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STRIPLING, J. S. AND C. HENDRICKS. Effect of cocaine and lidocaine on the expression of kindled seizures in the rat. 
PHARMAC. BIOCHEM. BEHAV. 14(3) 397-403, 1981.--The effect of cocaine and lidocaine on the expression of kindled 
seizures was studied in male Long-Evans rats. Animals were implanted with an electrode in either the olfactory bulb, 
prepyriform cortex, or basolateral amygdala and kindled by daily electrical stimulation. Each animal was then tested for the 
expression of kindled seizures following the intraperitoneal administration of saline, 20 mg/kg cocaine hydrochloride, or 20 
mg/kg lidocaine hydrochloride. During testing the implantation site was stimulated every 60 sec at increasing current levels 
until an afterdischarge was elicited. Each animal was tested once under each drug at 96 hr intervals. The order of drug 
administration was counterbalanced across animals. Neither cocaine nor lidocaine had a significant effect on afterdischarge 
threshold. Both drugs significantly reduced the latency for clonus to occur following stimulation, a measure presumably 
related to the propagation of afterdischarges from the site of stimulation to other brain areas. In addition both cocaine and 
lidocaine significantly reduced the rated behavioral response to the stimulation due to a decrease in rearing and falling. 
Because they occurred with both cocaine and lidocaine, these effects appear to be of local anesthetic origin. In contrast, 
only cocaine significantly reduced afterdischarge duration, and only lidocaine significantly reduced clonus intensity. With 
the possible exception of clonus latency, these effects were present at all electrode sites studied. The results indicate that 
cocaine has pronounced effects on the expression of seizure activity in the olfactory forebrain, some of which are due to its 
local anesthetic action, and some not. 
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IN addition to its wel l -known psychomoto r  st imulant action, 
cocaine  has pronounced  effects on seizure susceptibili ty.  At 
high doses  it p roduces  a character is t ic  form of  clonic con- 
vulsion [7,31]. In lower  doses  it has the opposi te  effect ,  in- 
hibiting convuls ions  produced  by a var ie ty  of  convuls ive  
agents such as pentylenetetraz,  ol [34], e lec t roconvuls ive  
shock [33], audiogenic seizures [1], and hyperbar ic  oxygen 
[12]. 

The mechan i sm underlying these effects  is not  well un- 
ders tood.  Cocaine  has two major  known pharmacological  
actions: it facili tates monoaminerg ic  t ransmission by block- 
ing the uptake o f  dopamine,  norepinephr ine ,  and serotonin 
into presynapt ic  terminals  [24,25], and it acts as a local anes- 
thetic [5]. The  convulsant  effect  of  cocaine  would appear  to 
be primari ly a local anesthet ic  effect,  since other  local anes- 
thetics produce  highly similar convuls ions  [18, 35, 36]; how- 
eve r  there may also be monoaminerg ic  involvement ,  since 
reserpine has been  repor ted  to prevent  cocaine  convuls ions  
[7,28]. Coca ine ' s  ant iconvulsant  effect  also may involve both 
of  its pharmacologica l  actions.  Other  local anesthet ics  are 
effect ive  ant iconvulsants  [30], and there is considerable  evi- 
dence  for an inhibitory role of  the monoamines ,  and particu- 
larly norepinephr ine ,  in the occur rence  of  convuls ions  [9, 26, 
37]. 

Cocaine  has a p ronounced  e lect rophysiological  effect  
within the olfactory forebrain which may provide a clue to 
the origin of  its convulsant  action: at doses  approaching the 
convuls ive  threshold it produces  bursts of  high-amplitude 
sinusoidal potentials  at a f requency of  20-50 Hz  ( '~cocaine 
spindles")  [7, 8, 32]. A similar effect is p roduced  by other  
local anesthet ics  such as l idocaine [23, 35, 36]. Because  this 
activity precedes  the occur rence  of  convuls ions  and because  
its high ampli tude presumably  reflects synchronous  act ivi ty 
in a large number  of  neurons,  it has been suggested that the 
drug-induced spindle act ivi ty is a representat ion of  neural 
events  which may eventual ly  culminate  in a convuls ion [9, 
35, 36]. This line of  ev idence  implies the involvement  of  the 
olfactory forebrain in coca ine ' s  effect on seizure susceptibil-  
ity. 

