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Aim

 

St John’s Wort (SJW) enhances CYP3A4 activity and decreases blood concentrations
of CYP3A4 substrates. In this study, the effects of SJW on a benzodiazepine hypnotic,
quazepam, which is metabolized by CYP3A4, were examined.

 

Methods

 

Thirteen healthy subjects took a single dose of quazepam 15 mg after treatment with
SJW (900 mg day

 

-

 

1

 

) or placebo for 14 days. The study was performed in a random-
ized, placebo-controlled, cross-over design with an interval of 4 weeks between the
two treatments. Blood samples were obtained during a 48 h period and urine was
collected for 24 h after each dose of quazepam. Pharmacodynamic effects were
determined using visual analogue scales (VAS) and the digit symbol substitution test
(DSST) on days 13 and 14.

 

Results

 

SJW decreased the plasma quazepam concentration. The 

 

C

 

max

 

 and AUC

 

0-48

 

 of
quazepam  after  SJW  were  significantly  lower  than  those  after  placebo  [

 

C

 

max

 

;

 

-

 

8.7 ng ml

 

-

 

1

 

 (95% confidence interval (CI) 

 

-

 

17.1 to 

 

-

 

0.2), AUC

 

0-48

 

; 

 

-

 

55 ng h ml

 

-

 

1

 

(95% CI 

 

-

 

96 to 

 

-

 

15)]. The urinary ratio of 6

 

b

 

-hydroxycortisol to cortisol, which
reflects CYP3A4 activity, also increased after dosing with SJW (ratio; 2.1 (95%CI 0.85–
3.4)). Quazepam, but not SJW, produced sedative-like effects in the VAS test (drows-
iness; 

 

P

 

 

 

<

 

 0.01, mental slowness; 

 

P

 

 

 

<

 

 0.01, calmness; 

 

P

 

 

 

<

 

 0.05, discontentment;

 

P

 

 

 

<

 

 0.01). On the other hand, SJW, but not quazepam impaired psychomotor perfor-
mance in the DSST test. SJW did not influence the pharmacodynamic profile of
quazepam.

 

Conclusions

 

These results suggest that SJW decreases plasma quazepam concentrations, probably
by enhancing CYP3A4 activity, but does not influence the pharmacodynamic effects
of the drug.

 

Introduction

 

St. John’s Wort (SJW) is one of the most commonly
used herbal medicines for the treatment of mild to mod-
erate depression in the countries of the European Union
and in the United States [1, 2]. The internet marketing
sales of SJW were reported to be 235 million dollars in
2000 [3]. More than 2000 products that contain SJW are
also consumed as dietary supplements or food products

in Japan. SJW is a potent inducer of cytochrome P450
(CYP) 3A4 in the intestinal wall and liver [4], and it
reduces the plasma concentrations of some CYP3A4
substrates, which, in turn, may influence the outcome of
drug therapy [5, 6].

Hypnotic drugs are used for treating insomnia, which
is one of the common symptoms of depressive patients
and is involved in the diagnostic criteria for depression
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[7]. Therefore, it is likely that subjects with depressive
states may simultaneously take SJW and a hypnotic
drug. A recent epidemiological study demonstrated that
more than 7% patients taking benzodiazepine hypnotics
also used herbal preparations/supplements concomi-
tantly [8]. The substantial overlap between use of ben-
zodiazepines and herbal preparations/supplements such
as SJW raises concern about unintended interactions.
Drug  interactions  between  SJW  and  midazolam  [9]
and alprazolam [10] have already been examined.
Quazepam is a trifluoethylbenzodiazepine, and has sig-
nificant effects on the induction and maintenance of
sleep without major effects on sleep architecture [11,
12]. Quazepam is metabolized to 2-oxoquazepam, an
active metabolite, which is further converted to other
less active metabolites [13]. Because the metabolism of
quazepam and 2-oxoquazepam is mediated by CYP3A4
and CYP2C9 [13], it is likely that SJW decreases plasma
concentrations of quazepam and 2-oxoquazepam and
consequently diminishes the pharmacodynamic effects
of the drug. This study was undertaken to examine this
hypothesis. The effect of SJW on the pharmacokinetics
and pharmacodynamics of quazepam was evaluated in
a double-blind, placebo-controlled, cross-over study in
healthy subjects.

