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BORTOLOTTO, Z A AND E A CAVALHEIRO Effect of DSP4 on htppotampal I~mdhng in rats PHARMACOL 
BIOCHEM BEHAV 24(3) 777-779, 1986 --The effects of DSP4, a noradrenerglc neurotoxm, on hlppocampal klndhng 
were examined In rats The depletion of NA induced by lntraperltoneal injection of DSPzl (50 mg/kg) faclhtated the rate of 
hippocampal kindling by reducing the time spent m stage 2 The number of wet-dog shakes was also reduced m experi- 
mental ammals during klndhng stages 1 and 2 compared to control group The results indicate that in DSP4 treated rats 
there ~s a more rap~d actlvauon of structures revolved m the propagation of the local hmblc seizure to motor centers 
responsible for the behavioral mamfestatlon of the seizure, which is due to the NA depletion 

DSP4 Noradrenergic neurotoxm Noradrenahne Kmdhng Hippocampus Epilepsy Seizure 

THE role of the brain catecholamlnes in the pathophyslology 
of  epilepsy has been extensively studied Administration of 
drugs which deplete catecholamlnes or destroy terminals 
containing catecholammes, such as 6-hydroxydopamme (6- 
OHDA), has been found to facilitate the convulsive response 
in several models of seizure reduction [6, 12, 21] Kindling, 
originally described by Goddard et al [9], has been proved 
to be a particularly useful model of epilepsy, since it permits 
a gradual and controlled development of  the epileptic condi- 
tion with no degenerative changes in the tissue surrounding 
the stimulating electrode [10] 

Accumulating evidence indicates that noradrenahne 
(NA), more than dopamlne (DA), may be involved in the 
development of kindling [1, 5, 6, 20], although NA does not 
seem to affect the manifestation of seizure once kmdhng 
development has been achieved [27] 

Recently, N-[2-chloroethyl]-N-ethyl-2-bromobenzyl-amme 
(DSP4), a nonadrenergic neurotoxln, has been introduced 
as a tool m the study of NA related functions [2, 13, 23] 
A systemic rejection of  DSP4 induces a long-lasting depletion of 
endogenous NA in several brain regions [11,23] It was, there- 
fore, considered of interest to characterize the effects of DSP4- 
induced NA depletion on hippocampal kindling 

METHOD 

Male Wistar rats, weighing 200-220 g at the Ume of 

surgery, were anesthetized with a chloral hy- 
drate/pentobarbltone mixture and were prepared as follows 
A bipolar electrode constructed of two strands of  100 p.m 
dtameter mchrome wires twisted together and insulated ex- 
cept at the cross sections of the tips, was stereotaxlcally 
implanted in the right dorsal hippocampus according to the 
atlas of De Groot [7] (A 4, L 2 5, H +2 8) In addttion, three 
screw electrodes were inserted into the skull, two over the 
occipital cortex for EEG recording and one m the frontal 
sinus for grounding One week after surgery the animals 
were injected with DSP4, 50 mg/kg, lntraperltoneally, or 
with an equal volume of physiological saline Two weeks 
elapsed between drug treatment and beginning the kmdhng 
procedure The stimulations (2 sec train of  60 Hz, biphaslc, 1 
msec rectangular pulses) were delivered through a 
constant-current stimulator The intensity was adjusted 
every 10 mln until a short after-discharge (AD) was evoked 
Then, the animals were stimulated on subsequent days, 
twtce a day (at 0900 and 1700) The intensity was held con- 
stant throughout all subsequent procedures The electrical 
responses were recorded from the stimulating site and from 
the cortex For each animal, the following criteria were 
scored duration of AD, number of wet dog shakes (WDS), 
behavioral stages as defined by Racine [22], number of  
stimulations necessary to trigger each stage and total kin- 
dlmg rate Two weeks after termination of stimulations, 
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TABLE 1 

EFFECq OF DSP4 ON HIPPOCAMPAL KINDLING 

Group 

Number of 
ADs to first 

stage-5 seizure 

Duration of each kindling stage (number of ADs) 

Stage 1 Stage 2 Stage 3 Stage 4 

DSP4 257_+51" 6 4 + 1 7 1  129+_392 * 27+_148 28_+131 
Sahne 446 +_ 36 62 _+ 1 55 306_+ 668 48 _+ 423 26 +_ 1 26 

