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BOLGER, G. T., B. A. WEISSMAN, J. BACHER AND L. ISAAC. Calcium antagonist binding in cut brain tolerant to 
electroconvulsive shock. PHARMACOL BIOCHEM BEHAV 27(2) 217-221, 1987.-Cats subjected to daily (25-30 days) 
electroconvulsive shock (ECS) demonstrated an elevation of their electroconvulsive threshold or tolerance to ECS. [aH] 
Nitrendipine binding was measured to brain regions from non-tolerant (sham shocked) and ECS tolerant cats 24 hr 
following the last shock. ECS produced a significant increase (45%) in the density of [3H] nitrendipine binding sites in the 
cerebral cortex and a significant decrease (33%) in the apparent affinity of [3H] nitrendipine in the cerebellum. No changes 
in binding were observed in the hippocampus. The effects of ECS were also investigated in the rat, an animal not displaying 
tolerance to repeated ECS. [3H] Nitrendipine binding to rat brain was measured 10 min and 24 hr following one shock 
(acute) or ten shocks delivered transauricularly once daily (chronic). Twenty-four hours following chronic ECS, there was 
a significant increase (1%) and decrease (11%) in the density, but no change in the apparent affinity of r3H] nitrendipine 
binding sites in the cerebral cortex and hippocampus respectively. No significant change in [3H] nitrendipine binding was 
observed in rat cerebellum 24 hr following chronic ECS. There were no changes in [3H] nitrendipine binding in the cerebral 
cortex and hippocampus 10 min and 24 hr following acute ECS. These results indicate that ECS can alter 13H] nitrendipine 
binding to calcium channel linked dihydropyridine binding sites in the central nervous system. It is suggested that changes 
in ?Hl nitrendipine binding in the cat cerebellum may be involved in the development of tolerance to ECS. 

Calcium antagonists Dihydropyridine t3H] Nitrendipine Calcium channels Electroconvulsive shock 

ECS has been widely used as an experimental model for 
studying the generalized convulsive state [36]. Several in- 
vestigators have observed significant changes in the 
neuropharmacologic profile of the rat central nervous sytem 
(CNS) following acute or chronic ECS. These changes were 
most prominent in the cerebral cortex and hippocampus and 
included alterations in neurotransmitter release, receptor 
binding [l, 5, 18, 20, 24, 29, 35, 391 and synaptic protein 
turnover [5,16]. Current research suggests that calcium in- 
flux into the neuron is a contributing factor in the genesis of 
various types of experimental seizures [25]. The di- 
hydropyridines (DHP) encompassing both calcium channel 
antagonist (i.e., nifedipine, nimodipine) and calcium channel 
activator (i.e., Bay K 8644) structures have been shown to 
possess marked neuromodulatory properties consistent with 
an action at neuronal calcium channels (for review see [34]). 
Bay K 8644 has been shown to increase neuronal calcium 
currents [28] depolarization evoked Ca2+ uptake into synap- 
tosomes [37,40], neurotransmitter release [26, 37, 391 and 

phosphatidyl inositol turnover [20]. These effects of BAY K 
8644 were blocked by DHP calcium antagonists, an indica- 
tion that they are likely mediated through high affinity 
neuronal DHP binding sites [ 14,231. 

Both BAY K 8644 and nimodipine have been shown to 
promote and attenuate seizure activity respectively, in a 
number of animal models. BAY K 8644 induced a be- 
havioural syndrome in mice that was characterized by 
ataxia, ptosis, Straub tail and limb clonus/tonus [3]. Intrave- 
nous infusion of BAY K 8644 in the conscious dog resulted in 
self-limited grand-mal like seizures [31]. Nimodipine has 
been shown to block retrograde amnesia, but not convul- 
sions in rodents following ECS and was able to prevent be- 
havioural and electroencephalographic disturbances elicited 
by total cerebral ischemia in cats [16]. Furthermore, 
nimodipine arrested electroencephalographic seizures in- 
duced by ischemia, pentylenetetrazol and bicuculline in 
rabbits [25]. 

