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Abstract
Objectives: Elderly patients are more likely to ingest prescription medications concurrently with
botanical supplements, therefore, they may be vulnerable to herb-drug interactions. Phytochemical-
mediated modulation of cytochrome P-450 (CYP) activity may underlie many herb-drug interactions.
Some evidence suggests that CYP activity may decrease in the elderly. If so, herb-mediated changes
in CYP activity may take on greater clinical relevance in this population. Single time-point,
phenotypic metabolic ratios were used to determine whether long-term supplementation of St. John’s
wort, garlic oil, Panax ginseng, and Ginkgo biloba affected CYP1A2, CYP2D6, CYP2E1, or
CYP3A4 activity in elderly subjects.

METHODS— Twelve healthy volunteers between the ages of 60 and 76 (mean = 67 years) were
randomly assigned to receive each supplement for 28 days followed by a 30-day washout period.
Probe drug cocktails of midazolam, caffeine, chlorzoxazone, and debrisoquine were administered
before and at the end of supplementation. Pre- and postsupplementation phenotypic ratios were
determined for CYP3A4, CYP1A2, CYP2E1, and CYP2D6 using 1-hydroxymidazolam/midazolam
serum ratios (1-hr), paraxanthine/caffeine serum ratios (6-hr), 6-hydroxychlorzoxazone/
chlorzoxazone serum ratios (2-hr), and debrisoquine urinary recovery ratios (8-hr), respectively. The
content of purported “active” phytochemicals was determined for each supplement.

RESULTS— Comparisons of pre- and post-St. John’s wort phenotypic ratios revealed significant
induction of CYP3A4 (~140%) and CYP2E1 activity (~28%). Garlic oil inhibited CYP2E1 activity
by approximately 22%. P. ginseng inhibition of CYP2D6 was statistically significant, but the
magnitude of the effect (~7%) did not appear clinically relevant. None of the supplements tested in
this study appeared to affect CYP1A2 activity.
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CONCLUSIONS— Elderly subjects, like their younger counterparts, are susceptible to herb-
mediated changes in CYP activity, especially those involving St. John’s wort. Pharmacokinetic herb-
drug interactions stemming from alterations in CYP activity may adversely affect drug efficacy and/
or toxicity. When compared to earlier studies that employed young subjects, the data suggest that
some age-related changes in CYP responsivity to botanical supplementation may exist. Concomitant
ingestion of botanical supplements with prescription medications, therefore, should be strongly
discouraged in the elderly.

INTRODUCTION
The concomitant use of botanical supplements and conventional medications has engendered
a growing medical concern over possible herb-drug interactions.[1–7] Recent surveys indicate
that 24–36% of all consumers use botanical products on a regular basis.[1–3,8,9] Still other
surveys indicate that herbal supplement usage is prevalent among patients taking prescription
medications,[10–12] with many individuals greater than 65 years of age.[12–15] Given that
the elderly constitute the largest demographic with regard to prescription medication use, they
may also exhibit an increased risk for herb-drug interactions.

Phytochemical-mediated changes in human drug metabolizing enzyme activity may underlie
many herb-drug interactions. Recently, a host of prospective clinical investigations have
examined the ability of various botanical supplements to modulate human cytochrome P-450
(CYP) activity;[16–21] yet, none have examined these effects in elderly subjects. The practice
of self-medicating with botanical supplements is common among elderly subjects,[1,13] and
the products most frequently consumed include garlic, Ginkgo biloba, ginseng, and St. John’s
wort.[9–12,14,15] Accordingly, these four supplements were selected for examination in the
current study.

