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No Clinically Relevant Interactions of  
St. John’s Wort Extract Ze 117 Low in 
Hyperforin With Cytochrome P450 Enzymes 
and P- glycoprotein
Catherine Zahner1, Esther Kruttschnitt1, Julia Uricher1, Michael Lissy2, Martin Hirsch2, Simon Nicolussi1,*, 
Stephan Krähenbühl3 and Jürgen Drewe1,*

Hypericum perforatum L. (St. John’s wort) is used to treat mild- to- moderate depression. Its potential safety risks are 
pharmacokinetic drug interactions via cytochrome P450 (CYP) enzymes and P- glycoprotein, presumably caused by 
hyperforin. In a phase I, open- label, non randomized, single- sequence study, the low- hyperforin Hypericum extract 
Ze 117 was investigated using a drug cocktail in 20 healthy volunteers. No pharmacokinetic interactions of Ze 117 
were observed for CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP3A4, and P- glycoprotein. Area under the curve (AUC) 
and peak plasma concentration (Cmax) of the used probe drugs showed 90% confidence intervals (CIs) of the 
geometric mean ratios of the drugs taken together with Ze 117 vs. probe drug alone, well within the predefined 
bioequivalence range of 80–125%. Though Ze 117 did not induce dextromethorphan metabolism by CYP2D6, it 
weakly increased dextromethorphan AUC ratio (mean 147.99, 95% CI 126.32–173.39) but not the corresponding 
metabolic ratio. Ze 117 does not show clinically relevant pharmacokinetic interactions with important CYPs and 
P- glycoprotein.

St. John’s wort dry extract Ze 117 is approved in several countries 
for the short- term treatment of mild- to- moderate depressive disor-
ders (ICD- 10 F32.0 and F32.1). Various clinical studies have shown 
that St. John’s wort preparations are as efficacious as synthetic an-
tidepressants but are usually better tolerated than their chemical 
counterparts1 and were granted with the well- established use status 

by the European Medicines Agency (EMA).2,3 Major constituents in 
St. John’s wort extracts are hypericin, hyperforin, various flavonoids, 
and procyanidines.4 According to the monograph of the Committee 
on Herbal Medicinal Products (HMPC) of the EMA,2,3 Hypericum  
extracts can contain variable amounts of constituents up to a max-
imum of 6.0%, 0.1–0.3% hypericin, and a minimum of 6.0% 

Received December 20, 2018; accepted January 23, 2019. doi:10.1002/cpt.1392

1Max Zeller Soehne AG, Romanshorn, Switzerland; 2Nuvisan GmbH, Neu-Ulm, Germany; 3Division of Clinical Pharmacology & Toxicology, University 
Hospital, Basel, Switzerland. *Correspondence: Simon Nicolussi and Jürgen Drewe (simon.nicolussi@zellerag.ch; juergen.drewe@zellerag.ch)

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 St. John’s wort preparations may induce cytochromes and 
transport proteins such as P- glycoprotein (P- gp), which could 
result in drug–drug interactions (DDIs). The constituent hy-
perforin has been demonstrated to be responsible for many of 
these DDIs.
WHAT QUESTION DID THIS STUDY ADDRESS?
 Evidence suggests that low- dose hyperforin extracts have a 
reduced risk of DDIs. Therefore, the low- hyperforin extract 
Ze 117 might have a lower potential for DDIs than other high- 
hyperforin St. John’s wort preparations.

WHAT DOES THIS STUDY ADD TO OUR KNOW-  
LEDGE?
 No evidence for a pharmacokinetic interaction (neither in-
duction nor inhibition) of the low- hyperforin extract Ze 117 
was observed for CYP1A2, CYP2B6, CYP2C9, CYP2C19, 
CYP3A4, and P- gp. Ze 117 likewise showed no induction of 
CYP2D6 but rather a weak and not clinically relevant inhibi-
tion of this enzyme.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 Low- hyperforin St. John’s wort extracts such as Ze 117 
might have a major advantage in drug safety compared with 
high- hyperforin St. John’s wort preparations, avoiding unnec-
essary safety risks in co- medication therapy.
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flavonoids. The commercial extract Ze 117 contains up to 0.3% hy-
pericin and low amounts of hyperforin (≤ 0.2%).

