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Abstract

Functional cerebral asymmetries (FCAs) are known to fluctuate across the menstrual cycle. The mechanisms of these sex hormonal
modulations are poorly understood. It has been suggested that gonadal steroid hormones might suppress or specifically activate one hemispher
However, recent studies suggest that high levels of gonadal steroid hormones reduce FCAs by its modulating effects on cortico-cortical
transmission. To investigate the activating effects of gonadal steroid hormones on the interhemispheric interaction, a visual line-tisection tas
was administered to normally cycling women during menses and the midluteal cycle phase as well as to similar-aged healthy men. The results
replicate previous findings of a sex difference in line-bisection as a function of hand-use and show that the hand-use effect fluctuates across the
menstrual cycle. High levels of estradiol during the midluteal phase were related to a decrease of the hand-use effect. It is concluded that cycle-
related fluctuations in levels of gonadal steroid hormones affect hemispheric asymmetry of spatial attention, presumably by interhemispheric
spreading of neuronal activation.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction Hellige, 199% Hampson, 1990a, 1990Hausmann, Becker,
Gather, & Qinturkiin, 2002 Hausmann & @ntirkin,
Functional cerebral asymmetries (FCAs) are affected 200Q Heister, Landis, Regard, & Schroeder-Heister, 1989
by organizing and activating effects of sex hormones McCourt, Mark, Radanovich, Willison, & Freeman, 1997
(Wisniewski, 1998, and thus contribute to sex-related dif- Mead & Hampson, 199&Rode, Wagner, & @ntirkin, 1995
ferences in functional cerebral organization. The activating Sanders & Wenmoth, 1998However, the underlying mech-
effects of sex hormones on FCAs have been investigated inanisms for these dynamic cycle-related changes in the func-
women with normal menstrual cycles because their natural tional cerebral organization are still unknown.
sex hormone levels, e.g. progesterone and estradiol, fluctu- It has been suggested that modulation by sex hormones
ate dramatically in relatively short-time intervals across the is restricted to a single hemisphere (ddampson, 1990bh
cycle. Plasma levels of progesterone and estradiol are lowbut there is dispute as to which one. Using the visual half-
during menses (cycle days 1-5) and high during the luteal field paradigmBibawi et al. (1995found a left hemisphere
phase in the second half of the cycle after ovulation (cycle (LH) superiority in a chair-identification task during the mid-
days 16-23). Plasma estradiol levels are highest preovulatoryluteal phase and concluded that high levels of sex hormones
during the late follicular phase (cycle days 6-12). selectively activate the LH. The idea of unilateral activation
Although contradictions exist, it has been shown that was supported banders and Wenmoth (1998 dichotic-
FCAs fluctuate over the menstrual cycle, presumably due listening study, but in contrast ®ibawi et al. (1995)they
to cycle-related hormonal variation8ipawi, Cherry, & found that it was mainly right hemisphere (RH) performance
that was suppressed during the midluteal phase, which re-
kTl +49 234 32 24323 fax: +49 234 32 14377, sult_ed in a stronger LH advantage for a verbal dichotic task
E-mail addressMarkus.Hausmann@ruhr-uni-bochum.de. during this phase and a stronger RH advantage for a mu-
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sic task during menses. An alternative mechanism has beermment during the midluteal phase, which is consistent with
proposed byMcCourt et al. (1997)who have concluded the reduced FCAs during the midluteal phase observed in
from their data that both LH and RH might have been non- previous behavioral studiesl@usmann, Becker et al., 2002
specifically activated midluteally, rather than a suppression Hausmann & @ntirkiin, 2000. Moreover, in line with those
of RH function. Thus, a slight FCA in a visuospatial task, studies,Fernandez et al. (2003howed that progesterone
favouring the RH, may have been promoted. Unfortunately rather than estradiol was related to this effect. However, the
none of these studies measured hormone levels from bloodadditional recruitment during the midluteal phase found by
or saliva samples, and thus potential FCA/hormone relation- Fernandez et al. was specifically located in the superior tem-
ships were not analysed directly. The absence of cycle vali- poral gyrus and the medial wall of the superior frontal gyrus.
dation using hormone assays, different properties of the taskThe authors concluded that these findings cannot simply be
(modality, task difficulty, sex-sensitivity of the task), and explained by sex hormone effects on commissural transmis-
carry-over effects due to repeated-measuksuémann & sion, because neither the superior temporal region nor the
Guntirkin, 1999 are likely to be at least partly responsible medial aspect of the superior frontal gyrus have a dispropor-
for the inconsistencies in the literature. tional large number of commissural fibePahdya, Karol, &

