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Abstract

Ginseng is an herbal medicine used worldwide. It is reported to have a wide range of
pharmacological activities because of a diversified group of steroidal saponins called ginsenosides.
Compared to extensive pharmacological studies of ginseng, the pharmacokinetics, especially the
metabolism of this herb, has received less attention. In this article we review the known
pharmacokinetic data on ginseng. Understanding ginseng’s pharmacokinetics may reduce the
potential for interactions in patients who use both ginseng and prescription medications. In
addition, bioavailability after taking ginseng orally is low, and the metabolites of ginsenosides
produced by gut microbiota may be biologically active. One ginseng metabolite, Compound K,
and its potential for cancer chemoprevention is also discussed. An active ginseng metabolite may
differ in distribution and clearance from its parent compound, and the parent compound and its
metabolite may be bioactive by similar or different mechanisms. Thus, further investigation of
ginseng metabolites is needed for predicting the therapeutic outcome with ginseng.
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INTRODUCTION

Ginseng, one of the most popular herbal medicines, has been used for thousands of years in
many oriental countries. In the last twenty years, ginseng has also been in demand in the
United States and Europe as a dietary supplement. Asian ginseng (Panax ginseng) and
American ginseng (Panax quinquefolius) are the two most recognized ginseng herbs
worldwide.

Ginseng is reported to have a wide range of pharmacological activities: stress reduction and
homeostasis, immunomodulation, anti-fatigue, anti-aging, anti-diabetic, and anti-cancer
effects [1-5]. In both Asian ginseng and American ginseng, a diversified group of steroidal
saponins called ginsenosides are the major active components [2, 5, 6]. Recent advances in
biomedical research and chemical analysis have improved our knowledge of the
ginsenosides. However, their pharmacokinetics has received less attention. Understanding
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the pharmacokinetics of ginseng has clinical significance if ginsenosides have the potential
to interact with prescription drugs.

Like many other herbal medicines, ginseng is nearly always taken orally. In this form its
bioavailability is low because of incomplete absorption. The conversion of ginsenosides to
their metabolites by intestinal bacteria has been reported. Some of the metabolites, such as
Compound K, have shown cancer chemopreventive effects [7-9]. In this article, we review
the pharmacokinetics, especially the metabolism, of major ginsenosides found in ginseng.
Since ginseng is also metabolized by gut microbiota, we will discuss ginseng metabolites in
potential therapeutics. Finally, the studies that have found interactions between ginseng and
other drugs will be presented in relation to clinical importance.

PHARMACOKINETICS AND METABOLISM OF GINSENOSIDES

The pharmacokinetics of different ginseng saponin compounds has been studied in both
animals and humans [1-3]. In order to obtain detectable plasma levels of the compounds, the
administered test compound doses were often at the high end of the pharmacological dose
range. Yet the pharmacokinetic profile of ginseng has been incompletely understood
because of the many diversified and heterogeneous chemical structures of different
ginsenosides.

The absorption rate of ginseng saponins is low after oral administration, and doses of test
compounds must be high to detect levels in plasma. Extensive metabolism in the
gastrointestinal tract [10, 11], poor membrane permeability [12], and low solubility of
deglycosylated products [13] limit intestinal absorption of ginseng saponins. The
bioavailability of the protopanaxadiol (PPD) group of saponins (ginsenosides Ra3, Rbl, Rd,
Rg3, and Rh2) [12, 14-17] and of the protopanaxatriol (PPT) group of saponins
(ginsenosides Rgl, Re, Rh1, and R1) [14, 18-20] was less than 5%. PPT saponins have
better bioavailability than PPD saponins [14, 21], perhaps because PPD saponins degrade
faster than PPT saponins. High oral doses may saturate metabolism and increase
bioavailability [21, 22]. Changing the pharmaceutical formulation may also improve
bioavailability. For instance, micronized Rh2 has doubled its bioavailability [13].

The time for saponins to reach maximum concentration (Tyax) in plasma was generally less
than 2 hr, indicating that saponins are rapidly absorbed and readily distributed in the tissues
[23, 24]. In rabbits, the elimination half-lives (T1/») of Rgl, Re and Rb2 were between 0.8 hr
and 7.4 hr [25]. In humans, the Ty, of the tested saponins was generally less than 24 hr [10,
26].

Tissue disposition showed that liver and bile clear ginseng saponins from circulation [22, 23,
27]. Hepatic cytochrome P450 catalyzed ginsenoside metabolism, and it has been described
that CYP3A4 catalyzed metabolism by oxygenation the hepatic disposition of ginsenosides
[28]. Attachment of more sugar moieties in the PPD ginsenosides Ra3, Rb1, Rc and Rd
blocked their access to biliary transporters and slowed biliary excretion [12]. Most
ginsenosides and their deglycosylated products were excreted by the biliary system through
active transport [12]. Time curves of ginseng saponins exhibited distinct multiple peaks after
oral administration, indicating the involvement of enterohepatic recirculation [22].
Approximately 0.2%-1.2% of ginsenosides were excreted in human urine [29].