 

Methods

 

Subjects

 

To detect a difference of 30% in the area under the
plasma concentration-time curve (AUC) of quazepam
between  with  and  without  SJW  with  a  power 

 

=

 

 80%
and 

 

a=

 

 0.05, 12 subjects were required. Therefore,
13 healthy men [age mean 

 

±

 

 s.d., 34 

 

±

 

 6 years (range,
25–45); weight 

 

±

 

 s.d., 66 

 

±

 

 7 kg (range, 56–75)] were
enrolled in this study. As the SJW-mediated induction
of CYP3A4 activity is reported to differ between males
and females [14], only male subjects were studied. Their
biochemical and haematological functions were normal
at screening. They were non-smokers and did not
receive any continuous medications. Subjects were
requested to abstain from grapefruit, grapefruit juice,
herbal dietary supplements, and herbal tea during the
study period. Caffeine-containing beverages, including
coffee and green tea, were withheld from the night
before the study day until the final blood sample. The
study protocol was approved by the Ethics Committee
of Jichi Medical School (Tochigi, Japan). All volunteers
gave written informed consent.

 

Study design

 

A randomized, double-blind, cross-over design, with an
interval of 4 weeks between treatments, was used in this

study. In each phase, the subject took a 300 mg caplet
of SJW (lot NO.265112) (TruNature, Carson, Califor-
nia, USA) or matching placebo orally three times a day
for 14 days, according to a randomization schedule. The
SJW caplet used in this study was labelled to be stan-
dardized to 0.3% hypericin. The dose of SJW was cho-
sen on the basis of previous reports [4, 15]. Our previous
study showed that 900 mg of SJW, which was the same
caplet used in this study, for 14 days decreased the blood
concentration of the CYP3A4 substrate, simvastatin
[16]. In Japan the recommended dose of quazepam is
15–30 mg for the treatment of sleep disorders. Because
15 mg quazepam is used more often than 20 or 30 mg,
we chose this dose for our study. Adverse symptoms
were checked during repeated dosing with SJW or pla-
cebo. On day 14, a single oral dose of 15 mg quazepam
(Mitsubishi Pharma Co. Ltd, Tokyo, Japan) was given
to the subjects, with 150 ml water at 08:00. The subjects
fasted  overnight  before  the  dose  of  quazepam  and
were allowed a meal 4 h afterwards. On days 7 and 14,
we checked the number of remaining SJW caplets.
CYP2C9 plays a role in the disposition of quazepam
[13]. However, because polymorphisms in CYP2C9 are
not common in the Asian population [17], genotyping
for CYP2C9 was not performed in this study.

 

Blood and urine sampling

 

On day 14, blood samples (2 ml in each) were collected
in heparinized tubes just before and at 0.5, 1, 2, 3, 4, 6,
8, 12, 24 and 48 h after the dose of quazepam. Urine
was collected for 24 h. Plasma and urine samples were
stored at 

 

-

 

80 

 

∞

 

C until analysis.

 

Pharmacodynamic measurements

 

The effect of SJW and/or quazepam on sedative-like
self-rated moods was determined by visual analogue
scale (VAS) and on psychomotor performance by the
digit symbol substitution test (DSST) immediately
before blood sampling at 0, 2, 4, 8 and 12 h after dosing
on day 14. These tests were also performed at identical
clock-times on day 13. The subjects had been fully
trained to perform the tests before the start of the study.
A 100-mm long horizontal VAS was used to measure
sedative-like self-rated moods, which were the pairs of
adjectives such as drowsy/alert, calm/nervous, mentally
slow/quick-witted, and discontented/contented. In the
DSST, the number of digits correctly substituted in
2 min was recorded.

 

Determination of quazepam and 2-oxoquazepam

 

Plasma concentrations of quazepam and 2-
oxoquazepam were measured by a column-switching
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high performance liquid chromatography (HPLC) anal-
ysis, as described by Hikida 

 

et al.