In a previous studyHausmann & @ntirkin, 2000, we Heilbronn, 197}
took these methodological problems into account and found  If cycle-related changes of FCAs are based on hormonal
large FCAs in three visual half-field tasks during menses modulations of interhemispheric interaction, (sex-sensitive)
but reduced FCAs during the midluteal phase. In men and tasks, which cannot be performed without interhemispheric
post-menopausal women, FCAs remained stable over timeinteractions should be hormonally affected. Up to now, only
and were similar to those of normally cycling women dur- one recent study exists that has addressed this question.
ing menses. Hormone analyses revealed that high levels ofCompton, Costello, and Diepold (20043ed a taskRanich
progesterone were related to an increase in the performancé& Belger, 1990 in which normally cycling women were re-
of the subdominant hemisphere, thus leading to concurrentquired to match letters either within a single hemisphere or
shifts in FCAs on both verbal (lexical matching) and non- between hemispheres. The results did not support the hy-
verbal tasks (face discrimination, figural comparison), as- pothesis that progesterone leads to interhemispheric decou-
sumed to tap LH and RH functions, respectively. These find- pling. The interhemispheric integration required by this task
ings, which have been replicated in a cross-sectional and lon-neither differ between cycle phases nor was related to pro-
gitudinal study Hausmann, Becker et al., 2008uggestthat  gesterone levels. However, interhemispheric interaction is a
sex hormones neither modulate specifically the LH or RH multifaceted process, and the possibility that other interhemi-
nor do they non-specifically activate both. Based on the as- spheric processes fluctuate during the menstrual cycle, or that
sumption that interhemispheric inhibition results in a mani- hormonal changes are related exclusively to FCAs, cannot be
festation of FCAs (e.gChiarello & Maxfield, 1996 Cook, ruled out.
1984, we hypothesized instead that progesterone modulates The present study addresses these questions by using the
interhemisperic interactiorHausmann, Becker et al., 2002  visual line-bisection task. The line-bisection task is usually
Hausmann & @ntirkiin, 2000Q. According to this hypoth-  used to quantify disorders in spatial attention. Patients with
esis, it is the less specialized hemisphere for a task that isright-hemispheric lesions deviate to the right of the objective
particularly affected (for detailgdausmann & @ntirkin, middle when bisecting horizontal lines, which has been
2000. called left hemineglect. In contrast, healthy right-handed

Estradiol, however, seems to affect both hemispheres sim-people tend to bisect horizontal lines systematically to the left
ilarly, and thus does not affect FCAslgusmann, Becker et  of the objective middle, called right pseudoneglelgviell
al., 20032. Parallel estradiol-related changes in neuronal ac- & McCourt, 200Q. A prominent interpretation for this
tivity of the LH and RH are supported by a fMRI study carried phenomenon is that the two hemispheres differ with
out byDietrich et al. (2001)This study investigated neuronal respect to the allocation of spatial attention. The LH is
activity during motor and cognitive tasks in normally cycling concerned almost exclusively with attention to the con-
women during menses and the follicular phase (high levels tralateral right hemispace, whereas the RH is capable
of estradiol). The results showed an estradiol-related increaseof directing attention to both sides of space, although
in overall cortical activation of both hemispheres. However, it tends to favor the contralateral left sidéldilman &
the relative difference in cortical activation of the LHand RH Valenstein, 197%Heilman & Van Den Abell, 198Mesulam,
was not affected. Due to the fact that this study focused on 1981). Several studies report that pseudoneglect in normal
maximal differences in estradiol levels, no conclusions could subjects is especially pronounced when the left hand, corre-
be drawn about the neuromodulatory effects of progesterone.sponding to the RH, is used to bisect the lines (Bigpdie
Arecent fMRI study Fernandez et al., 20pfhapped the cor- & Pettigrew, 1996 Hausmann, Corballis, & Fabri, 2003
tical activity of women during menses and midluteal phase, Hausmann, Ergun, Yazgan, &@tirkin, 2002 Hausmann,
and found cycle-dependent changes in the lateralization of Waldie, & Corballis, 2003 Luh, 1995 McCourt,
cortical activation on a verbal task (synonym judgements) Freeman, Tahmahkera-Stevens, & Chaussee, ;2001
as a corollary of a symmetric increase of neuronal recruit- Scarisbrick, Tweedy, & Kuslansky, 198Tor review see
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Jewell & McCourt, 200D The hand-use difference has been males, whose posterior corpus callosum is assumed to be
interpreted within the framewaork of an activation-orientation larger on average than in maleBglacoste-Utamsing &
hypothesis lfalligan & Marshall, 1989Kinsbourne, 1970; Holloway, 1982 Holloway, Anderson, Defendini, & Harper,
McCourt et al., 2001 Reuter-Lorenz & Posner, 1990 1993 Oka et al., 1999; Steinmetz et al., 1988 review see,
Since each hand is controlled primarily by the contralateral Driesen & Raz, 1996
hemisphere, the activation-orienting hypothedital{igan Based on these sex-related differences in the effects of
& Marshall, 1989 Reuter-Lorenz & Posner, 19p3tates hand-use on line-bisection, a stronger hand-use difference
that the utilization of the left or right hands when bisecting was expected for women during low steroid menses, whereas
lines should augment the activation of the RH or LH, and it should be reduced during the midluteal phase. The hand-
thus producing a greater degree of orientation toward the use difference for men should differ from that of women in
left or right hemispace, respectivelyl¢Court et al., 2001 their midluteal phase, but should be similar to that of women
However, the bias of both hands deviates towards the left of during menses. Moreover, we expect progesterone to be the
the veridical center, though more strongly when the left hand key agent affecting the interhemispheric interaction during
is used. This suggests that the hand effect is superimposed othe menstrual cycle.
an underlying hemispheric asymmetry, i.e. a RH superiority
in visuospatial attentioMcCourt et al., 2001

