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Background: We investigated the tolerability and pharmacokinetic properties of various ginsenosides,
including Rb1, Rb2, Rc, Rd, and compound K, after single or multiple administrations of red ginseng
extract in human beings.
Methods: Red ginseng extract (dried ginseng > 60%) was administered once and repeatedly for 15 days to
15 healthy Korean people. After single and repeated administration of red ginsengextract, blood sample
collection, measurement of blood pressure and body temperature, and routine laboratory test were
conducted over 48-h test periods.
Results: Repeated administration of high-dose red ginseng for 15 days was well tolerated and did not
produce significant changes in body temperature or blood pressure. The plasma concentrations of Rb1,
Rb2, and Rc were stable and showed similar area under the plasma concentration-time curve (AUC)
values after 15 days of repeated administration. Their AUC values after repeated administration of red
ginseng extract for 15 days accumulated 4.5- to 6.7-fold compared with single-dose AUC. However, the
plasma concentrations of Rd and compound K showed large interindividual variations but correlated
well between AUC of Rd and compound K. Compound K did not accumulate after 15 days of repeated
administration of red ginseng extract.
Conclusion: A good correlation between the AUC values of Rd and compound K might be the result
of intestinal biotransformation of Rb1, Rb2, and Rc to Rd and subsequently to compound K, rather
than the intestinal permeability of these ginsenosides. A strategy to increase biotransformation or
reduce metabolic intersubject variability may increase the plasma concentrations of Rd and com-
pound K.
� 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ginseng and specifically the roots and rhizomes of Panax ginseng
are among the most popular herbal medicines in East Asian
countries and worldwide. In the United States and Europe, ginseng
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is widely used as a medical food and pharmaceutical excipient (in
vitamin pills) [1]. In recent years, the market for red ginseng
products has rapidly increased because of its significant biological
effects, good tolerability, and extended storage period compared
with fresh and white ginseng [2,3]. Ginsenosides, also known as
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Table 1
Ginsenoside content in red ginseng extract

Content in red ginseng extract (Hong Sam Jung All day)

Ginsenoside mg/day Composition (%)

Panaxadiol Rb1 23.0 � 1.3 27.0
Rb2 11.4 � 0.6 13.4
Rc 13.0 � 1.7 15.3
Rd 6.6 � 0.5 7.7
Rh2 0.0 � 0.0 0.0
Rg3 14.1 � 2.8 16.5
F2 0.0 � 0.0 0.0
Compound K 0.0 � 0.0 0.0
20(s)-protopanaxadiol 0.0 � 0.0 0.0

Panaxatriol Re 6.2 � 0.2 7.3
Rh1 8.0 � 1.1 9.4
Rg1 2.8 � 1.2 3.3
F1 0.0 � 0.0 0.0
20(s)-protopanaxatriol 0.0 � 0.0 0.0

Data were expressed as mean � SD from 10 pouches of red ginseng extract
SD, standard deviation
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steroid-like saponins, are considered as the major active pharma-
cological constituents of ginseng [4,5]. To this end, numerous
studies have described the immunological, antioxidant, anticoag-
ulant, antineoplastic, neuroprotective, and hepatoprotective effects
of ginseng and its associated ginsenosides [1,5e8]. However, gin-
senoside content can vary depending on the method of ginseng
product preparation [9]. Additionally, ginsenosides have relatively
low bioavailability. The bioavailabilities of Rb1 and Rg1 were re-
ported as 0.1 and 2%, respectively, by Odani et al. [10] and 4.3 and
18.4%, respectively, by Xu et al. [11]. Thus, the comprehensive
detection of various ginsenosides after red ginseng extract
administration was limited. Ginsenosides Rb1, Rb2, Rb3, Rg1, Rd,
and Re have been measured in rat plasma after oral administration
of the ginseng extract [11,12]. Ginsenoside Rb1 and compound K are
detectable in human plasma after a single oral dose (3 g) of the
Korean Red Ginseng extract. In this study, the maximum plasma
concentration of compound K was higher than that of Rb1; how-
ever, the plasma exposure [area under the plasma concentration-
time curve (AUC)] and half-life of Rb1 were higher than those of
compound K [13]. Additionally, Rb1 is the most abundant and
stable ginsenoside in rats, exhibiting a long elimination half-life
[11,13]. In contrast, the plasma concentrations of compound K in
previous studies varied according to the ginseng product used. The
administration of fermented red ginseng extract resulted in a
plasma concentration of compound K that was more than 10-fold
that after administration of nonfermented red ginseng extract [9].
Moreover, previous studies have reported that the plasma con-
centration of compound K was affected by diet including prebiotic
fibers and the gut microbiome [14,15]. Accordingly, there is a need
for studies identifying the relationship between pharmacological
effects of ginseng and pharmacokinetic properties of its compo-
nents including Rb1 and compound K. Nevertheless, quantitative
pharmacokinetic data for ginsenosides Rb2, Rc, Rd, and Re as well
as Rb1 and compound K detected in human plasma after ginseng
administration are limited.

