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Abstract

A number of herbal preparations have been shown to interact with prescription medications
secondary to modulation of cytochrome P450 (CYP) and/or P-glycoprotein (P-gp). The purpose of
this study was to determine the influence of Panax ginseng on CYP3A and P-gp function using the
probe substrates midazolam and fexofenadine, respectively. Twelve healthy subjects (8 males)
completed this open label, single sequence pharmacokinetic study. Healthy volunteers received
single oral doses of midazolam 8 mg and fexofenadine 120 mg, before and after 28 days of ~.
ginseng 500 mg twice daily. Midazolam and fexofenadine pharmacokinetic parameter values were
calculated and compared pre-and post P. ginseng administration. Geometric mean ratios (post-
ginseng/pre-ginseng) for midazolam area under the concentration vs. time curve from zero to
infinity (AUCy.o ), half life (T1/2), and maximum concentration (Cnax) Were significantly reduced
at 0.66 (0.55-0.78), 0.71 (0.53 — 0.90), and 0.74 (0.56 — 0.93), respectively. Conversely,
fexofenadine pharmacokinetics were unaltered by P. ginseng administration. Based on these
results, Panax ginseng appeared to induce CYP3A activity in the liver and possibly the
gastrointestinal tract. Patients taking Panax ginseng in combination with CYP3A substrates with
narrow therapeutic ranges should be monitored closely for adequate therapeutic response to the
substrate medication.
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Introduction

Complimentary and alternative medicine (CAM) use has dramatically increased over the last
20 years. In a survey conducted by Eisenberg et al., approximately 34% of adults in the USA
reported using at least one form of CAM.1 Typical uses for CAM include disease treatment
and prevention and management of medication related side effects.12 Due to the
widespread use of CAM in combination with proprietary medications, there is a strong
possibility of drug-drug interactions between these groups of compounds. As such, there is
continuing need to characterize the influence of herbal preparations on common metabolic
and transport pathways.12

Over the past decade, a variety of pharmacokinetic interactions between herbal supplements
and prescription medications have been described.3-7 Many of these interactions occurred
secondary to CAM-related modulation of CYP3A4/5, which is responsible for metabolizing
over half of all drugs that undergo Phase 1 metabolism.8 Indeed, St. John’s wort, has been
shown to significantly decrease the exposure of a number of CYP3A substrates including
indinavir, cyclosporine, alprazolam, nifedipine, and oral contraceptives.® In addition, herbal
supplements may also alter the disposition of coadministered medications secondary to
modulation of efflux proteins such as the MDR-1 gene product, P—glycoprotein (P—gp).®

Among herbs that may interact with medications via CYP3A modulation is Panax ginseng
(also referred to as ginseng or Chinese ginseng). P. ginseng is purported to improve vitality,
immune function, cognitive function, and enhance overall well-being.1%-12 A number of in
vitroand in vivo studies have been conducted to assess the influence of P. ginsengon a
variety of CYP isoforms.”-13-19 However, results from these investigations failed to yield
consistent results. Therefore this study was conducted to characterize the influence of 2.
ginseng on CYP3A and P—gp activity, using the probe substrates, midazolam and
fexofenadine, respectively, in healthy human volunteers.

Subjects and methods

Subjects

Healthy volunteers between the ages of 18 and 50 years were eligible to participate in this
study. Evaluation of potential subjects included a medical history, physical examination and
laboratory analyses to rule out any medical conditions that could increase subject risk or
affect study results. Participants were also required to have a negative HIV ELISA test.
Subjects were not allowed to have taken any medications (including non—prescription drugs,
herbal supplements and oral contraceptives) within 30 days of study participation.
Additional exclusion criteria included tobacco use within 6 weeks, active drug or alcohol
abuse, history of intolerance to any of the study medications, and persistent diarrhea.
Volunteers were instructed to abstain from grapefruit or grapefruit juice during the entire
study period; subjects were prohibited from ingesting any fruit juices (ie. apple juice, orange
juice) during fexofenadine administration and sampling periods, because fruit juices have
been shown to impair fexofenadine absorption.20 Lastly, females of child-bearing potential
were required to use a non—hormonal method of contraception throughout the study.

Informed consent was obtained from all study participants and clinical research was
conducted in accordance with guidelines for human experimentation as specified by the U.S.
Department of Health and Human Services. The study was approved by the National
Institute of Allergy and Infectious Diseases Institutional Review Board.
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Study design

This study was a single—center, crossover, single—sequence, open—label investigation to
evaluate the effect of orally administered P. ginseng on CYP3A and P-gp activity in humans
using oral midazolam and fexofenadine, respectively, as probe substrates. The study was
conducted at the Clinical Research Center at the National Institutes of Health (Bethesda,
MD, USA).

