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Aims To compare the effects of multiple dosing with St John’s wort (Hypericum
perforatum) extract and amitriptyline on heart rate variability, cognitive function and
quantitative EEG (qQEEG) with placebo in healthy humans.

Methods A randomized, double-blind, cross over study of 12 healthy male volun-
teers. Subjects orally received capsules with 255-285 mg St Johns wort extract
(900 pg hypericin content), 25 mg amitriptyline and placebo three times daily for
periods of 14 days each with at least 14 days between. The doses of amitriptyline
and St John’s wort extract are comparable with respect to their antidepressant activity.
Compliance was confirmed by coadministration of 10 mg of riboflavin with each
capsule and detection of urinary vitamin B2 on treatment day 11 with high
performance liquid chromatography. Measurements of heart rate variability, psycho-
metric tests and qEEG were performed before start of medication and repeatedly
on the last treatment day.

Results St John’s wort extract did not affect heart rate variability (HRV) whereas
amitripytline significantly decreased it: the difference in the percentage number of
adjacent RR intervals >50 ms (pNN50) was 8.6 (=2.6, 19.9; mean; 95% confidence
interval) between St Johns wort extract and placebo and —17.6 (—24.7, —10.4)
between amitriptyline and placebo. Neither St John’s wort extract nor amitriptyline
had an influence on cognitive performance such as choice reaction, psychomotor
coordination, short-term memory and responsiveness to distractive stimuli. Amitrip-
tyline but not St John’s wort extract decreased self rated activity (P < 0.05). Both
drugs caused significant gEEG changes. St John’s wort extract increased theta power
density. Amitriptyline increased theta as well as fast alpha power density.
Conclusions Multiple doses of St John’s wort extract do not affect heart rate
variability nor cognitive function. Chronic administration of amitriptyline causes
a decrement of HRV and subjective sedation but it does not impair cognitive
performance.
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Introduction

Treatment of depressive illness with tricyclic antidepres-
sants may cause unwanted autonomic and cognitive
effects which are due to anticholinergic, alpha-adrenolytic
and antihistaminic properties of the drugs. Heart rate
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variability (HRV) depends on autonomic sympathovagal
balance. A decrement of time-derived measurement of
HRV such as the percentage number of adjacent RR
intervals >50 ms (PNN50) has been described in de-
pressed patients who received amitriptyline chronically
[1, 2]. Frequency derived parameters of HRV such as
power in the very low frequency (VLF), low frequency
(LF) and high frequency (HF) bands have also been noted
to be decreased under treatment with amitryptyline [2, 3].

Cognitive impairment and psychomotor retardation
are among the characteristic features of clinical depres-
sion. Thus, the sedative effects induced by antidepressant
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agents are somewhat countertherapeutic, since they may
exacerbate these aspects of the clinical profile.

Treatment with amitriptyline is often associated with
an impairment of cognitive and psychomotor skills [4].
On the other hand, attention and memory may also be
improved in patients receiving multiple dosing with ami-
triptyline [5]. Increases of slow wave power in the quan-
titative EEG (qEEG) such as theta activity in humans
receiving amitriptyline have been hypothesized to be due
to drug induced impairment of vigilance [6].

St John’s wort extract 1s widely promoted as a ‘natural
antidepressant’ which lacks autonomic and cognitive
side-effects. Patients often report that, compared with
synthetic antidepressants, extracts of St John’s wort leave
them feeling more alert and more able to think clearly
[7]. However the cognitive and cardiac autonomic effects
of the phyto drug have not yet been evaluated in well
defined clinical studies. The aim of the present study was
therefore to compare the effects of chronic administration
of St John’s wort extract on cognitive functions and heart
rate variabilitity with those of amitriptyline at equipotent
doses [8] and placebo in healthy humans.

Methods
Subjects
Twelve healthy male subjects, aged 22-31 years

(25 £ 3 years; mean *s.d.), weighing between 61 and
89 kg (76 £9kg) and 170-193 cm (181 £8 cm), in
height were enrolled in the study. The subjects were
included after a standard physical examination, routine
clinical laboratory tests and a 12-lead ECG. The study
was conducted according to the Declaration of Helsinki
(Somerset West Amendment 1996) and German regula-
tions. Written informed consent from the subjects and
approval from the Hospital Ethics Committee (Dresden,
Germany) were obtained.