It has been suggested that the robust and consistenlz' Methods
leftward bias in neurotypical participants, even when the 5 4 Subjects
right hand is used to bisect lines, results from an inter-
hemispheric communication between the RH, which dom-  Twenty-four normally cycling women and 14 men
inates Visuospatial attention, and the LH, which mainly were in\/estigated_ The mean age of women was 26.96
controls the right-hand responsé-aflla, Sheppard, &  years (S.D.=6.19; range: 19-42 years) and 33.93 years
Bradshaw, 2003 Hausmann, Corballis et al., 2003 (S.D.=10.02; range: 21-58 years) for men. All partici-
Hausmann, Ergun et al., 200Biausmann, Waldie et al.,  pants were right handed, as determined with the Edinburgh-
2003. According to the activation-orientation hypothesis |nventory Qldfield, 197). The asymmetry-index (LQ) pro-
(Halligan & Marshall, 1989Kinsbourne, 1970; McCourt et vided by this test is calculated a&[¢ L)/(R+L)] x 100, re-
al., 2001 Reuter-Lorenz & Posner, 1980nve might sug-  sulting in values betweer100 and +100. This range de-
gest that, in the right-hand condition, an interhemispheric scribes the continuum from extreme sinistrality to extreme
spreading activation from LH motor areas to the dominant dextrality. The mean LQ of female participants was 80.23
attention network in the RH is reduced relative to an intra- (S.D.=18.02; range: 47.0-100) and 89.35 (S.D.=14.38;
hemispheric spreading activation following left hand-use. An range: 60.0-100) for men. The reading direction of all par-
interhemispheric spreading activation probably involves the ticipants was left-to-right. Women who had used oral contra-
corpus callosum. ceptives or any other medication affecting the central nervous