Therefore, the objective of this study was to examine the
tolerability and pharmacokinetic properties of various ginsenosides
such as Rb1, Rb2, Rc, Rd, and compound K after single or multiple
administrations of red ginseng extract in human beings and to
investigate the intestinal permeability of these ginsenosides in
Caco-2 cell system.

2. Materials and methods

2.1. Materials

Red ginseng extract (Hong Sam Jung All day; lot no. 731902) was
purchased from the Punggi Ginseng Cooperative Association
(Youngjoo, Kyungpook, Republic of Korea). Ginsenosides Rb1, Rb2,
Rc, Rd, Re, Rg1, Rg3, Rh1, Rh2, F1, F2, compound K, 20(s)-proto-
panaxadiol, and 20(s)-protopanaxatriol were purchased from the
Ambo Institute (Daejeon, Republic of Korea). Berberine, used as an
internal standard (IS), was purchased from Sigma-Aldrich Chemical
Co. (St. Louis, MO, USA). All other chemicals and solvents were re-
agent or analytical grade.

2.2. Study participants and design

We conducted an open-label, randomized, single-sequence
study in healthy male adult volunteers to investigate the pharma-
cokinetic profiles of ginsenosides after single-dose and repeated
dose administration of red ginseng extract for 15 days. All in-
dividuals provided written informed consent before study enroll-
ment. Healthy individuals who participated in this study were aged
� 19 years and with body weight � 50 kg. They had no clinically
significant abnormalities as confirmed by the clinical laboratory
test, detailed physical examination, serology tests, 12-lead elec-
trocardiography, and clinical history, which were conducted within
4 weeks before this study. The study was approved by the Institu-
tional Review Board of Kyungpook National University Hospital
(KNUH, Daegu, Republic of Korea) and was conducted at the KNUH
Clinical Trial Center in accordancewith the applicable Good Clinical
Practice guidelines (CRIS registry no. KCT0002418) and the ethical
standards of the Declaration of Helsinki.

From days 1 to 15, the individuals ingested three pouches of
concentrated red ginseng extract (Hong Sam Jung All day; dried
ginseng > 60%, Table 1) per day. Blood samples (7 mL) were
collected in a heparinized tube at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 8,
10, 12, 24, and 48 h after dose via a saline-locked angiocatheter.
Plasma was collected by centrifugation for 10 min at 3000 rpm and
stored at e70�C until analysis.
2.3. Safety and tolerability assessments

The safety assessment was based on laboratory and clinical
adverse events collected during the red ginseng administration. Vital
signs (the heart rate and blood pressure) were monitored at
screening, before and after red ginseng administration (at 2, 4, 8, and
12 h after dose). Body temperature was assessed at screening, before
and after red ginseng administration (at 2, 4, 8, and 12 h after dose).
Physical examination and routine laboratory tests (serum chemistry,
urinalysis, and hematology) were performed at screening, before red
ginseng administration on days 1 and 15 and at the follow-up visit
(7� 2 days after the last dose). Twelve-lead electrocardiographywas
obtained at screening and at the follow-up visit. All laboratory tests
were conducted at the Department of Laboratory Medicine, KNUH.
2.4. Permeability of ginsenoside in Caco-2 cells

Caco-2 cells [American Type Culture Collection (Rockville, MD,
USA); passage number 41-43] were grown in Dulbecco’s Modified
Eagle’s medium, supplemented with 20% of fetal bovine serum, 1%
of nonessential amino acids, 4 mM of L-glutamine, and 1% of
penicillin-streptomycin. Cells were allowed to reach 70% of
confluence and then seeded in 12-Transwell plates at a density of
5 � 105 cells/insert. Cells were grown for 21 days with medium
change of every 2 days [16].

