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Central effects of the angiotensin-converting enzyme inhibitor,
captopril
II. Electroencephalogram and body sway

A. N. NICHOLSON', N. A. WRIGHT', M. B. ZETLEIN', D. CURRIE' & D. G. McDEVIFT2
'Royal Air Force Institute of Aviation Medicine, Farnborough, Hampshire GU14 6SZ and 2Department of
Pharmacology and Clinical Pharmacology, Ninewells Hospital and Medical School, Dundee DD1 9SY

1 Effects of single doses of captopril (12.5, 25 and 50 mg) on the electroencephalogram
(EEG) and on body sway were studied in fourteen healthy male subjects. Oxazepam
(15 mg), as an active control, and two placebos were included in the study, together with a
single dose of atenolol (100 mg). Medication was administered double-blind at 11.00 h,
and assessments made before and at 2 and 4 h after drug ingestion.
2 There were no changes in the EEG with captopril. Oxazepam reduced the circadian
rise in alpha activity, while atenolol decreased beta power. Delta activity was modified by
both oxazepam and atenolol.
3 A reduction in lower frequencies of body sway (0.05-1 Hz) occurred with captopril,
while the spectra were unaffected by oxazepam. Atenolol increased (P < 0.05) activity in
the frequency range 0.75-2.75 Hz.
4 These observations suggest that captopril is free of central effects such as sedation that
may occur with ,-adrenoceptor antagonists. Reduced body sway with captopril could
reflect improved integration of central and peripheral control of posture.
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Introduction

Previous studies with the electroencephalogram
(Nicholson et al., 1988) have shown that ,3-
adrenoceptor antagonists modify the electrical
activity of the central nervous system. The
changes are subjectively appreciated as sedation
and reduced alertness, which is a common side
effect of many antihypertensive drugs (Croog et
al., 1986). However, the angiotensin-converting
enzyme inhibitor, captopril, has been reported
to enhance work-related performance relative
to other hypotensive medication (Croog et al.,
1986). Nevertheless, the potential effect of this
drug on the central nervous function in man per
se has received little attention, and the present
study extends our assessment of the central effects

of antihypertensive drugs to an ACE inhibitor
by examining its potential effects on body sway
and on the electrical activity of the brain.

Methods

Experimental design

Details of the design and methodology relating
to performance tests and subjective assessments
are described in Part I of the study (Currie et al.,
1990). The study was designed to assess possible
central effects of captopril, and as a dose-response
study. A single dose of atenolol was included to
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corroborate our previous findings (Nicholson et
al., 1988). The drugs were ingested orally at
11.00 h, and recordings of the EEG and body
sway were made before drug ingestion (10.00 h)
and at 2 (13.00 h) and 4 (15.00 h) h thereafter.

Electroencephalograms

Resting activity was recorded from P3-01, P4-02
and C3-T3 (10-20 international system), using
silver-silver chloride electrodes with inter-
electrode resistances less than 10 kQ. The EEG
was recorded for 2 min with eyes open while the
subjects performed a mental arithmetic task,
and this was followed by a S min recording with
the eyes closed, during which time the subjects
were instructed to relax. The signals were re-
corded on magnetic cassettes (TDK 60) using
ambulatory four-channel Medilog recorders
(Oxford Medilog Systems, Model 4-24).
The tapes were replayed at 20 times real-time

using a Medilog Page Mode Display (PMD-12)
controlled by a PDP11-34 computer. The an-
alogue data were low pass filtered before digiti-
sation at a sampling rate of 2560 Hz (equivalent
to 128 Hz real-time). Epochs containing artefacts
were identified and excluded from subsequent
analysis. From each recording with eyes open,
fifteen epochs of 4 s duration were analysed,
and power spectra (0.25 Hz resolution) for each
epoch were computed using a fast Fourier trans-
form. A mean power spectrum based on fifteen
epochs (1 min of data) was then calculated. Sixty
epochs of 4 s were analysed from each recording
with eyes closed, and four mean power spectra
(0.25 Hz resolution) relating to consecutive
intervals of 1 min calculated. From each mean
spectrum (one eyes open, four eyes closed), the
total power in six bands (delta: 0.5-3 Hz, theta:
3.5-7.0 Hz, alpha 1: 7.5-10 Hz, alpha 2: 10.5-13
Hz, beta 1: 13.5-21 Hz, beta 2: 21.5-30 Hz) were
computed.

