
Temporal discrimination in rats during 
continuous brain stimulation J 

Ab8traet 
Rats with electrodes in either the septal region or 

anterior cingulate cortex received mild continuous 
electrical stimulation after having previously mastered 
a DRL-15 reinforcement contingency. Septal stimulation 
produced a pronounced disruption in DRL performance. 
Anterior cingulate stimulation had no deleterious effect, 
but resulted in a shift to longer interresponse times. 

Proble .. 
From the time Kaada (1951) reported differential 

somato-motor and autonomic effects from stimulating 
either anterior subcallosal or anterior cingulate areas, 
investigators have looked for behavioral correlates of 
these effects. In experiments with lesioned cats, 
McCleary (1961) found behavioral differences between 
these two areas in passive and active avoidance tasks, 
and on the basis of his results he postulated the in
volvement of the subcallosal cortex (septal area) in a 
circuit mediating response inhibition. If response inhibi
tion is a general phenomenon in which the septal area 
plays an integral role, results obtained by using aversive 
techniques, such as those employed by McCleary, 
should also hold up for situations involving positive 
reinforcement. The operant schedule of reinforcement 
labelled DRL (differential reinforcement of low rates) 
appears to be an ideal situation for measuring response 
inhibition, while at the same time eliminating the noxious 
element. On this reinforcement schedule, S receives a 
reward only if he has refrained from responding for a 
predetermined delay period. If he responds during the 
delay, the timers reset and he will not receive a reward 
again until he has delayed for the correct length of time. 

The present experiment, using this operant technique, 
was designed to further clarify the roles of the septal 
area and the anterior cingulate cortex in response 
suppression. 

Subjects 
Ss were l4 experimentally naive male hooded rats: eight with 

. electrodes implanted in the septal area, and six with electrodes im
planted in the anterior cingulate cortex. 

Proe ..... r@ 
On the sixth day following surgery, Ss were put on a food deprivation 

schedule. They were given enough food in the form of dry lab blocks, 
once per day on three consecutive days, for their weights to stabilize 
to about 85-90% of their free feeding weights. After testing began, 
each S received three blocks of lab chow following each experi
mental session. Water was present in the individual home cages at all 
times, as well as in the testing apparatus during food reinforcement. 

On the tenth postoperative day, Ss were trained to press a lever in 
order to obtain a 45 mg pellet of food, and on the following day each 
S remained on this continuous schedule for 100 lever presses. DRL 
training commenced on the twelfth postoperative day, and Ss were 
trained by progressively increasing the delay intervals. Under this 
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procedure S was started at a 5 sec. delay (DRL-5), an.d was stepped 
up by 2 sec. increments when he had successfully attained 50% re
warded responses on the previous delay for two out of three days. This 
procedure was continued until S was able to delay his responses for 
15 sec. After S performed satisfactorily on DRL-15, he was tested 
for three more days at this delay setting while receiving continuous 
brain stimulation. Stimulation was provided by an E&M MK V stim
ulator, and consisted of a biphasic square wave, 100 cps , 0.5 msec. 
pulse duration, which was monitored at 20 /la. 

Upon completion of testing all Ss were first sacrificed, then per
fused with physiological saline followed by 10% formalin. Brains were 
removed, frozen, sectioned, and stained with luxol fast blue and 
neutral red . A diagramatic representation of a typical section re
vealing the locations of the electrode tips is presented in Fig. 1. 

Re8ult8 
By means of analyses of variance, comparisons were 

made between cingulate and septal groups on measures 
of percentage of reinforcements and number of lever
presses, three days prior to and three days during 
continuous brain stimulation. 

Data on percentage of reinforcements (see Fig. 2) 
revealed that although the groups did not differ in 
performance prior to stimulation, there was a pro
nounced difference between them during stimulation. 
Whereas cingulate Ss showed no observable change 
during stimulation, septal stimulated Ss displayed a 
notice8;~le drop in performance. An analysis of variance 

---'---. , . 
Fig. 1. Schematic representation of histological data. Triangles 

indicate cingulate placements, and dots indicate septal placements. 
Abbreviations: ACB, lateral parolfactory area; CC,corpuscallosum; 
CPU, caudate nucleus/ putamen; GP, globus pallidus ; LS, lateral 
septal nucleus; MS, medial septal nucleus. 
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Fig. 2. Mean percentage of rewards obtained by cingulate and 
septal groups three days prior to and three days during stimulation. 

revealed a group (G) effect, a pre-during stimulation 
(P) effect, and a PxG interaction, all being significant 
at p < .001 level. 

Similar results were obtained from data on number 
of lever-presses. Although the groups did not differ 
before stimulation, there was a significant G effect 
(p< .05), a significant P effect(p< .01),andasignificant 
PxG interaction (p < .001) when pre stimulation days were 
compared with days with stimulation. 