The mechanism of action of St. John’s wort is still not fully 
elucidated in detail, but the accepted hypothesis is that St. John’s 
wort exerts its antidepressant effects by inhibiting a reuptake of 
norepinephrine, serotonin, and dopamine in the presynaptic cleft 
and through a modulating effect on neurotransmitters at the post- 
synaptic membrane.5,6

However, the contribution of individual Hypericum  constitu-
ents to the overall efficacy is still a matter of debate. In vitro  and in 
vivo  data are either in favor or against hyperforin being the major 
active principle, but based on published data, a definite conclusion 
is still not possible.6 Considering the clinical data, extracts devoid 
of hyperforin have been proven to be efficacious, and thus it ap-
pears that hyperforin is not an essential constituent in Hypericum  
preparations. These studies demonstrated that Hypericum  extract 
(Ze 117) is as efficacious as imipramine and fluoxetine and supe-
rior to placebo7–9 in the treatment of depressive disorders.

Nevertheless, the widely differing hyperforin amounts in com-
mercial Hypericum  extracts need to be considered when focusing 
on drug interactions with St. John’s wort.

Several studies have shown that, in a dose- proportional manner, 
hyperforin is responsible for many of the observed drug interac-
tions.10–12 There is thus reasonable evidence to suggest that low- 
dose hyperforin extracts exert no significant effects on cytochrome 
(CYP) enzymes, such as CYP3A4, or on transport proteins such 
as P- glycoprotein (P- gp).13–16 Therefore, due to its low hyperfo-
rin content, Ze 117 might present with a lower potential for drug 
interactions than other St. John’s wort preparations. Since in vitro  
data are not always predictive of in vivo  behavior of the compound 
tested, a study in healthy human participants was performed. The 
aim of this study was to investigate the effect of the Hypericum  ex-
tract Ze 117 (low in hyperforin) on the interaction potential with 
relevant CYP enzymes and P- gp transporter.

The study design was standard for drug–drug interaction studies 
and was based on US Food and Drug Administration (FDA)17,18 
and EMA19 regulatory guidance (see Figure 3 for study design).

Cocktail approaches for phenotyping involving the administration 
of multiple CYP- specific or P- gp- specific probe drugs were used to si-
multaneously assess the activities of these enzymes and the transporter 
P- gp. Many phenotyping cocktails have been developed and used in 
recent years.20–25 For this study, the compilation of the probe drugs 
was selected according to a validated phenotyping cocktail (Geneva 
cocktail26,27), which also included a probe drug for P- gp (fexofena-
dine). To our knowledge, this is the first seven- probe drug cocktail 
interaction study investigating St. John’s wort.

The primary objective of this study was to evaluate a possible 
interaction (induction or inhibition) of St. John’s wort dry extract 
Ze 117 on several cytochrome P450 (CYP 450) enzymes and P- gp. 
We therefore compared the pharmacokinetic (PK) end points (area 
under the curve from time 0 to the last sample drawn (AUC0–t) 
and metabolic ratios) of selective substrates for specific CYPs and 
P- gp administered as a cocktail obtained on Day 8 (reflecting inhi-
bition) and on Day 17 (reflecting induction) with Day 1.

Furthermore, the safety of Ze 117 alone and in combination 
with the probe drugs was also evaluated.

RESULTS
Demographics
Twenty healthy participants of European ancestry (10 men, 10 
women) entered the study. Participants were eligible if they were 
aged between 18 and 55 years, had a mean body weight of 72.3 kg 
(range 53.6–88.9 kg), and had a mean body mass index between 
19.5 and 28.3 kg/m.2

Pharmacokinetics
Table 1 summarizes the PK results of probe drugs and the main 
metabolites: median plasma concentration/time curves are dis-
played in Figure 1 and Figures S1 and S2.

With regard to the ratio of geometric least square means (%) 
and their 90% confidence interval (CI), neither an inhibition 
(AUC0–t Day 8/Day 1) nor an induction (AUC0–t Day 17/Day 
1) of metabolism for caffeine, bupropion, flurbiprofen, omepra-
zole, or midazolam was observed, nor was an effect on fexofena-
dine transport seen. When the drugs were given with and without 
Ze 117, the AUC ratios of the probe drugs and their respective 
metabolites were generally within the extended bioequivalence 
ranges. Dextromethorphan fulfilled the criteria for weak inhibi-
tion after acute administration (162.23% (141.02–186.64%)) and 
10- day treatment with Ze 117 (147.99% (126.32–173.39%)) (see 
Table 1).

Metabolic ratios (see Table 2) did not change among the dif-
ferent treatments. Although a larger decrease in the metabolic 
ratio was observed for dextromethorphan, thereby reflecting weak 
CYP2D6 inhibition, this was not statistically significant either for 
the comparison of Day 8 vs. Day 1 or when comparing Day 17 vs. 
Day 1.

