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Sex differences in shock thresholds in rats 
and gerbils and the day-night cycle 
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Sex differences in shock thresholds in relation to the day-night cycle were examined in rats 
and gerbils using a modification of the flinch-jump technique. In rats, males had higher 
thresholds than females in both day and night tests, but the magnitude of the difference was 
greater during the night tests. This effect arose because females tested at night had lower 
thresholds than females tested in the day. Males were little affected by the day-night cycle. 
In gerbils there was no sex difference in shock thresholds either in day or night tests, but 
shock thresholds were lower at night than during the qay. 

Studies of behavioral variation in relation to the day
night cycle have typically focused on a very limited 
sample of behavior. Diurnal differences in locomotor 
activity and feeding and drinking have been extensively 
studied (e.g., Nance & Gorski, 1975; Roper, 1976; 
Zucker, Rusak, & King, 1976), but the possibility of 
cyclic variation in learning and performance with the 
day-night cycle has received comparatively little atten
tion. The present study examined sensitivity to electric 
shock in relation to the day-night cycle in rats and 
gerbils of both sexes. 

METHOD 

Animals 
The subjects were 17 male and 17 female albino rats obtained 

from the Holtzman Company, Madison, Wisconsin, and 17 male 
and 16 female Mongolian gerbils (Meriones ungiculatus. 
MON-TUM) obtained from Tumblebrook Farm, West Brookfield, 
Massachusetts. All of the animals had received previous tests 
on DRL and shuttlebox avoidance tasks as described elsewhere 
(Beatty, 1977). At the time of the present tests, the animals 
were about 7 months old. They were caged singly with free 
access to food and water in an air-conditioned animal room that 
was illuminated from 0800-2000 h. 

Procedure 
Since all of the animals had previously been trained in active 

avoidance either in the day or at night, animals were assigned to 
groups (N = 8 or 9 each) that received shock threshold tests 
during the day (0900-1100 h) or at night (2100-2300 h), so that 
the time of the shock threshold testing and the time of the 
earlier avoidance tests were not confounded . Shock thresholds 
were determined by exposing the animals to a single ascending 
series of .5-sec scrambled ac shocks on each of 4 test days. The 
shocks were delivered from a Grason Stadler £700 source to the 
grid floor (made of bronze welding rod) of a small chamber with 
walls and a roof made of transparent plastic. For rats the cham
ber measured 23 .5 x 25.0 x 23.0 cm high; for gerbils the chamber 
measured 15 .2 x 15.3 x 15 .0 cm high . White noise masked the 
sound of the shocker. 

An observer located in an adjacent room operated the shock 
source and classified the subject's behavior into one of four 
mutually exclusive categories: no response, flinch (any detectable 
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movement), shuffle (flinch followed by movement of the feet 
usually at shock offset), or jump (all four feet leave the grid). 
On each session testing began at the lowest current the source 
could deliver (.05 rnA) and was continued by presenting pro
gressively more intense shocks until the animal jumped on two 
consecutive presentations. Shocks were presented as soon as the 
animal assumed a posture with all four feet on the grid (normally 
within 5-20 sec of the preceding trial) . Thresholds were com
puted separately for each response on each day. The threshold 
was defined as the current required to elicit a particular response 
reliably (i.e., on two consecutive test trials) and was computed 
as described elsewhere (Beatty & Fessler, 1977). Since there 
were no consistent changes in thresholds across days, average 
thresholds for flinch, shuffle, and jump were determined for 
each animal. 

RESULTS AND DISCUSSION 

Table 1 describes the mean values for each of the 
shock thresholds. Overall, gerbils had lower flinch and 
shuffle thresholds than rats [F(1 ,59) = 14.91 and 
11.12, respectively, both ps < .01], but there was no 
reliable difference on the jump threshold measure 
(F = 1.11). Of greater interest was the pattern of sex 
differences in relation to the day-night cycle in the two 
species. As expected from previous work (e.g., Beatty& 
Beatty, 1970; Beatty & Fessler, 1976), female rats had 
lower shock thresholds than males on all measures. 
These sex differences in sensitivity to shock occurred 
during both day and night tests [F(1 ,30) = 26.57, 
34.36, and 40.13 for flinch, shuffle, and jump thresholds, 
respectively, all ps < .00 I]. However, the differences 
between male and female rats were greater at night than 

Table I 
Mean Shock Thresholds (rnA) 

Rats Gerbils 

Flinch Shuffle Jump Flinch Shuffle Jump 

Males-Day .155 .253 .443 .131 .207 .397 
Males-Night .152 .260 .418 .098 .160 .274 
Females-Day .125 .190 .320 .117 .191 .370 
Females-Night .097 .146 .242 .102 .168 .301 
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in the day and this effect arose because in females 
thresholds at night were generally lower than during the 
day . Significant differences between groups of females 
tested at night or during the day were observed on the 
shuffle and jump threshold measures [t(15) = 2.77 
and 2.44, respectively, both ps < .05]. On the flinch 
threshold, the difference between female groups ap
proached significance [t(15) = 2.01, P < .1 0] . By 
contrast, shock thresholds of male rats were little af
fected by the tiine of testing. 

