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Aim

 

The herbal medicine St. John’s Wort (SJW) causes substantial decreases in the plasma
concentrations of a range of co-administered drugs. Therefore, we evaluated the
extent of systemic exposure to hyperforin and hypericin, two of the main constituents
of SJW, in patients on admission and during hospital stay, and compared the results
with known use of SJW as documented in the drug char t and detected in additional
interviews.

 

Methods

 

One hundred and fifty patients aged 

 

≥

 

 18 years and admitted, between August 2000
and February 2002, to an internal medicine ward of a large German university
hospital were included. Hyperforin and hypericin was determined in plasma by a
sensitive liquid chromotography/mass spectometry (LC/MS/MS) method. To assess
undeclared use of SJW the data were compared to information obtained from drug
charts and from up to three interviews that had a particular focus on intake of herbal
medicines and self-medication during hospitalization.

 

Results

 

Hyperforin was detected in 12 patients (plasma concentration on the first day of
hospitalization 

 

=

 

 12–100 ng ml

 

-

 

1

 

 in five patients and 

 

<

 

3 ng ml

 

-

 

1

 

 in seven), and
hypericin in five patients (0.5–4.3 ng ml

 

-

 

1

 

). Nine patients (6%) were taking/had
taken SJW without the knowledge of the medical team and the pharmacist, who
conducted the additional interviews, and 11 (7.3%) were taking/had taken SJW
without the knowledge of the medical team alone. Seven of these patients were
treated concurrently with drugs that can interact with SJW.

 

Conclusions

 

Unrecognized use of SJW is frequent and may have an impor tant influence on the
effectiveness and safety of drug therapy during hospital stay.

 

Introduction

 

More than half of inpatient medication histories are
incomplete with regard to prescription drugs [1], how-
ever the extent of medication unknown to the treating
physician may be even higher, because physicians only
rarely inquire about the use of over-the-counter (OTC)
drugs [2]. In particular, the intake of herbal medicines
may be frequently unrecognized. Jones et al. [3] found

that during a routine drug history, one in seven patients
did not disclose that they were taking herbal medicines.
This information was revealed only in an additional
interview. In another study, half of outpatients reported
that their doctor or pharmacist was unaware that they
were taking St John’s Wort (SJW) [4]. Drug screening
reveals a higher frequency of undisclosed exposure than
an interview. In elderly patients hospitalized with hip
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fractures caused by falls, 41% tested positive for benzo-
diazepines, whereas only 18% indicated use by history
or prescription records [5]. Similarly, 21% of patients
admitted to a pain clinic did not mention at interview
that they were consuming drugs [6].

Detailed information on concurrent drug use is
important because exposure to unknown drugs may
hamper individualization of therapy and compromise
drug safety. The herbal OTC medicine SJW is a potent
inducer of the human cytochrome P450 enzymes
CYP3A4, CYP2C9, and CYP1A2, as well as the efflux
transporter P-glycoprotein [7–9]. Consequently, SJW
may cause substantial changes in dose requirements of
co-administered drugs, because otherwise it may cause
therapeutic failure, as exemplified by transplant graft
rejections during ciclosporin treatment [10] and a case
of unwanted pregnancy despite oral contraception [11],
a drug interaction confirmed by two pharmacokinetic
studies [12, 13]. It takes several days after discontinua-
tion of SJW before blood concentrations of affected
drugs return to pretreatment concentrations [14], there-
fore undeclared co-medication with SJW before hospi-
talization may complicate drug therapy even if intake of
SJW is discontinued. Thus we evaluated the extent of
undisclosed exposure to hyperforin and hypericin, the
two main constituents of SJW [15], in patients on admis-
sion and during hospital stay by comparing the results
of liquid chromatography/mass spectometry (LC/MS/
MS) determination with information in the patients’
chart and from up to three interviews.

 

Methods

 

After approval by the Ethics Committee of the Medical
Faculty of Heidelberg, 234 patients aged 

 

≥

 

18 years who
were admitted to an internal medicine ward between
August 2000 and February 2002, were asked to partici-
pate. Exclusion criteria were (1) inability to speak Ger-
man or English or (2) a state of health precluding an
interview and/or blood collection. One hundred and fifty
patients (64%) were enrolled after giving written
informed consent. All patients underwent up to three
semistructured interviews by a pharmacist, the number
of which depended on the length of stay on the ward.
The first interview was conducted on the second day of
hospitalization, in which the pharmacist solicited infor-
mation on pre-admission drug history with a particular
focus on intake of herbal medicines. If the patient was
still on the same ward, a second interview was held on
days 3–5 and a third between days 7 and 11, the subject
of which was self-medication by the patient during hos-
pitalization. To document the drug therapy as compre-
hensively as possible, patients were asked to specify all

drugs taken before hospitalization (first interview) and
on their own initiative during hospitalization (second
and third interviews). In addition, a predefined list of
diseases that may be treated with OTC drugs was pre-
sented to the subjects, which included headache, rheu-
matologic disorders, infections, allergies, insomnia,
oedema of the leg, abdominal discomfort, and restless-
ness. Prescription data were extracted from the patients’
charts. Information was obtained on the previous drug
history and drugs prescribed during hospitalization.