Genotyping
Genotyping was performed for CYP2B6, CYP2C9, CYP2C19, 
CYP2D6, and ABCB1 (P- gp) (for details see Table S1): All 20 
participants were extensive metabolizers for CYP2B6 according 
to Turpeinen and Zanger.28 Two intermediate metabolizers (IMs) 
and one poor metabolizer (PM) were identified for CYP2C9 ac-
cording to Deenen,29 and according to Hicks,30 two ultrarapid 
metabolizers, six rapid metabolizers, two IMs, and one PM were 
detected for CYP2C19,30 and one ultrarapid metabolizer, one IM, 
and one PM were determined for CYP2D6.

Three polymorphisms were investigated for P- gp 
(rs2032583, rs2235015, and rs2235015). Based on Hicks,30 
the rs2032583 haplotypes showed only normal activity, for 
rs2235015, five intermediate activity and 15 normal activity 
were observed, and for rs1045642, six intermediate, five re-
duced and nine normal activity were seen. The AUC0–t did 
not significantly change between Day 1, Day 8, and Day 17 
for any of the probe drugs (see Figure 2). Despite this genetic 
variability, no alterations in the PK of the probe drugs or in-
teractions with Ze 117 were observed for CYP2B6, CYP2C9, 
CYP2C19, or ABCB1 (P- gp).

Considering the genotype of the participants, it could be proven 
that metabolizer and transporter function status did not exert a sig-
nificant effect on the PK of the probe drugs (see Figures 1 and 2) 
among the visits on Day 1, Day 8, and Day 17.
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Tolerability
Sixteen participants reported 31 treatment-emergent adverse 
events (TEAEs) of mild to moderated intensity (the most preva-
lent being headache and fatigue). Ze 117 given alone and in com-
bination with the cocktail probe drugs was well tolerated. Four 
participants (21.1%) reported six Ze 117- related TEAEs after dos-
ing of the Ze 117 on Days 10 to 16, when Ze 117 was administered 
alone; and four participants (20.0%) reported four probe drug–re-
lated TEAEs on Day 1. One participant was withdrawn because 

of adverse effects on Day 5 (tonsillitis), and this was deemed un-
related to the study medication. No drug- related TEAEs started 
after the last dose of Ze 117 administered together with the 
Geneva cocktail.

The most frequently reported TEAE was headache (overall four 
participants (20.0%) reported six TEAEs), followed by fatigue 
(overall three participants (15.0%) reported three TEAEs).

All TEAEs were of mild or moderate intensity and recovered/
resolved by the end of the study.

Table 1 Primary and secondary end points of probe drugs and metabolites

End points

Ratio of 
geometric LS 

mean (%)
90% CI of the 

ratio (%)
Intra- subject 

CV (%)

Ratio of 
geometric LS 

mean (%)
90% CI of the 

ratio (%)
Intra- subject 

CV (%)