Study procedure

No concomitant drug therapy was allowed for 2 weeks
before and during the study period. The subjects were
not allowed to smoke or to consume alcoholic or
caffeine-containing beverages for 10h before and
throughout the trial. Each subject received orally under
randomized and double-blind crossover conditions cap-
sules with 25 mg amitriptyline, 255-285 mg St John’s
wort extract (BNO 1385 with 900 ug hypericin content;
Bionorica, Neumarkt, Germany) and placebo three times
daily for 13 days each. On treatment day 14 the last dose
of 25 mg amitriptyline, 255-285 mg St John’s wort
extract (900 pg hypericin content) and placebo was given
at 09.00 h. Treatment phases were separated by a wash

278

out period of at least 14 days. Compliance was confirmed
by coadministration of 10 mg riboflavin with each cap-
sule and detection of urinary vitamin B2 on treatment
day 11 with high performance liquid chromatography
according to Smith [9]. ECG recordings were performed
before start of medication and at 0.5, 3 and 5 h after the
last dose was given. Subsequently quantitative EEG was
recorded. Thereafter cognitive performance was tested
with a computerized version of the Vienna Testsystem®
(Schuhfried, Modling, Austria; see below). Systolic and
diastolic blood pressure was monitored at 09.00 h on day
1, 11 and 14 at 09.00 h before dosing. All measurements
were performed in a supine position.

Heart rate variability

Heart rate analysis was carried out with the computer
program Chart® (AD Instruments, Castle Hill, Australia).
Details have been described elsewhere [10]. In brief, the
ECG signal was digitized at a sample rate of 400 s™'.
Respiration was monitored by registration of chest
movements. After a resting period of 10 min subjects
were instructed to breath deeply at a frequency of 6
cycles min™' (6 s inspiration, 4 s expiration) as deep res-
piration was demonstrated to produce maximal HRV in
healthy volunteers [11]. The percentage number of adja-
cent RR intervals > 50 ms (PNN50) was calculated from
200 artefact free beats. A spectral power analysis was
carried out over 3 min recording by means of a Fast
Fourier Transformation (FFT). Absolute power values
were calculated for three frequency bands: very low
frequency (VLF) =0.01-0.04 Hz, low frequency (LF) =
0.04-0.15 hz and high frequency (HF) = 0.15-0.4 Hz.

Quantitative EEG

The EEG signal (T3-A2 derivation) and electrooculo-
gram were recorded for periods of 10 min each with the
subjects keeping their eyes open. The electrophysiological
variables (notch filter at 50 Hz, 0.3 Hz calibration: 50 uV,
10 Hz sinus wave) were digitized at 125 Hz and stored
on tape. After visual screening and exclusion of artefacts
the EEG recordings were submitted to a Fast Fourier
Transform algorithm of 4 s epochs. Absolute spectral
power density was assessed for six frequency ranges (delta
0.25-3.75 Hz, theta 4.00-7.75 Hz, alphal 8.00-9.75 Hz,
alpha2 10.00-12.75, betal 13-17.75, beta2 18-32 Hz).

Psychometric tests

Prior to each test instructions were given to the subjects
and subsequently a training session was perfomed. Sub-
jects responded by touching fields on a computer screen
with a light pen or turning knobs or pushing buttons on
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a panel. Subjective mood was assessed with a 35-item
version of the Profile of Mood States (POMS; 12). The
Stroop Color-Word-test was applied to test responsive-
ness to distractive stimuli. In the first part of this test
volunteers had to name ink-colours (red, green, yellow
or blue) used to print rectangular patches, in the second
part they had to name the same colours used to print
colour-name words. The words were written in a colour
incongruent with their meaning, i.e. the name red
appeared in blue ink. Each part consisted of 128 items,
the first one served as a control. The differences in time
(At) needed to give the answer to corresponding items
and the number of correct answers were recorded. Visual
memory span was assessed with a computerized version
of the Block Board tapping test [13]. Subjects had to
reproduce tapping-sequences by pointing on blocks
which were presented on the screen and tapped in a
randomized order. When a subject failed to reproduce
three consecutive sequences the test was interupted. The
maximum length of a sequence correctly replied (block
span) was recorded. The choice reaction time was mea-
sured with the Viennese Reaction Device®. The subjects
were presented yellow light, red light and a beep tone
alone and in various combinations. They were instructed
to react as fast as possible when yellow light and beep
tone were presented simultaneously. The two-hand coor-
dination test was used to assess psychomotor ability. Sub-
jects had to move a light dot along a given path. They
received an acoustic feed back when leaving the path.
The time taken for the total path was recorded and the
percentage error time was calculated as the ratio of total
error time to total time.

Statistical analysis

The statistical analysis was performed with the Sigma
Stat® software package (Jandel, San Rafael, CA, USA).
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Figure 1 Heart rate (beats min~'; mean + s.e. mean) after placebo

(@), amitriptyline (H) and St John’s wort (A).
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Evaluation of heart rate and pNN50 was done with a
one-way ANOVA procedure for repeated measurements.
Differences in means beween active treatments and pla-
cebo were calculated for values obtained at the last time
point of measurement and the corresponding 95% con-
fidence intervals are given. Friedman repeated measures
ANOVA on ranks was applied for VLE LE HE blood
pressure and parameters of cognitive function and qEEG
as the values were not normaly distributed. If significant,
Student-Newman-Keuls posthoc tests were used for
comparisons of active treatment with placebo and base-
line conditions. Statistical significance was accepted at
P < 0.05.