Blood samples were collected on the first day of hos-
pitalization and at the time of subsequent interviews.
Collection tubes (MonovetteTM/NH4

 

+

 

-heparinate,
Sarstedt, Nuembrecht, Germany) were protected from
light immediately to avoid degradation of hyperforin
and hypericin [16] using brown coloured containers (ref.
no. 78/898.300, Sarstedt). Centrifuged plasma was
stored at 

 

-

 

20 

 

∞

 

C until analysis.
Plasma hyperforin and hypericin concentrations were

determined by HPLC coupled to tandem mass spec-
trometry (LC/MS/MS), and validated according to the
requirements of the FDA [17]. Plasma samples were
extracted with ethyl acetate/n-hexane (7/3 v/v) in the
dark, evaporated to dryness in a stream of nitrogen and
reconstituted in HPLC eluent. Samples were analysed
isocratically on a Kromasil RP-18 column. The analytes
were detected by MS/MS in the selected reaction mon-
itoring mode using an electrospray ion source. The
lower limit of quantification (LOQ) was 0.035 ng ml

 

-

 

1

 

for hyperforin and 0.05 ng ml

 

-

 

1

 

 for hypericin. The accu-
racy of the method varied between 

 

-

 

4.4% and 

 

+

 

10.6%
and the inter-assay precision (coefficient of variation)
ranged from 5% to 11% for both analytes.

 

Results

 

Forty-seven  women  and  103  men  with  a  mean  age
of 60 

 

±

 

 13 years (mean 

 

±

 

 SD; range: 19–85) were
included in the study. Twelve patients were positive for
hyperforin and/or hypericin (Figure 1). One of these
patients indicated that he was taking SJW (two tablets
per day of Jarsin®, Lichtwer Pharma GmbH, Berlin,
Germany, containing 300 mg SJW dry extract for over
1 year) in both the routine drug history and the inter-
view, and two admitted taking SJW in the interview
only (patient 3: one tablet per day Johanniskraut forte
containing 200 mg SJW dry extract for 6 months;
patient 4: one tablet per day of Felis®, Biocur Arznei-
mittel GmbH, Barleben, Germany, 650 containing
650 mg SJW dry extract for 1 year and Hyperforat®,
Dr. Gustav Klein, Zell an Harmersbach, Germany, con-
taining 40 mg SJW at an unknown dosage). Thus, nine
out of 150 (6%) subjects were taking SJW without the
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knowledge of the research team, and 11 (7.3%) were
taking SJW without the knowledge of the medical
team treating the patient. Seven of these patients were
also being treated with drugs whose plasma concentra-

tions may be expected to be decreased by SJW
(Table 1).

Of the patients who tested negative for both hyper-
forin and hypericin, one patient admitted to taking SJW
some time before admission, however she could not
remember the time of the last intake. All the other
patients who tested negative did not mention intake of
SJW either in the routine drug history or in any of the
interviews. No patients were prescribed SJW during
hospitalization. Accordingly there were no false nega-
tive results.

 

Discussion

 

Substantial dose increases of substrates of CYP3A4 and
P-glycoprotein are required to compensate for the
marked pharmacokinetic changes induced by concurrent
use of SJW. Although additional ingredients of SJW
may contribute to these interactions in vitro evidence
convincingly suggests the involvement of hypericin as
an inducer of P-glycoprotein [18] and hyperforin as a
potent ligand of the pregnane X receptor [19], which is
a key transcriptional regulator of important ABC drug
transporters and CYP3A4 [20]. In vivo, a relevant part
of the interaction can be explained by hyperforin [21].
We thus sought to determine both hyperforin and hyper-
icin. In the present study, every 14th patient admitted to
an internal medicine ward was exposed to hyperforin
that was not detected from a routine drug history. Even

 

Figure 1

 

Plasma concentrations in 12 patients out of 150 admitted to an internal 

medicine ward, who tested positive for hyperforin and/or hypericin, the 

two main constituents of the herbal medicine St. John’s Wort (SJW). 