To date, St. John’s wort, a dietary supplement with antidepressant properties, appears to be the
most problematic botanical with regard to CYP-mediated herb-drug interactions.[4–7]
Hyperforin, a phytochemical component of St John’s wort, is a ligand for the steroid xenobiotic
receptor (SXR) and thus acts as a potent inducer of CYP3A4 and MDR1 gene expression.[22,
23] Due to the overwhelming number of prescription medications that are substrates for both
CYP3A4 and the drug efflux pump, P-glycoprotein (the gene product of MDR1), their
effectiveness can be greatly diminished when used concomitantly with St. John’s wort. Garlic,
commonly used for treatment of hypercholesterolemia, also appears to modulate CYP activity
in vivo. The evidence for garlic, however, is somewhat equivocal in that certain data suggests
garlic may induce CYP3A4,[24] while other evidence indicates that it has little impact on
CYP3A4,[17,19] but may inhibit CYP2E1.[17] Ginkgo biloba is frequently used as an
alternative adjunctive treatment for mild senile dementia although its effectiveness is suspect.
[25,26] Accordingly, its use is rising among elderly patients.[13–15,26] Studies in young
volunteers indicate, however, that ginkgo’s effect on CYP activity is minimal, and similar
findings have also been presented for Panax ginseng.[17,18,27] Nevertheless, the growing
popularity of herbal supplement use together with evidence of herb-mediated changes in drug
metabolism, suggest that elderly consumers may be especially vulnerable to herb-drug
interactions. Moreover, age-related changes have been observed in the pharmacokinetics of
several CYP substrates,[28–30] as well as certain CYP enzymes,[29,30] thus the question
remains as to whether such effects may extend to botanical supplements and their effect on
drug metabolism in the elderly.

Evaluating changes in the clearance of various probe drugs (medications that are substrates for
specific CYP enzymes) has become a widely accepted methodology for assessing possible
CYP-mediated drug-drug interactions.[31–33] Recently, a rapid and reliable in vivo screening
method that utilizes single-time point phenotypic metabolic ratios was described for identifying
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botanical supplements capable of modulating CYP activity.[17] Although not intended to
supplant traditional concentration-time profiles as a means of determining drug clearance,
phenotypic metabolic ratios can provide reasonable estimates of probe drug clearance, thereby
allowing in vivo evaluations of multiple CYP enzymes and multiple botanical supplements by
means of a limited blood sampling scheme. This method was previously used to assess the
effects of long-term supplementation with St. John’s wort, garlic oil, P. ginseng, and G.
biloba on CYP1A2, CYP2D6, CYP2E1, and CYP3A4 activity in young, healthy volunteers.
Botanical supplements containing extracts of Citrus aurantium, milk thistle, saw palmetto, and
Echinacea purpurea have also been evaluated by this technique.[34] The purpose of the current
study was to utilize single-time point phenotypic ratios as an instrument for determining the
effects of St. John’s wort, garlic oil, P. ginseng, and G. biloba on CYP activity in elderly,
healthy volunteers.

MATERIALS AND METHODS
Study subjects

The University of Arkansas for Medical Sciences Human Research Advisory Committee (Little
Rock, AR) approved this study protocol and all participants provided written informed consent
before commencing the study. Twelve elderly adults (6 males, 6 females) (age, mean ± SD =
67 ± 5.2 years; weight, 79.8 ± 14.4 kg) participated in the study and all subjects were in good
health as indicated by medical history, routine physical examination, and clinical laboratory
testing. All subjects were extensive metabolizers of CYP2D6 as confirmed by debrisoquine
urinary recovery screenings.[31] All subjects were nonsmokers, ate a normal diet, and were
not using botanical dietary supplements. With the exception of 2 female subjects taking
conjugated estrogens/medroxyprogesterone acetate (Prempro™, 0.3 mg) no other participants
were using prescription or nonprescription medications. Subjects were asked to abstain from
alcohol, caffeine, fruit juices, cruciferous vegetables, and charbroiled meat throughout the
study. Adherence to these restrictions was further emphasized five days before each probe drug
administration. Subjects were also asked to refrain from taking prescription and
nonprescription medications during supplementation periods, and any medication use during
this time was brought to the investigators’ attention. Documentation of compliance to these
restrictions was achieved through the use of a food/medication diary.

