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Prior treatment with I-Hz stimulation
retards the development of kindling

induced by 60-Hz stimulation
JOHN GAITO and STEPHEN T. GAITO

York University, Downsview, Ontario M3J 1P3, Canada

Two experiments were conducted to evaluate the effect on kindling behavior of stimulation
with I·Hz current prior to 60·Hz sine-wave stimulation. In both experiments one group of
rats had 30 trials of I-Hz sine waves , 3 trials/day. 1 h between trials (1·60 group), and then
received 30 kindling trials over 10 days. A second group had no stimulation on the initial
trials (X·60 group) prior to 30 kindling trials. The 1·60 group showed retarded kindling behavior
in both experiments.

The "kindling effect" has been investigated in a
number of laboratories (e.g., Gaito , 1976b; Goddard ,
McIntyre , & Leech, 1969 ; Racine, 1972 ; Wada & Sato ,
1975).This effect involves a change from normal explo
ration (Stage I-NE), to behavioral automatisms
(Stage 2-BA; chewing, eye closure on ipsilateral side,
salivation), and finally to clonic convulsions (Stage 3
CC) in response to electrical stimulation of a specific
brain site (e.g., amygdala). During Stage 3 behavior, the
rat stands on its hind paws and bilateral convulsions of
the forelimbs occur. Behavioral, chemical, electrophysio
logical, and neurological aspects of this effect have been
investigated by many researchers (Gaito , 1976a; Racine,
1978).

Goddard et al. (I969) indicated that there was a
reduced probability of eliciting a convulsion at a given
intensity for frequencies above and below 60 Hz. Thus,
it might be possible to find some frequencies other than
60 Hz that could interfere with 60-Hz brain stimulation
results. With a few rats some frequencies below and
above 60 Hz were evaluated, those being 30, 20,15,10 ,
5,3, and I; 100, 150,200,300,400,500,1000,2000,
and 4000. Stage 2 or 3 behavior was observed at all
frequencies except 3 Hz and I Hz, although greater
intensities were required to elicit these behaviors (Gaito,
1979b).

In this attempt to determine frequencies that might
be used as potential interference agents, two criteria
were used: (I) Stage 2 or 3 behavior should not usually
be elicited with low or moderate intensities (e.g., up to
560 microA, (2) no consistent convulsion pattern should
be elicited , even at higher intensities .

Only 3-Hz and I-Hz stimulation met these criteria.
Seldom did Stage 2 or 3 behavior occur below an inten
sity of 560 microA; Stage I behavior was the typical
response in almost all cases. Furthermore , although con
vulsions did occur at intensities greater than 560 microA,
stable convulsion patterns on successive trials of stimu
lation did not occur. Thus, 3 Hz, and later I Hz, were
evaluated as potential "interference agents."

In a series of experiments , 3·Hz stimulation consis-

tency produced an interference effect , that is, suppres
sion (Gaito , 1979a, 1979b; Gaito , Nobrega, & Gaito ,
1980). Another experiment evaluated the effect of
varying duration of I-Hz stimulation (viz., 0,5 , 15,30,
60, 120, 180, and 600 sec) (Gaito , 1980b). The 5-sec
condition gave the same results as the control condition
(O-sec stimulation): There was no interference effect.
With IS sec of stimulation, there was a minor effect.
The effect was more pronounced at 30 sec. The 60 , 120,
and 180 sec of stimulation produced drastic effects .
However, the greatest effect was with the 600·sec stirnu
lation period. The overall result was that of an increasing
interference or suppression effect as duration of stimu
lation increased. Similar results occurred with 3·Hz
stimulation (Gaito, 1980a).

All of these experiments introduced I·Hz or 3·Hz
stimulation after Stage 2 or 3 behavior had been attained.
In the present experiment , I-Hz stimulation was intro
duced before any kindling trials were attempted to
determine if interference or "protection" was provided
against 60·Hz induced convulsive tendencies.

METHOD

In Experiment 1, 20 male Wistar rats (approximately 125 days
of age) were implanted unilaterally in the amygdala with
nichrome bipolar electrodes. The brain coordinates for electode
implantation were the same as in many experiments in our
laboratory: .5 mm posterior to bregma, 4.5 mm from midline,
8.5 mm from skull (Gaito, 1976b).

Stimulation was not imposed until at least 7 days after
surgery. Then one group of 10 rats was stimulated with I·Hz
sine waves for 60 sec in three trials per day for 10 days. Approx
imately 1 h intervened between each trial, and the intensity was
100 microA. A second group of 10 rats was placed individually
in the stimulation apparatus but received no current for the 30
trials. Then 30 kindling trials over 10 days with 600Hz sine
waves were provided for all rats. The intensity was 100 microA
for 30 sec. The threshold to precipitate a convulsion was deter
mined for the 20 rats in three trials on Day 21.