Body sway

The subjects stood on a rigid platform which
rested on three pressure transducers (one at the
front, two at the back), providing measurement
of lateral and anterior body sway. Data were
recorded for 1 min with eyes open and then with
eyes closed. For each recording, a period of 32 s
was digitised off-line at a sampling rate of 32 Hz.
A mean power spectrum with resolution of 0.25
Hz over the frequency range 0.05 to 4 Hz was
computed using a fast Fourier transform. Spectra
from lateral and posterior channels were summed
to give a single mean spectrum for each condition.

Statistical analysis

The methods of analysis are given in Part I of the
study with the following differences. In the case
of EEG data with eyes closed, a fourth factor
(minutes) was included in the ANOVA model.
For all EEG data, a logarithmic transform was
applied to the power spectra, and drug effects
were then estimated by calculating the difference
between pre- and post-ingestion means to allow
for day-to-day differences between pre-ingestion
means. These differences were used to compare
drug responses with the placebo value at each
post-ingestion time.

In the case of body sway, principal components
analysis was applied to the spectra, resulting in
orthogonal vectors representing the data. Direct
comparisons of component weights were then
made between drug and placebo conditions at
post-ingestion times.

Results

Electroencephalograms

Detailed results of the effects of captopril and
atenolol are shown in Figure 1, with changes in
EEG activity presented on a logarithmic scale.
A summary of the findings is given below.

Recordings with eyes open The placebo demon-
strated an increase in activity from pre-ingestion
time to 2 and 4 h after ingestion. Oxazepam
reduced alpha 1 and alpha 2 power in channel
P3-01, increased beta 1 in P4-02 and reduced
delta, alpha 1, alpha 2 and beta 2 activity in C3-
T3. Atenolol reduced delta and theta power in
P3-01 and delta, beta 1 and beta 2 power in C3-
T3. No changes in the EEG were seen with
captopril.

Recordings with eyes closed Activity of the
EEG with placebo was increased at 2 and 4 h
after ingestion compared with pre-ingestion
levels. Oxazepam reduced alpha 1 and alpha 2,
and increased delta power in all channels. No
changes in activity of the EEG were evident with
either atenolol or captopril.

Body sway

The power spectra ofbody sway amplitudes with
eyes open and with eyes closed were analysed
separately, using principal components analysis.
The spectra with eyes open were represented by
three components, covering the frequency ranges
0.05-1 Hz, 0.75-2.75 Hz and 1.75-4 Hz respec-
tively, while with eyes closed, two components
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Figure 1 Effects of captopril and atenolol on the EEG at 2 and 4 h after ingestion. The EEG variables are
define as 8: 0.5-3 Hz; 0: 3.5-7 Hz; a,: 7.5-10 Hz; a2: 10.5-13 Hz; ,13: 13.5-21 Hz; 12: 21.5-30 Hz.
0 Indicates change at 2 and 4 h from pre-ingestion value with placebo. Indicates the effect of each

drug compared with placebo in the following manner: at 2 and 4 h after ingestion, the differences from pre-
ingestion means were calculated, and these differences then subtracted from the change in placebo means
from pre-ingestion to each post-ingestion time.

Differences are based on mean values for 14 subjects. Significance levels: *P < 0.05; **P < 0.01;
***P < 0.001. The error bars represent pooled estimates of standard error taken from the analysis of
variance.
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Figure 1 (cont.)

were identified, representing frequencies of
0.05-1.5 Hz and 1.25-4 Hz.
The results are shown in Tables 1 and 2.
Captopril reduced amplitude of lower fre-

quency activity (0.05-1 Hz), the result being
evident at the dose of 50 mg and when meaned
over doses (P < 0.05). Body sway with eyes open
was unaffected by oxazepam, while atenolol
increased activity of the 0.75-2.75 Hz component
(P < 0.05).

Recordings with eyes closed were unaffected
by all drugs, although there was a tendency (P <

0.10) for captopril (50 mg) to decrease low fre-
quency activity (0.05-1.5 Hz).

