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histories of regular and spontaneous ovulation. They were the first women who
met our subject criteria among those responding to our request for volunteers
and none dropped out once the experiment had begun. We collected
compounds from the axillae of 9 donor women in hormonally distinct
phases of the menstrual cycle and applied them daily just under the noses of 20
recipients. All participants were unaware of the experiment’s hypothesis and
the source of the compounds. The study was presented as focused primarily on
the development of non-invasive methods for detecting ovulation, and
secondarily on sensitivity to the odour of small amounts of ‘natural essences’
(consent was obtained for a list of 30 compounds).
Axillary compounds. As in other species, human pheromones might be
produced by apocrine glands (active only during reproductive maturity),
eccrine glands (which produce sweat that contains compounds found also in
saliva and urine), exfoliated epithelial cells or bacterial action22–24. We collected
compounds from axillae because they contain all four of these potential sources
and because the two previous, albeit highly criticized, attempts to study this
issue used axillary compounds3,4,25–28. The 9 donors bathed without perfumed
products every day and then wore 4 3 4 cotton pads in their axillae for at least
eight hours. Each pad was cut into four sections for distribution to different
recipients, treated with 4 drops of 70% isopropyl alcohol25 and then frozen
immediately at −80 8C in a glass vial.
Menstrual cycle assessment. Donors provided urine samples every evening,
which we assayed for LH to detect the onset of the LH surge that triggers
ovulation29. This singular hormonal event unambiguously demarcates the
follicular from the ovulatory phases of the cycle. The LH surge was used
together with data on vaginal secretions, menses, basal body temperature, and a
rise in progesterone glucuronide in the postovulatory luteal phase, to classify each
pad as containing compounds produced during the follicular phase (2 to 4 days
before the onset of the LH surge) or the ovulatory phase (the day of the LH surge
onset and the 2 subsequent days). To ensure a similar stimulus for all recipients
regardless of individual differences among donors, all 9 donors contributed
equally to the follicular and ovulatory compounds received by each subject.

As it is not yet known when during the menstrual cycle women are
physiologically most sensitive to putative pheromones, applying compounds
every day ensured covering a potentially sensitive period. However, our computer
simulation experiments indicated that in rats this pheromonal-sensitive period
occurs mid-cycle, around the time of ovulation8 (a period when women are
particularly sensitive to some olfactory stimuli30). Any condition preventing
exposure to the compounds, such as nasal congestion anytime during the mid-
cycle period from three days before to two days after the preovulatory LH,
could weaken the effect. We analysed the data taking this into account.
Experimental design. All recipients were studied for one baseline cycle
without exposure to axillary compounds. Then, in a crossover experimental
design during the next four consecutive cycles, axillary compounds were
applied daily by wiping a thawed pad above the recipients upper lip. Half of the
recipients (n ¼ 10) received follicular compounds daily for two menstrual
cycles and were then switched to exposure to ovulatory compounds for the next
two cycles. The other 10 recipients received the same compounds in the reverse
order. After applying the compounds, recipients were free to go about their
normal activities but were asked not to wash their faces for the next six hours.
All but two subjects, who missed only the last cycle of their second treatment,
completed all five cycles of the experiment.

A between-subjects control group was provided by women (the donors) who
collected all ovarian-cycle measures, but received only the carrier above their
upper lip each day: 70% isopropyl alcohol. In addition, because the two-day
change in menstrual cycle length (expected from the initial study2) is substan-
tially less than individual variation in cycle length typical for this age group10,
we created within-subjects controls by measuring the effect on the menstrual
cycle in terms of a change in length from each individual subject’s cycle
preceding each condition. (For experimental subjects this was the cycle that
preceded exposure to each type of compound; for control subjects this was the
cycle that preceded exposure to the carrier, 70% alcohol).
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The exact role of the parietal lobe in spatial cognition is con-
troversial. One influential hypothesis proposes that it subserves
spatial perception1, whereas other accounts suggest that its pri-
mary role is to direct spatial movement2,3. For humans, it has been
suggested that these functions may be divided between inferior
and superior parietal lobes, respectively2,4. In apparent support of
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a purely perceptual function for the inferior parietal lobe (IPL),
patients with lesions to this structure, particularly in the right
hemisphere, exhibit unilateral spatial neglect (deficient awareness
for the side of space opposite to that of their lesion)5. Here we
show that patients with right IPL lesions also have a specific
difficulty in initiating leftward movements towards visual targets
on the left side of space. This motor impairment was not found in
neglect patients with frontal lesions, contrary to previous proposals
that motor aspects of neglect are particularly associated with
anterior damage6–9. Our results suggest that the human IPL
operates as a sensorimotor interface, rather than subserving
only perceptual functions.

