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The effects of methohexital, succinylcholine, and electroconvulsive shock (ECS) on the 
estrous cycle were investigated. Eighty-eight rats, chosen on the basis of estrous stability, 
were selected from a subject pool of 106 animals and were randomly assigned to one of eight 
treatment conditions, with the restriction that each condition contain 11 animals. Treatments 
were as follows: one ECS, five ECSs, one ECS with methohexital and succinylcholine, five 
ECSs with methohexital and succinylcholine, one sham ECS (SECS), five SECSs, one SECS 
with methohexital and succinylcholine, and five SECSs with methohexital and succinylcholine. 
Consistent with preVIous reports, the five-, but not the one-, :BeS treatment produced a sig­
nificant delay in estrus. However, the data indicated that when five ECS treatments were given 
to rats that had received methohexital and succinylcholine, no significant delay in estrus was 
observed. No estrous delays were observed following any of the remaining treatments, nor were 
additional delays observed after cycling began in the five-ECS treatment conditions. 

The authors of two initial studies on electroconvul­
sive shock (ECS) and the estrous cycle report different 
outcomes following ECS treatment of rats. Jensen and 
Stainbrook (1949) found that arrays of 3,5, and 15 ECS 
treatments each produced a delay in the onset of estrus. 
Once estrus began following each treatment, all animals 
resumed their regular cyclic activity. In contrast, Woolly 
and Timiras (1962), as part of an investigation of the 
relationship between estrus and brain excitability, 
observed that neither ECS-induced clonic nor tonic­
clonic seizures altered the regularity of estrus. Even 
though shock intensity and duration, rat strain, number 
of treatments, and interval between treatments varied 
between these two studies, the fact that Woolly and 
Timiras did not observe estrous disruption is difficult to 
explain. 

In a more recent series of studies (Green, Seaton, 
Williams, & Milner, 1981; Milner, Gilbert, & Prewett, 
1978; Milner & Green, 1980), multiple ECS treatments 
were observed to delay estrus in the rat. More specifi­
cally, although lor 2 ECS treatments were not found to 
disrupt the estrous cycle, arrays of 3, 4, 5, 10, 15, and 
20 ECS treatments were found to delay estrous onset. 
Furthermore, the delay appears to increase as the num­
ber of ECS treatments increase. As in the Jensen and 
Stainbrook (1949) study, once cycling began following 
each treatment array, no additional delays were observed. 

Although the disruption of estrus by multiple ECS 
treatments has been relatively well established, studies 
investigating ECS effects on estrus have always given 
ECS treatments without the concurrent administration 
of either an anesthetic or an anticonvulsant. The use of 
such drugs would produce a procedure more comparable 
to that typically employed in ECS treatments of 
humans. More important, since many drugs are known 
to affect the reproductive cycle and since a drug or a 
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combination of drugs may interact with ECS to produce 
unique effects, the present study investigated the effects 
of a barbiturate (methohexital), a muscle relaxant 
(succinylcholine), and ECS on the estrous cycle in rats. 

METHOD 

SUbjects 
One hundred and six naive female Sprague-Dawley albino rats 

arrived in the laboratory at 56 days of age. These rats, which 
were the initial subject pool, were placed in individual stainless 
steel cages that measured 40 x 24 x 19 cm. Throughout the 
experiment, animals were maintained on an ad-lib food and 
water schedule. 

Procedure 
Seven days after arrival in the laboratory, all 106 rats were 

given daily vaginal smears for a period of 56 days. Eighty~ight 
rats, chosen on the basis of stability of estrus, were selected from 
the initial subject pool of 106 animals. Stability of estrus was 
dermed as continuous cycling on a regular interval basis for at 
least five complete cycles immediately preceding the applica­
tion of treatment. 

The 88 selected rats were assigned randomly to one of eight 
treatment conditions with the restriction that each condition 
contain 11 subjects. Treatment conditions were as follows: one 
ECS, five ECSs, one ECS with methohexital and succinylcholine, 
five ECSs with methohexital and succinylcholine, one sham ECS 
(SECS), five SECSs, one SECS with methohexital and succinyl­
choline, and five SECSs with methohexital and succinylcholine. 

Following placement in the treatment conditions, the rats 
received the assigned treatment. A Grason-Stadler shocker was 
employed to deliver the ECS. The ECS consisted of a 30-mA 
constant current .5 sec duration from a 28-V (50- to 60-Hz) 
power source. The ECS was administered via sa1ine-soaked, 
gauze-covered ear clips and was sufficient to induce a complete 
tonic-clonic convulsion. The SECS consisted of attaching the 
sa1ine-soaked, gauze-covered ear clips to each rat for approxi­
mately 5 sec without delivery of shock. 