Kindling is the gradual deve lopment  of  e lectrophysiologi-  
cal seizure act ivi ty and behavioral  convuls ions  due to re- 
peated electrical  st imulation of  the brain [10]. It is most  
readily produced  in areas of  the limbic sys tem and involves  
both the lowering of  the e lectrophysiological  af terdischarge 
threshold at the site of  st imulation and the enhanced 
propagat ion of  this act ivi ty  to o ther  parts of  the brain [19,20]. 
There  is ev idence  that cocaine  affects this phenomenon ,  but 
the nature o f  its effect  is not  yet  clear.  It has recent ly been 
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reported by Lesse and his colleagues [13,14] that cocaine 
reduces the afterdischarge threshold at the site of stimulation 
and increases the speed of afterdischarge propagation from 
the site of stimulation to other brain sites during kindling of 
the amygdala or hippocampus in the cat, In contrast, Mat- 
suzaki and Misra [15] have reported that cocaine produces 
an elevated threshold for afterdischarges elicited by stimula- 
tion of the amygdala or hippocampus in the cat. 

There is also the question of  whether any effect of cocaine 
on kindling should be attributed to its monoaminergic or 
local anesthetic action, since both local anesthetics and 
monoaminergic manipulations have been reported to affect 
kindling. Procaine facilitates kindling of the amygdala when 
administered prior to each electrical stimulation [22], and a 
number of studies indicate that the monoamines, and particu- 
larly norepinephrine, exert an inhibitory influence on the 
development of kindling [3, 4, 6, 16]. 

The present experiment was designed to explore the ef- 
fect of cocaine on the expression of seizures previously kin- 
dled at various sites within the olfactory forebrain and to 
determine whether a similar effect could be produced by a 
local anesthetic without cocaine's  monoaminergic action. 
Three stimulation sites were chosen for comparison: the ol- 
factory bulb, prepyriform cortex, and amygdala. Lidocaine 
was chosen as a local anesthetic for comparison with co- 
caine, since lidocaine and cocaine are approximately equal in 
local anesthetic potency as measured by the production of 
spindles in the olfactory forebrain (Stripling, manuscript in 
preparation). 

METHOD 

Subjects 

The subjects were 36 male Long-Evans rats (Blue Spruce 
Farms) which weighed 275-375 g at the time of surgery. They 
were housed individually in clear plastic cages (floor: 26.7 
cmx48.3 cm; height: 20.3 cm), and were maintained on a 12 
hr/12 hr light/dark cycle with food and water freely available 
throughout the experiment. The animals were gentled by 
daily handling before the experiment. 

Procedure 

Surgery was performed under sodium pentobarbital (42.5 
mg/kg) and chloral hydrate (100 mg/kg) anesthesia. Each 
animal was implanted with a single monopolar electrode (200 
gm diameter enamel-insulated stainless steel wire) in either 
the left olfactory bulb (OB), the left prepyriform cortex 
(PPC), or the left basolateral amygdala (AMYG). During 
stereotaxic surgery the tooth bar was 5 mm above the plane 
of the ear bars. The coordinates for the OB electrode were 
9.1 mm anterior to bregma, 1.2 mm lateral, and 1.5 mm 
below the dura. To reach the remaining two sites, the elec- 
trode was angled laterally 14 degrees during implantation. 
For the PPC a hole was drilled in the skull 2.4 mm anterior to 
bregma and 2.8 mm lateral, and the electrode lowered 7.8 
mm below the dura (final lateral coordinate=4.7 mm). For 
the AMYG a hole was drilled 0.8 mm posterior to bregma 
and 3. I mm lateral, and the electrode lowered 8.0 mm below 
the dura (final lateral coordinate=5.0 mm). A single stainless 
steel screw placed over the right anterior cortex (2.5 mm 
anterior to bregma, 2.0 mm lateral) served as a reference for 
stimulation and recording. The animals were allowed a 
minimum of 14 days postoperative recovery before kindling 
began. 