Aliquots (0.5 mL) of Hank’s balanced salt solution containing
10 mM of each ginsenoside (Rb1, Rb2, Rd, Rd, compound K, Rg1, and



Table 2
Safety and tolerability assessments of participants after single or repeated admin-
istrations of red ginseng extract

>Factors Test time On day 1 On day 15

Systolic blood pressure 0h (predose) 121.5 � 9.0 120.4 � 9.1
2h 125.1 � 7.5 123.7 � 6.9
4h 126.5 � 9.4 123.1 � 9.2
8h 121.8 � 10.6 128.0 � 9.4
12h 124.6 � 8.1 126.6 � 9.0

Dystolic blood pressure 0h (predose) 78.9 � 7.8 77.7 � 8.8
2h 81.2 � 6.0 76.2 � 5.3
4h 76.4 � 8.5 76.5 � 8.4
8h 71.3 � 8.8 71.9 � 7.1
12h 72.7 � 8.9 71.5 � 7.2

Body temperature 0h (predose) 36.3 � 0.1 36.3 � 0.3
2h 36.3 � 0.2 36.4 � 0.2
4h 36.5 � 0.3 36.5 � 0.2
8h 36.7 � 0.2 36.7 � 0.2
12h 36.7 � 0.2 36.6 � 0.2

Alanine transaminase 22.1 � 9.8 17.0 � 8.8
Aspartate transaminase 19.9 � 8.7 21.6 � 9.1

Data were expressed as mean � SD of 15 participants
SD, standard deviation
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Rh1) were added to the apical side, and 1.5 mL of fresh Hank’s
balanced salt solution was added to the basal side. Apical to basal
and basal to apical transport of ginsenosidewas measured for 1 h as
previously described [17]. Aliquots (50 mL) of transport samples
were added to 200 mL of methanol containing berberine (0.5 ng/
mL), vortexed for 10 min, and centrifuged for 5 min at 13,200 rpm.
Aliquots (10 mL) of the supernatant were directly injected into a LC-
MS/MS system.

2.5. Bioanalytical methods for ginsenoside Rb1, Rb2, Rc, Rd, and
compound K

Fourteen ginsenoside concentrations in diluted red ginseng
extract and samples for the in vitro permeability study were
determined by an Agilent 6470 Triple Quadrupole LC-MS/MS sys-
tem (Agilent, Wilmington, DE, USA). Separation was applied on a
Synergi Polar RP column (2.0 mm � 150 mm, 4 mm particle size;
Phenomenex, Torrance, CA, USA) using a mobile phase consisting of
water (A) and methanol (B) containing 0.1% of formic acid at a flow
rate of 0.3 mL/min. The gradient program for mobile phase was as
follows: (1) 0e1.0 min, 70% B; (2) 1.0e6.5 min, 90% B; (3) 6.5e
7.0 min, 80% B; and (4) 7.0e14 min, 70% B. A total of 100 mg of red
ginseng extracts were diluted 50-fold with methanol, and diluted
samples or samples for the in vitro permeability study (50 mL) were
mixed with 200-mL methanol containing berberine (0.5 ng/mL),
incubated for 10 min, and centrifuged for 5 min at 13,200 rpm.
Aliquots (10 mL) of the supernatant were directly injected into the
LC-MS/MS system. Quantification was carried out using multiple
reaction monitoring (MRM) at m/z 1131.6 / 365.1 for Rb1 [reten-
tion time (tR) 4.1 min], m/z 1101.6 / 335.1 for Rb2 (tR 5.0 min) and
Rc (tR 4.2 min), m/z 969.9 / 789.5 for Rd (tR 5.1 min) and Re (tR
1.8 min), m/z 823.5 / 365.1 for Rf (tR 2.7 min), m/z 824.0 / 643.6
for Rg1 (tR 1.9 min), m/z 807.5 / 365.1 for Rg3 (tR 6.0 min), m/z
661.5 / 203.1 for Rh1 (tR 3.2 min), m/z 645.5 / 645.5 for Rh2 (tR
6.9 min), m/z 661.5 / 203.1 for F1 (tR 3.7 min), m/z 807.5 / 627.5
for F2 (tR 6.1 min),m/z 645.5 / 203.1 for compound K (tR 6.8 min),
m/z 483.4 / 483.4 for 20(s)-protopanaxadiol, m/z 499.4 / 499.4
for 20(s)-protopanaxatriol, and m/z 336.1 / 320.0 for berberine
(IS) in positive ionization mode with collision energy of 30e65 eV.

