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Abstract OBJECTIVES: To elucidate gender-related differences in occurrence of sudden
cardiac death the myocardial connexin-43 (Cx43) and the susceptibility of male

and female rat hearts to ventricular fibrillation (VF) were investigated.

METHODS AND RESULTS: Ventricular tissues taken from male and female nor-
motensive Wistar and spontaneously hypertensive (SHR) rats were processed for
immuno-fluorescence and immuno-blotting of Cx43. Susceptibility to ventricular
fibrillation was examined in isolated heart preparation using either electrical
stimulation or low K+ perfusion. Results showed that VF susceptibility of male
either normotensive or hypertensive rats was significantly increased comparing
to female counterparts. In correlation, ventricular expression of Cx43 was mark-
edly lower in males of both normotensive and hypertensive rats comparing to
females. SHR in addition exhibited abnormal myocardial Cx43 distribution due

to structural remodelling.

CONCLUSIONS: Findings indicate that higher level of myocardial Cx43 expression
is linked with lower lethal arrhythmia susceptibility and vice versa. It appears that
Cx43 can be involved in sex-related differences in incidence of life-threatening

arrhythmias.
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INTRODUCTION

Cardiovascular diseases as well as cardiac arrhythmias
occur with different frequency and severity in man and
woman [1,18]. These gender-specific differences are
thought to be mediated by sex hormones (Pelzer 1996)
since incidence of disease and/or arrhythmia rises after
the menopausal transition [8] or ovariectomy [17].
Distinct gender hormones may explain, at least in part,
some disparities in cardiac electrophysiology [15] that
is crucial in the development of lethal arrhythmias such
as ventricular fibrillation (VF). The general classifica-
tion of cardiac arrhythmias assumed that all rhythm dis-
turbances result from one of two primary abnormalities
in electrical activity [14]. The first is an abnormality in
impulse initiation and the second, an abnormality in
impulse propagation, whereby both may co-exist. The
former is associated particularly with triggered activ-
ity and/or abnormal automaticity, whereas the latter
with block of conduction and re-entry, which facilitate
occurrence of VE

It is well established that intercellular coupling and
direct communication mediated by gap junction con-
nexin (Cx) channels ensure electrical impulse propaga-
tion and myocardial synchronisation [4]. We as well as
others [14] have previously shown that disease- or nox-
ious event-induced alterations in Cx expression and/or
distribution affect cell-to-cell coupling and contribute
to abnormal conduction facilitating the occurrence of
re-entrant arrhythmias, as it is VE In this respect, it is of
interest to know whether there are some gender-related
differences in myocardial Cx [5]. This study was, there-
fore, undertaken to compare Cx43 expression, a major
cardiac gap junction channel protein, in the male and
female rat heart in respect to its susceptibility to lethal
arrhythmias.

MATERIAL AND METHODS

All animal experiments were performed in accordance
with the rules issued by the State Veterinary Adminis-
tration of the Slovak Republic, legislation No 289/2003
and with the regulations of the Animal Research and
Care Committee of the Institute of experimental phar-
macology. The experiments were conducted on aged
(>1-year-old) Wistar and SHR male and female rats
(n=10 per group). Hearts excised under anesthesia
were perfused via cannulated aorta with an oxygenated
Krebs-Henseleit (K-H) solution at the constant pressure
(85 mmHg) and temperature. ECG, the left ventricu-
lar pressure and the coronary flow were continuously
monitored. Upon 20-min stabilization, the occurrence
of sustained VF was examined either by perfusion of
the heart with K+ deficient K-H solution (Wistar group)
or by electrical stimulation (SHR group). Ventricu-
lar tissues excised from intact rat hearts were imme-
diately frozen in liquid nitrogen and processed either
for either western-blotting of Cx43 or immuno-fluo-

rescence of Cx43 using mouse monoclonal anti-Cx43
antibody (Chemicon Inc., USA). Goat anti-mouse sec-
ondary antibody conjugated with fluorescein isotio-
cyanate (FITC) was used for in situ myocardial Cx43
labelling, while alkaline phosphatase was used for vis-
ualisation of western blots. Control of the amount of
loading protein was performed via labelling of gel upon
electrophoresis with Coomassie blue. Thereafter quan-
tification of immuno-labelled Cx43 was performed as
previously described [7,13]. Results are given as means
+ SEM and significances were ascertained with Stu-
dent’s t-test when p values <0.05.