SAPONIN METABOLISM BY GUT MICROBIOTA

After oral administration, ginseng is metabolized extensively by intestinal bacteria [12, 26,
30]. Studies of the degradation and metabolism of ginseng saponins have been conducted
using enzymes or intestinal bacteria [32, 33]. Among the metabolic pathways are
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deglycosylation reactions by intestinal bacteria via stepwise cleavage of the sugar moieties
[10, 12, 26]. In the PPD group, Rb1 and Rd are metabolized to Compound K [34, 35]. Rg3
and Rg5 are biotransformed to Rh2 and Rh3, respectively [36, 37]. In the PPT group, Rgl
and Re are converted to Rh1 and F1 [10, 38, 39]. After oral ingestion, ginsenoside
metabolites are absorbed from the gut into systemic circulation [12, 26, 30]. In our ongoing
studies in human volunteers, ginsenoside Rb1 and Compound K reached the systemic
circulation after oral administration of American ginseng (unpublished data).

Because of competitive absorption and metabolism, administration of a single ginsenoside
or of a ginseng extract may have different results. The metabolic profile of a ginsenoside
also can vary with method of administration. For instance, after intravenous injection of Rd,
Rb1 is the dominant metabolite; after oral administration of Rd, Rg3 is dominant3®.

As an active ginseng saponin metabolite, Compound K exerts cancer chemoprevention
activity. This metabolite induced apoptosis in several tumor cell lines. Compound K
inhibited the growth of human leukemia cells by induction of apoptosis via cytochrome c-
mediated activation of caspase-3 protease and the caspase-8-dependent pathway [7, 40]. It
also arrested the G1 phase of the cell cycle [41]. In human astroglial cells, Compound K
suppressed tumor necrosis factor-alpha-induced activation of the NFkappaB and JNK
pathways and inhibited matrix metalloproteinase-9 [42, 43]. In HepG2 cells, Compound K
induced apoptosis via the Fas/Fas ligand death receptor pathway and mitochondria-mediated
pathway [44, 45]. In vivo experiments with mouse skin, Compound K inhibited tumor and
COX-2 expression [46].

We used two human colorectal cancer cell lines HCT-116 and SW-480 to compare the
chemopreventive effects of ginsenoside Rb1 and Compound K. The two cell lines differ in
the expression of the tumor suppressor gene, p53. HCT-116 is a wild-type for p53 and
SW-480 is mutant. Compound K showed significant antiproliferative effects on the
colorectal cancer cells at 30 pM; Rb1 did not inhibit activity at 100 pM. To elucidate the
mechanisms mediating the anti-proliferative effects in colon cancer cells, we examined
alterations in cell cycle and apoptosis. Compound K inhibited G1 progression and increased
apoptosis in both cell lines. At 40 uM, HCT-116 showed late apoptosis; SW-480 showed
early apoptosis (unpublished data).

POTENTIAL GINSENG-DRUG INTERACTIONS

An herbal medicine such as ginseng has many different constituents, each of which exerts a
distinct pharmacological activity. With its complex pharmacodynamics and
pharmacokinetics, ginseng may place patients who take it concurrently with prescription
medications at potential risk for ginseng-drug interactions.

Despite the public enthusiasm for herbal medicines, scientific knowledge of herbal-drug
interaction is incomplete and often confusing for health care professionals and patients.
Recommendations to avoid herbal-drug interaction are often based on in vitro observations,
animal studies, and case reports. However, data from clinical studies, especially controlled
clinical trials, are often unavailable.

When Yu et al. compared the effect of American ginseng and Asian ginseng extracts on
gene expression of the hepatic P450 enzyme in adult rats and primary cultures or rat
hepatocytes, there was no evidence of the induction of CYP2B1, CYP3A23, or CYP1A2
cultures of rat [47]. In another study ginseng had no effect on a number of CYP isoforms,
including CYP3A4, CYP1A2, CYP2EL and CYP2D6 [48, 49]. However, in elderly humans,
CYP2D was slightly inhibited [49].

Curr Drug Metab. Author manuscript; available in PMC 2012 March 2.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Qietal.

Page 4

Liu et al. evaluated the ginseng influence on hepatic P450 activities using both naturally
occurring ginsenosides and their degradation products in gut lumen with human liver
microsomes and cDNA-expressed CYP3A4. The naturally occurring ginsenosides exhibited
no or weak inhibition against human CYP3A4, CYP2D6, CYP2C9, CYP2A6, or CYP1A2
activities. Intestinal metabolites inhibited P450-mediated metabolism. Compound K,
protopanaxadiol (PPD), and protopanaxatriol (PPT) inhibited CYP2C9 activity moderately;
PPD and PPT also strongly inhibited CYP3A4 activity. These data suggest that after oral
administration, naturally occurring ginsenosides may influence hepatic P450 activity in vivo
via ginseng’s intestinal metabolites [50].