Although the line-bisection task is a rather indirect mea- system during the last 6 months were excluded. All subjects
sure of callosal function, the importance of the corpus cal- had normal or corrected-to-normal visual acuity and were
losum in line-bisection, especially of posterior callosal areas najve to the study’s hypotheses. They were recruited by an-
(isthmus and splenium), is demonstrated by several studies. Ifnouncements, and were paid for their participation. Data were
an interhemispheric transfer is not possible or inefficient, the collected between February and August 2002 in Auckland,
hemisphere controlling the responding hand seems to be reNew Zealand. Female participants also took part in other
sponsible for the direction of the attentional biRai(la et al., experiments investigating the hormone effects on cognitive
2003, whichresultsin aleft bias with the lefthand and aright  apilities and the functional cerebral organisation.
bias with the right hand. This phenomenon, known as sym-
metrical neglect, is shown in children before puberty, when 2.2. Procedure and materials
their posterior corpus callosums have not yet fully matured
(Bradshaw, Nettleton, Wilson, & Bradshaw, 198&llatolas, Prior to the experimental session, women were informed
Coutin, & De Agostini, 1996Dobler etal., 2001; Faillaetal.,, about the general procedure and data were collected about
2003 Hausmann, Waldie et al., 200Roeltgen & Roeltgen,  their individual menstrual cycles. All women agreed to in-
1989, in patients with callosal infarctiorQorballis, 1995 form us of the first day of their next cycle, in order to plan
Kashiwagi, Kashiwagi, Nishikawa, Tanabe, & Okuda, 1990 the dates for the experimental sessions. The normally cy-
and in split brain subjectdfausmann, Corballis et al., 2003  cling women were tested twice, once during the menstrual
Heilman, Bowers, & Watson, 1984Moreover, the line- phase (cycle days 1-5) and once during the midluteal phase
bisection task seems to be sex-sensitive. Women showed sim{cycle days 21-22), to yield the largest differences in estra-
ilar degrees of left bias with either hand, whereas men showeddiol and progesterone levels. Men were tested only once and
the left bias predominantly with the left hanHgusmann, no blood samples were taken. To control potential repeated-
Ergun et al., 2002Hausmann, Waldie et al., 2003This measures effects, half of the female group was first tested
might reflect a stronger interhemispheric connectivity in fe- during the midluteal phase, and later tested during the men-
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strual phase and vice versa. Directly after every session,Kohler, & van Thriel, 1996, 199#vas applied during each
a blood sample was collected. Serum estradiol and proge-test session for women. The STCI-S18 is an instrument mea-
strone levels were determined with Chemiluminescent Mi- suring the three concepts of cheerfulness, seriousness, and
croparticle Immunoassay (CMIA) by an independent pro- bad mood. The concept of ‘cheerfulness’ represents positive
fessional medical laboratory, with commercially available affect, such that subjects with a high score describe them-
CMIA kits. selves, e.g. as being “in good spirits” or “in a mirthful mood”.
The line-bisection task was identical to that used in previ- The concept of ‘seriousness’ is understood as the readiness to
ous studieslausmann, Corballis et al., 200Bausmann, perceive, act, or communicate seriously (e.g. “I'm prepared
Ergun et al., 2002 Hausmann, Waldie, Allison, & todoataskinearnest”). The conceptof‘bad mood’is defined
Corballis, 2003 Hausmann, Waldie et al., 20p3t com- by the two elements of sadness/melancholy and ill humour,
prised 17 horizontal black lines of 1 mm width on a white such as “l am in a bad mood”, “l am sad”, “l am in a grumpy
sheet of paper (21 cx 30cm). The lines ranged from 100 mood”. Each conceptincluded six items and the response was
to 260 mm in their length in steps of 20 mm. The mean length given on a 4-point rating-scale (strongly disagree, 1; moder-
was 183.5 mm. Since the position of the lines (left, center, or ately disagree, 2; moderately agree, 3, and strongly agree, 4).
right) had importantinfluences on the results of previous stud-
ies Hausmann, Ergun et al., 2002ausmann, Waldie et al.,
2003 Heilman et al., 1984; Luh, 199%or review, Jewell & 3. Results
McCourt, 2000, line position was included in the experimen-
tal design and were pseudorandomly positioned so that sever8.1. Hormone assays
lines appeared in the middle of the sheet, five lines appeared
near the left and five lines near the right margin. The lateral-  Twenty normally cycling women completed two test ses-