Results

An increase in heart rate was seen after multiple dosing
with amitriptyline (F ratio = 23.8, ANOVA P < 0.001).
No significant changes of heart rate were noted after
administration of St John’s wort extract when compared
post hoc with pretreatment and placebo conditions (Fig-
ure 1). The difference in heart rate was 13.2 beats min™
(8.1, 18.3 beats min~'; mean; 95% confidence interval)
between amitriptyline and placebo and —1.5 beats min™'!
(6.1, 3.1) between St John’s wort and placebo. A decrease
in pNN50 was seen after multiple dosing with amitrip-
tyline (F ratio = 13.1, ANOVA P < 0.001). In contrast, no
significant change of pNN50 was seen with St John’s
wort extract as compared post hoc with pretreatment and
placebo conditions (Figure 1). The difference in pNIN50
was —17.6 (=24.7, —=10.4; mean; 95% confidence interval)
between amitriptyline and placebo and 8.6 (=2.6, 19.9)
between St John’s wort extract and placebo. Post hoc
comparisons with pretreatment and placebo conditions
revealed decrements at all time points of measurement
after administration of amitriptyline (Figure 2). Power
in the LF and HF bands were also affected (ANOVA
P <0.001, Chi-Square = 57.9 and 70.4, respectively).
Significant decrements were observed with amitriptyline
at all time points of measurement but not with St John’s
wort extract when compared post hoc with pretreatment
and placebo conditions (Table 1). Power in the VLF band
was not influenced by any treatment. Neither amitrip-
tyline nor St Johns wort extract had an influence on
diastolic and systolic blood pressure values. Self rated
activity was found altered (ANOVA P < 0.0001, Chi-
Square = 51.2). Decrements occurred at all time points
of measurement during multiple dosing with amitrip-
tyline, but no mood changes were noted with St John’s
wort extract (Table 2). None of the drugs had an influence
on choice reaction time, short-term memory, psychomo-
tor coordination and performance in the Stroop test.
qEEG was altered in the theta and fast alpha (alpha2)
bands (ANOVA P < 0.001, Chi-Square = 36.3 and 37.0,
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Table 1 Absolute power in the low (LF) and high frequency (HF) bands (ms?

median; range).

Time (h) Parameter Amitriptyline St John’s wort Placebo

0 LF 5626 (1138-12420) 5325 (1138-17644) 5137 (1119-20334)
HF 573 (60-3069) 642 (60-4480) 437 (78-3893)

0.5 LF 3021 (742-10200)* 6297 (2644-12294) 5022 (2670-11295)
HF 196 (65—-1396)* 761 (184-3964) 650 (185-2396)

3 LF 1241 (384-7136)* 4592 (2143-10697) 4094 (2655-9748)
HF 111 (29-2116)% 531 (225-2612) 554 (194-2411)

5 LE 2683 (945-8766)% 6380 (2634—12545) 4729 (2877-10420)
HF 195 (36—-1782)* 938 (195-3237) 615 (104-3262)

*P < 0.05 when compared post hoc with pretreatment (time 0) and with placebo.
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Figure 2 Percentage number of adjacent RR intervals >50 ms
(PNN50%; mean % s.e.mean) after placebo (®), amitriptyline (H)
and St John’s wort (A).

Table 2 Profile of mood states activity scores (all values are
median; range).

Time (h) Amitriptyline St John’s wort Placebo

0 28.0 (19.0-36.0) 30.5 (15.0-39.0)  31.0 (24.0-37.0)
0.5 24.5 (10.0-34.0)*  31.0 (15.0-37.0)  30.0 (21.0-35.0)
3 22.5 (13.0-37.0)*  30.5 (15.0-36.0)  29.5 (20.0-35.0)
5 25.5 (12.0-35.0)*  28.5 (17.0-34.0)  28.5 (19.0-34.0)

*P < 0.05 when compared post hoc with pretreatment (time 0) and with
placebo.

respectively). St Johns wort increased theta activity
whereas amitriptyline enhanced theta as well as fast alpha
(alpha2) power density. Post hoc comparisons with pre-
treatment and placebo conditions were significant 0.5 and
3 h after last dosing (Table 3).

All adverse events were mild to moderate in nature
and transient. Dry mouth was seen in nine cases with
amitriptyline and in two cases with placebo but was not

reported during treatment with St John’s wort extract.

280

Table 3 EEG absolute power density (WV? Hz™; all values are
median; range).