Supplementation and phenotyping procedure
The ability of garlic oil, P. ginseng, G. biloba, and St. John’s wort (Hypericum perforatum) to
modulate human CYP activity was evaluated individually on four separate occasions in each
subject. This was an open-label study randomized for supplementation sequence. Each
supplementation period lasted twenty-eight days and was followed by a 30-day washout period.
This randomly assigned sequence of supplementation followed by washout was repeated until
each subject had received all four botanical supplements (Figure 1). To minimize intra-product
variation in phytochemical content, single lots of each botanical supplement were purchased
from the same vendor (Vitamer, Lake Forest, CA) Product labels were followed regarding the
administration of garlic oil (500 mg, three times daily); P. ginseng (500 mg, three times daily,
standardized to 5% ginsenosides); G. biloba (60 mg, four times daily, standardized to 24%
flavone glycosides and 6% terpene lactones); and H. perforatum (300 mg, three times daily,
standardized to 0.3% hypericin). Telephone and electronic mail reminders were used to
facilitate compliance, while pill counts and supplementation usage records were used to verify
compliance.

On the day of each scheduled probe drug administration, all subjects reported to the General
Clinical Research Center at the University of Arkansas for Medical Sciences. CYP1A2,
CYP2D6, CYP2E1 and CYP3A4 phenotypes were assessed before (Days –1, 0) and at the end
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of each supplementation phase (Days 27, 28) (Figure 1). Forty-eight hours before
supplementation (Day –1) each subject received an oral dose of caffeine (100 mg), and
midazolam (8 mg). For the first two hours after midazolam administration, blood pressure,
heart rate, respiration rate and pulse oximeter readings were obtained every 15 minutes. Blood
samples (10 mL) were collected at 1 and 6 hours after probe drug administration and separated
by centrifugation (1133 × g) to obtain serum for determining CYP3A4 and CYP1A2 activity.
To avoid potential interference from midazolam and caffeine, CYP2E1 and CYP2D6
phenotypes were assessed twenty-four hours later.[35] The day before supplementation (Day
0), subjects emptied their bladder prior to receiving an oral dose of chlorzoxazone (500 mg)
and debrisoquine (5 mg). Blood samples were then obtained at 2 hours and urine was collected
for eight hours, at which time the volume was recorded and a 10-milliliter aliquot stored for
analysis. All samples were stored frozen at −70°C until analyzed. Phenotypes were again
assessed on supplementation Days 27 (CYP1A2, CYP3A4) and 28 (CYP2D6, CYP2E1). The
CYP modulatory capability of each botanical supplement was evaluated by comparing
individual differences in phenotype before and at the end of 28 days of supplementation.

Analytical methods
Serum concentrations of caffeine and paraxanthine were quantified by high performance liquid
chromatography (HPLC) with ultraviolet absorbance detection per the method of Holland et
al.[36] Chlorzoxazone and 6-hydroxychlorzoxazone serum concentrations were measured by
HPLC using ultraviolet absorbance detection as previously described by Frye and Stiff.[37]
The HPLC method described by Frye and Branch employing fluorescence detection was
utilized for the quantitation of debrisoquine and 4-hydroxydebrisoquine in urine.[38] A
previously described modification of the HPLC method of Sautou et al.[39] was used to
determine serum concentrations of midazolam and 1-hydroxymidazolam.[17] To optimize the
recovery of 6-hydroxychlorzoxazone and 1-hydroxymidazolam, serum samples (250 μL) for
these probe drugs were incubated with β-glucuronidase (250 μL, 1800 units per mL) for 2.5
hours at 37°C.

Phytochemical analysis
The phytochemical content of each supplement was independently analyzed for specific
“marker compounds” by high performance liquid chromatography (HPLC). Recent
identification of hyperforin, a phytochemical component of Hypericum perforatum, as a
nuclear receptor-mediated inducer of CYP3A4,[22,23] prompted us to determine the
hyperforin content of St. John’s wort used in this study, as well as the concentration present
in midazolam-containing serum samples. Quantitative determination of hyperforin,
adhyperforin, and several other phytochemical components of St. John’s wort was achieved
by HPLC using photodiode array detection with confirmation via mass spectrometry according
to the method of Liu et al.[40] Hyperforin serum concentrations, obtained two hours after St.
John’s wort administration on day 27, were determined by HPLC using solid-phase extraction
and ultraviolet absorption detection per the method of Cui et al.[41]