Treatment and blood sampling

Subjects were administered a single 8 mg oral dose of midazolam syrup (Roche
Laboratories, Nutley, NJ, USA) and 120 mg (two 60 mg tablets) of fexofenadine tablets
(Sanofi—Aventis, Bridgewater, NJ, USA) together on an empty stomach. Blood samples
were collected for determination of both midazolam and fexofenadine plasma concentrations
at the following time points: 0 (pre—dose), 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8 and 24 hours
post-dose. After collection, samples were immediately centrifuged and plasma harvested and
frozen at —80°C until chromatographic analysis. Subjects then began taking 2. ginseng 500
mg twice daily (Vitamer Laboratories) for 28 days. The P. ginseng dose (500 mg) was
selected based on the recommended dose listed on the product label; the duration of
administration was chosen to allow for adequate CYP3A and/or P-gp induction to occur in
the event that £, ginseng turned out to be an inducer of one or both of these proteins.2! A,
ginseng was self-administered with morning and evening meals by study subjects.
Adherence was assessed by self-report, and examination of diary cards and pill counts at
scheduled study visits. On Day 28 of P. ginseng administration, subjects returned to clinic
for repeat midazolam and fexofenadine administration and blood sampling as previously
described.

Analytical methods

Fexofenadine and midazolam were separated using Ultra Performance Liquid
Chromatography (UPLC) with detection by tandem mass spectrometry (MS) using multiple
reaction monitoring (MRM) as previously described.3 Calibration curves for midazolam and
fexofenadine were linear from 1.0 to 100 ng/mL (R = 0.998). Percent errors, as a measure
of accuracy, were < 15%, and inter—assay and intra—assay coefficients of variation for
fexofenadine were 6.16-9.22% and 5.88-6.87%, respectively, and coefficients of variation
for midazolam were 5.00-12.59% and 5.32-10.85%, respectively at three different
concentrations. The limit of quantization for fexofenadine and midazolam was 1.0 ng/mL
and the limit of detection was 0.50 ng/mL.

Panax ginseng formulation

Chinese Panax ginseng 500 mg capsules (Vitamer Laboratories, Irvine, CA; lot # 115007)
were used in this investigation. The formulation was standardized to 5% ginsenosides and
certified by the Natural Products Association, a non—profit USA organization dedicated to
the quality of manufacturing of natural supplements, in accordance with Good
Manufacturing Practices (GMP). In addition, the product conformed to the dosage and mode
of administration as established by the German Commission E monograph, containing ~.
ginseng powder from the whole root. After purchase from a commercial source, we did not
perform further content analysis on the P. ginseng formulation nor did we assess serum
concentrations of ginsenosides in our study population. However, the identical Vitamer
product used in this study (Chinese Panax ginseng 500 mg capsules) was used previously in
a study conducted by Gurley et al. In their study, the Vitamer Panax ginseng product
underwent independent assessment for ginsenosides Rb1, Rb2, Rc, Rd, Re, Rf, and Rg at the
National Center for Natural Products Research (University of Mississippi, University, MS,
USA) using a proprietary gradient HPLC method.13 All ginsenosides were detected in that
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analysis, with Rb1 and Rb2 comprising the highest amounts (7.39 and 6.8 mg/capsule,
respectively). In total, each capsule contained 22.4 mg ginsenosides. Previously conducted
studies suggest that a number of ginsenosides and their deglycosylated metabolites are
involved in CYP3A modulation, although a direct relationship between ginsenosides and
CYP modulation has not been identified.?2:23 It is also possible that additional
phytochemicals present in A. ginseng may contribute to CYP modulation

Pharmacokinetic Analysis

Within subject changes for midazolam concentrations (before and after 28 days of ~.
ginseng administration period) were assessed by calculating geometric means (GM) and
geometric mean ratios (GMR) with 90% confidence intervals (ClI), determined as linear
values. The coefficient of variation (CV) for the GMs was also calculated to measure
dispersion within the data set. Plasma concentrations of midazolam and fexofenadine were
analyzed by non—compartmental methods using WinNonlin pharmacokinetic software,
version 5.0 (Pharsight Corporation, Mountain View, CA, USA). The maximum plasma
concentration (Cpax), and time to reach Cpax (Tmax) Were obtained by direct inspection of
the plasma concentration—-time profiles. The elimination rate constant (A7) was determined
by calculating the absolute value of the slope of the log—linear regression using at least three
points on the plasma concentration—time plot. The AUC from zero to the last quantifiable
concentration (AUCq_jast) Was determined for midazolam and fexofenadine by the log—
linear trapezoidal rule; AUC from zero to infinity (AUC_., ) was calculated by dividing the
last measured concentration by Az and adding this value to AUC,st. Apparent oral clearance
(CL/F) was estimated for midazolam and fexofenadine as dose/AUCq_ .