Time (h)  Range Amitriptyline St _John’s wort Placebo

0 theta 7 (1.6-5.6) 2.7 (1.7-6.0) 7 (1.5-8.7)
alpha2 6 (1.2-8.3) 3.1 (1.2-8.0) 5 (1.1-8.3)

0.5 theta 2 (21-92)* 3.0 (1.6-4.9)* 8 (1.7-6.5)
alpha2 9 (1.7-10.2)* 3.1 (1.6-6.7) 1 (1.1-14.4)

3 theta 3.6 (2.1-8.6)* 3.2 (1.7-6.3)* 1 (1.7-8.1)
alpha2 9 (2.0-9.3)* 3.8 (1.6-7.4) 6 (1.3-12.1)

5 theta 0 (2.2-9.3) 3.2 (1.6-6.7) 2 (1.6-12.8)
alpha2 2 (1.9-8.8) 4.3 (1.7-7.6) 1 (1.0-13.3)

*P < 0.05 when compared post hoc with pretreatment (time 0) and
with placebo.

Each of the 12 subjects complained about tiredness when
receiving amitriptyline whereas only one volunteer
reported sedation during treatment with St John’s wort
extract. Dizziness, emotional irritability, lack of con-
centration, elevation of serum transaminases (ALAT
0.81 pkat I', ASAT 0.63 pkat 1") and excessive appetite
were further adverse events observed with amitriptyline.
Elevation of transaminases was asymptomatic. Lack of
concentration and headaches were seen in one case each
during treatment with St John’s wort extract (Table 4).

Discussion

In the present study it was demonstrated that amitrip-
tyline decreases heart rate variability (HRV). This is con-
sistent with previous studies [4, 14, 15]. In contrast, St
John’s wort extract had no influence on HRV. The
decrease in heart variability after chronic adminstration
of amitriptyline appears to result from its anticholinergic
properties as a reduction of spectral power was noted in
the high and low frequency ranges but not in the very
low frequency band. A decrease in HRV was previously
observed with tricyclic antidepressants (TCAs) with sim-
ilar anticholinergic properties such as imipramine [10]
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Table 4 Adverse events.

St John'’s
Adverse event Amitriptyline  wort extract  Placebo
Dry mouth 9 - 2
Sedation 12 1 -
Dizziness 7 — 1
Emotional irritability 4 - -
Lack of concentration 4 1 -
Nausea - - 1
Headaches - 1 -

Elevation of serum transaminases 1 - -

Excessive appetite

and doxepine [17]. HRV depends on autonomic para-
sympathetic and on sympathetic balance. St John’s wort
extract inhibits the synaptic reuptake of noradrenaline. It
exerts central cholinergic and dopaminergic actions [18,
19]. Therefore, an influence on HRV parameters could
have been expected for both active treatments. It has not
yet been established what impairment of HRV means
with regard to drug safety. Patients with a decrement of
HRV after myocardial infarction have an increased mor-
tality risk when compared to patients who have an intact
cardiac autonomic function [20].

The present study indicates that St John’s wort extract
does not impair cognitive functions. Amitriptyline was
not found to influence objective measures of cognitive
functions such as choice reaction time, memory span,
psychomotor performance and responsiveness to distrac-
tive stimuli (Stroop performance) to a significant extent
but it was noted to lower the levels of self rated activity
when administered at multiple daily doses of 75 mg. Our
results are consistent with previous trials in healthy vol-
unteers who received multiple dosing with amitriptyline
up to 150 mg day! [21-23]. It may be noted, that our
present findings contradict some other findings in the
literature. Saarial-ho-Kere and coworkers reported a
slight but statistically significant impairment of psycho-
motor coordination in healthy subjects after 8 days treat-
ment with 75 mg amitriptyline per day [24]. Seppild and
coworkers found impaired psychomotor coordination
and reaction ability after 8 days treatment with amitrip-
tyline at daily doses of 100 mg [25]. These discrepancies
may be due either to shorter treatment duration or dif-
ferences in the test paradigms.

Amitriptyline as well as St Johns wort extract were
found by us to induce increases of theta activity in the
qEEG. St John’s wort extract standardized on hypericin
content was used by us. Rises in theta power have also
been described for other chemical antidepressants and for
St John’s wort extract standardized on hyperforin |26,

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 54, 277-282
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27]. They have been suggested to reflect changes in the
catecholaminergic transmitter system of the brain. In
contrast, an increase in alpha power which we observed
with amitriptyline but not with St Johns wort extract
has been attributed to changes in the serotonergic trans-
mitter system [28].

Taken together, St John’s wort extract as well as ami-
triptyline do not interfere with cognitive and psychomo-
tor abilities. St Johns wort extract does not influence
HRV wheras amitriptyline decreases HRV. Both drugs
produce changes in the qEEG.

This work was part of a thesis. The authors are sincerely thankful
to Mrs T. Urban and Mrs E. Hempel for their assistance in
conducting the study.
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