Patient 1 had admitted taking SJW during both a routine drug history and 

interviews by a pharmacist inquiring about drug history before and during 

hospitalization, with a particular focus on intake of herbal medicines and 

self-medication. Patients 3 and 4 had admitted taking SJW in the interviews 

only. No other patient reported recent intake of SJW
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Table 1

 

Co-medication of drugs whose metabolism or P-glycoprotein-mediated transport can be induced by SJW, in patients with 
detectable hyperforin and/or hypericin in their plasma

 

Patient Drugs

Hyperforin plasma concentration
[ng ml

 

-

 

1

 

] (day of hospitalization)
Hypericin plasma concentration 
[ng ml

 

-

 

1

 

] (day of hospitalization)
Sample 1 Sample 2 Sample 3 Sample 1 Sample 2 Sample 3

 

3 Amlodipine (C), atorvastatin (C) 30.2 (1) 21.0 (3) – 1.3 (1) 1.8 (3) –
6 Diltiazem (C), theophylline

(A: case report 

 

+

 

 B1)

2.6 (1) 1.5 (4) –

 

<

 

LOQ (1)

 

<

 

LOQ (4) –

7 Atorvastatin (C) 2.0 (1) 1.1 (4) 0.5 (9)

 

<

 

LOQ (1)

 

<

 

LOQ (4)

 

<

 

LOQ (9)
8 Atorvastatin (C), conjugated oestrogens (A),

Diazepam (B1 

 

+

 

 B2)

1.0 (1) 0.6 (5) –

 

<

 

LOQ (1)

 

<

 

LOQ (5) –

9 Atorvastatin (C), diazepam (B1 

 

+

 

 B2) 0.3 (1) 0.3 (3) –

 

<

 

LOQ (1)

 

<

 

LOQ (3) –
10 Simvastatin (A), amlodipine (C) 0.2 (1) 0.1 (3) –

 

<

 

LOQ (1)

 

<

 

LOQ (3) –
11 Diazepam (B1 

 

+

 

 B2) 0.1 (1) 0.1 (3) –

 

<

 

LOQ (1)

 

<

 

LOQ (3) –

 

<

 

 LOQ 

 

=

 

 below limit of quantification (0.05 ng ml

 

-

 

1

 

); –

 

=

 

 discharge of the patient from model ward before third sampling time;
A 

 

=

 

 interaction established between this drug and SJW; B1 

 

=

 

 interaction established between this drug and rifampicin;
B2 

 

=

 

 interaction established between other representatives of this chemical and SJW; C 

 

=

 

 substrate of CYP enzymes or P-
glycoprotein that are induced by SJW.



 

M. Martin-Facklam et al. 

 

440

 

58

 

:4

 

Br J Clin Pharmacol

 

if an additional interview was performed by a pharma-
cist, every 17th patient had hyperforin present that was
unrecognized by the medical team.

In addition, seven of the 11 patients with exposure to
SJW that was unknown to the medical team were treated
with drugs known to interact with SJW. In the two
patients with hyperforin plasma concentrations of more
than 10 ng ml

 

-

 

1

 

, hypericin was also detectable. These
concentrations are roughly comparable to those
observed in the patients with known intake of SJW
before hospitalization, suggesting recent or continued
use of the herbal remedy. 

 

In vitro

 

, the half-maximally
effective concentration for activation of the pregnane X
receptor by hyperforin is 12 ng ml

 

-

 

1

 

 [19], a value similar
to the plasma concentrations found in several of our
patients. However, because SJW is administered orally,
intraluminal and portal venous concentrations are
expected to be substantially higher than the correspond-
ing systemic steady state concentrations [22]. Thus,
local concentrations at the major sites of interaction (the
gut and liver) are likely to reach those required for
induction.

In most patients plasma hyperforin and hypericin
concentrations were falling, which indicates that SJW
intake was not continued during hospitalization.
Because the concentration of hyperforin was not
decreasing in patient 9, continued intake of SJW cannot
be excluded. The patient did not admit to self-
medication at interview. Based on published maximal
concentrations, half-lives [23–27], and the LOQ of our
method, hypericin may be detected up to about 12 days
and hyperforin about 5 days after discontinuation of
SJW.

Hyperforin concentration measured on the first day of
admission varied by a factor of 800. This might be
explained by (1) different time spans between the last
intake of SJW and hospitalization, (2) use of different
commercially available products containing variable
amounts of hyperforin [28], and (3) consumption of teas
containing SJW, but hypericum containing teas are not
available in our hospital. Finally (4), hyperforin and/or
hypericin can be added to food and beverages as flavour-
ing agents [29]. However, the achievement of significant
tissue concentrations of these compounds is unlikely,
because only very small amounts have been found in
foods to which SJW was added [30].

No attempt was made to demonstrate induction of
CYP3A and to measure the activities of CYP and ABC
drug transporters. However, SJW has been shown by
others to induce CYP3A activity consistently [31].

In conclusion, this study has revealed that self-
medication with nonprescription medicines may remain

undisclosed even after several attempts by trained peo-
ple to complete drug histories. This finding suggests
that many patients are taking medication that their phy-
sicians are unaware of. The potential for drug interac-
tions in these circumstances may have an important
influence on both the effectiveness and safety of drug
therapy.

 

We are grateful to Monika Maurer for her excellent
technical assistance. This study was supported by
BMBF grant #01EC9902 from the German Federal

 

Ministry for Education and Research.
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