Unilateral neglect patients often fail to acknowledge stimuli
located contralateral to their lesion, or are slow to respond to
them, despite relatively preserved afferent inputs on the affected
side5. Although neglect clearly has a perceptual component10–13, it
may also involve a directional bias in motor control, which
disadvantages movements toward contralesional stimuli6–9,14. Pre-
vious evidence for motor deficits in neglect has come mainly from
patients with large lesions involving the frontal lobe7–9, rather than
damage restricted to just the IPL, and from tasks which sought to
isolate motor components of neglect by having patients make
unnatural movements away from visual targets7,8. One problem
with such tasks is that patients with frontal lobe lesions may
perform abnormally because of their general difficulties with
highly incompatible responses15,16.

Our study introduces a new method which allows separation of

sensory and motor components of neglect, without ever requiring
movements away from targets. Rather than applying this test to
patients with large lesions extending across both the parietal and
frontal lobes, we studied two separate groups with focal lesions. The
lesions of the posterior group were centred on the right IPL,
allowing a critical test of whether this structure is purely perceptual.
The anterior group had focal lesions centred on the right inferior
frontal lobe (IFL). Damage here can also produce neglect17,18, but no
study has contrasted IFL with IPL lesion patients to test whether
motor aspects of neglect depend on anterior damage.

In our reaching task, sensory information about target location
remained constant while the direction of movement required to
reach towards the target was manipulated. Visual fixation was
maintained at a central position while the start position of the
responding hand was varied. Visual targets could appear on the left
or right of fixation. Patients made fast reaches with their right hand
towards whichever light turned green. In separate blocks of trials the
right hand started: midway between the potential targets (at the
body midline); to the extreme left of both targets; or to the extreme
right (Fig. 1a–c).

In left neglect patients, reaction times to a left target should be
slower than those to a right target when the hand starts centrally
(Fig. 1a). This left delay could be due to impaired perceptual
attention for left targets, or to a problem in initiating leftward
movements, or to some combination of these deficits. The critical
situation for evaluating any directional motor impairment arose
when the hand started from an extreme left position (Fig. 1b). In
this case, a rightward movement was now required to reach towards
a target on the left of fixation. If delayed reactions to left targets from
a central start were caused by a problem in initiating leftward
movements, then this delay should be reduced when only rightward
movements were required, from the left start. We also examined
reaches with an extreme right start, from which all movements were
leftward (Fig. 1c).

Six patients with left neglect after right-hemisphere stroke were
tested, at a mean of 49 days post stroke. Lesion reconstructions19 are
shown in Fig. 2. The region of cortical lesion overlap for the three
patients with posterior strokes was in the IPL (Fig. 2c); none of their

Right target lightLeft target light

Fixation lighta

b

c

Central start

Left start

Right start

Left response key Right response key

Figure 1 Reaction times to left or right visual targets were measured in a reaching

task (experiment 1) andano-reach task (experiment 2) using the sameapparatus.

In both conditions, the hand was positioned, in separate blocksof trials, either at a

central (a), extreme left (b), or extreme right (c) start position. In the reaching task,

subjects had to move their hand from the start position to press the key

immediately beneath the green target. In the no-reach task, their response was to

depress the start key on detecting a green target, and so no spatial reach was

required.

Figure 2 Extent of right-hemisphere lesions in neglect patients. a, Posterior or

b, anterior strokes, plotted from CTscans on to axial templates19. Lateral views of

the brain, demonstrating the common cortical (solid) and subcortical (hatched)

lesion, are shown in (c) and in (d) for patients with posterior or anterior lesions,

respectively. The common cortical area in the posterior group occupies a small

region of the right inferior parietal lobe (IPL); for the anterior group, it occupies a

small region of the right inferior frontal lobe (IFL). Note that for patients with

anterior lesions, the common subcortical zone lies immediately beneath the

common cortical zone.
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lesions involved the superior parietal cortex. The region of cortical
lesion overlap for the three anterior patients was in the IFL (Fig. 2d).
All six subjects showed left neglect on standard clinical tests. On the
Mesulam shape-cancellation task20 the IPL patients found a mean of
only 33/60 targets, all on the right of the sheet. The IFL patients
found a mean of 34/60 targets (all on the right), showing compar-
able severity of clinical neglect. No patient had optic ataxia or
apraxia.