All data were collected between the fourth and eighth 

hours of the 12-hr light period. During data collection the 
animal remained within its home cage, which was inserted 
into a clear acrylic recording chamber enclosed within a 
Faraday cage and a larger plywood chamber for visual and 
acoustic isolation. A cable leading from the animal's head to 
a slip-ring commutator (BRS/LVE) mounted on a counter- 
balanced arm was used for stimulation and recording, this 
arrangement allowed the animal full freedom of movement 
within its cage. Behavior was monitored via closed circuit 
TV, and behavioral responses to stimulation were recorded 
on video tape for subsequent analysis. A Grass $48 square- 
wave stimulator and PSIU6 stimulus isolation unit were used 
for stimulation and a Beckman R611 polygraph was used to 
record afterdischarges following stimulation with filters set 
at 5-100 Hz. During stimulation a relay automatically dis- 
connected the animal from the polygraph and connected it to 
the stimulator. 

During all stages of the experiment stimulation consisted 
of a 2-sec train of monopolar negative square wave pulses of 
0.2 msec duration at a rate of  50 pulses/sec. On the first day 
of kindling the afterdischarge (AD) threshold of the stimula- 
tion site was determined as follows. Each animal was ini- 
tially stimulated at a current level of 100 ~A. The current 
was increased 50 tzA and the stimulation repeated every 60 
sec until an AD was observed. On the following and all sub- 
sequent days of kindling each animal was stimulated once at 
50 ~A above its AD threshold as determined on the first day. 
The behavioral response to stimulation was measured on a 
5-point rating scale: (1) rhythmic head nodding; (2) chewing 
movements;  (3) forelimb clonus: (4) rearing; or (5) falling. 
When forelimb clonus occurred, its intensity was measured 
on a 4-point rating scale: ( 1 ) mild: (2) moderate; (3) vigorous; 
or (4) severe. Each animal was stimulated daily until a stage 
4 or 5 response to stimulation occurred on 2 consecutive 
days. At that point the animal was considered to be kindled 
and the daily stimulation was terminated. Animals which did 
not kindle within 21 days of stimulation were discarded from 
the experiment. 

Following kindling each animal was tested for the effect 
of physiological saline, 20 mg/kg cocaine hydrochloride, or 
20 mg/kg lidocaine hydrochloride on the expression of the 
previously kindled seizures. The doses of cocaine and 
lidocaine were chosen to be well below the convulsive 
threshold, which falls in the range of 40-80 mg/kg for most 
animals. Testing began 96 hr after an animal reached the 
kindling criterion. Each animal was tested once under each 
drug at 96 hr intervals. The order of drug administration was 
counterbalanced across animals within each electrode group. 

The test procedure was as follows. The animal was ad- 
ministered the drug via intraperitoneal injection and placed 
within the recording chamber. At 8 min post-injection the 
animal was stimulated at a current level of 50 ixA. If an AD 
which persisted for a minimum of 2 sec following stimulation 
was evoked at the stimulation site, the animal's AD 
threshold was defined to be 50 txA. If no AD occurred, the 
animal was stimulated at 60 sec intervals at increasing cur- 
rent levels until such an AD did occur. On three occasions 
during the experiment, an AD was not accompanied by be- 
havioral clonus. In these cases stimulation was continued at 
60 sec intervals and increasing current levels until clonus 
occurred. In all cases, the AD threshold was defined as the 
lowest current level at which an AD of 2 sec duration or 
longer occurred, a procedure which should give an accurate 
estimate of AD threshold despite the fact that most animals 
received repeated sub-threshold stimulation [17]. 
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TABLE 1 
MEAN PERFORMANCE _+ SEM OF THE OLFACTORY BULB (OB), PREPYRIFORM 

CORTEX (PPC), AND AMYGDALA (AMYG) GROUPS DURING KINDLING 

Electrode Site 

OB PPC AMYG 

(N - 1 l) (N= 10) (N =8) 

AD Threshold (tzA) on the 
First Day of Kindling 345.5 + 47.4 

Number of Days to 
Reach Kindling Criterion 10.7 _+ 1.3 

105.0 +_ 5.0* 181.3 _+ 21.0"+ 

11.7 _+ 1.2 10.4 _+ 0.7 

Specific comparisons using Ryan's procedure: 
*Significantly different from OB at 0.05 level or beyond. 
+Significantly different from PPC at 0.05 level or beyond. 