Panax ginseng was analyzed for ginsenosides Rb1, Rb2, Rc, Rd, Re, Rf, and Rg at the National
Center for Natural Products Research (University of Mississippi, University, MS.) by use of
a proprietary gradient HPLC method. In brief, capsules were weighed and the contents
transferred to a 15 mL polystyrene conical tube containing 3mL of water:acetonitrile (15:85).
The samples were sonicated for 15 minutes, centrifuged at 1550 rpm, and the supernatant
transferred to a 10 mL volumetric flask. After repeating this process twice, the volumetric flask
was diluted to final volume with the extraction solution. Each sample was then filtered through
a 0.45 μm Nylon membrane filter and a 50 μL aliquot was injected onto the HPLC column.
The HPLC system consisted of a Waters 2695 Alliance Separations Module equipped with a
996 photodiode array detector (Waters Corp. Milford, MA). Ginsenosides were purchased from
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Chromadex (Santa Ana, CA) and separated on a Luna C18 column (150 × 3.0 mm; 5 μm particle
size) (Phenomenex, Torrance, CA) using gradient elution at a flow rate of 0.7 mL/minute and
a detection wavelength of 205 nm. The mobile phase consisted of (A) water:acetonitrile (85:15,
v/v); (B) water:acetonitrile (25:75, v/v); (C) water:acetonitrile (50:50, v/v); and (D) methanol.
The gradient elution as follows:100% A to 100% B in 30 minutes, and then to 100% C after
an additional 30 minutes. Each run was followed by an 8 minute wash with 100% D and a re-
equilibration period of 10 minutes. Peaks were assigned by a comparison of retention times
and ultraviolet absorption spectra. Chromatographic data was collected and analyzed using the
Millennium software system (Waters Corp., Milford, MA). Retention times for ginsenosides
Re, Rg1, Rf, Rb1, Rb2, Rc, and Rd were 28, 29, 42.5, 46.3, 47.3, 48.3, and 50.5 minutes,
respectively. Using standard curves covering the range of 22.5 to 160 μg/mL, relative standard
deviations for inter- and intra-day analyses were less than 5%. The limit of quantitation for the
various ginsenosides ranged from 22.5 μg/mL for Rb2 to 40 μg/mL for Rd. Percent recoveries
for all ginsenosides exceeded 99%.

Sulfide content of the garlic oil preparation was determined via gas chromatography with flame
ionization and mass spectrometry detection per the method of Lawson et al.[42] Simultaneous
detection of terpene lactones and flavonoid aglycones in Ginkgo biloba was achieved by HPLC
with evaporative light scattering detection as described by Li and Fitzloff.[43]

Phenotype Assessment
Serum ratios of 1-hydroxymidazolam/midazolam determined one hour after dosing were used
to estimate CYP3A4 activity.[44] CYP1A2 phenotypes were determined from paraxanthine/
caffeine serum ratios obtained at six hours.[31,32] CYP2E1 activity was estimated from 6-
hyrdoxychlorzoxazone/chlorzoxazone serum ratios obtained 2 hours after dosing,[32] while
CYP2D6 activity was assessed using eight-hour debrisoquine urinary recovery ratios: [4-
hydroxydebrisoquine/(debrisoquine + 4-hydroxydebrisoquine)].[32,33]

Statistics
A repeated measures ANOVA model was fit for each phenotype response using SAS Proc
Mixed software (SAS Institute, Inc. Cary, N.C.). Since pre-and post-supplementation
phenotypic ratios were determined in each subject for all four supplements, a covariance
structure existed for measurements within subjects. Sex, supplement, and supplement-by-sex
terms were estimated for each phenotype using a Huynh-Feldt covariance structure fit. If
supplement-by-sex interaction terms for a specific phenotypic measure were significant at the
5% level, the focus of the post-supplementation minus pre-supplementation response was
assessed according to sex. If the supplement-by-sex interaction was not statistically significant,
responses for both sexes were combined.