ized lines were 13 mm away from the margin. The line lengths sions. Four women were excluded because they completed
for seven centred lines were 1onil2cm, 2cmx 18 cm, only one session and one woman was excluded because her
2cmx 22cm, and 2cnx 24 cm (mean=20cm) and 10, 14, progesterone levels were close to the detection limit in both
16, 20, and 26 cm (mean=17.2cm) for five left- and five sessions, which suggests an absence of ovulation in this par-
right-lateralized lines, respectively. The sheet was laid in ticipant. The mean level of serum progesterone in the remain-
front of the participant’s midline. Participants were instructed ing 19 women was 1.0 (S.E.M.=0.1)nmol/L in the men-
to bisect all lines into two parts of equal length by marking the strual phase and 32.0 (S.E.M. =3.7) nmol/L in the midluteal
subjective midpoint of each line with a fine pencil. All par- phase. The mean level of serum estradiol of 19 women was
ticipants completed the task with one hand and then repeatedl82.0 (S.E.M. =9.4) pmol/L in the menstrual phase and 564.4
it with the other in a balanced order under each condition. (S.E.M.=43.1) pmol/L in the midluteal phase. A paired
Scan direction (left-to-right, right-to-left) was also included, test revealed a significant cycle-phase difference in mean
because it has been proposed that inadvertent phasic LH oserum progesterong18) =8.34p<0.001, and estradiol lev-
RH activation might result from uncontrolled visual scanning els,t(18)=8.73p<0.001.
(McCourt et al., 199) To control the effect of scan direc-
tion, all participants performed the task twice. They were 3.2. Cycle-related effects (within-subjects)
instructed to scan each line from left-to-right or right-to-left
by placing the pencil at the end of each line, moving the pen-  The percentage deviation scores in line-bisection of nor-
cil along the line until the subjective center of the line was mally cycling women were subjected to ax2 x 2x 3
reached, and then to set the mark. The order of the two scan-analysis of variance (ANOVA) with repeated-measures,
direction conditions was counterbalanced. The experimenterwith scan direction (right-to-left, left-to-right), cycle phase
covered each line after it was marked to ensure that the par-(menses, luteal phase), hand-use (left hand, right hand),
ticipants were not biased by their previous choices. There and line position (left, centre, right) as within-subject fac-
was no time restriction. The deviations to the left or to the tors. Greenhouse—Geisser procedure was used with epsilon-
right of each marked line were carefully measured to 0.5 mm corrected degrees of freedom if data showed significant de-
accuracy. The percent deviation score for each line was com-viations from sphericity. As indicated by the intercept ef-
puted as: ((measured left halftrue half)/true half)x 100. fect, an overall leftward bias—1.09+ 0.40) was signifi-
This procedure is comparable to that used in other studiescant only when center lines were taken into acco#it,
(Scarisbrick etal., 198 Bhuren, Wertman, & Heilman, 1994  18)=7.30p=0.015. None of the main effects of cycle phase,
and takes individual line length into account. Then, the mean scan direction, hand-use or line position was significant, all
score for all lines were computed separately for each handF < 3.26, n.s. The interaction between cycle phase and hand-
used under each condition. Negative values indicate a leftuse Fig. 1) was significantf(1, 18) =4.73p=0.04. Schef
bias, positive values a right bias. post hoc tests revealed only a significant hand-use differ-
To control potential systematic variations in mood, which ence inleft bias during menses (right hard.07+ 0.39, left
might influence performance levels for cognitive tasks, hand:—1.014 0.50;p=0.01), not during the midluteal phase
the State-Trait-Cheerfulness-Inventory (STCI-SHjch, (righthand:—0.25+ 0.48, left hand:-0.45+ 0.44;p=0.88).
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3.4. Sex differences (between-subjects)
M Right hand S Comparing the line-bisection data of men with those of
O Left hand women during menses, neither the main effect of sex nor
any interaction with sex was significarf,<2.23, n.s. In
Waliet (EnEte) contrast, when comparing the data of men with those of
women during the midluteal phase, the interaction between
sex and hand-usd-ig. 1) was significantF(1, 31)=6.41,
p=0.017. Post hottests indicate a stronger difference be-
tween hands in males (left hand1.44+ 0.60, right hand:
3 2 4 0 1 2 0.75+ 0.60,t(13) =2.94p=0.01) than in females (left hand:
Deviation from veridical center [%] —0.45+0.52, right hand—0.254+0.52,1(18) =0.50, n.s.).
Moreover, the three-way interaction between hand-use, line