In order to minimize any differences among the groups in 
the time following injection when AD's were triggered, dif- 
ferent stimulation sequences were used for the three groups. 
Stimulation was increased by increments of 50/~A in the OB 
group, by 10 /xA in the PPC group, and by 25 /xA in the 
AMYG group. These sequences were based on the differ- 
ences in AD threshold among the groups on the first day of 
kindling. 

After an animal had been tested once under each drug, the 
animal's electrode position was determined using the Prus- 
sian Blue technique. The animal was deeply anesthetized 
with sodium pentobarbital and per+used through the heart 
with physiological saline followed by a solution of 10% For- 
malin, 1% glacial acetic acid, and 2% potassium fer- 
rocyanide. An anodal current of 75 /zA was then passed 
through the electrode for 5 sec. The brain was removed and 
placed in a solution of 10% Formalin and 30% sucrose for 
several days. The brain was then embedded in gelatin and 
returned to the solution for several more days. Frozen sec- 
tions were cut at 50 /xm and stained with cresyl violet for 
histological analysis. 

The rate of kindling was analyzed by a l-factor between- 
subjects analysis of variance [39]. Drug effects on the ex- 
pression of kindled seizures were analyzed by 2-factor 
analyses of variance (electrode group x drug) with repeated 
measures on one factor [39]. Significant effects were fol- 
lowed by specific comparisons using the Tukey (a) proce- 
dure [39]. Due to pronounced non-homogeneity of variance 
across electrode groups, the data on current thresholds for 
AD's or behavior were analyzed by the most suitable proce- 
dures available. The effect of electrode site was analyzed by 
the non-parametric Kruskal-Wallis H test followed by spe- 
cific comparisons using Ryan's  procedure [11]. Because 
parametric tests were suitable within each electrode group, 
the effect of drug was analyzed separately for each electrode 
site by a 1-factor within-subjects analysis of variance [39]. 

RESULTS 

Two animals in the PPC group were discarded from the 
experiment, one due to a faulty electrode and one due to 
electrode placement outside the PPC. In addition, I OB 
animal and 4 AMYG animals were discarded for failure to 
kindle within 21 days of stimulation. This left 11 OB, 10 PPC, 
and 8 AMYG animals in the study. 

The performance of the 3 electrode groups during kin- 
dling is presented in Table 1. There was a significant differ- 
ence among the groups in AD threshold on the first day of 
kindling, H(2)= 18.91, p<0.001, but no significant difference 
in the rate of kindling, F(2,26)=0.35. 

The effect of electrode site and drug condition on the 
expression of kindled seizures is summarized in Table 2 and 
Fig. 1. During drug testing there was a significant difference 
among electrode groups in AD threshold, H(2)=20.86, 
p<0.001, with the OB threshold significantly higher than that 
of the other groups (see Table 2). However, there was no 
significant effect of drug on AD threshold in either the OB 
group, F(2,20)=0.97, the PPC group, F(2,18)=1.80, or the 
AMYG group, F(2,14) =0.47. 

During the determination of AD thresholds a number of 
animals were observed to exhibit kindling behavior (chewing 
movements or forelimb clonus) which occurred during the 
2-sec stimulus train but which terminated with the stimula- 
tion and was not accompanied by AD's. This phenomenon 
occurred preferentially in the cocaine and lidocaine condi- 
tions: of the 29 animals in the experiment, 1 animal exhibited 
it in the saline condition, 7 in the cocaine condition, 
and 8 in the lidocaine condition, X2(2)=6.59, p<0.05. Conse- 
quently the threshold for a behavioral response during stimu- 
lation was also analyzed. The result was similar to that for 
AD threshold. There was again a significant difference 
among the electrode groups, H(2)=20.00, p<0.001, but no 
significant drug effect in either the OB group, F(2,20)= 1.22, 
the PPC group, F(2,18)=0.00, or the AMYG group, 
F(2,14)= 1.62 (see Table 2). 

