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Abstract: The role of ginseng berry extract (GBE) has been attributed to its anti-hyperglycemic
effect in humans. However, the pharmacokinetic characteristics of GBE constitutes after oral GBE
administration have not been established yet. In this study, stereoselective and simultaneous
analytical methods for 10 ginsenosides (ginsenoside Rbl, Rb2, Rc, Rd, Re, Rgl, S-Rg2, R-Rg2,
S-Rg3, and R-Rg3) were developed using ultra-performance liquid chromatography, coupled with
electrospray ionization triple quadrupole tandem mass spectrometry (UPLC-MS/MS), for the
pharmacokinetic study of GBE. Furthermore, the pharmacokinetic profiles of 10 ginsenosides after
oral GBE were evaluated in rats. All analytes were detected with a linear concentration range
of 0.01-10 pg/mL. Lower limits of detection (LLOD) and quantification (LLOQ) were 0.003 and
0.01 pug/mL, respectively, for all 10 ginsenosides. This established method was adequately validated
in linearity, sensitivity, intra- and inter-day precision, accuracy, recovery, matrix effect, and stability.
Relative standard deviations for all intra- and inter-precision of the 10 ginsenosides were below 11.5%
and accuracies were 85.3-111%, which were sufficient to evaluate the pharmacokinetic study of oral
GBE in rats. We propose that Rb1, Rb2, Rc, Rd, Re, Rgl, S-Rg2, R-Rg2 and/or S-Rg3 were appropriate
pharmacokinetic markers of systemic exposure following oral GBE administration.

Keywords: ginseng berry extract; ginsenosides; stereoselective and simultaneous analysis; pharmacokinetics;
oral administration

1. Introduction

The recent focus on ginseng berry (GB), fruit of Panax ginseng C.A. Meyer, is attributed to its
pharmacological activities against atherosclerosis, diabetic mellitus, obesity, inflammation, allergy,
and systemic lupus erythematosus [1-7]. Furthermore, the anti-hyperglycemic effect of GB extract was
recently reported [8].

In most ginseng species, ginsenosides are the major active constituents and responsible for various
pharmacological activities [9]. GB also contains various ginsenosides related to the pharmacological
properties of GB [10-16]. However, the composition of ginsenosides in GB is distinctly different from
that of ginseng roots [13,17-19]. The GB extract (GBE) used in this study contains a higher level of
ginsenoside Re with more potent anti-hyperglycemic effect of GBE compared to ginseng root extract in
preclinical and clinical trials [8,20]. Furthermore, the structural isomerism of ginsenosides has been
reported to contribute to multiple pharmacological effects [21].

One or more active constituents can hardly be attributed to herb extract. The pharmacokinetic
properties of constituents contained in an herb extract vary from that of isolated components [22-28].
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The co-existing constituents show different pharmacokinetic profiles in terms of absorption,
distribution, metabolism, and excretion of active constituent(s), which interfere with the efficacy
and safety of an herbal mixture [24,25]. Based on this perspective, pharmacokinetic studies of
multi-components in an herb extract are essential for understanding the pharmacological effects
and therapeutic efficacy of an herb extract. Thus, it is necessary to evaluate the pharmacokinetic
profiles of various ginsenosides following oral administration of GBE. Although pharmacokinetic
reports of ginsenosides exist [20,29,30], there is no simultaneous and steroselective analytical method
to evaluate the pharmacokinetics of ginsenosides following oral administration of GBE. Moreover,
a different part (stems-leaves of Panax ginseng [27]) and processed ginseng (red ginseng [30]) were
used and the analytical method was developed only in rat urine [15]. The pharmacokinetic profile of
ginsenoside Re alone in GBE was investigated [20] in previous reports.