Men

Fig. 1. Mean deviations from the true center (%) in visual line-bisection 1,sition and sex was significank(1.69, 52.39)=4.64,
according to hand-use, sex, and cycle phase (menses vs. midluteal phase).

Negative values indicate a bias towards the left and positive values indicate =0.018. In the ”ght'to_'left scannl_ng condition, th_e males
a bias towards the right of the objective middle. showed the strongest bias (to the right) when the lines were

onthe left, and in the left-to-right scan condition they showed
Schefe test yielded neither cycle-related differences for the the strongest bias (to the left) when the lines were positioned
left-hand biasp=0.19, nor for the right-hand biag=0.90. ontheright. In contrast, females showed the strongest bias (to
Moreover, the interaction between scan direction and line the left) when the lines were positioned in the center, and this
position was significant-(1.97, 35.48) =14.99p=0.001. was independent of scanning direction. Neither the main ef-
When the lines were scanned from right to left, participants fect of sex nor any other interaction with sex was significant,
showed a left bias particularly when the lines were located F<2.05, n.s.
in the center £1.714+ 0.54) or to the right £0.39+ 0.51),
and they showed a slight right bias when the lines were lo- 3.5. Sex hormones/behavior relationships
catedtotheleft (0.3% 0.55). In contrast, when the lines were
scanned from left-to-right, participants showed a left bias es-  In view of significant interaction between cycle phase and
pecially when lines were located to the left§.68+ 0.64) or hand-use, it was expected sex hormone levels to be signif-
in the center £0.384+0.43), and they showed a slight right icantly related to the hand-use difference. Due to the fact
bias when lines were located to the right (0418.46). No that estradiol and progesterone levels show only small indi-
other interaction was significant, &k 2.62, n.s. When anal-  vidual variations during menses, the relationships between
ysed the data by testing session, instead of cycle phase, neisex hormone levels and behavioral data were restricted to the

ther the main effect of testing sessid#(1, 18)=0.08, n.s.,  midluteal phase. Three normally cycling women who par-
nor the hand-use by testing session interaction approachedicipated only in one session, during the midluteal phase,
significanceF(1, 18)=0.09, n.s. were included in the analyses, raising the sample back to
22. Multiple regression with hand-use differences as depen-
3.3. Male controls dent variable and midluteal estradiol and progesterone levels

as predictors revealed a significant effdef2, 21)=3.95,

Data from the male participants were analysed by p=0.037. However, only estradiol contributed significantly
2 x 2 x 3 analysis of variance with repeated-measures, with to the regression equatio,=0.67,p=0.012. The contri-
scan direction (right-to-left, left-to-right), hand-use and line bution of progesterone, although in the expected direction,
position (left, center, right) as within-subject factors. The did not reach significanceg =—0.30, n.s. Multiple regres-
analysis revealed hand-use as the only significant main ef-sion for the right-hand bias revealed a significant mde@,
fect, F(1, 13)=8.63p=0.012, indicating a strong left bias 21)=3.56,p=0.049. However, the regression weights for
with the left hand {1.4440.71) and a right bias when the both estradiol3=—0.47,p=0.07, and progesterone levels,
right hand is used to bisect the lines (04#9.65). More- B=-0.09, n.s., failed to reach significance. No significant ef-
over, the interaction between scan direction and line posi- fect was found with the left-hand bias as dependent variable,
tion was significantf(1.92, 18.24) =4.20p=0.026. When F(2,21)=1.54,n.s.
the lines were scanned from right-to-left, men showed a
left bias for the lines in the center-(.82+0.99) and on 3.6. Effects of mood
the right (-1.33+0.84) and right bias for lines on the left
(0.6240.91), whereas in the left-to-right scan condition they Paired t-tests revealed no significant differences be-
showed a right bias for the lines on the left (05B.49) and tween menses and midluteal phase in cheerfulness,
in the center (0.42 0.58), and a left bias only for the lines  t(18)=—0.42, n.s.; seriousnesg§18)=1.43, n.s.; and bad
oriented to the right-£0.494 0.78). No other effects were  mood, t(18) =—0.28, n.s. Moreover, stepwise multiple re-
significant, £<3.21, n.s.). gressions revealed the line-bisection bias of either hand or
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the hand-use difference not to be significantly predicted by effects of testing session (only two sessions were used). Fi-

mood data. nally, McCourt et al. (1997}id not assess directly serum or
saliva concentrations of sex hormones, which is the most ac-
curate method of defining menstrual cycle phdsgtihg &

4. Discussion Overman, 1998 Thus, a limited cycle-phase validation and
no analyses of hormone/behavior relationships were per-

Overall, the left bias that is typically observed in neu- formed.

rologically normal individuals was also found in this study, Previous studies investigating the hormone/behavior re-

although significant only when center lines were taken into lationships directly suggest that it is mainly progesterone

account. The difference in the bias between the right and that modulates the interhemispheric interactidagsmann,

the left hand was especially pronounced in women during Becker et al., 2002Hausmann & @ntirkiin, 2000 but see

menses and in men. This hand-use difference was signifi-alsoCompton et al., 2004 Specifically, it has been hypothe-

cantly reduced in women during the midluteal phase. Basedsized that high levels of progesterone reduce cortico-cortical

on correlations, the hand-use difference was reduced wherntransmission, and thus lead to a cycle phase-related reduc-

levels of estradiol were high. Although the right-hand bias tion in FCAs (for detailsHausmann & @ntiirkiin, 2000.