Statistical Analysis

Sample Size

Results
Subjects

Changes in pharmacokinetic parameters were considered significant when the confidence
interval (CI) for the GMR did not cross the value of 1.24 SYSTAT Software, version 11
(Richmond, CA, USA) was used for sample size calculation and inferential statistics;
Microsoft Excel 2003 (Microsoft Corp., Redmond, WA, USA) was used to generate
descriptive statistical data.

A difference in midazolam AUC of at least 33% was considered to be clinically relevant for
the purpose of estimating sample size. A standard deviation of 53 ng-hr/mL with an average
AUCq_,, 0f 143 ng-hr/mL was assumed for midazolam based on previous data.* With o set
at 0.05, a sample of 12 subjects was deemed necessary to provide 84% power to detect a
33% difference in midazolam AUC_,, before and after P. ginseng administration
(SYSTAT software, version 11).

Fifteen subjects screened, and twelve (8 males) completed study participation. Demographic
information for the study subjects is presented in Table 1. Two subjects were not enrolled
due to elevated cholesterol, and participation in another research study, respectively. A third
subject was removed from the study for non—compliance with protocol procedures. All
subjects reported excellent adherence to P. ginseng with no subject missing more than 2
doses throughout the study.
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Midazolam and fexofenadine pharmacokinetics

Pharmacokinetic parameter values and GMRs are presented for both midazolam and
fexofenadine in Table 2. Concentration—versus—time profiles for midazolam and
fexofenadine, before and after P. ginseng administration, are shown in Figures 1 and 2,
respectively. Both midazolam AUC and CI/F were significantly altered after 28 days of ~.
ginseng administration. The GMR for midazolam AUC (post— ginseng/pre—ginseng) was
0.66 (0.55-0.78); moreover, midazolam AUC decreased in 11 of the 12 study participants
(up to 71%) after P. ginseng administration. Consistent with the observed changes in
midazolam AUC, the apparent oral clearance of midazolam was significantly increased by
51% following P. ginseng administration (Table 2). Midazolam Cpy,x and T1/, were also
reduced by lesser, albeit statistically significant differences of 26 and 29%, respectively. In
contrast to midazolam, fexofenadine pharmacokinetics were unchanged after 28 days of ~.
ginseng administration (Table 2).

Safety
Three of the twelve subjects experienced mild adverse events while taking P. ginseng, these
included Grade 1 diarrhea, abdominal pain, and insomnia. No serious adverse events were
reported. Abnormal laboratory findings included Grade 1 anemia (n=1) and a Grade 1
decrease in absolute neutrophil count (n=2) in two separate subjects; none of these
abnormalities were felt to be related to the study medications.

Discussion

The use of herbal supplements has grown considerably during the past twenty years. As a
result, clinicians must be constantly aware of potential herb—drug interactions.1:2° Indeed, a
number of herb—drug interactions have been reported for St. John’s wort, ginkgo biloba, and
garlic.32526 The proposed mechanism(s) for these interactions frequently involves
modulation of CYP3A and/or P—gp by the herbal supplement. Studies examining the
influence of A. ginseng on CYP3A activity in humans are limited, and none have used
midazolam AUC (the accepted standard for CYP3A phenotyping) to characterize CYP3A
activity.2” Additionally, no studies have assessed the influence of 2. ginseng on P-gp
activity in humans. As such, we chose to characterize the influence of 28 days of £. ginseng
administration on CYP3A4/5 and P—gp activity, using midazolam and fexofenadine probes,
respectively.

In the current investigation, we observed significant reductions in midazolam AUC (-44%),
T12 (-29%), and Cnax (—26%), and a significant increase in CL/F (51%). The observed
increase in midazolam elimination and reduction in absorption by P. ginseng is consistent
with increased CYP3A activity in the liver and perhaps the gastrointestinal tract as well.
However, because we did not administer intravenous midazolam in this study, it is not
possible to definitively characterize the differential effects of 2. ginseng on hepatic versus
intestinal CYP3A activity.