While it appears that the DHPs can modulate the seizure 
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state in a number of  animal models, there is no data concern- 
ing the effects of  seizures on the properties of  DHP binding 
sites in the CNS. The cat provided us with an interesting 
animal model to study the effects of  ECS on neuronal DHP 
binding sites. Chronic ECS in cats results in a diminished 
response or tolerance to the convulsive effects of applied 
current [9,10]. Furthermore,  it was observed that cerebro- 
spinal fluid taken from the ventricular space of  a cat made 
tolerant to ECS could raise the ECS shock threshold of a 
naive animal [17] implying that a humoral factor(s) was re- 
sponsible for mediating the ECS susceptibility of  the cat. We 
have now characterized the effects of ECS on the neuronal 
DHP binding site labeled with [3H] nitrendipine in the cat, 
following tolerance to chronic ECS, and in the rat, an animal 
model which does not demonstrate tolerance to chronic 
ECS. Significant changes in [31-1] nitrendipine binding in the 
cerebellum and cerebral  cortex of  the cat and in the cerebral 
cortex and hippocampus of  the rat were observed 24 hr fol- 
lowing chronic ECS. These findings indicate that seizures 
produced by ECS alter the properties of  neuronal DHP bind- 
ing sites. Furthermore,  it is suggested that changes in DHP 
binding sites in the cat cerebellum may be a consequence of, 
or in part mediate, the development of  tolerance to ECS. 

M E T H O D  

Administration of ECS 

Male mongrel cats were housed individually in a room 
with constant humidity, temperature and a 12 hour light-dark 
cycle. Techniques for the surgical implanting of  the stimulat- 
ing electrodes and for delivering of  the seizure generating 
shock are described in detail elsewhere [17]. Convulsive 
thresholds were determined daily as previously described [17]. 

Male albino rats (Sprague-Dawley, Veterinary Resources 
Branch, NIH,  Bethesda, MD; 200-250 g) housed three per 
cage with free access to food and water  were maintained on a 
12 hr light/dark cycle. ECS was delivered transauricularly, 
through clips attached to the pinna of each ear. Maximal 
seizures were elicited by a 60 Hz alternating current of 50 
mA delivered for 0.5 sec. Experimental animals received 
either a single shock on one day (acute ECS) or a single 
shock each day for ten days (chronic ECS; [5, 14, 19, 21, 
35, 39]). Sham animals were handled in the same manner as 
experimental animals but received no shock. 

Neuropharmacology 

Twenty-four hours following the last ECS, cats were de- 
capitated and their brains rapidly removed and placed into 
ice cold 50 mM tris HCI buffer, pH 7.4 at 22°(]. [31-1] Nitren- 
dipine binding was studied in four brain regions. These were 
isolated by blunt dissection and included (1) the proximal 
cortex, which was the area directly under the stimulating 
electrodes (motor cortex); (2) the distal cortex, which in- 
cluded an area 1 cm caudal to the proximal cortex (occipital 
cortex); (3) the hippocampus; and (4) the cerebellum. For  
studies involving rats, sham or  shocked animals were decap- 
itated either 10 min or 24 hr following acute or chronic ECS. 
Their brains were rapidly removed and placed into ice cold 
50 mM tris-buffer. [Sill Nitrendipine binding was studied in 
the cerebral cortex and hippocampi which were isolated 
from the cerebrum by blunt dissection. Individual cat or rat  
brain regions were weighed and placed into 50 vols of  50 mM 
tris buffer at 4°C. The tissue was disrupted using a 
Brinkmann Polytron (setting 5, 15 see). The homogenate was 
centrifuged at 20,000 x g for 20 min and the brain mere- 
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FIG. l. (A) Electroconvulsive threshold determinations in a repre- 
sentative cat. The (O) represents the electrical current intensity de- 
livered to an animal that did not result in generation of major con- 
vulsion. The (A) denotes the electrical current intensity delivered to 
an animal that lead to a loss of posture and generation of tonic clonic 
convulsive activity lasting for 1 to 2 min. (B) Scatchard plot of 
specific [aH] nitrendipine binding to cerebellar membranes from cats 
that were sham shocked (O) or made tolerant (A) to ECS. The 
results are from a representative experiment repeated five times 
with similar results (Table 1). 