is related to high levels of estradiol and progesterone during This is partly supported by a fMRI study¥é€rnandez et al.,

the midluteal phase, neither of these sex hormones alone con2003, which found cycle-dependent changes in FCAs of a

tributes significantly to the right-hand bias. Mood did not af- verbal task as a corollary of a symmetric increase of neu-

fectthe results of this study. The results are in agreement withronal recruitment during the midluteal phase. More specifi-

a decrease in FCAs during the high-steroid midluteal phasecally, bilateral superior temporal recruitment correlated pos-

(Hausmann, Becker et al., 200Bausmann & @ntirkun, itively with progesterone and medial superior frontal recruit-
200Q Heister et al., 1989; Rode et al., 198t also see, e.g. ment with both progesterone and estradiol levels. In con-
Bibawi et al., 1995; McCourt et al., 1997 trast toFernandez et al. (2003)nd our previous behavioral

Using a similar visuomotor task, a blind pointing task, experimentsiflausmann, Becker et al., 2002ausmann &
McCourt etal. (1997ound opposite results to those reported Guntirkiin, 2000, progesterone had only marginal effects in
here. Participants were instructed to raise a laser pointer,the present study.
touching the sternum with the end of the pointer, and then  There are behavioral studies which indicate that high estra-
extending the arm and hand so as to point toward a verticaldiol levels increase FCAs (e.@ltemus, Wexler, & Boulis,
line at a distance of 1 m, which coincided with the partici- 1989 Hampson, 1990b Others have shown that high lev-
pants’ midsagittal plane. When subjects agreed that the point-els of estradiol affect both hemispheres to a similar degree,
ing direction was towards the midsagittal line, they activated and thus do not change the task-specific LH or RH superior-
the laser pointer. McCourt et al. found the strongest leftward ity (Hausmann, Becker et al., 200X on-specific estradiol-
pointing error during the luteal phase, which differed from all related changes in neuronal activity of the LH and RH are
other phases (menses, follicular, premenstrual) and from malesupported by functionalimaging datalietrich etal. (2001,)
controls. Moreover, no main effect or interaction with hand- who found an estradiol-related increase in overall activation
use was found. The authors concluded that the luteal phaseof both hemispheres. Only one study showed a strong re-
may have non-specifically activated both hemispheres, andlationship between high estradiol levels and reduced FCAs.
a slight functional asymmetry favoring the RH might have Mead and Hampson (199%und a rightward turning pref-
been promoted. Several task- and participant-related differ-erence that fluctuates across the menstrual cycle. At least
ences may have promoted the divergent results of McCourtamong right-turning females, the rightward turning biases
et al’s and the present study. For instance, McCourt et al. were significantly weaker during the midluteal phase. Thisre-
included left-handed participants. Up to now, no study ex- duction in motor asymmetry was significantly related to high
ists that has investigated cycle-related effects on FCAs in estradiol levels, not to progesterone. Based on animal studies
sinistrals. Although the left bias in visual line-bisection of (e.g.Becker, Robinson, & Lorenz, 198Robinson, Camp,
sinistrals seems to be only slightly reduced compared to dex-Jacknow, & Becker, 1982Mead and Hampson (199&pn-
trals Jewell & McCourt, 200), confounding effects based cluded that higher estradiol levels are associated with a re-
on the subject sample cannot be ruled out. Moreover, partic-duction of striatal dopamine activity. This effect might result
ipants bisected large-scale space in the extrapersonal, not ifrom an asymmetrical influence of estradiol on the left- and
the peripersonal space, which is again related to a smaller leftright-striatal systems or a symmetrical modulation, thereby
bias McCourt & Garlinghouse, 20Q0Additionally, partici- decreasing the relative disparity between both sides.
pants of McCourt et al.’s study had several practice trialsand  The estradiol-related reduction of the hand-use difference
received visual feedback about their accuracy after each trial.presented here might be based on similar mechanisms in-
This might be related to the large influence of testing sessionvolving the motor system. It has been hypothesized (e.g.
(four sessions were used), which often results in carry-over Kinsbourne, 1970Halligan & Marshall, 1989that the uti-
effects Hausmann & @ntirkin, 2000 Mead & Hampson, lization of the left and right hands in line-bisection might aug-
1996. The results of the present study did not show any ment the activation of the contralateral hemisphere, and thus
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bias the orientation toward the ipsilateral hemispace. Accord- Himmelbach, 2001l These cortical areas are primarily con-
ing to this activation-orientation hypothesis of attentional nected with homotopic areas of the contralateral hemisphere
asymmetry Halligan & Marshall, 1989Kinsbourne, 1970;  viathe posterior corpus callosumitelson, 1995%. Note that
McCourt et al.,, 2001 Reuter-Lorenz & Posner, 1990it the isthmus and splenium are known to affect the hand-use
might be argued that the estradiol-related reduction of hand-difference in line-bisection tasksHausmann, Corballis et
use difference results from a reduced activation of the left- al., 2003.
and right-motor systems, thereby decreasing the relative dis- However, interhemispheric interaction is a multifaceted
parity between both hemispheres, as supposeéddnd and process. It includes the transfer of more or less specific ac-
Hampson (1997 However, asymmetrical effects of estradiol tivation from one hemisphere to the other, the integration
on the left- and right-motor systems are unlikely, because of parallel processes, and interhemispheric inhibition, which
estradiol levels were not significantly related to the left- and has been suggested to result in a manifestation of FCAs (e.g.
right-hand bias. Further, the left- and right-hand bias did not Chiarello & Maxfield, 1996 Cook, 1984. In previous vi-
change significantly across the menstrual cycle. sual half-field studies we have suggested that it might be