 

 [18]. Aliquots of each
plasma sample (1.5 ml), to which 0.1 ml of cisapride
(800 ng ml

 

-

 

1

 

) was added as an internal standard, were
alkalinized with 500 kl of 0.5 

 

M

 

 NaOH and then, 0.4 ml
of water and 5 ml of toluene/chloroform (85 : 15, v/v)
were added. The mixture was shaken vigorously for
15 min and then centrifuged at 2000 g for 10 min. A
4.5 ml portion of the organic layer was evaporated to
dryness in vacuo at 45 

 

∞

 

C. The residue was reconstituted
with 0.8 ml of eluent A (see below) and used as an
extract.  A  0.5-ml  portion  of  the  extract  was  injected
onto the column-switching HPLC system. The HPLC
system consisted of a chromatography pump (LC-10 A;
Shimadzu, Tokyo, Japan), an autoinjector (AS-8020,
Toshoh Co., Tokyo, Japan), and an ultraviolet detector
(SPD-10 A, Shimadzu, Tokyo, Japan). Column I (TSK-
BSA-C8, 5 

 

m

 

m, Tosoh, 10 mm 

 

¥

 

 4.6 mm) was used for
pretreatment and column II (STR-ODS II, 5 

 

m

 

m, Shi-
madzu, 150 mm 

 

¥

 

 4.6 mm) for the column oven mod-
ule. Between 0 and 13 min after a sample injection,
cisapride was separated from the interfering substances
existing in the extract on column I with a mobile phase
solvent (eluent A) consisting of acetnitrile/0.02 mol l

 

-

 

1

 

KH

 

2

 

P

 

04

 

 (13 : 87, v/v). Between 13 and 20 min after the
injection, quazepam and 2-oxoquazepam retained on
column I were eluted with a mobile phase (eluent B)
consisting of acetnitrile/perchloric acid/0.02 mol l

 

-

 

1

 

KH

 

2

 

P

 

04

 

 (41 : 0.05: 58.95, v/v/v), and the effluent from
column I was switched to column II. Quazepam and 2-
oxoquazepam were separated on column II by eluting
with  a  mobile  phase  solvent  (eluent  C)  consisting
of acetnitrile/0.02 mol l

 

-

 

1

 

 KH

 

2

 

P

 

04

 

 (62.5 : 37.5, v/v)
between 32.0 and 46.5 min. The mobile phase was
pumped at a flow rate of 0.6 ml min

 

-

 

1

 

. The absorbance
of the effluent from column II was monitored at 254 nm
for 2-oxoquazepam and 286 nm for quazepam. The lim-
its of quantification for quazepam and 2-oxoquazepam
were 0.5 ng ml

 

-

 

1

 

. The coefficient of variation for intra-
and inter reproducibility was better than 3.7% at 2, 20
and 40 ng ml

 

-

 

1

 

.

 

Determination of cortisol and 6

 

b

 

-hydroxycortisol

 

Cortisol, 6

 

b

 

-hydroxycortisol and 6

 

a

 

-methylpredniso-
lone were purchased from Sigma (St. Louis, MO, USA).
O-methylhydroxylamine hydrochloride was purchased
from Tokyo Chemical Industry (Tokyo, Japan) and N-
(trimethylsilyl) imidazole (TMSI) from Nacalai Tesque
(Kyoto, Japan). All other chemicals and solvents were
of  analytical  grade.  A  1.0-ml  of  urine  sample with
6

 

a

 

-

 

methylprednisolone (as an internal standard, 500 ng
ml

 

-

 

1

 

)  was  loaded  onto  a  preconditioned  Sep–Pak  C18

cartridge (Waters, Milford, MA, USA). The cartridge
was washed with 5 ml of distilled water and then eluted
with 2 ml of ethyl acetate into a glass tube. The eluate
was evaporated to dryness at 60 

 

∞

 

C under reduced pres-
sure. Derivatization was performed according to the
general procedures as described previously [19]. The
dried residue was dissolved into 100 

 

m

 

l of a 2% solution
of O-methylhydroxylamine hydrochloride in pyridine.
After 2 h at 60 

 

∞

 

C, the pyridine was evaporated and
50 kl of TMSI was added. This was kept at 100 

 