The maximal behavioral response following stimulation at 
the AD threshold was rated on the 5-point scale used to score 
kindling. There was no significant difference among the elec- 
trode groups in behavioral response, F(2,26)=0.94, but there 
was a significant drug effect, F(2,52)=6.51, p<0.01, with a 
significantly stronger response occurring in the saline condi- 
tion than in either the cocaine or lidocaine conditions (see 
Table 2). There was no significant interaction, F(4,52)=0.27. 

The duration and maximum amplitude of the AD 
produced at the AD threshold were also analyzed (see Table 
2). There was a significant difference in AD duration among 
the electrode groups, F(2,26)=8.38, p <0.01, with the AMYG 
group having significantly shorter AD's than the other two 
groups. In addition there was a significant drug effect, 
F(2,52)=6.76, p<0.01, with a significantly shorter AD 



400 S T R I P L I N G  A N D  H E N D R I C K S  

T A B L E  2 

MAIN EFFECT OF ELECTRODE SITE (OB=OLFACTORY BULB, PPC=PREPYRIFORM CORTEX, AMYG=AMYGDALA) AND DRUG 
(SAL=SALINE, 20C=20 mg/kg COCAINE, 20L=20 mg/kg LIDOCAINE) ON THE EXPRESSION OF KINDLED SEIZURES. 

DATA ARE MEANS _+ SEM 

Observations Per Mean 

Electrode Site Drug 

OB PPC AMYG SAL 20C 20L 

33 30 24 29 29 29 

AD Threshold (/zA) 218.2 +_ 21.1 59.3 _+ 1.72¶ 57.3 ± 3.19¶ 112.4 ± 21.2 118.4 _+ 18.5 126.2 _+ 20.9 

Threshold for Behavior 
During Stimulation (/zA) 212.1 + 21.5 55.0 ± 1.57¶ 56.3 + 2.71¶ 112.1 + 21.1 111.2 ± 18.2 121.6 + 21.1 

Behavioral Response 
(Rating) 4.03 ± 0.19 4.13 + 0.15 3.75 ± 0.20 4.45 ± 0.15 3.76 ± 0.14t 3.76 + 0.2It  

AD Duration (sec) 65.8 _+ 5.24 63.3 _+ 5.22 26.6 ± 7.33*# 64.6 _+ 7.02 41.1 ± 4.73+ 56.8 +_ 7.12$ 
AD Amplitude (mV) 5.76 ± 0.28 5.21 + 0.23 2.83 _+ 0.23*# 4.41 _+ 0.33 4.97 _+ 0.37 4.79 + 0.38 
Clonus Latency (sec) 7.09 ± 1.59 2.23 _+ 0.67* 0.75 ± 0.45* 8.00 + 1.62 1.07 _+ 0.60t 1.93 + 0.82t 

Clonus Intensity 
(Rating) 2.61 ± 0.12 2.73 ± 0.10 1.96 _+ 0.19"# 2.69 + 0.10 2.55 _+ 0.13 2.17 + 0.17t 

Specific comparisons using Ryan's procedure: 
¶Significantly different from OB at 0.05 level or beyond. 

Specific comparisons using Tukey's (a) test: 
*Significantly different from OB at 0.05 level or beyond. 
#Significantly different from PPC at 0.05 level or beyond. 
tSignificantly different from SAL at 0.05 level or beyond. 
+Significantly different from 20C at 0.05 level or beyond. 

occu r r ing  in the  coca ine  cond i t ion  than  in e i the r  the  sal ine or  
l idoca ine  cond i t ions .  The  in t e rac t ion  was  not  s ignif icant ,  
F (4 ,52)=0 .36 .  T h e r e  was also a s ignif icant  d i f ference  a m o n g  
the  e l ec t rode  g roups  in m a x i m u m  A D  ampl i tude ,  
F(2 ,26)=21 .63 ,  p < 0 . 0 0 1 ,  wi th  the A M Y G  group  hav ing  a 
s ignif icant ly  lower  ampl i tude  than  the  o the r  two groups .  
T h e r e  was  no  s ignif icant  d rug  effect  on  m a x i m u m  A D  ampli-  
tude ,  F(2 ,52)=1 .45 ,  and  no s ignif icant  in te rac t ion ,  F(4,52) 
=0 .72 .  