CYP1A2 Caffeine Paraxanthine

AUC0–t Day 17/Day 1 99.10 89.35–109.90 18.56 86.48 76.86–97.31 21.21

AUC0–t Day 8/Day 1 105.13 94.34–117.16 19.44 92.54 81.06–105.64 23.87

Cmax Day 17/Day 1 99.08 85.83–114.37 25.94 84.93 75.36–95.72 21.50

Cmax Day 8/Day 1 104.33 93.72–116.15 19.24 90.97 79.87–103.61 23.44

CYP2B6 Bupropion 4- Hydroxybupropion

AUC0–t Day 17/Day 1 107.41 93.43–123.47 25.16 109.57 100.61–119.32 15.25

AUC0–t Day 8/Day 1 107.02 96.03–119.27 19.43 105.54 95.88–116.18 17.19

Cmax Day 17/Day 1 111.58 88.50–140.67 43.00 105.80 97.66–114.61 14.29

Cmax Day 8/Day 1 100.81 84.37–120.47 32.47 95.48 87.78–103.85 15.02

CYP2C9 Flurbiprofen 4- Hydroxyflurbiprofen

AUC0–t Day 17/Day 1 103.54 97.02–110.51 11.61 123.43 112.25–135.71 16.99

AUC0–t Day 8/Day 1 99.07 93.83–104.61 9.69 117.89 109.88–126.49 12.56

Cmax Day 17/Day 1 111.14 102.09–120.99 15.19 119.86 111.75–128.56 12.50

Cmax Day 8/Day 1 109.67 100.68–119.46 15.29 117.36 111.35–123.69 9.36

CYP2C19 Omeprazole 4- Hydroxyomeprazole

AUC0–t Day 17/Day 1 101.04 89.31–114.30 22.19 105.82 97.02–115.43 15.54

AUC0–t Day 8/Day 1 118.65 102.64–137.15 26.19 111.33 102.48–120.94 14.79

Cmax Day 17/Day 1 100.64 83.50–121.29 34.11 104.58 89.54–122.14 28.13

Cmax Day 8/Day 1 109.70 91.51–131.51 33.08 104.99 92.33–119.38 23.14

CYP2D6 Dextromethorphan Dextrorphan

AUC0–t Day 17/Day 1 147.99 126.32–173.39 28.72 108.50 93.84–125.46 24.61

AUC0–t Day 8/Day 1 162.23 141.02–186.64 25.30 108.07 92.48–126.29 26.47

Cmax Day 17/Day 1 154.57 131.73–181.36 29.00 113.16 92.83–137.93 33.98

Cmax Day 8/Day 1 163.29 143.98–185.19 22.65 111.61 94.44–131.91 28.46

CYP3A4 Midazolam 1- Hydroxymidazolam

AUC0–t Day 17/Day 1 111.33 100.56–123.25 18.23 115.51 98.78–135.06 28.35

AUC0–t Day 8/Day 1 120.53 111.10–130.77 14.57 117.82 103.65–133.92 23.07

Cmax Day 17/Day 1 117.23 103.20–133.16 22.95 117.61 93.58–147.82 42.37

Cmax Day 8/Day 1 123.50 108.61–140.43 23.14 117.04 97.21–140.91 33.92

P- gp Fexofenadine

AUC0–t Day 17/Day 1 101.33 89.00–115.81 23.73

AUC0–t Day 8/Day 1 97.11 87.48–107.82 18.74

Cmax Day 17/Day 1 116.76 99.41–137.13 29.18

Cmax Day 8/Day 1 102.13 89.55–116.47 23.68

Primary end points (bold): geometric mean ratios of AUC0–t (Day 17 vs. Day 1) of probe drugs; secondary end points: all of the other end points.
AUC, area under the curve; CI, confidence interval; Cmax, peak plasma concentration; CV, coefficient of variance; LS, least squares; P- gp, P- glycoprotein.
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Vital signs showed no clinically relevant changes after dosing, 
except for an increased body temperature in three participants 
(15.0%) during the period between the first cocktail administra-
tion and before the start of the Ze 117 dosing. These were consid-
ered unlikely to be related to probe drug administration.

All electrocardiograms were without any clinically significant 
findings.

DISCUSSION
Since 1999, when the first clinical study focusing on PK interac-
tions involving a commercial Hypericum  extract and digoxin was re-
ported,31 drug interactions with St. John’s wort have received much 
attention. The first clinically relevant interaction of a Hypericum  
extract and the immunosuppressant cyclosporine was published in 
2000 and detailed an acute rejection in two transplant patients.32 
Interestingly, these initial reports of clinically relevant interactions 
with Hypericum  preparations occurred after 1998, when many 
manufacturers changed the St. John’s wort extraction procedure, 
thereby resulting in hyperforin-rich extracts (for review, see 33).

In general, the majority of drug– drug interactions (and herb– 
drug interactions) are metabolism- related interactions; indeed, 

most xenobiotics are capable of interacting with CYP enzymes in 
various ways, resulting in either enzyme induction or inhibition. 
When enzymes are induced by enhanced enzyme synthesis, de-
creased drug serum levels and thus a decreased drug response are 
achieved; enzyme inhibition (reversible or irreversible) results in 
higher serum concentrations of the drug. Depending on the magni-
tude of the effect, clinically relevant adverse drug reactions are pos-
sible. In addition to an induction/inhibition of CYP enzymes in the 
liver and intestines, the P- gp efflux transporter interferes with drug 
absorption and controls tissue penetration (e.g., into the brain).

Published in vitro  and in vivo  data indicate that, in a manner de-
pendent on the hyperforin concentration in the extract, St. John’s 
wort preparations may induce CYP enzymes and P- gp transport 
protein.10–12,34

It has been shown that hyperforin activates the PXR nuclear re-
ceptor, which regulates the expression of various CYP enzymes and 
P- gp.10

Since Ze 117 is a low- hyperforin St. John’s wort extract, it was 
this study’s aim to determine its potential for interaction with rel-
evant CYP enzymes and the P- gp transporter in human healthy 
participants using a cocktail of probe drugs.