∞

 

C for
15 h to yield methyloxime-trimethylsilyl esters. Gas
chromatography-mass spectrometry (GC-MS) analysis
was carried out on a GCMS-QP5050A gas chromatog-
raphy-mass spectrometer (Shimadzu, Kyoto, Japan).
Gas chromatography was performed on an Ultra Ally 5
fused silica capillary column (30 m 

 

¥

 

 0.25 mm I.D.,
film thickness 0.25 

 

m

 

m, Frontier Laboratories Ltd,
Fukushima, Japan) with splitless injection mode. Two

 

m

 

l of derivative were injected (injector:280 

 

∞

 

C). The
temperature program was as follows: the initial temper-
ature 230 

 

∞

 

C was held for 2 min, and then increased to
260 

 

∞

 

C at 15 

 

∞

 

C min

 

-

 

1

 

. After a steady period for 1 min,
the temperature was increased to 320 

 

∞

 

C at 2 

 

∞

 

C min

 

-

 

1

 

,
and held for 5 min. The selected ion monitoring was
used for the detection of cortisol (m/z 

 

=

 

 605), 6

 

b

 

-
hydroxycortisol (m/z 

 

= 694) and 6a-methylpredniso-
lone (m/z = 617). The quantifications of cortisol and 6b-
hydroxycortisol were performed by measuring the peak-
area ratios of these compounds and of the internal stan-
dard. The limit of quantification was 0.2 ng ml-1 for
cortisol and 0.5 ng ml-1 for 6b-hydroxycortisol. The
coefficient of variation for intra- and inter reproducibil-
ity was better than 5.9%.

Pharmacokinetic calculations
The pharmacokinetics were characterized by maximum
plasma concentration (Cmax), time to maximum concen-
tration (tmax), elimination half-life (t1/2), and area under
the plasma concentration-time curve from 0 to 48 h after
dosing (AUC0-48). Elimination rate constant (ke) was
determined by a linear regression analysis of a log-linear
phase of plasma drug concentration-time curve. The
elimination  half-life  (t1/2)  was  calculated  as  follows:
t1/2 = ln 2/ke. The AUC0–48 was calculated by the trape-
zoidal rule.

Statistical analysis
Data are expressed as the mean ± SE. Pharmacokinetic
parameters were analysed by one-way ANOVA. Pharma-
codynamic effects [without (on day 13) vs. with (on day
14) quazepam] were analysed by repeated measures
ANOVA and pharmacodynamic effects (with vs. without
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SJW) were analysed by repeated measures ANOVA of a
cross-over design with the adjustment of Huynh-Feldt.
Differences were considered to be statistically signifi-
cant for P-values < 0.05. Calculations were performed
by SAS software (SAS Institute Inc, Cary, NC, USA).

Results
All enrolled subjects took the full course of SJW and no
adverse symptoms were observed during the study.

Plasma concentrations of quazepam and 2-oxoquazepam
Plasma concentrations of quazepam and 2-
oxoquazepam decreased after pretreatment with SJW
(Figure 1a,b). The values of Cmax and AUC0–48 for
quazepam with SJW were significantly lower than those
after placebo (Table 1). The values of 2-oxoquazepam
were also lower after SJW, but these differences did not

reach statistical significance (Table 1). The ratio of 2-
oxoquazepam to quazepam in the Cmax was significantly
greater in the SJW period (placebo; 0.40 ± 0.04, SJW;
0.47 ± 0.04, P < 0.01). No significant differences were
observed in the t1/2 or tmax (Table 1).

Urinary ratio of 6b-hydroxycortisol/cortisol (6b-OHC/C)
The ratio of 6b-OHC/C significantly increased after
repeated dosing with SJW for 14 days (placebo;
9.4 ± 4.8, SJW; 18.4 ± 11.7: ratio; 2.1, 95% confidence
interval, 0.85–3.4, P < 0.05).

Pharmacodynamics
No significant change was detected in the VAS test with
SJW alone (Figure 2). On the other hand, quazepam
produced significant sedative-like effects (drowsiness;
F-value 23.2, P < 0.01, mental slowness; F-value 8.1,
P < 0.01, calmness; F-value 6.9, P < 0.05, discontent-
ment; F-value 14.4, P < 0.01). SJW did not influence the
subjective effects of quazepam.