Additionally, a power analysis was performed to estimate the ability to detect significant post-
minus pre-supplementation effects. All four phenotype models obtained at least 80% power at
the 5% level of significance to detect a Cohen effect size of 1.0 to 1.32 standard deviation units.
[45]

RESULTS
General Experimental Observations

All subjects completed the study and no serious adverse events occurred during the course of
the investigation.
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Effect of Supplementation on CYP Phenotype
The effects of chronic St. John’s wort, garlic oil, G. biloba, and P. ginseng supplementation
on CYP phenotypic ratios are shown in Figures 2 through 5 and Table I. Twenty-eight days of
St. John’s wort supplementation resulted in a 141% (range = 58%–725%) increase in the mean
one-hour 1-hydroxymidazolam/midazolam serum ratio (p < 0.001) (Fig 2A, Table I), whereas
chronic administration of garlic oil, G. biloba, or P. ginseng produced no significant changes
in CYP3A4 phenotype (Fig 2B–D, Table I).

Similar to its effect on CYP3A4, St. John’s wort produced significant increases in CYP2E1
activity (p = 0.006) after 28 days of use as evidenced by a 26% rise in the mean 6-
hydroxychlorzoxazone/chlorzoxazone serum ratio between pre- and post-supplementation
periods (Fig 4A). Conversely, garlic oil produced a significant decrease (p = 0.005) of 22% in
6-hydroxychlorzoxazone/chlorzoxazone serum ratios intimating that CYP2E1 activity was
inhibited (Figure 4B). Chronic administration of G. biloba and P. ginseng had no modulatory
effects on CYP2E1 (Fig 4C, D).

Twenty-eight days of P. ginseng administration produced a statistically significant decrease
(p = 0.003) in debrisoquine urinary recovery ratios of 7% (Fig 3D, Table I), however, this effect
was not considered clinically relevant. No significant changes in CYP2D6 phenotype were
observed for St. John’s wort, garlic oil, or G. biloba.

While moderate differences in pre- and post-supplementation paraxanthine/caffeine serum
ratios were observed for specific individuals, no statistically significant differences in mean
values were noted, suggesting that 28 days of supplementation had little effect on CYP1A2
activity (Fig 5, A–D).

Throughout the study period no statistically significant differences in mean baseline phenotypic
ratios were observed for CYP1A2, CYP2D6, CYP2E1, or CYP3A4. In, addition, no sex-related
changes in CYP phenotypes were noted for any of the supplements.

Phytochemical content
Table II depicts the content of various phytochemicals present in the supplements used for this
study. Based on a hyperforin content of 5.34 mg/g, each subject ingested approximately 4.8
mg daily. Mean serum hyperforin concentrations determined on day 28, one hour after oral
midazolam administration, were 51.3 ± 10.7 ng/mL. No significant difference in hyperforin
serum concentration was noted between males (51.2 ± 10.4 ng/mL) and females (51.3 ± 12.1
ng/mL). Serum concentrations of phytochemicals present in the other supplements were not
determined.

DISCUSSION
The study provides further support that single time-point phenotypic ratios can provide a
practical method for identifying herb-drug interactions that involve CYP modulation in vivo.
Previously, this approach had been used to document CYP3A4 induction as evidenced by
significant elevations in 1-hydroxymidazolam/midazolam ratios following St. John’s wort
supplementation.[17] The single-time point phenotypic ratio approach confirmed what other
investigators observed with St. John’s wort when more conventional “area-under-the-curve”
methods were utilized to determine midazolam clearance.[16] The method also demonstrated
that an absence of change in mean phenotypic ratios following botanical supplementation could
be interpreted as a lack of effect on CYP activity. Such was the case with milk thistle, Citrus
aurantium, Ginkgo biloba, Panax ginseng, and saw palmetto extracts[17,34]—the latter three
examples being confirmed by other investigators using area-under-the-curve assessments.
[18–21] More recently, this methodology has demonstrated that goldenseal supplementation
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inhibits CYP2D6 and CYP3A4 activity in vivo.[46] Thus, a range of herb-mediated effects on
CYP activity (e.g. induction, inhibition, or no effect) can be differentiated with single time-
point phenotypic ratios. It must be emphasized, however, that single-time point phenotypic
ratios simply provide estimates of probe drug clearance. Yet, even with this limitation, the
method’s distinct advantage lies in an ability to evaluate multiple CYP enzymes and multiple
botanical supplements in vivo while using a limited blood-sampling scheme.