Figure 1 Median plasma concentrations of probe drugs (n = 19–20). 
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PK interaction was excluded when the 90% CIs for the geomet-
ric mean ratios were within the bioequivalence limits of 80–125% 
or the extended bioequivalence limits of 70–143%, also accepted 
for phenotyping metrics.19,35

It was found that the 90% CIs for the geometric least square 
mean ratios for the probe drugs together with Ze 117 vs. probe 
drug alone of the PK end point AUC0–t for CYP1A2, CYP2B6, 
CYP2C9, CYP2C19, CYP3A4, and P- gp were well within the 
bioequivalence acceptance range of 80–125%, thereby indicating 
no CYP or P- gp induction or inhibition. In general, these results 
were confirmed by the secondary end points such as peak plasma 
concentration (Cmax) and metabolic ratios, which were all within 
the bioequivalence range of 80–125% or the predefined acceptance 
range of 70–143% or not significantly different between the study 
day (metabolic ratios). Thus, a PK interaction between Ze 117 and 
drugs that are substrates of these enzymes could be excluded.

Thus, in contrast to previous data with high- hyperforin 
Hypericum perforatum  preparations,31,32,36–42 no induction of 
CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP3A4, 
or P- gp by Ze 117 was observed in our study. Comparison of 
dextromethorphan AUC0–t on Day 8 and Day 17 with baseline 
suggested a weak inhibition of CYP2D6. In addition, the corre-
sponding metabolic ratio showed a numerical decrease, but with-
out reaching statistical significance (see Table 2).

An interaction of St. John’s wort with CYP2D6 has been pre-
viously controversially described in the literature. Hyperforin, 
hypericin, and the flavonoid I3,II8- biapigenin showed a clear 
inhibition of enzyme preparations in vitro ;43 however, no effect 
of hyperforin and hypericin on CYP2D6 activity was seen in pri-
mary human hepatocytes.44 In a phenotyping experiment in el-
derly patients as well as in healthy volunteers, no significant effects 
of a St. John’s wort extract on CYP2D6 activity after long- term 
administration were observed.23,36,45–47 In our study, the extent 
of CYP2D6 inhibition could be classified as weak according to 
FDA guidelines.18 Although the mechanism of this effect is not 

yet understood, it appears unlikely to be related to PXR activa-
tion, which should have been associated with an induction of the 
CYPs assessed (except CYP1A2 and 2D6) and of P- gp. To date, 
other clinical trials investigating the effect of St. John’s wort prepa-
rations have shown no PK interaction with dextromethorphan as 
a CYP2D6.

In summary, given the well- established use of Ze 117 in the 
treatment of mild- to- moderate depressive episodes,2,3 these study 
results provide evidence of a major safety advantage of Ze 117 
compared with high- hyperforin St. John’s wort extracts. This 
underscores the current expert opinions recommending low- 
hyperforin extracts below a daily hyperforin dose of 1 mg to allevi-
ate or mitigate potential unnecessary safety risks in co- medication 
therapy.2,3

METHODS
This study (EudraCT number 2017- 003760- 12) was conducted at the 
Center for Human Pharmacology in Neu- Ulm, Germany, from February 
6, 2018 (first participant signed the informed consent), until March 23, 
2018 (last participant last contact). All study procedures were approved 
by the Ethics Committee (EC) of the Bavarian State Medical Council, 
Munich, Germany (No. 17085, approval 18.01.2018), and by the Federal 
Institute for Drugs and Medical Devices (BfArM, 4042510, approval 
24.01.2018). This trial was registered at ClinicalTrials.gov (NCT 
03482817). All patients provided written informed consent before study 
entry. Additional informed consent was obtained for genotyping.

Participants
Healthy male and female volunteers were eligible to be enrolled in the 
study if they were physically and mentally healthy, of European ancestry, 
aged inclusive of and between 18 and 55 years, body mass index inclusive 
of and between 19 and 29 kg/m2, body weight less than or equal to 90 kg, 
non- smoker, and not pregnant.

Participants of childbearing potential had to practice an acceptable 
method of contraception/birth control. Physical (including electrocardio-
gram) and laboratory examinations (including drug screening) had to be 
without any pathological findings.

Table 2 Metabolic ratio of metabolite AUC0–t over probe drug AUC0–t

Probe drug

Mean metabolic ratios ± SEMa

Comparison
Mean 

difference (−) a 95% CI (−) P- value bDay 1 Day 8 Day 17

Caffeine 
(CYP1A2)

0.74 ± 0.04 0.66 ± 0.04 0.67 ± 0.05 Day 8 vs. Day 1 −0.08 −0.21 to 0.05 0.21

Day 17 vs. Day 1 −0.07 −0.20 to 0.05 0.25

Bupropion 
(CYP2B6)

16.45 ± 1.83 16.80 ± 2.20 16.41 ± 1.75 Day 8 vs. Day 1 0.35 −5.10 to 5.81 0.90

Day 17 vs. Day 1 −0.03 −5.49 to 5.42 0.99

Flurbiprofen 
(CYP2C9)