Discussion

The present study has been unable to demon-
strate changes in the electroencephalogram with
captopril in the dose range 12.5-50 mg despite
the known sensitivity of the EEG to the central
effects of drugs (Saletu et al., 1982; Sittig et al.,
1982). Although changes in the EEG with placebo
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Figure 1 (cont)

throughout the day occurred, and are likely to
reflect the rising phase of alertness associated
with the circadian rhythm (Nicholson et al.,
1989; Spencer, 1987), no reduction or reversal of
this could be seen with any dose of captopril, in
contrast with the changes in alpha and beta
activity with oxazepam. The absence of change
with captopril suggests that neither sedation nor
improved alertness would occur and, although
we did not observe enhanced subjective feelings
of well-being, such changes have been seen in
patients with captopril when compared with
other antihypertensive drugs (Croog et al., 1986).

Similar studies with enalapril (Frcka & Lader,
1988; Olajide & Lader, 1985) have also been
unable to establish changes in the EEG. The
absence of unequivocal changes in subjective
feelings of alertness with captopril or with
enalapril, therefore, support the lack of objec-
tive findings.
However, captopril may improve short-term

memory (Currie et al., 1990), and this would
imply an effect of central origin. This does not
seem to involve altered arousal as there were no
changes in the EEG, subjective alertness or in
attention-related tasks, but it could imply a
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Figure 1 (cont.)

specific effect on memory processes. Though
correlations of a central change of this nature
may be made with event related potentials
(Kunkel, 1988), the absence of change in the
spontaneous activity of the brain would not
appear to be at variance with the existence of a
central effect.
Body sway was modified by captopril, with

a reduction in amplitude of frequencies below
1.0 Hz occurring in recordings with eyes open.
The maintenance of stable posture involves
complex integration of central and peripheral
nervous function, with low frequencies (less
than 0.5 Hz) reflecting movement of the centre

of gravity governed by the vestibular system,
and oscillations of higher frequency arising from
fine adjustments of muscular origin (Gurfinkel,
1973). Frequencies of approximately 1 Hz involve
feedback from visual cues to the sensory-motor
and vestibular systems. In this way captopril may
improve central integration.
Body sway is a sensitive indicator of psycho-

active drugs (McClelland, 1989), and in healthy
volunteers increased amplitude is seen with both
sedative (Matilla et al., 1984; Nicholson et al.,
1988; Patat & Foulhoux, 1985) and stimulant
(Franks et al., 1975) compounds. In this sense,
the reduction in amplitude with captopril sug-
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Figure 1 (cont.)

gests that changes with this drug are unlikely
to be related to sedation or increased arousal.
Decreases in body sway are not frequently ob-
served, although the 'cerebral activator' vinde-
burnol is reported to reduce body sway in the
elderly (Patat et al., 1985), and this would imply
that drugs can improve postural control when it
is sub-optimal.
However, many stimulant drugs, while im-

proving central function, adversely affect the
peripheral nervous system and may therefore
disrupt integration of the mechanisms which
control body sway. No such adverse effects were
seen with captopril, and, indeed, tasks involving

motor function, such as finger-tapping, symbol
copying and letter cancellation (Currie et al.,
1990; Frcka & Lader, 1988; Olajide & Lader,
1985) improved. Although reduction in body
sway may reflect subtle changes in the reactivity
of the brain stem, a more peripheral effect on
posture would be consistent with the findings
with tasks involving a motor component.

Finally, our findings with atenolol imply the
likelihood of central effects occurring with this
drug, as indicated by the changes in the EEG,
and are in general agreement with our previous
result (Nicholson et al., 1988). The change in
amplitude ofbody sway, with higher frequencies
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Figure 1 (cont.)

increasing, may indicate the likelihood of a peri-
pheral effect with this drug.

In conclusion, we have been unable to demon-
strate any changes in the spontaneous electrical
activity of the brain with captopril, and this
would suggest that it is free of central effects
such as sedation and reduced alertness which are
associated with other antihypertensive drugs
including ,B-adrenoceptor antagonists and
methyldopa. These findings are consistent with
the absence of change in subjectively assessed

alertness (Currie et al., 1990). However, although
no adverse effects could be established, improved
memory performance suggests that changes in
the central nervous system occur, while reduced
body sway may reflect improved integration of
central and peripheral control of posture.

The authors are indebted to the Civil Aviation Authority
for their support, and to Miss A. S. McGown for help
in carrying out these studies.
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