These findings are in close agreement with those reported previously for a cohort of young
volunteers who underwent an identical study protocol.[17] The present results suggest that,
like their younger counterparts, elderly subjects are equally susceptible to botanical-mediated
changes in CYP activity, especially those involving St. John’s wort. A 141% increase in the
mean phenotypic ratio following a 28-day course of St. John’s wort (Figure 2A) is a testament
to the magnitude of CYP3A4 induction among elderly users of this botanical. A comparison
of St. John’s wort’s effect on CYP3A4 phenotypic ratios for both young and elderly subjects
is depicted in Figure 6. It is interesting to note the similarity in magnitude of the effect (98%
in young versus 141% in elderly) despite a 2.5 fold difference in daily-administered hyperforin
dose (12.2 mg in young versus 4.8 mg in elderly). Moreover, this discrepancy in hyperforin
dosing yielded closely matching serum concentrations (42.6 ng/mL in young versus 51.2 ng/
mL in elderly).

It is unknown whether hyperforin exhibits age-related differences in pharmacokinetics;
however, similar serum concentrations between the two age groups, despite disparate doses,
suggest that hyperforin clearance may be reduced in elderly subjects. Age-related reductions
in the hepatic clearance of several medications have been noted previously.[28–30] Such
changes are believed to result from reduced liver blood flow and/or diminished liver weight in
the elderly, and not necessarily from alterations in CYP activity.[28–30] If such is the case
with hyperforin, elderly consumers may be more vulnerable to the CYP3A4 inductive effects
of St. John’s wort. In other words, relatively small doses of hyperforin may produce significant
induction of CYP3A4 activity in elderly consumers. This is important since most St. John’s
wort products do not provide a label claim for hyperforin content, but instead are standardized
to another phytochemical, hypericin. Hypericin, although easily quantifiable, has no
antidepressive activity or ability to induce CYP3A4. Moreover, St. John’s wort supplements
standardized for hypericin exhibit considerable variability with regard to hyperforin content.
[40,47–49] The practical implications of these findings would seem to render all St. John’s
wort products as potent inducers of CYP3A4 in elderly patrons. Such a judgment is not
unreasonable considering that hyperforin is a high-affinity ligand for the orphan nuclear
receptor, SXR, and that activation of CYP3A4 can possibly occur at plasma concentrations as
low as 15 ng/mL.[23]

In addition to its effect on CYP3A4, our data indicate that St. John’s wort appears to induce
CYP2E1 in elderly subjects. This finding also corroborates the results of an earlier study in
young individuals.[17] However, unlike the profound increase in CYP2E1 metabolic ratios
reported for younger subjects, the magnitude of the effect was tempered in the elderly (110%
increase in young versus 26% increase in elderly). A tempering of CYP2E1 induction could
reflect individual variability in enzyme response or it may point toward an age-related reduction
in CYP2E1 activity. Liver biopsies from surgical patients indicate that normal aging does not
affect the activity of human CYP2E1,[50] however, other evidence suggests that CYP2E1
activity may decrease with age,[29,30] and that induction of the enzyme could also be affected
by advanced age.[51,52] Unlike CYP3A4, CYP2E1 induction is not SXR-mediated; therefore,
if hyperforin is the inducing agent then it must act through other mechanisms, perhaps as a
ligand for other transcription factors or via posttranslational stabilization of the enzyme.[53]
Other phytochemicals besides hyperforin may also be involved (see Table 2). Regardless of
the induction mechanism, no interactions involving St. John’s wort and other CYP2E1
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substrates have been reported. This lack of interaction may stem from inadequate reporting of
suspected cases, or the paucity of orally administered drugs that are CYP2E1 substrates.
Nevertheless, several inhalation anesthetics (e.g. enflurane, sevoflurane, methoxyflurane) are
metabolized by CYP2E1 and their halogenated byproducts can produce liver injury.[54] Thus,
a potential interaction may exist between these agents and St. John’s wort.