0.05 ± 0.01 0.06 ± 0.01 0.06 ± 0.01 Day 8 vs. Day 1 0.01 0.01 to 0.04 0.27

Day 17 vs. Day 1 0.01 0.02 to 0.02 0.35

Omeprazole 
(CYP2C19)

0.81 ± 0.09 0.79 ± 0.09 0.84 ± 0.09 Day 8 vs. Day 1 −0.02 −0.28 to 0.24 0.88

Day 17 vs. Day 1 0.04 −0.22 to 0.30 0.77

Dextromethorphan 
(CYP2D6)

1.52 ± 0.38 0.91 ± 0.39 0.96 ± 0.39 Day 8 vs. Day 1 −0.61 −1.70 to 0.47 0.26

Day 17 vs. Day 1 −0.56 −1.65 to 0.53 0.30

Midazolam 
(CYP3A4)

0.41 ± 0.05 0.40 ± 0.05 0.41 ± 0.05 Day 8 vs. Day 1 −0.02 −0.15 to 0.11 0.78

Day 17 vs. Day 1 −0.01 −0.14 to 0.12 0.89

AUC, area under the curve; CI, confidence interval; SEM, standard error of the mean.
aCalculated as ratio of metabolite AUC0–t over probe drug AUC0–t. 

bLinear mixed model analysis.
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Sample size
The intra- subject coefficients of variation (CVs) for the AUCs of 
the administered cocktail probe drugs vary between 8% and 30% as 
reported by Bosilkovska.27 A sample size of 16 participants allowed 
a rejection of each null hypothesis “interaction present induction/ 
inhibition” with α = 0.05 (one- sided) and a power of at least 99% 
for a tolerance zone of 0.50–2.0 assuming as a conservative approach 
that the intra- individual CVs exceed 30% and the true ratio of μtest/ 
μreference = 1.0.19 A sample size of 16 participants allowed a rejection of 
each null hypothesis “interaction present induction/inhibition” with 
α = 0.05 (one- sided) and a power of at least 90% for a tolerance zone 
of 0.70–1.43 assuming that the intra- individual CVs exceed 30% and  
the true ratio of μtest/μreference = 1.0.35 As a safety margin, an addi-
tional four participants were included to account for dropouts, re-
sulting in a total sample size of N =  20. Sample size calculations were 
performed using SAS 9.4 (SAS Institute, Cary, NC) for equivalence of 
a one- sample mean in a multiplicative model.

Study design
The study was conducted as a phase I, open- label, non randomized trial 
with single- sequence design (Figure 3).

Participants were hospitalized from Day-1 until discharge on the morn-
ing of Day 18. They received orally administration of 500 mg Ze 117 in 
the morning of Day 8 to Day 17. A cocktail consisting of seven probe drugs 

was given three times orally as a single dose each (Day 1, Day 8, Day 17). 
The compilation of the probe drugs was made according to a validated 
cocktail (Geneva cocktail27) and contained the following probes: caffeine 
(CYP1A2), bupropion (CYP2B6), flurbiprofen (CYP2C9), omeprazole 
(CYP2C19), dextromethorphan (CYP2D6), midazolam (CYP3A4), 
and fexofenadine (P- gp). The cocktail of seven probe drugs was given in 
the morning of Day 1, Day 8 and Day 17. All probe drugs were marketed 
drugs.

Plasma samples for determination of the probe drugs and their metab-
olites were taken pre- dose and post- dose until 72 hours after each admin-
istration of the cocktail. The primary objective was to evaluate a possible 
interaction (induction or inhibition) of St. John’s wort dry extract Ze 117 
on several CYP P450 enzymes and the transporter P- gp by comparing 
the AUC0-t of Days 1 and 17 of the cocktail substrates. Secondary ob-
jectives were to evaluate a possible interaction (induction or inhibition) 
of St. John’s wort dry extract Ze 117 on several CYP P450 enzymes and 
the transporter P- gp by comparing Cmax of the cocktail substrates and the 
metabolic ratios of the cocktail substrates and their relevant metabolites. 
Additionally, we sought to evaluate the safety of Ze 117 alone and in com-
bination with the probe drugs.