Human plasma samples (50 mL) were mixed with 200 mL of
methanol containing berberine (0.5 ng/mL; IS) for 10 min and
centrifuged for 5 min at 13,200 rpm. Aliquots (10 mL) of the su-
pernatant were directly injected into the LC-MS/MS system for the
simultaneous analysis of ginsenosides Rb1, Rb2, Rc, Rd, and com-
pound K. The analytical conditions were identical to those
described previously except for the solvent gradient; the solvent
gradient program was as follows: (1) 0 min, 69% B, (1) 0-3.0 min,
85% B; (3) 3.0-6.0 min, 85% B; (4) 6.0-6.5 min, 69% B; and (5) 6.5-14
min, 69% B. The flow rate was 0.27 mL/min. Quantification was
performed using MRM at m/z 1131.6 / 365.1 for Rb1 (tR 4.4 min),
m/z 1101.6 / 335.1 for Rb2 (tR 5.4 min) and Rc (tR 4.6 min), m/z
969.9/ 789.5 for Rd (tR 6.2min),m/z 645.5/ 203.1 for compound
K (tR 9.5 min), and m/z 336.1 / 320.0 for berberine (IS, tR 4.1 min)
in positive ionization mode with collision energy of 30e65 eV.

2.6. Data analysis

Pharmacokinetic parameters were estimated by non-
compartmental methods (WinNonlin version 2.0, Pharsight Co.,
Certara, NJ, USA). The maximum plasma ginsenoside concentration
(Cmax) and time to reach Cmax (Tmax) were obtained directly from
the results. The area under the plasma concentration-time curve
from 0 to the last sampling time was calculated using the trape-
zoidal method. Half-life (t1/2) was calculated by dividing 0.693 by
the terminal elimination constant [17].
The apparent permeability (Papp) of ginsenoside was deter-
mined by dividing the transport rate of ginsenoside (V) by the
ginsenoside concentration added in the donor side (C) and by the
surface area of the insert (A): Papp ¼ V/C � A [17].

2.7. Statistical analysis

Demographics, pharmacokinetic parameters, and safety data
were shown as descriptive statistics. All pharmacokinetic param-
eters are given as the mean � standard deviation. All statistical
analyses were performed using SAS (ver. 9.4; SAS Institute Inc.,
Cary, NC, USA). A p-value < 0.05 was deemed to be statistically
significant.

3. Results

3.1. Safety and tolerability of red ginseng extract after single and
repeated administrations

The study included 15 healthy male individuals. The mean age
was 24.9 years (range, 22e28 years), the mean height was 173.6 cm
(range 159.9e182.3 cm), and the mean weight was 68.8 kg (range,
57.1e80.8 kg). All 15 individuals were included in the pharmaco-
kinetic analysis of ginsenoside and safety assessment.

The ginsenoside content of the red ginseng extract provided to
the participants daily for 15 days (three pouches of Hong Sam Jung
All day per day) is summarized in Table 1. The most abundant
ginsenosidewas Rb1 (23.01%), followed by Rb2, Rc, and Rg3 (11.39e
14.07%). The abundances of Rd, Re, and Rh1 were 6.21e8.03%.