An almost 22% decrease in mean 6-hydroxychlorazoxazone/chlorzoxazone ratios suggests that
CYP2E1 activity was inhibited by garlic oil. This was similar to the 40% reduction in CYP2E1
phenotype observed previously in young volunteers supplemented with garlic oil for 28 days.
[17] Inhibition of human and murine CYP2E1 has been demonstrated for a variety of
organosulfur compounds present in garlic preparations, particularly the allyl sulfides,[55–58]
which are the chief constituents of steam distilled garlic oil products.[42] The difference in
extent of inhibition between the two age groups hints at either an age-related diminution in
CYP2E1 responsivity or a dissimilarity in allyl sulfide content between the garlic supplements.
None of the other CYP enzymes (i.e., CYP1A2, CYP2D6, or CYP3A4) appeared to be affected
by the garlic oil supplement, which corroborates our earlier findings in younger subjects. Taken
together, our data suggests that garlic oil supplements pose a minimal risk for CYP-mediated
herb-drug interactions.

A number of case reports have documented possible interactions between G. biloba and
warfarin.[11,12] Such an interaction is particularly relevant to elderly patients on anticoagulant
therapy. This interaction appears attributable to the inhibition of platelet activating factor by
various ginkgolides.[59] A CYP-mediated explanation for the Ginkgo/warfarin interaction
seems less plausible based on the present data. These current findings mirror those reported
by our group in an earlier study of G. biloba supplementation in young adults.[17] In addition,
our results corroborate those of Duche et al, who observed that 13 days of G. biloba extract
administration to human volunteers had no effect on the pharmacokinetics of antipyrine, a non-
specific probe of hepatic microsomal drug oxidation.[60] Furthermore, Markowitz et al noted
that 14 days of G. biloba supplementation in normal volunteers did not affect the
pharmacokinetics of the CYP2D6 substrate, dextromethorphan, or the CY3A4 substrate,
alprazolam.[18] Taken together these findings indicate that herb-drug interactions attributable
to G. biloba are not the result of phytochemical-mediated effects on CYP isoforms.

Like G. biloba, Panax ginseng appears to have little effect on the activities of the specific CYP
isoforms investigated in this study. Although we observed a statistically significant decrease
in debrisoquine urinary recovery ratios (~7%) after P. ginseng supplementation, this seemingly
minor inhibitory effect on CYP2D6 is not likely to be clinically relevant. These findings too
are analogous to those reported in young subjects supplemented with P. ginseng for either 14
or 28 days.[17,20] Therefore, P. ginseng supplementation seems unlikely to pose clinically
significant interactions with drugs that are substrates for CYP1A2, CYP2D6, CYP2E1, or
CYP3A4. Its effect on other prominent CYP isoforms, however, remains to be evaluated in
vivo. Clinical evidence from warfarin patients hints at a possible interaction between ginseng
species and CYP2C9 substrates. Janetzky reported a case involving a patient on warfarin
therapy in which the International Normalized Ratio (INR) was reduced during P. ginseng
supplementation.[61] More recently, a randomized trial involving 20 subjects receiving
warfarin, demonstrated that 14 days of P. quinquefolius also reduced both INR values and
warfarin plasma concentrations.[62] CYP2C9 is the principal isoform involved in the
biotransformation of warfarin (more particularly the active enantiomer, S-warfarin) and the
aforementioned reports hint strongly at a ginseng-mediated induction of this enzyme. The use
of ginseng supplements, therefore, should be discouraged in patients on warfarin therapy.