Wi th  regard  to the  s ignif icant  d i f fe rence  in A D  ampl i tude  
a m o n g  the  e l ec t rode  g roups ,  it shou ld  be no ted  tha t  the  OB 
and  PPC are  l amina r  s t ruc tu res  wh ich  gene ra t e  s p o n t a n e o u s  
e lect r ica l  ac t iv i ty  of  high ampl i tude  [29]; thus  a high A D  
ampl i tude  may  be  s imply  a ref lec t ion o f  a more  genera l  prop-  
er ty  of  these  areas .  To tes t  this  poss ibi l i ty  the  A D  ampl i tude  
for  e ach  animal  was  c o m p a r e d  to the  ampl i tude  of  pre-  
s t imula t ion  e lectr ical  ac t iv i ty  ( m e a s u r e d  as the  m a x i m u m  
peak - to -peak  ampl i tude  occur r ing  in the  5-sec per iod  preced-  
ing s t imula t ion) .  The  rat io  of  the  m a x i m u m  AD ampl i tude  to 
p re - s t imula t ion  ampl i tude  was 8.14 _+ 0.61 (mean  _+ S .E .M. )  
for  the  OB group ,  i l . 3 8  _+ 0.83 for  the  PPC group,  and  
9.03 _+ 1.07 for  the  A M Y G  group.  The  d i f fe rence  a m o n g  the  
g roups  was s ignif icant ,  F (2 ,26)=4 .45 ,  p < 0 . 0 5 ,  with  the  PPC 
group  hav ing  a s ignif icant ly  h igher  ra t io  t han  the  OB group  
by T u k e y ' s  (a) test .  The  A M Y G  group  did not  differ  signifi- 
cant ly  f rom e i the r  of  the o the r  g roups  by this  measure .  

In addi t ion  to the ana lyses  of  A D  th r e sho ld  data ,  two 
ana lyses  were  m a d e  pe r t a in ing  to behav io ra l  c lonus .  Of  the  
87 t h r e sho ld  d e t e r m i n a t i o n s  made  in this  expe r i m en t ,  t he re  
were  3 cases ,  all in the  l idocaine  cond i t ion ,  in which  an  
an imal  did not  exhib i t  behav io ra l  c lonus  at the  A D  th resho ld .  
In each  o f  these  cases  the A D  was shor t  (2-3 sec),  and the  
s t imula t ion  p r o c e d u r e  was c o n t i n u e d  unt i l  behav io ra l  c lonus  

was el ici ted dur ing  an AD. Ana lyse s  were  made  of  the  la- 
t ency  for  c lonus  to occu r  fol lowing t e rmina t ion  of  st imula-  
t ion,  and  the  m a x i m u m  in tens i ty  of  the  c lonus  as m e a s u r e d  
by  the  4-point  ra t ing scale for  in tensi ty .  These  ana lyses  are 
s u m m a r i z e d  in Table  2. For  c lonus  l a tency  there  was a signif- 
icant  d i f ference  a m o n g  the  e lec t rode  groups ,  F(2 ,26)=  13.23, 
p < 0 . 0 0 1 ,  with  the  l a tency  in the  OB group  be ing  s ignif icant ly  
longer  than  tha t  of  the  o the r  two groups .  There  was also a 
s ignif icant  drug effect ,  F(2 ,52)=  15.64, p <0.001,  with  signifi- 
cant ly  sho r t e r  l a tenc ies  occur r ing  in bo th  the coca ine  and  
l idoca ine  cond i t ions  than  in the  sal ine condi t ion .  In addi t ion ,  
there  was a s ignif icant  in te rac t ion ,  F(4 ,52)=7.28 ,  p < 0 . 0 0 1 .  
This  in t e rac t ion  is i l lus t ra ted in Fig. l,  which  revea ls  a drug- 
induced  decl ine  in c lonus  l a tency  in the  OB and  PPC groups  
bu t  n o n e  in the  A M Y G  group.  H o w e v e r ,  the  mean  la tency  in 
the  A M Y G  group  is less than  1 sec,  suggest ing that  the  
scores  in this  g roup  are " b o t t o m e d  o u t . "  C o n s e q u e n t l y  it 
c a n n o t  be d e t e r m i n e d  w h e t h e r  the  drug effect  is genu ine ly  
a b s e n t  in the A M Y G  group  6r  i t i t  s imply  c a n n o t  be seen  due 
to the  n e a r - m i n i m u m  la tency  in the  sal ine condi t ion .  