Mean reaction times to initiate a reach for left versus right targets
from each start position are shown in Fig. 3, separately for IPL and
IFL groups. IPL patients showed substantially slower reaction times
for left targets than right targets when the hand started centrally,
indicating left neglect. In the critical condition where the hand
started from the extreme left (so that left targets now required a
rightward movement), the disadvantage for left targets was
dramatically reduced. This pattern was found for all three IPL
patients, and suggests that a substantial component of their diffi-
culty with left targets from a central start was due to a motor deficit
in initiating leftward reaches, rather than solely to a perceptual
deficit in detecting left targets.

When the hand started from the extreme right, reaction times for
IPL patients were as for a central start; reaches were still initiated
more slowly for left than right targets, even though both required
leftward movements. The motor impairment in the IPL patients is
therefore not simply a difficulty in initiating any leftward move-
ment; rather it is a specific difficulty in initiating leftward move-
ments to targets located in the left visual field. Thus, both sensory
and motor factors determine the IPL patients’ performance.

For the IFL group, hand start position had no significant effects
on reaction time. All three IFL patients reacted more slowly to left
than right targets (revealing neglect), but did so regardless of the
direction of movement required. Because the IFL group did not
show the motor initiation deficit identified in the IPL patients, they
serve as a control group to show that the IPL pattern is lesion-
specific. We have also confirmed that a further control group of
normal elderly people do not show the IPL pattern.

The IPL pattern could perhaps be attributed to the sensory
attention of those patients being ‘cued’ towards their neglected
left side, by proprioceptive and/or visual inputs from the respond-
ing hand when it rested on the left start key. Experiment 2 tested this

alternative to our motor account, using a ‘no-reach’ control task. We
varied hand position as before, but now the patients were only
required to press the start key as soon as they detected a green target
on either side. Thus, they responded where their hand was already
located, rather than reaching towards the target. Central fixation
was again required, so the visual events were as in experiment 1.
Likewise, the afferent inputs from the right hand were also exactly as
before for the three different start positions. If the previous IPL
pattern was due to these afferent inputs, the new task should
replicate it. If instead the critical factor was the direction of reaching
required for left targets, the results should change, because direc-
tional reaches were no longer required.

Mean results from the control no-reach task are shown in Fig. 4.
Unlike the reaching task (compare left graphs in Fig. 4 versus Fig. 3),
changing the start position of the hand now had no effect on the IPL
group. Responses were still slower overall for left targets, revealing a
perceptual component to these patients’ neglect (delayed detection
of left visual events); but critically, there was no longer an improve-
ment for left targets when the hand was located on the left. This
excludes any explanation for experiment 1 in terms of ‘cueing’ by
afferent inputs from the right hand when at a left start. The effect of
start position in experiment 1 for IPL patients must therefore have
been due to the motor deficit we propose, impairing the initiation of
leftward reaches to left targets.

The IFL group showed no effect of start position in either
experiment. The absence of a motor initiation deficit for leftward
reaches in these anterior patients (experiment 1) seems contrary to
previous suggestions of a specific association between anterior
lesions and motor components of neglect6–9. However, previous
studies did not test patients with focal frontal lesions as here, but
rather with larger lesions involving both parietal and frontal lobes.

The specific motor initiation deficit found in the IPL patients has
parallels with recent electrophysiological findings from monkey
posterior parietal cortex. Cells there were previously thought to
have primarily sensory or attentional roles21,22, but a recent study
observed neuronal discharges tuned not only for a sensory location,
but also for the movement (a saccade or reach) being planned
towards it3. Human parietal cortex may contain neurons with
similar response properties, computing discrepancies between cur-
rent hand position and target location23–25. An impairment to such

Figure 3 Mean reaction time (RT) to initiate movements towards left versus right

targets, from three different start positions in the reaching task of experiment 1.

a, IPL patients; b, IFL patients. With a central start, RT to left targets was slower

than for right targets, consistent with left neglect (P , 0:05 for five patients;

P , 0:06 for one frontal patient). For the IPL group, slower RT for left than right

targets was found from the central and right start positions (Fð1Þ ¼ 27:72, P , 0:01

and Fð1Þ ¼ 40:36, P , 0:01, respectively), but critically not from the left start

position (Fð1Þ ¼ 1:92, NS). In contrast, for the IFL group there was no effect of

start position on RT to left versus right targets (Fð2; 4Þ ¼ 2:91, NS). Direct compar-

ison of the two groups confirmed that the RT difference between left and right

targets depended on start position for IPL patients but not IFL patients

(Fð2; 4Þ ¼ 8:18, P , 0:5).