Oral administration of three red ginseng pouches daily was well
tolerated and did not produce any unexpected or serious adverse
events. Blood pressure and body temperature was stable after
single and 15-day repeated administration. Alanine transaminase
and aspartate transaminase levels remained unchanged after single
and 15-day repeated administrations (Table 2).

3.2. Chromatograms of ginsenoside Rb1, Rb2, Rd, Rd, and compound
K in plasma samples

Of the 14 ginsenosides examined, only five ginsenosides (Rb1,
Rb2, Rc, Rd, and compound K) were detected in our plasma sam-
ples. Therefore, we developed an analytical method for the
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simultaneous detection of ginsenosides Rb1, Rb2, Rd, Rd, and
compound K in human plasma samples using a LC-MS/MS system
and previously described methods with some modifications [18e
20]. Product ion scan results are shown in Fig. 1, and the repre-
sentative MRM chromatograms for the five identified ginsenosides
are shown in Fig. 2. Collectively, five ginsenosides and IS peaks were
well separated with no interfering endogenous peaks, and the
resolution between the peaks of ginsenoside Rb2 and Rc was
calculated to be more than 1.2. The concentrations of ginsenosides
Rb1, Rb2, Rc, and compound K in plasmawere analyzed in the range
of 0.5e100 ng/mL while that of Rd was analyzed in the range of
0.25e100 ng/mL. Interday and intraday precision and accuracy for
the analysis of ginsenosides Rb1, Rb2, Rd, Rd, and compound K are
shown in Table 3. For interday assays, the precision and accuracy
ranged from 2.1 to 12.1% and from 91.1 to 111.4%, respectively
(Table 3). In intraday assay validation, the precision and accuracy
ranged from 3.5 to 9.3% and from 87.1 to 109.1%, respectively
(Table 3).
Fig. 1. Product ion spectra of ginsenosides (A) Rb
3.3. Pharmacokinetics of ginsenosides Rb1, Rb2, Rc, Rd, and
compound K after single or multiple administrations of red ginseng

As shown in Fig. 3, plasma Rb1 concentrations were very stable
over time, and Rb1 had a long terminal half-life. As a result, the
plasma concentration and AUC of Rb1 after repeated administra-
tion for 15 days (23.0 mg of Rb1 per day) were significantly higher
than those after a single oral administration of the same dose. The
accumulation factor (calculated by dividing AUC of repeated
administration by the AUC of single administration) was 4.55
(Table 4). In contrast, Tmax, t1/2, and mean residence time were not
changed by repeated administration, suggesting that repeated
administration of red ginseng extract did not alter the absorption
pattern of Rb1. The plasma concentrations of Rb2 and Rc showed
similar characteristics to that of Rb1; however, the plasma con-
centration of Rd and related parameters such as Cmax and AUC were
lower than those for Rb1, Rb2, and Rc (Fig. 3 and Table 4). The
accumulation factors of Rb1, Rb2, Rc, and Rd were similar.
1, (B) Rb2/Rc, (C) Rd, and (D) compound K.



Fig. 2. Representative MRM chromatograms of ginsenosides (A) Rb1, (B) Rb2, (C) Rc, (D) Rd, (E) compound K, and (F) berberine (IS) in human double blank plasma, zero blank
plasma, blank plasma samples spiked with ginsenosides of lower limit of quantitation (LLoQ), and plasma samples after single administration of red ginseng extracts. MRM, multiple
reaction monitoring; IS, internal standard; tR, retention time.
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Compound K exhibited distinct pharmacokinetic properties
compared with Rb1, Rb2, Rc, and Rd. Cmax and AUC values were not
increased by repeated administration of red ginseng extract,
resulting in a low accumulation factor of 0.85, which was attributed
to the relatively short half-life of compound K.
Table 3
Intraday and interday precision and accuracy of ginsenosides Rb1, Rb2, Rc, Rd, and comp

Ginsenosides Concentration (ng/mL) Interday (n ¼ 3)

Calculated (ng/mL) Precision (%)

