Recovery from prolonged barbiturate

sleep in the rat’

Prolonged sleep was produced by periodic injections of
pentobarbital. This sleep consisted predominantly of slow
waves and spindles. No paradoxical sleep waves were ob-
servable in the cortex during the drug treatment. Following
discontinuation of the drug, the amount of slow wave sleep
decreased and paradoxical sleep increased when compared
to a control period, suggesting a partial satiation of slow
wave sleep and deprivation of paradoxical sleep by the treat-
ment.

This experiment is concerned with the need for sleep;
in particular with the susceptibility of sleep to satiation,
with special reference to the two phases of sleep. Two
phases of sleep thought to be qualitatively different have
been delineated both in the human (Dement, 1965) and
the rat (Swisher, 1962). The two phases in the rat are
slow wave sleep (SWS) consisting of 1-3 ¢/sec. activity
with spindling, and paradoxical sleep (PS) consisting
of 6-8 ¢/sec. activity (Swisher, 1962). The paradoxical
phase is thought to be analogous to Rapid Eye Move-
ment (REM, dream) sleep in humans (Dement &
Kleitman, 1957).

The purpose of this experiment was to determine
the effect of a 24 hr. period of pentobarbital induced
sleep on subsequent sleep.

Method

Bipolar cortical electrodes (right frontal to occipital)
were surgically implanted on the dura of four adult
male Long-Evans rats. One week elapsed between
surgery and beginning the experiment. EEG was re-
corded with a Grass IO-D unit. The Ss were placed in
individual cages in the experimental room 24 hr.
prior to the beginning of recording; the first 6 hr.
of EEG data were discarded as an additional adapta-
tion period. The room was sound deadened, temperature
was maintained at 67 to 69°F., and the lights were on
12 hr. and off 12 hr, each day.

Waking, SWS, and PS were scored according to the
criteria described by Swisher (1962). The control
sleep cycle was recorded by EEG for 24 hr. Following
this control period, sleep satiation was attempted by
producing a prolonged sleep periodlasting 24 hr. Pento-
barbital sodium (40 mg/kgm IP) was injected at the
beginning of the drug period and then further injections
were given whenever four consecutive waking minutes
were present in the record. Injections were required
approximately every 3-4 hr. The drugged period was
followed by 24 hr. of post-drug recording.

Results

The EEG during the drug period (satiation period)

consisted almost entirely of slow waves and spindles
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similar to normal SWS in the rat, but with a higher
frequency of spindles; no evidence of PS was present
in the record. Small amounts of waking activity, amount-
ing to less than 10 per cent of the total record were
present.

Table 1 summarizes the data from this experiment.
During the satiation period the amount of wakingand PS
is significantly less than pre-and post-treatment and
the amount of SWS is greater (p< .001 for all 6 com-
parisons).

When the pre-treatment day is compared to the post-
treatment day, the decrease in SWS is significant
(p< .05), but the increases in amounts of waking and
PS do not reach statistical significance. However, there
was a significant increase in PS expressed as a per-
centage of total sleep during the post-treatment
(recovery) period (p< .01).

Discussion

The supression of PSduringbarbiturate induced sleep
is in agreement with experiments using human Ss, which
have found barbiturates to depress REM sleep(Oswald,
Berger, Jaramillo, Keddie, Olley, & Plunkett, 1963).
It is likely that the total depression found in this
experiment in contrast to the limited depression in
human Ss is due to the dosage differences (a sedative
dose in the human vs. an anesthetic dose in the rat).

The finding of an increase in PS post-treatment is
consistent with the supression of this phase during the
satiation period. This increase in PS following its'
deprivation has been found by other investigators
(Dement, 1960; Siegel & Gordon, 1965). Since barbiturate
sleep does not mimic normal sleep but actually results
in the deprivation of PS,; a question would seem to be
raised about this means of provoking sedation.

The idea that sleep functions as a need is supported
both by the rebound increase in PS following its'
deprivation and the decrease in SWS following satiation.
The finding that barbiturate induced sleep consists
of only one sleep phase and that SWS and PS respond

Table 1. A summary of the sleep cycle changes produced by
pentobarbital — induced sleep.

Pre-Treatment Satiation-Period Post-Treatment

Minutes
Waking 790 135 838
PS 81 0 106
SWS 569 1305 496
1440 1440 1440
PS as a per cent
of total sleep 12 0 18

Mean values for the four rats.
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differentially to this treatment lends support to the
suggestion that there are at least two kinds of sleep;
qualitatively distinct and subserving different functions
(Dement, 1965; Jouvet, 1960).

References

Dement, W. The effect of dream deprivation. Science, 1960, 131,
1705-1707.

Dement, W. An essay on dreams: the role of physiology in under-
standing their nature. In New directions in psychology II. New
York: Holt, Rinehart & Winston, 1965. Pp. 135-257.

Dement, W., & Kleitman, N. The relation of eye movements during
sleep to dream activity: an objective method for the study of
dreaming. J. exp. Psychol., 1957, 53, 339-346.

Jouvet, M. Telecephalic and rhombencephalic sleep in the cat.
In G. E. W. Wolstenholme & M. O*Conner (Eds.), The nature of
sleep. Boston: Little, Brown & Co., 1960. Pp. 188-206.

394

Oswald, [., Berger, R., Jaramillo, R., Keddie, K., Olley, P., &
Plunkett, G. Melancholia and barbiturates: a controlled EEG,
body and eye movement study of sleep. Brit. J. Psychiat., 1963,
109, 66-78.

Siegel, J., & Gordon, T. P. Paradoxical sleep: deprivation in the
cat. Science, 1964, 148, 978-980.

Swisher, J. Manifestations of “activated’’ sleep in the rat. Science,
1962, 138, 1110.

Notes

1. The author wishes to express his gratitude to W. B. Webb for
his comments and criticism. This investigation was supported by
an NIMH grant (NIH-MH-03881-03) to W. B. Webb and by a NASA
Predoctoral Fellowship (NASA-BSG(T)-13) to R. A. Levitt.

2. Now at the University of Pittsburgh.

Psychon. Sci., 1966, Vol. 4 (11)




<<
  /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