In the present study, we selected 10 active constituents (Rbl, Rb2, Rc, Rd, Re, Rgl, S-Rg2,
R-Rg2, S-Rg3, and R-Rg3) (Figure 1) of GBE based on the high content of ginsenosides in GBE.
The simultaneous and stereoselective quantification of 10 ginsenosides in rat plasma using a fully
validated accurate, rapid, and sensitive UPLC-MS/MS method was established. For the first time,
the pharmacokinetic properties of 10 ginsenosides after oral administration of GBE were investigated,
using this validated method.

Ginsenoside R,S5-Rg2 Ginsenoside R,5-Rg3 Digoxin

Figure 1. Chemical structures of ginsenosides and digoxin (IS). Ginsenosides Rb1, Rb2, Rc, Rd, R-Rg3,
and S-Rg3 are protopanaxadiol (PPD)-type ginsenosides. Also ginsenosides Re, Rgl, R-Rg2 and S-Rg2
are PPT-type ginsenosides.
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2. Results
2.1. UPLC-MS/MS Method Validation

2.1.1. Selectivity

There was no interfering peak from endogenous substrates at the elution times: Rb1, Rb2, Rc,
Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, S-Rg3 and IS peak at 17.07, 18.01, 17.43, 19.00, 11.70, 11.75, 15.84,
15.51, 23.98, 22.94 and 14.04 min, respectively. Typical chromatograms for stock solution, drug-free
rat plasma, spiked with 0.05 pg/mL of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, S-Rg3 and
a plasma sample after oral administration of 600 mg (5 mL)/kg GBE in rats are shown in Figure 2.
The total run time per sample was 30 min, however, chromatograms in Figure 2 were detected from 10
to 30 min. The concentrations of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, S-Rg3 in rat plasma
at 90 min after the oral administration of GBE were 0.128, 0.165, 0.139, 0.251, 0.184, 0.024, 0.008, 0.005,
0.009 and 0.002 ug/mL, respectively.
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Figure 2. Mass chromatogram after deprotenization with methanol for double blank plasma (A),
rat blank plasma with IS (B), stock solution of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3 and
S-Rg3 (C), plasma spiked with 0.05 pg/mL of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3 and
S5-Rg3 (D), and a plasma sample from 5 min after oral administration of 600 mg (5 mL)/kg ginseng
berry extract (GBE) in rats (E). Also the area values of each ginsenoside and IS are shown in the box. 1,
Re; 2, Rgl; 3, S-Rg2; 4, R-Rg2; 5, Rb1; 6, Rc; 7, Rb2; 8, Rd; 9, S-Rg3; 10, R-Rg3.

2.1.2. Linearity and Sensitivity

The calibration curves of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 in rat plasma
exhibited good linearity with correlation coefficient (r) within the range of 0.982 to 1.000 (Table 1).

The lower limit of quantification (LLOQ) was 0.01 png/mL for all ginsenosides.

Table 1. The regression equations, linear ranges, and lower limits of quantification (LLOQs) in

rat plasma.

Analytes Regression Equation 72 Linear Range (ug/mL) LLOQ (ug/mL)
Rb1 y =0.1661x + 0.000064  0.9999 0.01-10 0.01
Rb2 y =0.2190x — 0.00010  0.9999 0.01-10 0.01

Rc y =0.2850x — 0.00040  0.9993 0.01-10 0.01
Rd y =0.2185x + 0.00062  0.9993 0.01-10 0.01
Re y =0.07290x + 0.0027  0.9987 0.01-10 0.01
Rgl y = 0.1432x + 0.021 0.9824 0.01-10 0.01
R-Rg2 y =0.05100x + 0.0026  0.9978 0.01-10 0.01
S-Rg2 y =0.05420x + 0.0012  0.9996 0.01-10 0.01
R-Rg3 y = 0.1792x — 0.00020 1.000 0.01-10 0.01
S-Rg3 y = 0.1285x + 0.0006 1.000 0.01-10 0.01