Rb1 0.75 0.8 12.1
4 3.9 7.9
40 37.7 5.3

Rb2 0.75 0.7 11.3
4 3.9 6.3
40 39.3 4.7

Rc 0.75 0.8 6.3
4 3.9 2.9
40 37.3 2.1

Rd 0.75 0.7 9.6
4 3.8 7.4
40 40.0 3.3

Compound K 0.75 0.7 9.0
4 3.6 7.2
40 44.5 8.1
3.4. Caco-2 permeability study

We next examined whether the identified ginsenosides differed
in terms of gastrointestinal permeability. For this purpose, we used
Caco-2 cells as a representative experimental model of intestinal
ound K

Intraday (n ¼ 3)

Accuracy (%) Calculated (ng/mL) Precision (%) Accuracy (%)

102.1 0.8 6.7 109.1
98.4 3.8 4.5 96.2
94.3 36.3 5.4 90.8
92.2 0.7 9.3 99.8
98.7 3.7 3.5 92.3
98.2 37.9 5.1 94.7
104.2 0.8 7.2 107.0
96.3 3.8 4.7 95.6
93.2 37.1 4.6 92.7
98.8 0.7 5.5 95.2
94.7 3.7 3.5 92.2
100.0 39.2 3.7 97.9
96.5 0.7 7.6 97.0
91.1 3.5 3.6 87.1
111.4 40.8 4.3 101.9



Fig. 3. Mean � standard deviation plasma concentration-time profiles for ginsenosides (A) Rb1, (B) Rb2, (C) Rc, (D) Rd, and (E) compound K after single (C) or repeated (B)
administrations of red ginseng extract.
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permeability [16,17]. All the studied ginsenosides showed low
permeability (<10�6 cm/s; Table 5), which indicated limited in-
testinal absorption. The identified ginsenosides also showed similar
absorptive permeability (Papp of the apical to basal direction) except
for compound K, which had a twofold higher value.

3.5. Correlation between pharmacokinetic parameters of
ginsenoside Rd and compound K

When comparing the individual plasma concentrations of Rb1,
Rb2, Rc, Rd, and compound K, it was noted that Rd and compound K
concentrations exhibited substantial variability. Three individuals
(participant no. 7e9) showed higher plasma concentrations of Rd
and compound K and higher Rd accumulation after red ginseng
extract administration than the remaining 12 individuals, sug-
gesting that these three individuals had higher conversion of other
ginsenosides into Rd and compound K. Correlation analyses on the
pharmacokinetic parameters of Rb1, Rb2, Rc, Rd, and compound K
revealed a good correlation between the AUC values of Rd and
compound K, independent of the dosing paradigm (i.e., single or
repeated administration for 15 days; Fig. 4). These results also
suggested the upstream biotransformation of ginsenosides before



Table 4
Pharmacokinetic parameters of ginsenosides Rb1, Rb2, Rc, Rd, and compound K after
single or repeated administrations of red ginseng extract

Ginsenoside PK parameters Single dose Repeated dose
for 15 day

Accumulation
factor

Rb1 Tmax (h) 3.53 � 1.25 2.12 � 1.76
Cmax (ng/mL) 2.19 � 0.73 12.20 � 7.34*
AUC
(ng∙h/mL)

82.68 � 26.26 375.93 � 128.17* 4.55

t1/2 (h) 35.05 � 8.46 51.01 � 16.71*
MRT (h) 26.83 � 1.59 20.74 � 1.06*

Rb2 Tmax (h) 3.87 � 2.47 3.02 � 3.08
Cmax (ng/mL) 1.26 � 0.39 8.83 � 3.68*
AUC
(ng∙h/mL)

47.12 � 16.40 316.96 � 145.92* 6.73

t1/2 (h) 38.19 � 20.33 68.69 � 26.92*
MRT (h) 26.80 � 1.74 21.72 � 1.08*

Rc Tmax (h) 3.68 � 1.70 2.08 � 2.76
Cmax

(ng/mL)
1.50 � 0.63 9.69 � 7.08*

AUC
(ng∙h/mL)

59.40 � 22.95 323.21 � 169.61* 5.44

t1/2 (h) 35.63 � 14.79 59.09 � 14.96*
MRT (h) 27.39 � 2.34 21.58 � 0.78*

Rd Tmax (h) 4.87 � 1.92 3.47 � 3.06
Cmax (ng/mL) 0.70 � 0.46 3.14 � 2.79*
AUC
(ng∙h/mL)