RESULTS

As it is shown in Figure 1, in situ immunolabeling of
Cx43 revealed end-to-end type (intercalated disc-
related) Cx43-positive gap junctions in both normo-
tensive and hypertensive rat heart ventricles. Besides,
enhanced expression of side-to-side type (lateral) gap
junctions was found in hypetrophied hearts of SHR.
Western blotting of Cx43 demonstrated two forms of
Cx43, ie. phosphorylated and nonphosphorylated,
in both Wistar and SHR (Figure 2.). The expression
of Cx43 was significantly higher in females compar-
ing to males regardles the rat strain, as evaluated by
quantitative analysis of immunofluorescence images
(Figure 3, upper panel) and immunoblots (Figure 4,
upper panel).

Incidence of low potassium-induced sustained VF
was elicited significantly after longer period in female
comparing to male Wistar rat hearts (9.55+0.55 min vs.
6.78+0.28 min; Figure 3 bottom). Likewise the VF inci-
dence in female SHR was significantly decreased com-
pared to male counterparts, as indicated induction of
sustained VF elicited by programmed stimulation, i.e.
20% vs 80% (Figure 4, bottom).

DISCUSSION

Differential responsiveness of male and female hearts
to various pathophysiological stimuli has been estab-
lished in previous studies by others [1,2,10,11] showing
female advantages. In this study we demonstrated for
the first time that the female heart of either healthy or
hypertensive rats is less prone to lethal VF when com-
pared to males. Likewise rabbit males with left ventricu-
lar hypertrophy were reported to be much susceptible
to ventricular arrhythmias than females [3]. These
findings fit well with Framingham population analy-
sis revealing significantly higher incidence of sudden
cardiac death (presumably due to VF) in man [18]. In
addition, man were found to have higher risk for devel-
oping atrial fibrillation (the most common arrhythmia
seen in clinical practice today) compared to woman.
It should be noted, however, that in specific cases (e.g.
long QT syndrom) woman arrhythmia prevalence can
be observed [18].
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Figure 1. Immunofluorecence of Cx43 in female and male non-
hypertensive (Wistar) and hypertensive (SHR) rat heart
ventricles. Note Cx43 immunopositive intercalated disc-related
gap junctions (thin arrows) in both strains and enhanced Cx43
immunopositivity in laterally located gap junctions (thick
arrows) in SHR. Immunofluorescence signal is stronger in female
compared to male counterparts. Objective 40x.
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Figure 2. Representative immunoblots of Cx43 in female and male
Wistar and SHR heart ventricles showing phosphorylated (P) and
non-phosphorylated forms of Cx43. Note increased expression
of Cx43 in female normotensive as well as hypertensive rat
hearts, despite Cx43 is down-regulated in the latter.
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Basic electrophysiology points out sex-related dif-
ferences in the expression and/or function of ion chan-
nels or ion transporters [3,16] likely due to differences
in gender hormones [8]. The heart is a target organ for
oestrogen action [8,9] and Cx43 gene was responsive to
oestrogen [19]. It can results in modulation of cardiac
phenotype [10]. Indeed, we have found the sex-related
differences in the expression of intercellular channel
protein, Cx43 in favour of females. Interestingly, the
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Figure 3. Myocardial Cx43 expression (upper panel) and

susceptibility of the heart to ventricular fibrillation (bottom)
in female and male normotensive Wistar rat hearts. Note sex-
related differences in Cx43 expression, whereby its decrease
in male correlates with shorter time to induce VF compared to
female. *p<0.05.
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Figure 4. Myocardial Cx43 expression (upper panel) and

susceptibility of the heart to ventricular fibrillation (bottom)
in female and male hypertensive rat hearts. Note sex-related
differences in Cx43 expression, whereby its decrease correlates
with higher incidence of VF. *p<0.05.

expression of total Cx43 was higher not only in healthy
but also hypertensive female rat hearts. Whereby, the
down-regulation of Cx43 in male rat hearts was linked
with increased susceptibility to electrically (Figure 4) or
low K*-induced VF [12]. The phosphorylating status of
Cx43 was also enhanced in female normotensive [13] as
well as hypertensive rats compared to males (Figure 2).
It indicates sex-related differences in posttranslational
processes, while the higher expression of mRNA for

Copyright © 2008 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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Cx43 in females points out the differences in gene tran-
scription [10]. Altogether the data strongly indicate
modulation of Cx43 gene expression by oestrogen.
The cell-to-cell communication, i.e. electrical and
metabolic signal propagation, ensured by gap junction
connexin channels is crucial for the myocardial tissue
homeostasis and synchronisation. Our findings suggest
that higher level and/or up-regulation of Cx43, major
cardiac gap junction protein, can support electrical and
functional stability of the heart and consequently to
decrease its vulnerability to lethal arrhythmias.