branes resuspended in 100 vols of  50 mM tris buffer. [aH] 
Nitrendipine binding was assayed in a total volume of  2 ml 
consisting of  1 ml membrane resuspension (0.3--0.5 mg 
protein), 0.9 ml of  50 mM tris buffer and 0.1 ml of  
radioligand. Nonspecific binding was determined in the 
presence of 10/zM nifedipine. All binding experiments were 
carried out in borosilicate glass tubes under subdued light for 
an incubation period of 1 hr at 25°C. Binding was terminated 
by rapid filtration under vacuum on Whatman GF/B glass 
fibre filters followed by 2x5 ml washes of  iced cold Tris 
buffer using a Brandel Cell Harvester  (Brandel Co., Gaith- 
ersburg, MD). The radioactivity of  the filters was determined 
by liquid scintillation counting (Ready-Solve MP, Beckman, 
Beckman Model LS 330 liquid scintillation counter). Specific 
binding was expressed as the difference between total bind- 
ing and nonspeciflc binding. 
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TABLE 1 
[aH]NITRENDIPINE BINDING IN CAT BRAIN FOLLOWING 

TOLERANCE TO REPEATED ECS 

Brain Region Kd (pM) Braax (fmol/mg protein) 

TABLE 2 
[aI-I]NITRENDIPINE BINDING IN RAT BRAIN REGIONS 24 HOURS 

FOLLOWING CHRONIC ECS 

Brain Region Kd (pM) Bmax (fmol/mg protein) 

Proximal Cortex Cortex 
Sham 190 _ 14 114 _ 3 Sham 268 ___ 38 117 + 8 
ECS 190 _ 4 121 _+ 14 ECS 295 --- 45 139 --- 4~ 

Distal Cortex Hippocampus 
Sham 192 ___ 20 130 +_ 11 Sham 156 --- 14 197 ± 8 
ECS 198 _+ 25 189 -+ 22* ECS 129 -+ 6 176 -+ 5* 

Hippocampus Cerebellum 
Sham 204 ± 27 140 +_ 7 Sham 277 ± 40 58 ± 5 
ECS 200±24 126± 9 ECS 240_+ 47 6 1 ± 6  

Cerebellum 
Sham 293 _+ 26~" 32 _+ 1 The values are presented as the mean ± S.E.M. of 6--11 experi- 
ECS 195 ± 25 28 _+ 3 ments. The Kd and Bmax values were determined by Scatchard 

analysis of [3H]nitrendipine (35-1000 pM) binding. *Significantly dif- 
ferent from sham control, *p<0.05, 1"p<0.02, unpaired (two tailed) 
t-test. [aH]Nitrendipine binding (35-100 pM) was studied 24 hr following 

the last ECS treatment. The Kd and Bmax values were obtained by 
Scatchard analysis of [aH]nitrendipine (35-1000 pM) binding and are 
presented as the mean _+ S.E.M. of 4--5 cats. *Significantly different 
from distal cortex (sham) and proximal cortex (sham and ECS) 
p <0.05; "tSignificantly different from cerebellum (sham) and Kd val- 
ues for remaining brain regions (sham and ECS) p<0.05; ANOVA, 
SPSS-X version. 

Protein Determinations 

Protein was determined by the modified Lowry method of  
Miller [27]. 

MATERIALS 

• [3H] Nitrendipine was obtained from New England Nu- 
clear (Boston, MA) at a specific activity of 72-80 Ci/mmol 
and stored in the dark at -20°C. Nifedipine was obtained 
from Pfizer (Groton, CT). All other materials were obtained 
from standard commercial  sources. 

RESULTS 

ECS 

Six cats whose electroconvulsive threshold was elevated 
by repeated ECS and six cats which served as sham shock 
controls were used in these studies [17]. The following be- 
haviours were observed in cats 1-2 rain following ECS: ini- 
tially a downward head jerk  followed by twitching of the face 
and ears and trembling of the upper extremities (subconvul- 
sive behaviours), subsequently culminating in loss of  posture 
with tonic and clonic movements (convulsive behaviour) 
which were frequently associated with urination and saliva- 
tion [17]. Tolerance to ECS (see Fig. la) was indicated when 
there was an increase in the applied current to elicit convul- 
sant behavior.  Figure l a  illustrates the effects of daily ECS 
on the electroconvulsive threshold. Previous work has 
shown that subconvulsant stimulation does not influence the 
electroconvulsive threshold [ 11] and that the rate of  increase 
in threshold is directly related to the number of  convulsions 
per day providing the total number of  seizures each day does 
not exceed four [11]. The rate of increase in threshold (Fig. 
1, 0.25 mA/day) is consistent with previous data [17] in 
which the animals experienced two convulsions per day. As 

the threshold approached 10 mA, the animals responded 
only with subconvulsive behaviour. At 24 hr following at- 
tainment of  the maximum ECS threshold (23-30 days) for the 
stimulator (10 mA), the animals were killed for neurochemi- 
cal measurements as continued stimulation without evoking 
major motor convulsions would have lead to a decrease in 
the threshold via the "kindling" mechanism of Goodard [12]. 