The reduced hand-use effect during the midluteal cycle interhemispheric inhibition, in particular, that is hormon-
phase might result from (a) a hormonal suppression of the ally modulated Hausmann, Becker et al., 2002ausmann
RH superiority in spatial attention, (b) a hormonal activa- & Guntirkiin, 2000Q. However, interhemispheric processes
tion of the less specialized LH, or (c) a hormonal modula- which mainly involve transcallosal integration of specific
tion of interhemispheric interaction between the visuospatial stimuli, i.e. letter matching across visual fields, seem notto be
attention-dominant RH and motor areas of the LH. under hormonal controlQompton et al., 2004 These find-

The results of the present study make it unlikely that sex ings, together with the results of the present study, suggest
hormones have specifically suppressed the RH because théhat sex hormones mainly affect interhemispheric transfer of
left-hand bias did not fluctuate across cycle phases, nor wadess specific activation, whereas an interhemispheric transfer
it clearly related to hormone levels. Rather it was virtually of specific information is not affected hormonally.
identical to that of men. It seems also rather unlikely thatthe  In summary, the hand-use difference in visual line-
LH was specifically activated by sex hormones. An activation bisection fluctuates across the menstrual cycle and is reduced
of the LH predicts cycle-related differences in the right-hand during the midluteal cycle phase. This reduction of hemi-
bias, but the right-hand bias did not differ significantly spheric asymmetry in spatial attention is mainly related to
between menses and the midluteal phase. Rather it was thdiigh levels of estradiol. Although there is some evidence
difference between hands that was reduced in the midlutealthat sex hormones predict LH performance, activating effects
phase, and which was strongly predicted by hormone levels.of estradiol on one hemisphere seem to be rather unlikely.
Estradiol levels were in this case a significant predictor. These The results might be due to an estradiol-related reduction in
results suggest that the interaction between the left and thethe activation of the left- and right-motor systems, thereby
right hemisphere assessed by this task fluctuates during thelecreasing the relative disparity between both hemispheres,
menstrual cycle. However, it should be noted that the right- or more likely to a cycle-related modulations of interhemi-
hand bias was predicted by the combination of estradiol and spheric transfer of neuronal activation. If the latter is true,
progesterone (neither hormone was in fact a significant pre-the hypothesis of progesterone-modulated interhemispheric
dictor). Thus, it can not fully ruled out that sex hormones have decoupling Hausmann & @ntiirkiin, 2000 needs to be ex-
selectively activated the LH, as suggested by, Bipawi et tended in order to incorporate estradiol-related effects on spe-
al. (1995) thereby reducing the hand-use difference. cific aspects of interhemispheric interaction.

Previous studiesHailla et al., 2003 Hausmann, Ergun
et al., 2002 Hausmann, Corballis et al., 200Bausmann,
Waldie et al., 2008 which used the same or a similar
line-bisection task, have suggested that the hand-use ef_Acknowledgements
fect reflects an interhemispheric interaction between the
visuospatial attention-dominant RH and motor areas of the comments and all participants for their cooperation. This
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right hand is used (interhemispheric pathway), compared to a
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