Figure 4 Mean RT to detect left versus right targets, for the three different hand

positions in the no-reach taskof experiment 2.a, IPLpatients; RTwas significantly

longer for left than right targets, but this was unaffected by hand position

(Fð2; 4Þ ¼ 2:78, NS). Unlike the reaching task of experiment 1 (compare with Fig.

3a), there was no improvement in RT to the left target when the hand was placed

on the extreme left. b, IFL patients: RT to left versus right targets was again

unaffected by hand start position (Fð2; 4Þ ¼ 4:58, NS).
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parietal computations after right IPL damage might be responsible
for the observed delay in initiating leftward movements to targets in
the left hemispace. The parietal lobe is increasingly regarded as the
final stage of a ‘dorsal stream’ of visual pathways (as distinct from a
‘ventral’ stream to the temporal lobe)1. Milner and Goodale2,4

proposed that the dorsal stream directs spatial movements, con-
sistent with the misreaching seen in patients with superior parietal
lesions26. But before this study, there was no evidence for motoric
impairments after inferior parietal damage. Indeed, Milner and
Goodale considered human IPL primarily as part of the ventral
stream concerned with perceptual awareness, although they sug-
gested it may ‘co-opt’ dorsal processes2. Our results show for the first
time that patients with right IPL lesions have an ‘intentional’
impairment in initiating leftward movements towards targets in
the left hemispace, in addition to their perceptual difficulties. We
therefore conclude that the human IPL acts as a sensorimotor
interface, rather than having exclusively perceptual or motor
functions. M
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods

The apparatus comprised six white plastic boxes (each 10 cm square, 4.5 cm
high) mounted on a board (Fig. 1). One box was placed centrally, further away
from the patient than the remaining five, with a yellow light-emitting diode
(LED) in it serving as the fixation point. Three boxes each had a microswitch
connected to a response key (diameter 32 mm). Two of these boxes also
contained bi-colour (green/red) LEDs which served as target (green) or
distractor (red) stimuli (roughly 88 eccentricity from fixation). The response
key in the third box served as the start key. This start box could be moved to
occupy the central, extreme left or extreme right position (Fig. 1a–c). The
remaining two boxes filled spaces unoccupied by boxes with response keys. A
computer controlled the LEDs and recorded key-presses.

The patients sat with body midline aligned with the central fixation point.
Eye position was monitored by an investigator, and trials with saccades before
limb movement were discarded. The patients responded with the index finger
of their right hand. They received at least 15 practice trials on both the reaching
and no-reach tasks, being randomly assigned to start on either task. Each block
of 50 experimental trials comprised a random sequence of 20 target-only trials
with just a green LED illuminated (10 left; 10 right); 20 target-plus-distractor
trials, with green target on one side and concurrent red distractor on the other
side (10 left targets; 10 right); and 10 distractor-only (‘catch’) trials, with only a
red distractor (5 left catch; 5 right). Response had to be withheld on catch trials.
Data presented are pooled over target-only and target-plus-distractor trials, as
preliminary analyses found no difference. Start position was blocked, in a
randomized order across subjects.

In the reaching task of experiment 1, trials began with the onset of the yellow
central fixation LED, as a signal to depress the start key. A variable 500–
1,000 ms after this key was depressed, the fixation LED extinguished, and a
target (green LED), a distractor (red LED), or a target on one side plus a
distractor on the opposite side, were illuminated. Patients reached as quickly as
possible to press the key immediately beneath the green LED. They were asked
to ignore any red LED, and to withhold movements on catch trials. Reaction
time to initiate the movement was recorded. On each trial, target and distractor
LEDs remained illuminated until a key was pressed, or for a maximum of
4,000 ms. The ‘no-reach’ task used the same apparatus, but patients were
instructed to depress and then gently release the start key when the fixation LED
came on. When they saw a target (green LED) they had to depress the start key
(on which their finger was still resting) as fast as possible. Reaching and no-
reach tasks were intermingled within each session to allow a meaningful
comparison.
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In lymphocytes, the expression of early immune response genes is
regulated by NF-AT transcription factors1,2 which translocate to
the nucleus after dephosphorylation by the Ca2+-dependent
phosphatase, calcineurin3. We report here that mice bearing a
disruption in the NF-ATc gene fail to develop normal cardiac
valves and septa and die of circulatory failure before day 14.5 of