Andrade et al. evaluated the pharmacokinetic effects of American ginseng in healthy
volunteers taking the HIV protease inhibitor indinavir. Indinavir decreased insulin
sensitivity, but this decrease was unaltered by co-administration of American ginseng.
American ginseng did not significantly affect indinavir pharmacokinetics [51].

Herb-drug interaction is particularly important when a drug has a narrow therapeutic index
and keeping the drug effect in a target range is crucial. Herbs such as ginseng may interact
with warfarin, an oral anticoagulant with a narrow therapeutic window [52, 53]. A widely
cited case report showed a substantial decrease in the anticoagulant effect of warfarin after
ginseng consumption in a patient whose warfarin therapy had been stable previously [52,
53].

In a randomized, double-blind, placebo-controlled trial to evaluate the potential interactions
between American ginseng and warfarin, 20 health subjects participated in a 4-week study
[54]. During weeks 1 and 4, subjects received warfarin for 3 days. Beginning in week 2,
patients received either American ginseng or placebo. The international normalized ratio
(INR) and plasma warfarin levels were measured. Peak INR decreased significantly after 2
weeks of ginseng administration compared with 2 weeks of placebo. There was also a
statistically significant reduction in INR area under the curve (AUC), peak plasma warfarin
level, and warfarin AUC in the ginseng group compared with the placebo group. Steroids
can induce hepatic enzyme activities [55]. Ginsenosides may also enhance enzyme
functions. Whether ginseng interferes with other hepatically metabolized drugs remains to
be evaluated.

The reduction of warfarin’s anticoagulant effect by American ginseng was not supported in
studies using another ginseng species. Neither Asian [56] nor Korean red ginseng [57]
significantly interacted with warfarin. Because warfarin is often used following orthopedic
or vascular procedures, the potential for drug interaction is more than theoretical in nature
and deserves further evaluation.

The effect of ginseng on coagulation pathways has raised concerns. Ginsenosides inhibited
platelet aggregation in vitro [58] and in rats they prolonged both thrombin time and
activated partial thromboplastin time [59]. One study suggested that the antiplatelet activity
of panaxynol, a constituent of ginseng, might be irreversible in humans [60]. Recently, Lee
et al. evaluated ginsenosides Rg6, F4, Rk3, Rh4, Rs3, Rs4, and Rs5 isolated from processed
ginseng for their effects on platelet aggregation. The degree of inhibitory activity on platelet
aggregation varied [61, 62]. Because platelet inhibition by ginseng may be irreversible, it is
prudent for surgical patients to discontinue ginseng use at least one week before surgery
[63].

COMMENTARY

Pharmacokinetics deals with the process by which a drug is absorbed, the magnitudes of the
desired response as a function of the drug concentration at the site of action, the drug
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metabolism, and its elimination from the body. Drug plasma concentrations over time are
often obtained with the assumption that they are the concentrations at the site of action. Like
other herbal medicines, ginseng harbors many different components, such as ginsenosides,
polysaccharides, and peptides. Several dozen ginsenosides have been identified in the
ginseng plant. Although nearly all of them belong to a family of steroids, some of their
pharmacokinetic parameters vary by species. To connect the pharmacokinetics of one
ginsenoside to its pharmacodynamic activity is of limited usefulness because when ginseng
root is ingested, one ginsenoside may also alter the pharmacokinetics of another
ginsenoside. Further complicating the study results of ginseng is that the potency of the plant
products is often measured by total ginsenoside content, which varies from lot to lot.
Cultivation conditions such as soil, temperature, moisture, length of cultivation, and harvest
season can change total ginsenoside content, or ginsenoside percentages, thus altering
ginseng kinetics [64, 65].

Conventionally, the metabolism of a new compound in humans is studied in vivo using
radiotracer techniques for absorption and disposition. Ideally, the metabolism of a new
compound is evaluated in vitro before clinical studies. In some studies, hepatic P450 has
catalyzed ginsenoside metabolism in hepatocytes. Yet when ginseng root is studied in vivo,
pharmacokinetic interaction of ginsenosides may exist.

Many prescription drugs have one or more metabolites that may have their own biological
effects. Taken orally, the bioavailability of ginseng is low, and many of the parent
ginsenosides are converted to metabolites by gut microbiota. Some of these metabolites,
such as Compound K, possess significantly stronger cancer chemoprevention activity than
the parent compounds. Pharmacologically, the parent compound and its metabolites may act
by similar mechanisms, different mechanisms, or even by antagonism. Pharmacokinetically,
the active metabolites of ginseng differ in distribution and clearance from that of the parent
compound. Further studies are needed before the pharmacokinetic information of ginseng’s
metabolites can be used to predict therapeutic outcome in humans.
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