In contrast  to cats, chronic ECS in rats does not result in 
the development of tolerance [5, 14, 21, 29, 35, 39]. The 
seizures following ECS consisted of a short period of  initial 
tonic extension usually followed by clonus. The typical sei- 
zure lasted for 20-25 sec and was followed by 2-5 min of  
postictal lethargy. 

[3H] Nitrendipine Binding 

[3H] Nitrendipine binding in cat cerebral cortex, hip- 
pocampus and cerebellum was measured in sham shocked 
(non-tolerant) and ECS tolerant cats (Table 1). The apparent  
affinity (Kd) and Bmx (maximun binding site capacity) values 
obtained for [3H] nitrendipine binding in the various brain 
regions of sham shocked cats are in good agreement with 
those obtained in other species [7, 13, 23]. The Kd of [3H] 
nitrendipine was however,  significantly higher in the cerebel- 
lum than in other cat brain regions. In ECS tolerant cats, 
there was a significant increase (45%) in the Bmax, but no 
change in the Ka of [ZH] nitrendipine in the distal cerebral 
cortex. In addition, the Ka of [31-I] nitrendipine but not the 
Bmx significantly decreased (33%) in the cerebellum (Fig. 
lb). There was no significant change in [aH] nitrendipine 
binding in the proximal cortex and hippocampus (Table 1) of 
cat brain. 

[3H] Nitrendipine binding was investigated in the hip- 
pocampus and cortex of rat brain at short (10 min) and long 
(24 hr) time periods following acute and chronic ECS (Table 
2). This time course was chosen since previous studies have 
shown that neurotransmitter and benzodiazepine receptor 
binding in the rat are differentially affected by ECS depend- 
ent on the protocol followed and the time of  experimental 
observation [1, 19, 24, 30, 39]. 

Twenty-four hours following chronic ECS in the rat, there 
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was a significant increase (19%) and significant decrease 
(11%) in the Bmax but not the Ka of [31-1] nitrendipine in the 
cerebral cortex and hippocampus respectively. However, 
there was no change in [3H] nitrendipine binding in the cere- 
bellum 24 hr following chronic ECS in the rat. [31-1] Nitren- 
dipine binding in rat cerebral cortex and hippocampus was 
not affected I0 min and 24 hr following acute ECS and 10 min 
following chronic ECS. 

DISCUSSION 

Recent studies suggest that calcium influx into the neuron 
is a critical factor in the genesis of seizures [25]. Calcium 
fluxes are mediatory in the evolution of intrinsic burst po- 
tential in subpopulations of neurons [32,33]. The disinhibi- 
tion of this activity results in the generation of paroxysmal 
depolarizing shifts in the neuronal membrane potential, a 
major contributor to the characteristic interictal "spike" ob- 
served in electroencephalographic recordings during sei- 
zures. Thus, drugs which block the entry of calcium into 
neuronal tissue (i.e., phenytoin) [15] are useful in the control 
of seizure activity. 

ECS produced significant brain region specific changes in 
calcium channel linked DHP binding sites in the ECS 
tolerant cat and in the rat, 24 hr following ECS treatment. 
With the exception of cat cerebellum, the effects of ECS 
were manifested as changes in the Bmax of [3H] nitrendipine. 
The ability of ECS to produce changes in the density of 
neuronal [3H] nitrendipine binding sites is consistent with 
changes in neurotransmitter receptor binding densities fol- 
lowing ECS in rats. Twenty-four hours following chronic 
ECS there were increases in the density of benzodiazepine 
receptors (35%) in the frontal cortex [14], and ct,-adrenergic 
receptors (36%) in the cerebral cortex [39]. In contrast, there 
was a decrease in the density of cholinergic (13-15%) and 
fl-adrenergic receptors (24--37%) in the cortex and hip- 
pocampus [19,21]. The observation that not all brain regions 
were affected similarly in the cat or rat implies that neuronal 
DHP binding sites are subject to a brain region specific regu- 
lation or as recent studies suggest, neuronal DHP binding 
sites possess different molecular properties in different brain 
regions [2,4]. 