It is obvious that continuous septal stimulation had 
a deleterious effect on acquired DRL performance. 
Stimulation to the anterior cingulate region, on the other 
hand, did not have any such deleterious effect. Wilcoxin 
matched-pairs signed-ranks tests, comparing days 
before and during stimulation, revealed no significant 
differences between cingulate Ss on either of the two 
measures that were significant in the case of the sep
tally stimulated Ss. Cingulate stimulation did appear 
to have some effect, however. Inspection of inter
response time distributions suggested that cingulate 
stimulation had the effect of producing a "flattening" 
of the distribution curve, with more responses occurring 
at longer delays. In contrast with thfs, septal Ss dis
played a noticeable shortening of their interresponse 
times. 
Diseussion 

The data obtained in the present experiment are con
sistent with the notion of the septal area's importance 
in tasks requiring response inhibition. This line of 
explanation has already been offered to account for 
impaired passive avoidance in septal lesioned animals 
(Kaada et aI, 1962; McCleary, 1961) as well as in 
septal stimulated animals (Kasper ,1964). The increased 
number of lever-presses along with the decreased 
percentage of reinforcements, found with septal stimu-
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lation in the present experiment, could reflect a similar 
disturbance of response inhibition. Furthermore, the 
present findings, using septal stimulation, are con
sistent with previous communications with septal le
sioned Ss, which have reported impaired acquisition 
of DRL (Ellen et aI, 1964), and increased responding 
during non-reinforced components of a discrimination 
task (Schwartzbaum et aI, 1964). 

Results from the present experiment with cingulate 
stimulation might be closely related to the fact that 
cingulectomized Ss are capable of delaying their re
sponses for much longer periods of time than normal 
Ss, (Stamm, 1964), or to those studies which find 
deficient active avoidance behavior with cingulate 
lesions (McCleary, 1961; Peretz, 1960; Thomas & 

Otis, 1958). 
Evidence from other investigations using noncontin

gent continuous stimulation (Goddard, 1964; Kasper, 
"1964; Pellegrino, 1965) indicates that the low-level 
stimulation produces effects similar to those obtained 
from lesions. Together, those studies involving either 
septal lesions or mild septal stimulation, in situations 
requiring suppression of a dominant response, implicate 
this area in the mediation of behavioral inhibition. 
Relf"rpnef"8 
ELLEN. P ., WILSON, A. S., & POWELL, E. W. Septal inhibi.tion 

and timing behavior in the rat. Exp . Neurol .. 1964.10.120-132. 
GODDARD, G. V. Amygdaloid stimulation and learning in the rat. 

J. compo physio!. Psychol •• 1964. 58.23-40. 
KAADA. B. R. Somato-motor. autonomic and electrocorticographic 

responses to electrical stimulation of "rhinencephalic" and other 
structures in primate, cat and dog. Acta physio!., Scand .• 1951, 
24. Supp!., 83. 

KAADA, B. R •• RASMUSSEN. E . W .• & KVEIM. O. Impaired acquisi
tion of passive avoidance behavior by subcallosal. septal. hypo
thalamic. and insular lesions in rats . J. compo physiol. Psycho!.. 
1962.55.661-670. 

KASPER, P. M. Attenuation of passive avoidance by continuous 
septal stimulation. Psychon . Sci.. 1964. 1. 219-220. 

McCLEARY, R . A. Response specificity in the behavioral effects 
of limbic system lesions in the cat. J. compo physiol. Psycho!., 
1961,54,605-613. 

PELLEGRINO, L . The effects of amygdaloid stimulation on paSSive 
avoidance . Psychon. Sci. 1965, 2, 189-190. 

PERETZ, E . The effects of lesions of the anterior cingulate cortex 
on the behavior of the rat. J. compo physio!. PSYCho!., 1960, 53, 
540-548. 

SCHWARTZBAUM, J. S., KELLICUTT, M. H ., SPIETH, T. M. , & 
THOMPSON, J . B . Effects of septal lesions in rats on response 
inhibition associated with food-reinforced behavior. J. compo 
physio!. Psycho!., 1964, 58, 217-224. 

STAMM, J . S. Function of cingulate and prefrontal cortex in frustra
tive behavior. Acta Bio!. exp. , Warsaw. 1964, 24. 27-36. 

THOMAS, G. J . , & OTIS, L. S. Effects of rhinenceph.alic lesions on 
conditioning of avoidance responses in the rat. J. compo physiol. 
Psycho!.. 1958, 51, 130-134. 

Note 
1. This research was supported in part by grants from the U.S. 
Public Health Service, and from the National and Medical Research 
Councils. and the Defence Research Board of Canada. Portions of 
the work presented are included in a thesis submitted to the Graduate 
Faculty of McGill University in partial fulfillment of the require
ments for the M. A. degree in pSyChology. 

P.ychon. Sci., 1965, Vol. 2. 



<<
  /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