Study drug and doses
St. John’s wort dry extract Ze 117 (Rebalance 500, containing 0.96 mg 
hyperforin per film- coated tablet) was taken as single tablet with 240 mL 

Figure 2 Metabolic ratios (AUC0–t) of probe drugs for different visits and metabolic genotypes. Metabolizer status: UM = ultrarapid, 
RM = rapid, EM = extensive, IM = intermediate, and PM = poor metabolizers (n = 19–20). AUC, area under the curve.
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of water for 10 days (Day 8 to Day 17). The dose of 500 mg St. John’s 
wort dry extract Ze 117 selected for this study is the registered recom-
mended daily dose of this herbal medicinal product. This dose is ac-
knowledged by the monograph of the Herbal Medicines Committee 
of the EMA.2,3 Tablets were manufactured by Max Zeller Soehne AG, 
Romanshorn, Switzerland (the composition of the marketed product is 
given in Table S2).

The cocktail of seven marketed probe drugs was given in the morn-
ing of Day 1, Day 8, Day 17. Compilation of the probe drugs accord-
ing to the validated Geneva cocktail: 50 mg caffeine tablet (CYP1A2), 
75 mg bupropion HCl (CYP2B6), 10 mg flurbiprofen oral solution 
(CYP2C9), 10 mg omeprazole capsule (CYP2C19), 10 mg dextro-
methorphan oral solution (CYP2D6), 1 mg midazolam oral solution 
(CYP3A4), and 25 mg fexofenadine oral suspension (P- gp). (Details 
are available in Table S2.)

The probe drugs were taken “at once” without test drug Ze 117 (Day 1) 
or together with the test drug Ze 117 (Day 8 and 17) together with 
240 mL of water. Ze 117 was administered for 10 days (Days 8 to Day 17), 
and the cocktail was administered three times (Day 1, Day 8, Day 17). 
The participants received standardized meals and co- medication was 
controlled. Dosing of the probe drug cocktail together with Ze 117 was 
performed under fasting conditions. Dosing of Ze 117 on the other study 
days was performed in the fasting state.

PK sampling schedule and measurement
Blood samples for determining the concentration of probe drugs and 
their metabolites were collected by venous puncture or indwelling venous 
catheter as closely as possible to the following time points: pre- dose and 
10, 20, 30, 45 minutes and 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 48, and 
72 hours after each cocktail administration. Blood samples were analyzed 
by Nuvisan GmbH Bioanalytics, Neu- Ulm, Germany, for the probe drug 
and metabolite concentrations using a validated liquid chromatography- 
tandem mass spectrometry method. Analytes were caffeine and pa-
raxanthine, bupropion and 4- hydroxybupropion, flurbiprofen and 
4- hydroxyflurbiprofen, omeprazole and 5- hydroxyomeprazole, dextro-
methorphan and dextrorphan, midazolam and 1- hydroxymidazolam, 
and fexofenadine. The assay was carried out in accordance to Good 
Laboratory Practice regulations and the EMA reflection paper Good 
Clinical Practice.48

Bioanalytical measurement
For the quantitative determination of flurbiprofen, 4- hydroxy-  
flurbiprofen, bupropion, 4- hydroxybupropion, dextromethorphan, 
 dextrorphan, fexofenadine, omeprazole, 5- hydroxyomeprazole,  caffeine, 
paraxanthine, midazolam, and 1- hydroxymidazolam in human K3- 
EDTA plasma, an assay was developed and validated at Nuvisan 
GmbH, Neu- Ulm, Germany, in accordance to the EMA Guideline on 

bioanalytical method validation.49 For quantification, isotopic labeled 
internal standards were used.

For flurbiprofen and 4- hydroxyflurbiprofen, an assay based on sup-
ported liquid extraction (Isolute SLE 200 μL) of 100 μL plasma fol-
lowed by a chromatographic separation on a C18 column (Waters Aquity 
UPLC BEH C18, 50 × 2.1 mm; 1.7 μm) under gradient conditions 
and liquid chromatography- tandem mass spectrometry detection (AB 
SCIEX API5500) of negative ions was established. The remaining an-
alytes were determined by protein precipitation of 50.0 μL plasma with 
300 μL acetonitrile followed by a chromatographic separation on a C18 
column (the same as for flurbiprofen) under gradient conditions and liq-
uid chromatography- tandem mass spectrometry detection of positive ions.

The following lower limits of quantification were obtained: 
0.05 ng/mL for dextromethorphan, dextrorphan, midazolam, and 
1- hydroxymidazolam; 0.5 ng/mL for fexofenadine; 1.0 ng/mL for 
4- hydroxyflurbiprofen, bupropion, 4- hydroxybupropion, omeprazole, 
and 5- hydroxyomeprazole; 5.0 ng/mL for flurbiprofen; and 10 ng/mL for 
caffeine and paraxanthine (characteristics of the validated analytical meth-
ods are given in Table S3).