22.58 � 18.31 101.42 � 101.00* 4.49

t1/2 (h) 23.96 � 15.26 45.82 � 15.87
MRT (h) 24.67 � 2.23 20.50 � 1.41*

Compound K Tmax (h) 7.87 � 2.03 6.93 � 2.46
Cmax (ng/mL) 24.80 � 23.25 18.24 � 27.11
AUC
(ng∙h/mL)

247.50 � 269.49 210.88 � 400.44 0.85

t1/2 (h) 9.95 � 4.91 7.58 � 4.12
MRT (h) 13.31 � 3.72 10.51 � 3.16

Tmax, time to reach Cmax; Cmax, maximum plasma ginsenoside concentration; AUC,
area under the plasma concentration-time curve; t1/2, half-life; MRT, mean resi-
dence time

* p < 0.05 statistically significant from single-dose group by unpaired t-test.
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intestinal absorption, consistent with the previous reports on the
intestinal biotransformation of ginsenosides mediated by the gut
microbiome [15,21,22].

4. Discussion

Our study investigated the comparative pharmacokinetic
properties of various, ginsenosides including Rb1, Rb2, Rc, Rd, and
compound K after single or repeated administration of red ginseng
extract for 15 days in healthy human beings for the first time.
Table 5
Apparent permeability (Papp) of ginsenosides Rb1, Rb2, Rc, Rd, Rg3, Rh1, and com-
pound K in Caco-2 cells

Ginsenosides Papp (☓10�6 cm/s)

A to B B to A ER

Rb1 0.27 � 0.03 0.30 � 0.08 1.12
Rb2 0.28 � 0.02 0.24 � 0.05 0.88
Rc 0.28 � 0.09 0.33 � 0.06 1.28
Rd 0.22 � 0.02 0.31 � 0.04 1.45
Compound K 0.47 � 0.05 0.53 � 0.03 1.15
Rg3 0.05 � 0.01 0.14 � 0.06 2.97
Rh1 0.22 � 0.04 1.35 � 0.14 6.27

Data were expressed as mean � SD from triplicated measurements
SD, standard deviation; A to B, apical to basal; B to A, basal to apical
Repeated administration of red ginseng extract was generally safe,
well tolerated, and unassociated with any changes in blood pres-
sure, body temperature, alanine transaminase, or aspartate trans-
aminase, suggesting that the study dose was safe and tolerable.

The results of the pharmacokinetic analysis revealed that five of
14 ginsenosides (i.e., Rb1, Rb2, Rc, Rd, and compound K) were
detected in human plasma samples after oral ingestion of red
ginseng extract. Notably, panaxadiol ginsenosides, which are pre-
sent in high content in red ginseng extract (i.e., Rb1, Rb2, Rc, and
Rd), were identified in human plasma, whereas panaxatriol ginse-
nosides such as Re, Rh1, and Rg1 could not be found. To understand
the absorption property of these ginsenosides, we measured the
Caco-2 permeability of major ginsenosides. Rg3 showed the lowest
permeability (0.05☓10�6 cm/s) when compared with other pan-
axadiol ginsenosides such as Rb1, Rb2, Rd, and Rd (0.22-
0.28☓10�6 cm/s), potentially accounting for the absence of Rg3 in
human plasma samples. Rb1, Rb2, Rc, and Rd showed similar efflux
ratios less than 2, although Rh1 and Rg3 had an efflux ratio of 6.27
and 2.97, which suggested the involvement of efflux transporters in
the absorption process of Rh1 and Rg3 [17]. This also potentially
explained the limited detection of Rh1 and Rg3 in human plasma.

The distinctive pharmacokinetic characteristics of ginsenosides
in this study could be summarized as follows: (1) plasma concen-
trations of Rb1, Rb2, Rc, and Rd but not compound K showed
accumulation after 15 days of repeated administration. That is,
accumulation factors of Rb1, Rb2, Rc, and Rd except for compound K
were 4.5e6.7; (2) we found a significant correlation between the
AUC values of Rd and compound K (Fig. 5); and (3) in addition, AUCs
for Rd and compound K showed high intersubject variability,
regardless of the dosing paradigm (Fig. 4).