While our data are suggestive of CYP3A induction by P. ginseng, other studies in healthy
volunteers have reported alternate findings.”1419 Three other studies have assessed the
influence of P. ginseng on CYP3A activity. Gurley et a/. found that 28 days of P. ginseng
administration (500 mg, three times daily) had no apparent effect on midazolam metabolism
in 12 healthy subjects.” One potential reason for the disparity between our results and those
of Gurley et al. lies in the details of the approach of midazolam phenotyping used. Gurley et
al. employed a 1-hour post—-dose plasma concentration ratio of 1-
hydroxymidazolam:midazolam to assess CYP3A activity, while we used midazolam
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AUC.., . These two approaches have not yielded consistent results in previous studies; thus
we chose to use midazolam AUC.,, to assess CYP3A modulation with P. ginseng.?’-28-31

Anderson et al. also investigated the potential of P. ginsengto modulate CYP3A by
measuring the urinary metabolic ratio of 6-—OH-cortisol:cortisol in healthy volunteers
given 24 days of ginseng extract (4% ginsenosides, 100 mg twice daily).14 Results from this
study showed no change in 6-BOH-coritsol:cortisol ratio, leading the authors to conclude
that P. ginseng did not alter CYP3A activity. Limitations to this study included a low dose
of P. ginseng (100 mg), which may not have been sufficient to produce changes in CYP3A
activity, and the use of 6-p-OH-coritsol:cortisol ratios for CYP3A phenotyping, which has
been shown to be suboptimal.32-34,

A third study, published in abstract form, reported a 29% increase (p value not reported) in
the maximum concentration of the CYP3A substrate, nifedipine, after an 18 day course of
ginseng 200 mg daily. The impact of ginseng on the systemic exposure (AUC) of nifedipine
was not reported. As a result, it is not possible to accurately assess the impact of ginseng on
nifedipine from these preliminary data.1®

In contrast to its effect on CYP3A activity, ginseng did not alter P—gp function, using
fexofenadine as a probe substrate. fexofenadine has been used as a probe to assess P—gp
transport in previously published studies.3# However, use of fexofenadine as a P-gp
specific probe is not without limitations. Though multiple /n vitroand /n vivo studies have
confirmed that fexofenadine is indeed a substrate for P-gp,3°-42 recent Jin vitro data suggest
that fexofenadine transport may be more complex, involving other transporters, such as
organic anion transporting polypeptides (OATPs), in addition to P—gp.#3-4° The relative
contribution and importance of other transport proteins on the absorption, distribution, and
elimination of fexofenadine is not yet known. Therefore, results from studies, such as this
one, using fexofenadine to assess P-gp—mediated drug transport need to take into account
the potential role of additional transport proteins that may contribute to fexofenadine
disposition.3® Nonetheless it appears likely that ginseng did not significantly alter the
function of any of the proteins involved in fexofenadine transport. However, it is also
possible that multiple fexofenadine transporters were equally altered by P. ginseng in
opposite directions; resulting in no net change in fexofenadine pharmacokinetics. As a
result, P. ginseng appears unlikely to interact with medications transported by P—gp and/or
OATPs, but the possibility cannot be ruled out entirely..

Another potential limitation to this study is that we did not perform an independent
phytochemical analysis to confirm percent ginsenosides in the ginseng product used in our
study. Thus, it cannot be ruled out that the product we used differed in ginsenoside content —
and the subsequent ability to modulate CYP3A — compared to other commercial
preparations. However, this potential limitation appears minimal, considering that the 2,
ginseng formulation used in this study was tested for ginsenoside content by an independent
organization (National Products Association) and found to contain percent ginsenosides
consistent with the manufacturer’s label. The product also underwent independent analysis
in a previous study by Gurley et al. (described herein) where it was found to contain
appropriate amounts of ginsenosides.13

Results from this study indicate that ginseng has the potential to reduce the systemic
exposure of medications that are largely metabolized by CYP3A. The magnitude of the
interaction between ginseng and the CYP3A substrate midazolam (-=34%) may be clinically
relevant for a number of medications with narrow therapeutic ranges. Such medications may
include, but are not limited to cyclosporine, tacrolimus, irinotecan, sildenafil and sirolimus.

J Clin Pharmacol. Author manuscript; available in PMC 2012 December 17.
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Conversely, ginseng is unlikely to interact with medications that are transported by P—gp
and/or OATPs but are not metabolized by CYP3A (ie. digoxin, talinolol, and fexofenadine).

Conclusion

In conclusion, patients taking P. ginseng along with CYP3A4/5 substrates with narrow
therapeutic ranges should be monitored closely for adequate therapeutic response to the
substrate medication. Dosage increase in the substrate medication or discontinuation of ~.
ginseng may be warranted in some instances; therefore, patients should be assessed on an
individual basis.
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