At the end of the experiment , histological analyses were
performed on all rats. The animals were sacrificed with an over
dose of sodium pentobarbital and perfused with saline and
formalin. The brains were extracted and placed in a 10% formalin
solution. Each brain was frozen, and 50·micron sections were
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Note-Mean thresholds are given in microamperes.

DISCUSSION

Experiment 1
1-60 3.3 7.2 45 .8 1.5 175
X-60 4.3 9.6 64 .8 2.2 104

Experiment 2
1-60 3.3 7.7 42.3 1.4 251
X-60 3.8 8.3 48 .5 1.6 168

Experiments 1 and 2 Combined
1-60 3.3 7.5 44 .1 1.5 223
X-60 4.1 9.0 56.7 1.9 136

The task of determining whether "protection" against 60-Hz
stimulation occurs with I-Hz stimulation is a difficult one. Other
experiments have indicated that the suppression effect dissipates
for many rats during trials of stimulation with 60 Hz or that it
is lost after 15 or 16 days of nonstimulation (Gaito , 1980b ;
Gaito et al. , 1980). With 10 days of 30 trials of stimulation with
60-Hz current, some of the suppressive or retarding tendency
produced by the I-Hz stimulation may be lost. Therefore, some
degree of dissipation of the I-Hz effect might have occurred
within the 10 days of kindling trials during Experiments 1 and 2.
However, one can note the effect during the early trials before
potential dissipation occurs (Table 1) . In both experiments, the

Table 1
Results of Experiments 1 and 2

Mean Composite Score
Mean Score Mean

Day 1 Day 2 Day 10 per Trial ThresholdGroup

1.5, a middle Stage 1 response. The X-60 group showed
an early Stage 2 response, according to the mean, 2.2 .

No statistical analysis was conducted with the first
trial of clonic convulsion in Experiment 1 because six
rats did not achieve a convulsion with the 1-60 group .
Nine of the rats in the X-60 group convulsed within
the 30 trials. The mean for this group was 18.0 trials.
The mean for the 1-60 group was 24.7 trials. These
results suggest a slower kindling rate for the 1-60 group.
Furthermore, using the arbitrary value of 31 for rats
that had not convulsed after 30 trials undoubtedly
produced an underestimation of the mean for this
group.

The results for Experiment 2 are indicated in Table I .
As in Experiment 1, the mean composite score for the
X-60 group was greater than that for the 1-60 group
after 3, 6, and 30 trials, and the mean threshold value
for the former was lower than that for the latter. How
ever, an ANOVA of the composite score after 30 trials
and the threshold data indicated that these differ
ences were not statistically significant.

The mean score per trial was 1.4 for the 1-60 group
and 1.6 for the X-60 group; both groups had Stage 1
responses. No analysis of the first trial of clonic con
vulsion data was attempted because only three rats
from each group achieved consistent convulsion trials.

When the data from the two experiments were com
bined, the results were similar to those in each experi
ment (Table 1).

mounted on microscopic slides; these slides were placed in a
photographic enlarger and were used to obtain information
concerning electrode site and the presence or absence of lesions
around electrode tips. The enlargement was approximately
tenfold. A Luxo magnifier with a lens that provided approxi
mately double enlargement was mounted over the microtome, so
that the electrode tips and the electrode track could be observed
during the obtaining of each tissue section. The use of this
continuous viewing of the tissue greatly increased the efficiency
of the histological analysis.

After identifying where the tip of each electrode was located,
the result was placed in one of four categories: (1) in amygdala,
(2) intersection of amygdala and adjacent structure, (3) just
outside amygdala, in adjacent structure, or (4) outside amygdala,
in adjacent structure, but more remote . In previous research we
found that most rats with electrodes in structures in Categories
1-3 convulse within about 30 trials. Thus rats with an electrode
in structures indicated by Category 4 usually were discarded.

A similar experiment was conducted with 20 more rats
(10 rats/group) in Experiment 2; the ages were approx imately
95 days.

RESULTS

The histological analyses indicated that the electrodes
were in structures indicated by Categories 1-3 for all rats
in both groups in Experiment 1; no data were rejected .
The 1-60 group had eight rats with the electrode in the
amygdala and one rat with the electrode at the inter
section of the amygdala and an adjacent structure, and
the last rat had the electrode in an adjacent structure.
The X-60 group had seven, two, and one, respectively, in
Categories 1,2, and 3.

In Experiment 2, no histological analyses were
conducted because the electrode tips were in structures
labeled 1-3 in Experiment 1, as in previous experiments.
Seldom were the tips outside these structures.