Data are expressed as mean _+ SD Each group consisted of 10 ammals 
*D~fferent from saline group p<0 01 (Student t-test) 

some of experimental and control animals, randomly chosen, 
were decapitated for monoamlne determinations Brains were 
quickly removed and dissected on ice into hlppocampt and 
corttces (left and right hemispheres pooled) The tissue was 
then processed according to Kehr et al [14] The remaining 
animals were deeply anesthetized and perfused through the 
heart with saline solution followed by 10% formahn solution 
The brains were then removed and fixed In formalin Paraffin 
sections were taken tn the frontal plane throughout the entire 
brain and stained with cresyl violet Histological examina- 
tion showed the locl of electrode tips within the dorsal part of 
the right hlppocampus 

RESULTS 

Rats treated with DSP4 m the dose of 50 mg/kg showed a 
marked depletion of NA in the hlppocampus and cortex (18 
and 22% of controls, respectively), without major alterations 
m the concentration of DA, when determined 10 weeks after 
mjection of DSP4 The DSP4-mduced NA depletion had no 
significant effect on the mean threshold for local AD 
(DSP4--23 8_+2 5 /zA,  Sahne--24 0-+5 8/xA) as well as on 
the duration of the first prtmary-slte AD (DSP4---30 0_+8 8 
sec, Saline--29 0-+6 6 sec) Conversely, NA depletion did 
affect the rate of  klndhng development, with treated animals 
developing state 5 seizure more rapidly than their controls 
(Table 1) Calculating and comparing the duration of  each 
kindling stage we could observe, in the experimental group, 
a reduction in time spent in stage 2 compared to controls, 
which ts fairly well related to the facility of  the kindhng onset 
in this group The time spent in other stages was practically 
the same for both groups of animals (Table l) As can be 
observed in Fig l, DSP4 treated rats showed a reduced 
number of  WDS during stages 1 and 2 compared to their 
controls 

DISCUSSION 

The present findings mdicate that kmdhng of the dorsal 
hippocampus is facthtated by DSP4 The faclhtatton cannot 
be related to changes in local suspectibillty to seizure since 
DSP4 and control rats did not differ in the threshold and 
duration of the first primary-site AD These results are stmt- 
lar to those observed dunng hmblc or neocortlcal kindling tn 
rats with reduced NA concentrations induced by 6-OHDA or 
by electrolytic lesions of the locus coeruleus [1, 5, 20] One 
important observation in this study is the relation between 
the reductton in the time spent m stage 2 and the facilitation 
of  the kindling onset State 2 can be considered as a period In 
which there is a gradual activation of the structures engaged 
in the widespread propagation of eplleptiform activity from 
the primary focus [16] Thus, and as pointed out by McIntyre 
and Edson [20], the klndhng facilitation observed in NA de- 
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FIG 1 Number of wet-dog shakes dunng each kmdhng stage Ver- 
tical bars indicate the standard dewauon D~fferent from sahne 
group for *p<0 005 and **p<0 001 (Student t-test) 

pleted animals seems to be dependent on the rate by which 
local hmbzc seizure gams access to or mfluences the mech- 
anism responsible for the diffusion of the epileptic activity 
throughout the brain leadmg to a full motor seizure 

Another point of interest ts related to the occurrence of 
wet dog shakes (WDS) dunng hlppocampal kindhng m DSP4 
treated rats In rats, WDS can occur spontaneously follow- 
ing different sensorial stimulations [3,26], can be induced by 
different drugs [4, 8, 15, 19], and be ehclted after electrical 
stimulations of specific structures of the brain [24] In rela- 
tion to epilepsy, we have shown that the number of WDS ts 
progressively diminished when septal [17] or hippocampal 
[18] stimulations are repeated according to the klndhng 
paradigm Secondary generalization only began when the 
number of WDS was strongly reduced As to seizures in- 
duced by kalnlC acid [19] or pllocarplne [25], a similar rela- 
ttonshlp was reported between the occurrence of motor set- 
zures and the reduction of WDS Thus, the reduced number 
of WDS in DSP4 treated rats dunng kzndhng stages 1 and 2 
seems to be another index of facility by which local htp- 
pocampal AD reaches motor centers involved in the behav- 
ioral seizure 
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In summary ,  it was  obse rved  that  deple t ton  o f  N A  m- 
duced  by DSP4 facthta ted  the widespread  propagat ion  of  
ept lept l form acttvtty and the rate  of  h tppocampal  klndlmg 
The use of  two mdtces ,  i e , the t tme spent  in each  klndhng 

stage and the negat tve re la t tonshlp b e t w een  kmdhng  suscep-  
t tblhty and ellcltatton of  WDS,  seems  to be part icularly use- 
ful w h e n  d l scussmg changes  in local eptleptlc changes  and 
generahza t ton  p roces s  
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