The time course for the ECS mediated changes in [3H] 
nitrendipine binding in the rat (24 hr following last ECS 
treatment) suggest they may occur secondarily to alterations 
in neurotransmitter/receptor function or neuronal protein 
homeostasis [5,16]. Consistent with the inability of acute 
ECS to affect [3H] nitrendipine binding in rat brain, acute 
ECS did not affect [nH] nitrendipine binding in the mouse 
cerebral cortex membranes (Weissman and Bolger, unpub- 
lished observations). The inability to detect significant 
changes in [aH] nitrendipine binding 10 min following chronic 
ECS in rats, or in the proximal cortex of ECS tolerant cats, 
suggests that electrical current application in the brain may 
affect ECS elicited changes in [3H] nitrendipine binding in a 
time and proximity dependent fashion. 

The significance of changes in the Bmax of [3H] nitrendipine 
following ECS and their relationship to seizures is not 
readily apparent, particularly in light of the fact that a rela- 
tionship between the density of neuronal DHP binding sites 
and calcium currents has not been established. However, 

chronic ethanol administration to rats resulted in both a de- 
crease in the density of [aH] nitrendipine binding and a decrease 
in Ca 2+ uptake in rat striatum [22]. Thus, increases or decreases 
in the Bmax of [aH] nitrendipine following ECS may reflect 
corresponding changes in neuronal calcium influx. Changes in 
the density of DHP binding sites in the rat hippocampus and 
consequently calcium influx, may be of particular importance 
with respect to ECS. 6-Hydroxydopamine destruction of 
noradrenergic terminals in the rat hippocampus, increased both 
the Bmax of [3H] nitrendipine (Bolger, Basile and Skolnick, 
unpublished observation) and the severity of convulsions elic- 
ited by ECS [36]. Thus, chronic ECS may have reduced the 
density of hippocampal DHP binding sites, as a compensatory 
response to increased electrical or neuronal activity in the 
CNS. 

In contrast to rats, cats exposed to chronic ECS devel- 
oped tolerance to ECS [9,10] and demonstrated a significant 
decrease in the Kd of [3H] nitrendipine in the cerebellum. 
Although the major effect of ECS on neurotransmitter recep- 
tors is to alter their maximum binding capacities, ECS has 
been reported to change the affinity of serotonin receptors 24 
hr following chronic ECS [14]. Changes in the properties of 
calcium channel linked-DHP binding sites in the cat cerebel- 
lum might reflect changes in calcium mobilization and con- 
sequently GABAergic neurotransmission. The importance of 
calcium in GABA function [8] provides for a sensitive mech- 
anism by which changes in calcium mobilization might 
produce an enhanced GABA release, and tolerance to the 
effects of ECS in the cat. Since a humoral factor(s) in the 
cerebrospinal fluid of the cat can mediate tolerance to ECS 
[17], it is possible that this factor may also be responsible for 
decreasing the Kd of [all] nitrendipine in the cat cerebellum. 
An endogenous tissue or humoral factor(s) in rat brain, par- 
ticularly in the cerebellum, was shown to potentiate the de- 
crease in the Kd of [3H] nitrendipine mediated by the potent 
psychotomimetic, phencyclidine [2]. The increase in [3H] 
nitrendipine binding in the distil cerebral cortex of the cat is 
likely not involved in the mediation of tolerance to ECS, 
since there also was an increase in [aH] nitrendipine binding 
in rat cerebral cortex following ECS. 

DHPs preferentially interact with "L-type" calcium 
channels, a subpopulation of neuronal calcium channels that 
have been identified electrophysiologically [28]. The inhibi- 
tion of seizure activity by nimodipine [25] suggest that "L- 
type" channels and DHP binding sites play a crucial role in 
seizure etiology. In general, the inability of ECS to either 
produce no change or small changes in neuronal DHP bind- 
ing sites is an important finding with respect to the potential 
development of antiseizure drugs active at these sites [25]. In 
the cat, modulation of the neuronal DHP binding site in the 
cerebellum either directly or indirectly (through humoral fac- 
tors) by ECS, may in part mediate the development of 
tolerance to ECS. A better understanding of the relationship 
between neuronal DHP binding sites and seizures is clearly 
needed. 

ACKNOWLEDGEMENTS 

The authors wish to thank Mr. Michael Jackson and Mr. 
Jonathan Romberg for their excellent technical assistance. 



C A L C I U M  A N T A G O N I S T S  A N D  E C S  

R E F E R E N C E S  

1. Bergstrom, D. A. and K. J. Kellar. Effect of electroconvulsive 
shock on monoaminergic receptor binding sites in rat brain. 
Nature 278: 464-466, 1979. 