SJW significantly (F-value 4.9, P < 0.05) impaired
psychomotor performance in the DSST while quazepam
did not (Figure 3). A carry-over effect was detected in
the DSST (F-value 16.5, P < 0.01). SJW did not influ-
ence performance after quazepam.

Discussion
This study showed that the concomitant use of SJW
decreased plasma concentrations of quazepam, although
the effect was smaller than that for alprazolam [10].
Although the label stated that the SJW caplet contained
0.3% hypericin, this was not confirmed. However the
same caplet of SJW was used by us in a previous study
which showed that SJW substantially altered the phar-
macokinetics of simvastatin [16]. In a previous report,
SJW lowered the trough cyclosporin concentration in
whole blood, but this returned to normal 7 days after
discontinuation of SJW [20]. It therefore seems unlikely
that the carry-over effect of SJW lasts for 4 weeks.

The baseline pharmacokinetic profiles of quazepam
in Japanese male subjects were similar in this and other
studies, except for t1/2 [21]. The difference in the mean
t1/2 (21.2 vs 8.8 h) may be due to the difference in the
duration of the blood-sampling period.

Quazepam is a relatively weak benzodiazepine-recep-
tor ligand and binds selectively to the type-1 benzodi-
azepine-receptor [22, 23]. An in vitro study showed that
quazepam and 2-oxoquazepam are metabolized by
CYP3A4 and CYP2C9 [13]. Because SJW induces the
activity of CYP3A4, but not that of CYP2C9 [4, 15, 24],
it is likely that the enhancement of the CYP3A4-
mediated metabolism of quazepam and 2-oxoquazepam

Figure 1
Mean ± SE plasma concentrations of quazepam (1a) and 2-oxoquazepam 

(1b) after a single oral dose of 15 mg quazepam following pretreatment 

with placebo (�) or SJW (900 mg day-1 for 14 days) (�) in 13 healthy 

males
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Table 1
Effect of St. John’s Wort on the pharmacokinetics of quazepam and its metabolite, 2-oxoquazepam (Mean +/- SE, n = 13)

ANOVA

Treatment Mean value of difference
Quazepam + placebo Quazepam + SJW (95% CI) P-value

parameter
quazepam

Cmax (ng/ml) 30.5 ± 3.9 21.8 ± 3.9 -8.7 (-17.1 ~ -0.2) P < 0.05
t max (h) 2.2 ± 0.2 2.5 ± 0.2 0.3 (-0.3 ~ 0.9) NS
t1/2 (h) 8.8 ± 0.5 8.4 ± 0.4 -0.3 (-1.7 ~ 1.0) NS
AUC0-48 (ng h ml-1) 217 ± 28.7 161 ± 25.2 -55 (-96.0 ~ -15.0) P < 0.05

2-oxoquazepam
Cmax (ng ml-1) 10.9 ± 1.0 9.1 ± 1.4 -1.8 (-4.7 ~ 1.2) NS
tmax (h) 2.2 ± 0.2 2.8 ± 0.3 0.6 (-0.1 ~ 1.4) NS
t1/2 (h) 9.5 ± 0.5 9.1 ± 0.5 -1.0 (-3.0 ~ 1.0) NS
AUC0-48 (ng h ml-1) 92 ± 5.7 80 ± 9.5 -12 (-32.6 ~ 9.6) NS

Cmax, maximum plasma concentration; tmax, time to maximum concentration; t1/2, elimination half-life; AUC0-48, area under
the plasma concentration-time curve from 0 to 48 h after dosing; CI, confidence interval; NS, not significant.

is involved in the SJW-related reductions in plasma con-
centrations of these two drugs.