The pattern observed in gerbils was quite different 
from that seen in rats. There was no sex difference on 
any of the measures of sensitivity to shock, but in both 
sexes thresholds were lower at night than in daytime 
tests for all measures[F(I ,29) = 14 .05, 8.51, and 9 .91 
for flinch, shuffle, and jump thresholds , respectively, 
all ps < .01] . 

The present fmding that shock thresholds of female 
rats are influenced by the day-night cycle, while those 
of males are not affected by this variable provides a 
plausible explanation for the surprising finding that 
acquisition of shuttle box avoidance behavior by female 
rats is much better during the day than at night, while 
males acquire two-way avoidance responses equally 
poorly at both stages of the day-night cycle (Beatty, 
1977). Previous work in our laboratory . (Beatty & 
Beatty, 1970) has demonstrated that acquisition of two
way avoidance behavior is impaired in both males and 
females if the US intensity is increased from 1.0 to 
1.5 rnA . Since the US intensity of 1.0 rnA used in the 
experiment examining shuttle box avoidance in relation 
to the day-night cycle was near the top of the range of 
US values that produce optimal acquisition, it seems 
reasonable, based on the variation of shock thresholds 
with the day-night cycle in female rats, to suppose that 
the 1.0-mA US was perceptually more intense at night 
than in the day for these animals. If this interpretation 
is correct, then a decrement in shuttlebox avoidance by 
female rats tested at night is understandable if a 
moderately intense US is used . Since male rats do not 
exhibit diurnal variations in shock thresholds, no in
fluence of the day-night cycle on their avoidance be
havior would be expected and none was observed 

(Beatty, 1977). However, recent unpublished data from 
our laboratory demonstrate that CS conditions interact 
with the sex of the subject, the US intensity and the 
stage of the day-night cycle to determine shuttlebox 
avoidance performance . Thus, increased sensitivity to 
shock during the night may influence avoidance per
formance adversely, but only under certain testing 
conditions. 

The absence of sex differences in pain sensitivity in 
gerbils parallels our earlier finding that hamsters do not 
exhibit the same sexual dimorphism on this behavior as 
has been consistently observed in rats (Beatty & Fessler, 
1977). Again the deSirability of a comparative examina
tion of sex differences in behavior is indicated. 

REFERENCES 

BEATTY, W. W. Sex differences in DRL and active avoidance 
behaviors in the rat depend upon the day-night cycle. 
Bulletin of the Psychonomic Society. 1977, 10,95-97. 

BEATTY , W. W., & BEATTY, P. A. Hormonal determinants 
of sex differences in avoidance behavior and reactivity to 
electric shock in the rat. Journal of Comparative and 
Physiological Psychology, 1970, 73,446-455. 

BEATTY, W. W., & FESSLER, R. G . Ontogeny of sex 
differences in open field behavior and sensitivity to electric 
shock. Physiology and Behavior, 1976, 16, 413-417. 

BEATTY, W. W., & FESSLER, R. G . Sex differences in 
sensitivity to electric shock in rats and hamsters. Bulletin 
of the Psychonomic Society, 1977, 10, 189-190. 

NANCE, D. M., & GORSKI, R. A. Neurohormonal 
determinants of sex differences in the hypothalamic 
regulation of feeding behavior and body weight in the rat. 
Central Control of Eating and Obesity, Pharmacology 
Biochemistry and Behavior, 1975, 3, Supplement 1, 
155-162. 

ROPER. T . J . Sex differences in circadian wheel running 
rhythms in the Mongolian gerbil. Physiology and 
Behavior, 1976, 17,549-552. 

ZUCKER, I., RUSAK, R. , & KING, R. G. Neural bases for 
circadian rhythms in rodent behavior . In A. H. Riesen & 
R. F. Thompson (Eds.), Advances in Psychobiology 
(Vol. 3). New York: Wiley, 1976. 

(Received for publication September 26, 1977.) 



<<
  /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