2. Bolger, G. T., M. F. Rafferty and P. Skolnick. Phencyclidine 
increases the affinity of calcium antagonist binding in rat brain. 
Naunyn Schmiedebergs Arch Pharmacol 330: 227-234, 1985. 

3. Bolger, G. T., B. A. Weissman and P. Skolnick. The behavioral 
effects of the calcium agonist BAY K 8644 in the mouse: Antag- 
onism by the calcium antagonist nifedipine. Naunyn 
Schmiedebergs Arch Pharmacol 328: 373-377, 1984. 

4. Bolger, G. T. and P. Skolnick. Novel interactions of cations 
with calcium antagonist binding sites in brain. Br J Pharmacol 
88: 857-866, 1986. 

5. Bowdler, J. M., A. R. Green, M. C. W. Minchin and D. J. Nutt. 
Regional GABA concentration and aH-diazepam binding in rat 
brain following repeated electronconvulsive shock. J Neural 
Transm 56: 3-12, 1983. 

6. Cotman, C. W., G. Banker, S. F. Zornetzer and J. L. McGaugh. 
Electroshock effects on brain protein synthesis: Relation to 
brain seizures and retrograde amnesia. Science 172: 454-456, 
1971. 

7. Ehlert, F. J., E. Itoga, W. R. Roeske and H. I. Yamamura. The 
interaction of [3H]-nitrendipine with receptors for calcium 
antagonists in the cerebral cortex and hearts of rats. Biochem 
Biophys Res Commun 104: 937-943, 1982. 

8. Enna, S. J. and J. P. Galagher. Biochemical and elec- 
trophsiological characteristics of mammalian GABA receptors. 
Int Rev Neurobiol 24: 181-212, 1983. 

9. Essig, C. F., M. E. Grote  and E. L. Williamson. Reversible 
elevation of electroconvulsive threshold and occurrence of 
spontaneous convulsions upon repeated electrical stimulation of 
the cat brain. Exp Neurol 4: 37-47, 1961. 

10. Essig, C. F., M. E. Groce and E. L. Williamson. Electrocon- 
vulsive threshold elevation from daily stimulation of adrenalec- 
tomized animal. Science 140: 828-829, 1963. 

11. Essig, C. F. and H. G. Flanary. The importance of the convul- 
sion in occurrence and rate of development of electroconvulsive 
threshold elevation. Exp Neurol 14: 448-452, 1966. 

12. Goddard, G. V. Development of epileptic seizures through brain 
stimulation at low intensity. Nature 214: 1020-1024, 1967. 

13. Gould, R. J., K. M. M. Murphy and S. H. Snyder. 3H- 
Nitrendipine labeled calcium channels discriminate inorganic 
calcium agonist and antagonist. Proc Natl Acad Sci USA 79: 
3656-3660, 1983. 

14. Green, R. A., P. Johnson and V. L. Nimgaonkar. Increased 
5-HT receptor number in brain as a probable explanation for the 
enhanced 5-hydroxytryptamine-mediated behavior following 
repeated electroconvulsive shock administration to rats. Br J 
Pharmacol 80: 173-177, 1983. 

15. Harris, R. A., S. B. Jones, P. Bruno and D. B. Bylond. Effects 
of dihydropyridine derivatives and anticonvulsant drugs on 
[3H]nitrendipine binding and calcium and sodium fluxes in 
brain. Biochem Pharmacol 34: 2187-2191, 1985. 

16. Hoffmeister, F., V. Benz, H. Heise, P. Krause and V. Neurser. 
Behavioral effects of nimodipine in animals. Arzneimittelforsch 
32: 347-360, 1982. 

17. Isaac, L. and J. Swanger. Alteration of electroconvulsive 
threshold by cerebrospinal fluid from cats tolerant to elec- 
troconvulsive shock. Life Sci 33: 2301-2304, 1983. 

18. Jorgensen, O. S. and T. G. Bolwig. Synaptic proteins after elec- 
troconvulsive stimulation. Science 205: 705, 1979. 

19. Keller, K. J. and D. A. Bergstrom. Electronconvulsive shock: 
Effects on biochemical correlates of neurotransmitter receptors 
in rat brain. Neuropharmacology 22: 401-406, 1983. 

20. Kendall, D. A. and S. A. Nahorski. Dihydropyridine calcium 
channel activators and antagonists influence depolarization- 
evoked inositol phospholipid hydrolysis in brain. Eur J Phar- 
macol 115: 31-36, 1985. 