CYP3A4 is the most abundantly expressed CYP
(approximately 30% to 40% of the total CYP content in
the human adult liver and small intestine) and plays a
major role in the metabolic pathways of various drugs
[25, 26]. SJW has been shown to induce hepatic and
intestinal CYP3A4 activity [4, 15], probably through the
activation of the pregnane X receptor, a human orphan
nuclear receptor [27]. The activated CYP3A4, in turn,
has enhanced the metabolism of several drugs such as
indinavir and cyclosporin and diminished their efficacy
during repeated dosing with SJW [5, 6]. In this study,
the urinary ratio of 6b-hydroxycortisol to cortisol
increased after dosing with SJW for 14 days, which
indicates that the hepatic CYP3A4 activity was activated
under the present study conditions [28]. Similar data
have already been reported [15, 29]. However, because
the elimination t1/2 of quazepam and 2-oxoquazepam
were not significantly changed in this study, the degree
of the SJW-mediated induction might be relatively small
for hepatic CYP3A4. On the other hand, the ratio of Cmax

of 2-oxoquazepam to quazepam, which might reflect
CYP3A4 activity in the liver and intestine, significantly
increased after the repeated dosing of SJW in this study.
Therefore, although there is no evidence indicating
intestinal metabolism of quazepam, we believe that SJW
activated intestinal and hepatic CYP3A4 activity and
consequently, enhanced the conversion of quazepam to
2-oxoquazepam.

SJW is also reported to induce P-glycoprotein expres-
sion in human subjects [4, 30]. Induction of P-glycopro-
tein would decrease the extent of absorption of the
substrates for this transporter. Although benzodiaz-
epines, such as flunitrazepam and midazolam, are not
substrates for P-glycoprotein [31, 32], it is not known
whether quazepam is a substrate for this transporter. The
possibility that the SJW-related reduction in plasma
quazepam concentration was caused by an induction of
P-glycoprotein remains to be determined.

Meta-analyses of randomized clinical trials have
demonstrated that SJW is as effective as standard anti-
depressants in the treatment of mild to moderate depres-
sion [1, 2]. Although SJW is reported to be as safe as,
or possibly safer, than standard antidepressants, it also
causes adverse effects including central nervous system
(CNS)-related symptoms [33]. To our knowledge, well-
controlled clinical trials, which were undertaken to
examine the CNS-related symptoms caused by SJW, are
limited [34]. In this study, SJW had no effect on the
sedative-like self-rated moods, which agrees with previ-
ous data [34]. SJW impaired psychomotor performance
measured by the DSST test although it has been reported
that it did not impair cognitive function [34] as deter-
mined using the Block Board tapping test [35]. The
diverse effects of SJW could be explained by the differ-
ent methodologies used. In this study, a carry-over effect
was detected in the DSST test. However, as the trial was
performed with a cross-over design, the influence of
such an effect on the data should be small. Further
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studies are needed to conclude that SJW impairs psy-
chomotor function after repeated use.

The mechanism of the antidepressant activity of SJW
is not fully understood, but inhibition of the GABA
receptor-mediated response is involved [33, 36]. On the
other hand, benzodiazepines including quazepam stim-
ulate the GABA receptor-mediated response [37].
Therefore, the effect of SJW on the CNS seems to differ
from that of benzodiazepines. In fact, the quantitative
electroencephalogram showed that SJW increases slow
wave activity while benzodiazepines enhance fast wave
activity [34, 37]. These data led us to speculate that the
pharmacodynamic effects of quazepam might be altered
by the repeated dosing with SJW. In this study,
quazepam 15 mg produced significant sedative-like
effects. Although plasma concentrations of quazepam
and 2-oxoquazepam decreased after repeated dosing
with SJW, SJW did not reduce the sedative-like effects
of quazepam.

Figure 2
Mean ± SE subjective drug effects [based on scores from a 100-mm visual analogue scale (VAS)] before (on day 13) and after (on day 14) a single 

oral dose of 15 mg quazepam in 13 healthy males. Pretreatment with placebo (�); pretreatment with SJW (�) (900 mg day-1 for 14 days)
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In summary, this study showed that SJW decreased
plasma concentrations of quazepam, probably by acti-
vating CYP3A4, but it did not diminish the pharmaco-
dynamic effects of the drug.

The authors gratefully thank Dr T. Kotegawa of the Oita
Medical University for his helpful suggestions and Ms.
C. Fukushima, Ms. T. Kawaguchi, and Ms. M. Hojo for
their expert assistance.
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