Gurley et al. Page 8

Drugs Aging. Author manuscript; available in PMC 2007 April 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CONCLUSION
Prescription drug use is greatest among elderly adults and recent surveys indicate that usage
of botanical supplements is rapidly increasing among this population. Our data demonstrate
that botanical dietary supplements can modulate drug metabolism and, in turn, adversely affect
the pharmacokinetics of a variety of medications used in the elderly. Therefore, botanical
supplements, when taken concomitantly with conventional medications, can give rise to serious
herb-drug interactions. This may be especially true when multiple drugs and multiple
supplements are ingested concurrently. St. John’s wort is particularly problematic on account
of its ability to induce CYP3A4, an enzyme involved in the biotransformation of more than
50% of all prescription medications. Other supplements (e.g. ginseng species) may also pose
a risk for pharmacokinetic herb-drug interactions in the elderly. Accordingly, health care
providers should question their patients about dietary supplement use and discourage
concomitant administration of botanical supplements with prescription medications.
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Figure 1.
Supplementation and washout scheme. Arrows indicate days of probe drug administration.
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Figure 2.
Comparison of pre- and post-supplementation phenotypic ratios (1-hydroxymidazolam/
midazolam) for CYP3A4. (A) St. John’s wort, (B) Garlic oil, (C) Ginkgo biloba, (D) Panax
ginseng. Gray circles = individual values, Black circles = group means. Astersisks =
statistically significant difference from baseline.
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Figure 3.
Comparison of pre- and post-supplementation phenotypic ratios (8-hour debrisoquine urinary
recovery ratios) for CYP2D6. (A) St. John’s wort, (B) Garlic oil., (C) Ginkgo biloba, (D) Panax
ginseng. Gray circles = individual values, Black circles = group means.
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Figure 4.
Comparison of pre- and post-supplementation phenotypic ratios (6-hydroxychlorzoxazone/
chlorzoxazone) for CYP2E1. (A) St. John’s wort, (B) Garlic oil., (C) Ginkgo biloba, (D) Panax
ginseng. Gray circles = individual values, Black circles = group means. Asterisks = statistically
significant difference from baseline.
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Figure 5.
Comparison of pre- and post-supplementation phenotypic ratios (paraxanthine/caffeine) for
CYP1A2. (A) St. John’s wort, (B) Garlic oil., (C) Ginkgo biloba, (D) Panax ginseng. Gray
circles = individual values, Black circles = group means.
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Figure 6.
Effect of St. John’s wort on CYP3A4 phenotype in young (A) and elderly (B) subjects. Mean
age for young subjects was 25 years, mean age for elderly subjects was 67 years. (See Gurley
et al.17 for description of original study involving young volunteers.) HMDZ = 1-
hydroxymidazolam, MDZ = midazolam. Gray circles = individual values, Black circles = group
means. Asterisks = statistically significant difference from baseline. Reprinted with permission
from Elsevier Press.
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Table II
Content of phytochemical marker compounds for botanical supplements.

Supplement Compound Content (mg/capsule) Daily Dose (mg)

St. John’s wort Hyperforin 1.60 4.80
Adhyperforin 0.25 0.75
Hypericin 0.09 0.27
Pseudohypericin 0.23 0.69
Quercetin 2.15 6.45
Rutin 2.09 6.27
Hyperoside 1.45 4.35
Isoquercitrin 1.38 4.14
Quercitrin 0.98 2.94
Biapigenin 0.27 0.81

Panax ginseng Ginsenosides
 Rb1 7.39 22.2
 Rb2 6.8 20.4
 Rg1 2.34 7.02
 Rd 2.04 6.12
 Re 1.50 4.50
 Rc 1.35 4.05
 Rf 0.94 2.82
Total 22.4 67.1

Ginkgo biloba Terpene Lactones
Bilobalide 1.58 6.32
Ginkgolide A 2.99 11.96
Ginkgolide B 1.82 7.28
Ginkgolide C 0.80 3.20
Ginkgolide J 0.23 0.92
Total 7.42 29.68
Flavonol glycosides
Quercetin 14.90 59.60
Kaempferol 8.67 34.68
Isorhamnetin 2.36 9.44
Total 25.93 103.72

Garlic oil Sulfides
Allyl Methyl Sulfide 0.03 0.09
Allyl Sulfide 0.12 0.36
Methyl Propenyl Sulfide 0.02 0.06
Diallyl Disulfide 0.15 0.45
Allyl Methyl Trisulfide 0.03 0.09
Allyl Trisulfide 0.22 0.66
Isopropenyl Disulfde 0.01 0.03
Diallyl Tetrasulfide 0.04 0.12
Total 0.62 1.86
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