ACKNOWLEDGEMENTS

Supported by VEGA 2/6064/27 and APVV 51-059505,
51-017905 grants.

REFERENCES

1 Barrett-Connor E. (1997). Sex differences in coronary heart dis-
ease. Circulation 95: 252-264.

2 Besik J, Szaroszoi O, Kunes J, Netuka I, Maly J, Kolar F, Pirk J, Os-
tadal B. (2007). Tolerance to acute ischemia in adult male and fe-
male spontaneously hypertensive rats. Physiol. Res 56:267-274.

3 Biagetti MO, Quinteiro RA. (2006).Gender differences in elctrical
remodeling and susceptibility to ventricular arrhythmias in rab-
bits with left ventricular hypertrophy. Heart Rhythm 3: 840-1.

4 Dhein S. (1998). Gap junction channels in cardiovascular system:
pharmacological and physiological modulation. TiPS 19: 229-
241.

5 Knezl V, Drimal J, Fialova M, Dlugosova K, Okruhlicova L, Tribu-
lova N. (2007). Connexin-43 expression is increased in female
compared to male rat hearts and correlate with lethal arrhyth-
mias susceptibility. Acta Physiol 191: Suppl 658, 88 Abstract.

6 Lee T, Lin M, Chou T, Tsai CH, Chang N. (2004). Adjunctive 17
beta-estradiol administartion reduces infarct size by altered ex-
pression of canine myocardial connexin-43 protein. Cardiovasc
Res 63:109-117.

7 Mitasikovéd M, Smidova S, Macsaliovd A, Knezl V, Dlugosova K,
Okruhlicova L, Weismann P, Tribulova N. (2008). Aged male and
female spontaneously hypertensive rats benefit from n-3 poly-
unsaturated fatty acids supplementation. Physiol Res. [Epub
ahead of print].

8 Mendelsohn ME, Karas RH. (2005). Molecular and cellular basis of
cardiovasular gender differences. Science 308: 1583-1587.

9 Pelzer T, Shamim A, Neyses L. (1996). Estrogen effects in the
heart. Mol Cell Biochem 160-161: 307-313.

10 Rosenkranz-Weiss P, Tomek R.J., Mathew J., Eghbal M. (1994).
Gender-specific differences in expression of mRNAs for func-
tional and structural proteins in rat ventricular myocardium. J.
Mol. Cell. Cardiol 26, 261-270.

11 Schwanke ML, Dutta K, Podolin DA, Davidoff AJ. (2006). Cardi-
omyocyte dysfunction in insulin-resistant rats: a female advan-
tage. Diabetologia 49: 1097-1105.

12 Tribulova N, Okruhlicova L, Novakova S, Pancza D, Bernatova
|, Pechanova O, Weismann P, Manoach M, Seki S, Mochizuki S.
(2002). Hypertension-related intermyocyte junction remodeling
is associated with a higher incidence of low-K(+)-induced lethal
arrhythmias in isolated rat heart. Exp Physiol 87: 195-205.

13 Tribulova N, Dupont E, Soukup T, Okruhlicova L, Severs NJ.
(2005). Sex differences in connexin-43 expression in left ventri-
cles of aging rats. Physiol. Research 54: 705-708.

14 Tribulova N, Knezl V, Okruhlicova L, Slezék J. (2008). Myocardial
gap junctions: targets for novel approaches in the prevention of
life-threatening cardiac arrhythmias. Physiol Res [Epub ahead of
print].

15 Verkerk AO, Wilders R, Veldkamp MW, deGringel W, Kirkels JH,
Tan HL. (2005). Gender disparities in cardiac cellular electrophys-
iology and arrhythmia susceptibility in human failing ventricular
myocytes. Int Heart J 46: 1105-1117.

16 Vlkovicova J, Javorkova V, Pechanova O, Vrbjar N. (2005). Gender
difference in functional properties of Na,K-ATPase in the heart of
spontaneously hypertensive rats. Life Sci 76: 971-982.

17 Wattanapermpool J, Reiser P. (1999). Differential effects of ova-
riectomy on calcium activation of cardiac and soleus myofilam-
nets. Am J Physiol 277: H467-H473.

18 Yarnoz MJ, Curtis AB. (2008). More reasons why man and woman
are not the same (Gender differences in electrophysiology and
arrhythmias). A J Cardiol 101: 1291-1296.

19 Yu W, Dahl G, Werner R. (1994). The connexin43 gene is respon-
sive to oestrogen. Proc Biol Sci 255: 125-132.

Neuroendocrinology Letters Vol.29 No.5 2008 - Article available online: http://node.nel.edu

801




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