Final ly ,  the re  was a s ignif icant  d i f fe rence  a m o n g  the  elec- 
t rode  g roups  in m a x i m u m  c lonus  in tens i ty ,  F(2 ,26)=8.32 ,  
p <0 .01 ,  wi th  the  A M Y G  animals  exh ib i t ing  signif icant ly less 
in tense  c lonus  than  the o t h e r  two groups .  The re  was also a 
s ignif icant  drug effect ,  F(2 ,52)=5 .73 ,  p < 0 . 0 1 ,  wi th  signifi- 
cant ly  w e a k e r  c lonus  occur r ing  in the  l idocaine cond i t ion  
than  in the  sal ine condi t ion .  The  in te rac t ion  was not  signifi- 
cant ,  F(4 ,52)=0.52 .  

DISCUSSION 

In c o m p a r i s o n  wi th  the  amygdala ,  the  o l fac tory  bu lb  and  
p repyr i fo rm cor t ex  have  rece ived  litt le a t t en t ion  in kindl ing 
s tudies .  H o w e v e r ,  the  resul t s  of  this  and  o the r  expe r imen t s  
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[2,21] suggest that kindling is at least as robust in these struc- 
tures as in the amygdala. In the present experiment there 
was no significant difference in kindling rate among the 
groups when stimulated near the AD threshold for each site, 
and the OB and PPC groups exhibited significantly longer 
AD's and more intense clonus than the AMYG group. The 
OB and PPC groups also exhibited a significantly greater AD 
amplitude than the AMYG group, but this difference was 
eliminated when the AD amplitude was considered in pro- 
portion to the amplitude of pre-stimulation electrical activity 
present at the three sites. 

The present experiment revealed certain drug effects 
common to both cocaine and lidocaine, and other effects 
produced by one drug but not the other. In comparison to 
saline both cocaine and lidocaine significantly reduced the 
behavioral response to stimulation and the latency for clonus 
to occur. Only cocaine significantly reduced the AD dura- 
tion, and only lidocaine significantly reduced the intensity of 
clonus. With the possible exception of clonus latency, these 
drug effects were independent of electrode site. 

The drug effect on clonus latency is perhaps the most 

interesting finding. Clonus latency is presumably a reflection 
of the propagation of seizure activity from the site of stimu- 
lation to other areas of the brain involved in the generation of 
the behavioral response to stimulation. Lesse and Collins 
[13] found that cocaine produces an increased rate of AD 
propagation in the cat following stimulation of either the 
amygdala or hippocampus. The present experiment's finding 
that cocaine produces a decrease in clonus latency is consis- 
tent with their result. The present experiment also found that 
lidocaine produces a similar decrease in clonus latency, im- 
plying that this effect is of local anesthetic origin. A positive 
correlation has been reported [27] between the rate of kin- 
dling in the amygdala and the speed with which clonus begins 
following stimulation. Consequently, reduced clonus latency 
may be a manifestation of the mechanism by which local 
anesthetics facilitate kindling [22]. 