Three dependent variables were used: composite
score (after Trials 3, 6, and 30), threshold value, and
first trial of clonic convulsion. For the first variable,
each rat received a score of 1 for Stage 1 behavior, a 2
for Stage 2 responses, and a score of 3 for each con
vulsion. Over the 3, 6, and 30 trials, the minimum and
maximum scores were 3 and 9, 6 and 18, and 30 and
90, respectively. The threshold value was determined as
the lowest intensity to produce a BA or CC response,
plus 15 microA (to allow for day-by-day fluctuation).
This is the measure that we have called the effective
threshold intensity (ETI). For the last dependent vari
able, an arbitrary value of 31 was used for any rat that
had not convulsed after 30 trials.

The results for these variables are shown in Table 1.
An ANOVA of the composite score data after 30 trials
in Experiment 1 indicated a significantly greater mean
score for the X-60 group [F(l ,18) ::: 4 .68, p < .05] .
The results were in the same direction after three and
six trials, but the differences were not tested for signifi
cance. Significant results occurred also with the threshold
data; the mean threshold for the 1-60 group was much
greater than that for the X-60 group [F(l ,18) ::: 5.51 , P
< .05] . The mean score per trial for the 1-60 group was



composite score after thr ee trials (Day I) and after six trials
(Day 2), as well as after 30 days, was greater for the X-60
group th an for the 1-60 group, suggesting that there was some
"protection" against kindlin g afforded by the I-Hz stimulation.

Th ese results seem to be consi stent with previous results
involving stimulation with I-Hz sine waves along with or after
stimulation with 60-Hz curr ent, in which the I-Hz stimulation
appears to suppress the convulsion producing capacity of 60-Hz
stimulation (Gaito, 1980b). In Experiment I the I-Hz curr ent
produced statistically significant result s in the dependent vari
ables of concern . The results were in the same direction in
Experiment 2; however , the differences in the mean values were
not sta tistically significant. The lack of defmit ive result s in the
second experiment may be based on the short-term duration of
the suppression effe ct. as ind icated above.

Our result s show ing what appears to be a shor t-term suppres
sive or interferenc e effect in th ese and other experiments may be
relevant to the results by Mcintyre and Goddard (1973). They
found a shor t-term " aftereffec t" of interference nature in alter
nating stimulation of homologous amy gdalae. Our " suppression
effect" may be the same as their " aftereffect." Such transient
events are in sharp contrast to the basic kindling process , which
appears to be relatively permanent (Goddard etal. , 1969 ; Racine ,
1978).

Ultimately , the "suppression effect" might have important
implications relative to the kindling effe ct and to brain fun ction
in general. Furthermore, a frequency that can suppress con
vulsion s induced by another frequency might prove worthwhile
as a potential anticonvulsant agent in some types of human
epilepsy (e.g., focal epilep sy).

REFERENCES

GAITO, J . The kindling effect as a model of epilepsy. Psycho
logical Bulletin, 1976, 83, 1097-1109. (a)

I-Hz STIMULATION RETARDS KINDLING 353

GAITO, J. An oscillation effect during sequential alternat ions of
unilateral amygdalo id stimulations within the kindling para
digm. Physiological Psychology, 1976,4,303-306. (b)

GAtTO, J . Suppression of 6O-Hz induced convulsive beha vior by
3-Hz brain stimulation. Bulletin of the Psychonomic Society,
1979, 13,223 -226. (a)

GAITO, J. 3-Hz bra in stimulation interferes with various aspects
of the kindling effect. Bulletin of the Psychonomic Society;
1979,13,67-70. (b)

GAITO, J . The effect of varying durat ions of stimulation on the
3-Hz interference effect. Bulletin of the Psychonom ic Society ,
1980, 15,211 -214. (a)

GAITO. J. The effect of variable durat ion one hertz interference
on kindling. Canadian Journal of Neurological Sciences" 1980,
7, 59-64. (b)

GAITO, J .. NOBREGA. J . N.. & GAITO. S. T . Interference effect
of 3 Hz brain stimulation on kindling behav ior induced by
60 Hz stimulation. Epilepsia, 1980,21,73-84.

GODDARD, G. V.. McINTYRE, D. C.. & LEECH , C. K. A perma
nent change in brain function result ing from dail y electrical
stimulation . Experimental Neurology, 1969,25,295-330.

McINTYRE, D. C., & GODDARD, G. V. Transfer, interference and
spontaneous recover y of convulsions kindled from the rat
amygdala. Electroencephalography and Clinical Neuroph ysiol
ogy, 1973,35,533-543 .

RACtNE, R. J . Modification of seizure activity by electrical stim
ulation: 1. After-discharge thre shold . Electroencephalography
and Clinical Neurophysiology, 1972,32, 269-279.

RACINE, R. J, Kindling : The first decade . Neurosurgery, 1978,
3,234-252.

WADA, J . A., & SATO, M. The generalized convulsive seizure
state induced by daily electrical stimulation of the amygdala
in split bra in cats. Epilepsia, 1975, 16,417-430.

(Received for publication March 27,1980.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




