul t  in a 
reduced  convuls ive th resho ld  to cocaine.  In E x p e r i m e n t  1 
the 4 0 m g / k g  t r e a t m e n t  but  no t  the CONV t r e a t m e n t s  
resul ted in a u g m e n t a t i o n  of  s t e r eo typed  behavior .  Thus  the 
e n h a n c e m e n t  of  b o t h  these effects  of cocaine  seems due 
pr imar i ly  to the ef fec ts  of the drug p e r s e  r a the r  than  the  
convuls ions  p r o d u c e d  by the drug. In con t ras t ,  Ex- 
p e r i m e n t  1 showed  tha t  only the CONV t r e a t m e n t s  in- 
creased the a m o u n t  of  seizure act ivi ty p resen t  dur ing  a 
convuls ion ,  and in E x p e r i m e n t  2 the  chron ic  a d m i n i s t r a t i o n  
of 40  mg/kg  cocaine  had  no  ef fec t  on this  measure .  These 
f indings d e m o n s t r a t e  a d i s t inc t ion  be tween  the  convuls ive 
th resho ld  to cocaine  and  the in tens i ty  of the resul t ing 
convuls ion ,  with the la t te r  being af fec ted  only  when  
convuls ions  were p r o d u c e d  dur ing the initial t r e a t m e n t .  
This d i f ference  may  be a re f lec t ion  of d i f fe ren t  m e c h a n i s m s  
under ly ing  these two aspects  of convuls ions  [ 13] .  

We have recent ly  d e m o n s t r a t e d  tha t  the  chron ic  ad- 
min i s t r a t i on  of  cocaine  results  in a pers i s ten t  a u g m e n t a t i o n  
of the drug 's  e lec t rophys io logica l  as well as behaviora l  
effects [3~1. The mechan i sms  by which ch ron ic  coca ine  
p roduces  these effects  are no t  known.  The results  of  the 

p resen t  e x p e r i m e n t s  indicate  tha t  the a u g m e n t e d  behavioral  
response is no t  re la ted to any deb i l i t a t ion  p roduced  in the 
animals  by chronic  cocaine  admin i s t r a t ion .  A l though  k'x- 
pe r t inen t  2 d e m o n s t r a t e d  a small r educ t ion  in food con-  
s u m p t i o n  due to cocaine,  the animals  receiving chron ic  
coca ine  t r e a t m e n t  c o n t i n u e d  to gain weight,  and the 
e n h a n c e d  response they showed  was in compar i son  to 
sa l ine- t rea ted animals  m a t c h e d  for  weight  gain. This f inding 
suggests tha t  the  e n h a n c e d  response  to cocaine is a fairly 
specific e f fec t  of  chron ic  admin i s t r a t i on  r a the r  than  being 
related to the  general  physiological  cond i t ion  of  the animal.  

A n u m b e r  of  possible exp lana t ions  for this e n h a n c e d  
response  can be fo rmula t ed ,  inc luding (a) the deve lopmen t  
of  a cond i t i oned  response  to the drug: (b)  an increase in the 
a m o u n t  of drug reaching its sites of ac t ion due to 
a c c u m u l a t i o n  in the brain or a l t e ra t ions  in abso rp l ion ,  
en t ry  in to  the brain,  or degrada t ion :  or Ic) an increased 
responsiveness  of the brain to the drug due to changes  m 
recep to r  sensi t ivi ty or the repe t i t ion  of  the e lect ro-  
physiological  ef fects  of cocaine  in a m a n n e r  resembl ing the 
kindl ing p h e n o m e n o n  of G o d d a r d  [ 1 4 l .  These possibi l i t ies  
and the  evidence bearing on them have been discussed in 
detail  e lsewhere  [9, 3 8 , 3 9 1 .  

[n add i t ion  to cocaine,  d - a m p h e t a m i n e  has  also been 
repor ted  to p roduce  an a u g m e n t e d  response  t l o c o m o t o r  
act ivi ty and s t e r eo typed  behavior )  fol lowing chronic  ad- 
min i s t r a t i on  [1% 21, 25, 34 ] .  This sens i t iza t ion  to cer ta in  
behavioral  ef fects  of these two p s y c h o m o t o r  s t imulan t s  
con t ras t s  wi th  the to lerance  which  occurs  to the hyper-  
thermic ,  anorec t ic ,  and lethal  ef fects  of  the drugs [ 11, 22, 
23, 4 1 ] .  If sens i t iza t ion  such as tha t  repor ted  here also 
occurs  in h u m a n s ,  it may be related to the d e v e l o p m e n l  of  
pa thologica l  behav ior  which has been  observed in h u m a n s  
dur ing chronic  use of high doses of these drugs [3, 7, 10. 
2 4 I ;  consequen t ly ,  expe r imen ta l  analysis of the mech-  
anisms under ly ing  the sens i t iza t ion  in animals  may provide 
i n fo rma t ion  relevanl to the behavior  changes  which occur  
in h u m a n  users of  these drugs. 
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