Lesse and Collins also reported that cocaine produced 
decreased AD duration in the cat. In the present experiment 
this effect of cocaine was confirmed, but no significant effect 
of lidocaine was found. Thus the decreased AD duration 
produced by cocaine does not appear to be a local anesthetic 
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effect. This suggests that it may be due to cocaine's  
monoaminergic effect. The catecholamines, and particularly 
norepinephrine, appear to play an inhibitory role in kindling, 
since depletion of  catecholamines or of norepinephrine alone 
facilitates kindling [4, 6, 16]. Callaghan and Schwark [3] re- 
ported that disulfiram, which inhibits norepinephrine syn- 
thesis, results in increased AD duration. This finding is con- 
sistent with an inhibitory role of norepinephrine in kindling 
and with the decrease in AD duration caused by cocaine in 
the present experiment. However ,  Wilkison and Halpern 
[38] reported that AD duration was decreased when cate- 
cholamine synthesis was blocked by alpha-methyl-para- 
tyrosine, which conflicts with the preceding data on AD du- 
ration. Furthermore, selective depletion of  norepinephrine 
can facilitate kindling without altering AD duration [4,16], 
which questions the relevance of AD duration to the other 
norepinephrine effects on kindling. Thus the functional sig- 
nificance of  decreased AD duration and its relationship to 
norepinephrine are unclear at this time. 

It may seem paradoxical that cocaine produces decreased 
clonus latency (increased AD propagation) and decreased 
AD duration at the same time. This may be a simultaneous 
manifestation of cocaine's  convulsant and anticonvulsant ef- 
fects. The fact that in the present experiment lidoca~me also 
produced a decrease in clonus latency but not in AD duration 
suggests that these effects are due to separate pharmacologi- 
cal mechanisms, which would make the conflicting nature of 
the two effects more comprehensible. 

There is an apparent conflict in the literature concerning 
the effect of cocaine on AD threshold. Lesse, Collins, and 
Denea [14] reported that cocaine lowered the AD threshold 
in the amygdala and hippocampus of the cat, while Mat- 
suzaki and Misra [15] reported that cocaine elevated the 
threshold in the cat for AD's  produced by stimulation of 
these same structures. The present experiment found no 
significant effect of either cocaine or lidocaine upon AD 
threshold in the olfactory bulb, prepyriform cortex, or 
amygdala of the rat. With regard to the present experiment, 

it should be noted that the AD threshold in the PPC and 
AMYG groups is near the lowest current level used (50/zA), 
making it difficult to detect any drug-induced reduction in 
threshold which might be present. However,  there was also 
no significant drug effect in the OB group, in which the AD 
threshold was well above the minimum current level used. 

There appears to be no obvious explanation for the dis- 
agreement among these three experiments on the effect of 
cocaine on AD threshold. While it is possible to speculate on 
various procedural differences among the three experiments 
as a possible explanation for this discrepancy, a firm resolu- 
tion of this issue is dependent upon future research. 

The remaining drug effects found in the present experi- 
ment merit brief comment. Lidocaine produced a decrease in 
rated clonus intensity, which is probably related to the mild 
ataxia which it produces in the dose used. Both cocaine and 
lidocaine produced decreased behavioral response ratings. 
This was primarily due to a decrease in the incidence of a 
stage 5 response (rearing and falling); a stage 5 response 
occurred 66% of the time in the saline condition (19 out of 29) 
but only 22% of the time in the two drug conditions (13 out of 
58). This should not necessarily be interpreted as a "weaken-  
ing" by the drugs of the behavioral response to stimulation. 
Rather it may represent a shift in the response to a form more 
closely resembling the clonic convulsions induced by co- 
caine and lidocaine, which do not include the rearing and 
falling seen in kindling. 

In summary, the influence of cocaine on the expression of 
kindled seizures appears to involve some effects of local 
anesthetic origin and additional effects which are due to 
other mechanisms such as cocaine's monoaminergic action. 
In the present experiment these effects were observed at all 
of the olfactory forebrain sites studied. Other studies have 
reported effects of  cocaine on AD threshold, propagation, 
and duration in the hippocampus and amygdala [13, 14, 15]. 
Thus the effects appear to be widespread within the limbic 
system and not confined to any one site. 
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