Several studies have described the biotransformation of Rb1 to
compound K by intestinal microflora and its effects on plasma con-
centrations of compound K [18,23e25]. However, previous studies
failed to demonstrate a correlation between the biotransformation of
Rb1 and compound K [13,15]. Considering the biotransformation
pathway of Rb1, Rb2, and Rc/ Rd/ compound K [10,21,22] and the
similar intersubject variability in theplasma concentrationsof Rdand
compound K in our study, the good correlation between the AUC
values of Rd and compound K would be reasonable rather than the
correlation between Rb1 and compound K.

Previous studies have indicated that the intestinal biotransfor-
mation of ginsenosides to Rd and compound K is a very slow pro-
cess [21], and Rb1, Rb2, Rc, and Rd were stable over the enzymatic
and alkaline hydrolysis [19,26]. This may be the reason why Rb1,
Rb2, Rc, and Rd were all detected in plasma in addition to com-
pound K. In addition to the intestinal stability, the comparable in-
testinal permeability of Rb1, Rb2, Rc, and Rd and slow elimination
rate of Rb1, Rb2, Rc, and Rd from the plasma (t1/2 greater than 45 h)
also contributed to the pharmacokinetic characteristics of Rb1, Rb2,
Rc, Rd, and compound K.

Despite F2 is an intermediate metabolite between Rd and
compound K [10,21,22], F2 was not detectable in human plasma
samples in our study. This could be attributed to the difference
between the transformation rate from Rd to F2 and that from F2 to
compound K, which should be further investigated. Taken together,
we concluded that the intestinal biotransformation of ginsenosides
(Rb1, Rb2, and Rc) to Rd and subsequently transformed to com-
pound K played a critical role in the observed pharmacokinetics.

In numerous clinical studies, the dosage of red ginseng extract
ranged from 0.5 to 3.0 g/day. When the red ginseng extract dose
was expressed as ginsenoside contents, red ginseng extract usually
contained 50e100 mg of ginsenosides/day [3,9,27e30]. For



Fig. 4. Individual exposure of ginsenosides (A) Rb1, (B) Rb2, (C) Rc, (D) Rd, and (E) compound K after single (C) or repeated (B) administration of red ginseng extract. AUC, area
under the plasma concentration-time curve.
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example, in a clinical study of herbedrug interaction between red
ginseng extract and drug metabolizing enzymes, 14 healthy male
individuals were administered red ginseng extract containing 100-
mg ginsenosides/day for 2 weeks [3,27]. In another clinical study by
Malati et al, 500 mg of ginseng powder containing 5% of ginseno-
side was administered to 12 healthy individuals twice daily (50-mg
ginsenosides/day) for 28 days [28]. Sixty diabetic patients received
5-g red ginseng extract for 12 weeks (82.9 ginsenosides/day) and
showed a significant decrease or trends toward a decrease in both
serum insulin and blood glucose levels [30]. In another study, red
ginseng extract containing 77.7 mg of ginsenosides/3 g of extract
was used to investigate the antidiabetic efficacy in streptozotocin-
induced diabetic mice [29]. In our study, oral administration of red
ginseng extract (dried ginseng > 60%; 85.1 mg/day as sum of Rb1,
Rb2, Rc, Rd, Re, Rg1, Rg3, and Rh1) to 15 healthy individuals once
daily for 15 days were comparable to the previously reported dose
of red ginseng or ginsenosides. Therefore, the pharmacokinetic
properties of various ginsenosides, including Rb1, Rb2, Rc, Rd, and
compound K, after single or repeated administration of red ginseng
extract for 15 days in our study could provide valuable information
to understand the role of ginsenosides in the pharmacokinetic
properties and therapeutic efficacy of red ginseng extract.



Fig. 5. Correlations between the area under the plasma concentration-time curve
(AUC) values for ginsenosides Rd and compound K after single dose (C) or 15 days of
repeated administrations (B) of red ginseng extract. Lines were generated from a
linear regression analysis, and dotted lines represent 95% confidence intervals around
the geometric mean value.
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