When appropriate, methohexital, 40 mg/kg of body weight, 
was administered 7 min prior to delivery of ECS or SECS, and 
succinylcholine, 5 mg/kg of body weight, was injected 3 min 
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Table 1 
Mean Number of Days Until Onset of Estrus After ECS 

and SECS for Each Treatment Condition 

Condition T-l 1-2 2-3 

1 ECS 3.5 4.3 4.8 
1 ECS +MS 2.8 6.0 4.3 
5 ECSs 9.0* 4.7 4.7 
5 ECSs+ MS 3.7 4.5 4.9 
1 SECS 3.6 5.0 4.9 

- 1 SECS+ MS 4.0 4.6 4.6 
5 SECSs 3.9 4.3 5.0 
5 SECSs+MS 5.0 4.6 4.2 

Note-T-1, 1-2, and 2·3 = days between treatment and first 
estrus, rust and second estrus, and second and third estrus, 
respectively. MS = methohexital and succinylcholine. *p < .01. 

prior to delivery of ECS or SECS. Rats in the five-shock condi­
tions received ECS or SECS every 48 h until treatments were 
completed. Daily vaginal smears were continued during and 
following treatments. Smears were discontinued only after 
each subject had completed two uninterrupted estrous cycles. 

RESULTS 

Two animals in the five-ECS-with-methohexital-and­
succinylcholine treatment group died. One rat died from 
an accidental drug overdose and the other rat died from 
undetermined causes within 24 h following the fifth ECS 
drug treatment. 

As expected, statistical analysis revealed no signifi­
cant differences (p> .01) in the number of days in the 
estrous cycles between treatment groups for the last five 
complete cycles immediately preceding treatments. The 
mean number of days until the onset of estrus after ECS 
or SECS for each treatment condition are presented in 
Table 1. A three-factor (one or five treatment applica­
tions by ECS or SECS by drugs or no drugs) analysis of 
variance was employed to determine treatment differ­
ences, if any, in the number of days until onset of estrus 
following completion of treatments. This analysis indi­
cated a significant difference between one and five treat­
ments [F(I,78) = 17.16, P < .01]. The Number of 
Treatments by ECS/SECS [F(1,78) = 8.78, P < .01] and 
ECS/SECS by Drug/No Drug [F(1,78)= 15.69, p<.01] 
interactions were also significant. No other effects were 
significant (p > .01). 

Analyses of the number of days between the fust and 
second estrous cycles following completion of treat­
ments showed no significant differences (p > .01) 
between treatment conditions. Finally, no significant 
differences (p> .01) were found between treatment 

conditions in the number of days between the second 
and third estrous cycles following treatments. 

DISCUSSION 

The results indicate that although one ECS did not produce 
a significant delay in the onset of estrus, five ECS treatments 
did. These fmdings are consistent with those of Jensen and 
Stainbrook (1949), Milner et al. (1978), and Milner and Green 
(1980), who reported that five ECS treatments disrupt the repro­
ductive cycle, although one does not. 

Surprisingly, when the five ECS treatments were combined 
with methohexital and succinylcholine, no significant delay in 
the estrous cycle was observed. The drugs appeared to be pro­
phylactic to the ECS. It was hypothesized that physiological 
stress may be a mediating factor in the ECS-induced disruption 
of the reproductive cycle and that the barbiturate and muscle 
relaxant may have served to reduce general stress, and therefore, 
served as a prophylaxis to estrous disruption. In order to provide 
preliminary data on the possibility that rats receiving five ECS 
treatments experience more stress than rats receiving ECS and 
drugs, autopsies were perfonned on all animals in the five-ECS 
and five-ECS/drug groups in order to determine the weight of 
the thymus and adrenal glands, which are known to increase in 
size and density following severe stress. The autopsies revealed 
no significant difference (p > .05) between the two groups in 
weights of the thymus and the adrenal glands. Athough no dif­
ferences were observed in this post hoc analysis, it must be noted 
that the autopsies were perfonned after all rats were cycling 
regularly. Furthermore, changes in the weights of glands are a 
gross measure of increased glandular activity. Serum assays con­
ducted on serum taken during the period following ECS when 
estrus is disrupted would have provided more meaningful data. 
Thus, the possible role of stress in the ECS disruption of estrus 
remains to be determined. 

Finally, no estrous delays were oberved as a consequence of 
the drug injections alone. After estrus was observed following 
treatments, no estrous delays were observed for any of the treat­
ment groups after cycling began following treatment. 

REFERENCES 

GREEN. S. N., SEATON. M .• WILLIAMS. R. C .• & MILNER. J. S. 
Multiple electroconvulsive shocks and disruption of estrus. Bul­
letinofthePsychonomicSociety, 1981,17,117-118. 

JENSON, G. D., & STAINBROOK, E. The effects of electrogenic 
convulsions on the estrous cycle and the weight of rats. Journal 
of Comparative and Physiological Psychology, 1949, 41, 502-
505. 

MILNER, J. S., GILBERT, L. F., & PREWETT, M. J. Electro­
convulsive shock and the estrous cycle in the rat. Behavioral 
Biology, 1978,14,279-283. 

MILNER, J. S., & GREEN, S. N. Relationship between the number 
of ECS treatments and estrous disruption. Physiology and 
Behavior, 1980,15,323-325. 

WOOLEY, D. E., & TIMIRAS, P. S. Estrous and circadian periodic­
ity and electroshock convulsions in rats. American Journal of 
Physiology, 1962, m, 379-382. 

(Received for publication July 9, 1982.) 



<<
  /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