PK and statistical end points
Using Phoenix WinNonlin 7.0 (Certara, Princeton, NJ), the following 
non- compartmental PK end points were calculated from the individual 
blood concentration–time data of the probe drugs and their metabo-
lites on Days 1, 8, and 17: AUC0–t (AUC from time 0 to the last sam-
ple drawn), AUC0–inf (AUC extrapolated to infinite time), Cmax (peak 
plasma concentration), λz (terminal elimination rate constant), t 1/2 (ter-
minal elimination half- life) and tmax (time to reach Cmax). PK end points 
were calculated by noncompartmental or model- free methods, e.g., linear 
trapezoidal rule for AUC, log- linear regression for λz, etc. Missing data 
were not replaced or imputed in any way. Concentrations below the lower 
limit of quantification were treated as zero. In cases with multiple peaks, 
Cmax and tmax referred to the highest measured concentration even if ear-
lier peaks were present. In cases with two or more samples having the 
same concentration, tmax referred to the earliest reading. The data points 
to be used for calculation of λz were determined by visual inspection of 
concentration-time curves in log- linear scaling. The calculation was 
considered sufficiently reliable in case where the coefficient of determi-
nation r 2 > 0.85 and unreliable in cases where r 2 < 0.8. Cases in between 
were considered on a case- by- case basis. The value of AUC0–inf was con-
sidered unreliable but was reported if the terminal area beyond the last 
quantified sample was >20% of the total AUC0–inf.

To estimate the changes in the activity of the investigated enzymes, the 
metabolic ratios based on AUC0–t (metabolite/parent compound) were 
calculated for each probe drug. These ratios were compared (Day 1 vs. 
Day 8 and Day 1 vs. Day 17) by linear mixed model analysis (IBM SPSS 
Software, version 25, IBM, Zürich, Switzerland).

Figure 3 Study design. FU, follow-up; PK, pharmacokinetic.
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Genotyping
Genotyping was performed by IMGM Laboratories GmbH, Martinsried, 
Germany. CYP2B6, CYP2C9, CYP2C19, and ABCB1 genotyping 
was performed by quantitative polymerase chain reaction (PCR) and 
CYP2D6 genotyping by dye terminator sequencing and agarose gel elec-
trophoresis in 20 human blood samples using appropriate positive and 
negative controls.

DNA was extracted from PAXgene Blood DNA tubes using the 
QIAamp DNA Blood Midi Kit (Qiagen) according to manufactur-
er’s instructions. Concentration (ng/μL) and purity (absorbance ra-
tios 260 nm/280 nm and 260 nm/230 nm) were determined using a 
NanoDrop ND- 1000 UV- VIS spectrophotometer.

Genotyping of CYP2B6 , CYP2C9 , CYP2C19,  and ABCB1  was per-
formed by quantitative PCR using the single nucleotide polymorphism 
genotyping assays listed in Table S1. From the genomic DNA 10 ng 
was amplified in duplicates using the ViiA7TM system (ThermoFisher 
Scientific) with the TaqMan Universal Master Mix II “No AmpErase 
UNG” and the following reaction conditions: temperature was 60°C for 
30 seconds, 95°C for 10 minutes, 40 cycles of (95°C for 15 seconds fol-
lowed by –60°C for 1 minutes), 60°C for 30 seconds. Data analysis and 
genotype calling were performed using the TaqMan Genotyper Software 
(ThermoFisher Scientific). Respective star alleles analyzed are listed in 
Table S1. Haplotypes were predicted according to Table S1.

Genotyping of CYP2D6 (alleles *2, *3, *4, *6, *7, *8, *9, *10, *14, *17, 
*19, *29, *35, *38, *41) was performed by dye terminator sequencing of 
selected PCR products using specific PCR primers followed by capil-
lary electrophoresis. Sequencing data were analyzed using the SeqPilot 
Software ( JSI Medical Systems). Alleles *5 (deletion) and *xN (mul-
tiplication) were analyzed by agarose gel electrophoresis using appro-
priate controls. Haplotypes (see Table S1), diplotypes, and phenotypes 
were predicted based on sequencing and agarose gel electrophoresis 
data.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).

Figure S1. (a–g) Mean ± SEM plasma concentrations of probe drugs 
after acute administration of Ze 117 (Day 8) compared with baseline 
(Day 1) (n = 19–20).
Figure S2. (a–g) Mean ± SEM plasma concentrations of probe drugs 
after multiple administrations of Ze 117 (Day 17) compared with base-
line (Day 1) (n = 19–20).
Table S1. Genotyping information.
Table S2. Applied drugs.
Table S3. Characteristics of the validated method.
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