21. Lerer, B., M. Stanley, S. Demetriou and S. Gershon. Effect of 
electroconvulsive shock on muscarinic cholinergic receptors in 
rat cerebral cortex and hippocampus. J Neurochem 41: 1680- 
1683, 1983. 

22. Lucchi, L., S. Govoni, F. Battaini, G. Pasinette and M. Trabuc- 
chi. Ethanol administration in vivo alters calcium ions control 
in rat striatum. Brain Res 332: 376-379, 1985. 

23. Marangos, P. J., J. Patel, C. Miller and A. M. Martine. Specific 
calcium antagonist binding sites in brain. Life Sci 32: 1575-1585, 
1982. 

24. McNamara, J. O., A. M. Peper and V. Patrone. Repeated sei- 
zures induce long-term increase in hippocampal benzodiazepine 
receptors. Proc Natl Acad Sei USA 77: 3029-3032, 1980. 

25. Meyer, F. B., R. E. Anderson, B. S. Thoralf, M. Sundt and F. 
W. Sharbrough. Selective central nervous system calcium 
channel blockers---a new class of anticonvulsant agents. Mayo 
Clin Proc 61: 239-247, 1986. 

26. Middlemiss, D. N. and M. Spedding. A functional correlate for 
the dihydropyridine binding site in rat brain. Nature 314: 94-96, 
1985. 

27. Miller, G. L. Protein determinations for large numbers of sam- 
ples. Anal Chem 31: 964, 1959. 

28. Nowcky, M. C., A. P. Fox and R. W. Tsien. Three types of 
neuronal calcium channels with different calcium agonist sen- 
sitivity. Nature 316:440 aA6, 1985. 

29. Nutt, D. J. and M. C. W. Minchin. Studies on 3H-diazepam and 
[3H]-ethyl-carboline carboxylate binding to rat brain in vivo. II. 
Effects of electroconvulsive shock. J Neurochem 42: 1513- 
1517, 1983. 

30. Paul, S. M. and P. Skolnick. Rapid changes in brain ben- 
zodiazepine receptors after experimental seizures. Science 202: 
892-894, 1978. 

31. Preuss, K. C., G. J. Gross, H. L. Brooks and D. C. Warltier. 
Slow channel calcium channel activators a new group of phar- 
macologic agents. Life Sci 37: 1271-1278, 1985. 

32. Prince, D. A. and B. W. Connors. Mechanisms of epilepto- 
genesis in cortical structures. Ann Neurol Suppl 16" 559-564, 
1984. 

33. Prince, D. A. Physiological mechanisms of focal epilep- 
togenesis. Epilepsia Suppl 26: $3-$14, 1984. 

34. Ramkumar, V. and E. E. E1-Fakahany. The current status of the 
dihydropyridine calcium antagonist binding sites in the brain. 
Trends Pharm Sci 5: 171-172, 1986. 

35. Same, Y., B. A. Weissman and G. Urca. Differental effects of 
long-term electroconvulsive shock on brain levels of enkephalin 
and humora endorphin. J Neurochem 39: 1478-1480, 1982. 

36. Snead, O. C. III. On the sacred disease: The neurochemistry of 
epilepsy. Int Rev Neurobiol 24: 93-180, 1983. 

37. Turner, T. J. and S. M. Goldin. Calcium channels in rat brain 
synaptosomes: Identification and pharmacological charac- 
terization. J Neurosci 5: 841-849, 1985. 

38. Unnerstall, J. R., M. J. Kuhar, D. L. Niehoff and J. M. Palac- 
fins. Benzodiazepine receptors are coupled to a subpopulation 
of gamma-aminobutyric acid (GABA) receptors: Evidence form 
a quantitative autoradiographic study. J Pharmacol Exp Ther 
218: 797-804, 1981. 

39. Vetulani, J., L. Antkiewicz-Michaluk, A. Rokosz-Pelc and A. 
Pelc. Chronic electroconvulsive treatment enhances the density 
of 3H-prazosin binding sites in the central nervous system of the 
rat. Brain Res 275: 392-395, 1983. 

40. Woodward, J. J. and S. W. Leslie. BAY K 8644 stimulation of 
calcium entry and endogenous dopamine release in rat striatal 
synaptosomes antagonized by nimodipine. Brain Res 370: 397- 
400, 1986. 