2.1.3. Precision and Accuracy

Intra- and inter-day precision and accuracy of the method were assessed by measuring LLOQ
and four different QC samples on five different days. The results are shown in Table 2. The coefficients
of variation (CVs) for intra- and inter-day precision were 4.86 and 4.09% for Rb1, 3.54 and 2.09% for
Rb2, 11.0 and 5.28% for Rc, 6.99 and 10.2% for Rd, 3.41 and 14.9% for Re, 3.39 and 10.8% for Rgl,
4.91 and 3.47% for R-Rg2, 7.79 and 3.60% for S-Rg2, 11.5 and 9.07% for R-Rg3, and 10.8 and 10.4% for
S-Rg3, respectively. The intra-(and inter-) day accuracies were 95.0-101 (97.0-100)% for Rb1, 98.7-101
(98.6-109)% for Rb2, 95.0-102 (98.1-111)% for Rc, 94.3-97.3 (95.1-98.9)% for Rd, 93.1-102 (86.0-100)%
for Re, 93.9-102 (94.3-101)% for Rg1, 88.1-103 (88.3-103)% for R-Rg?2, 89.7-102 (90.4-110)% for S-Rg2,
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99.5-105 (89.3-99.8)% for R-Rg3, and 95.6-107 (97.6-101)% for S-Rg3, respectively. The QC samples
were within 15% of the nominal concentrations, meeting the acceptance criteria of the US Food and
Drug Administration (FDA) for the validation of bioanalytical methods [31].

Table 2. Intra- and inter-day precision and accuracy for the determination of ten ginsenosides in rat
plasma samples.

Spiked Intra-Day Inter-Day
Concentration Precision Accuracy Precision Accuracy
(g/mL) Mean 4+ SD RSD @ (%) (%) Mean + SD RSD @ (%) %)
Rb1
0.01 0.161 £ 0.0080 4.78 95.0 0.164 £ 0.0067 4.09 97.0
0.05 0.166 £ 0.0040 2.44 99.0 0.168 £ 0.00090 0.543 99.5
0.5 0.164 £ 0.0080 4.86 98.7 0.169 £ 0.0018 1.05 100
5 0.167 £ 0.0011 0.664 101 0.167 £ 0.00030 0.175 99.1
Rb2
0.01 0.211 £ 0.0056 2.64 98.9 0.217 £ 0.0037 1.72 109
0.05 0.218 £ 0.0058 2.64 101 0.220 £ 0.0021 0.970 104
0.5 0.216 £ 0.0033 1.54 98.7 0.217 £ 0.0028 1.30 98.6
5 0.221 £ 0.0078 3.54 101 0.223 £ 0.0047 2.09 101
Re
0.01 0.250 £ 0.023 9.20 95.0 0.283 £ 0.0096 3.40 111
0.05 0.272 £ 0.012 4.27 98.3 0.278 £ 0.014 4.99 102
0.5 0.289 £ 0.032 11.0 102 0.276 £ 0.015 5.28 98.1
5 0.278 £+ 0.010 3.63 97.4 0.284 + 0.0085 2.99 100
Rd
0.01 0.237 £ 0.017 6.99 94.3 0.243 £ 0.025 10.2 98.9
0.05 0.223 £ 0.0080 3.61 96.3 0.220 £ 0.0040 1.82 95.1
0.5 0.213 £ 0.0069 3.25 97.1 0.218 +£ 0.0066 3.04 97.8
5 0.213 £ 0.0079 3.71 97.3 0.218 + 0.0050 2.29 98.3
Re
0.01 0.0791 +£ 0.00019 0.0237 102 0.0777 £ 0.011 14.9 86.0
0.05 0.0794 + 0.00052 0.659 101 0.0797 £ 0.0055 6.88 96.5
0.5 0.0784 £ 0.00075 0.959 98.8 0.0818 £ 0.0052 6.31 100
5 0.0739 £ 0.0025 341 93.1 0.0796 £ 0.0069 8.78 90.4
Rgl
0.01 0.196 £ 0.0034 1.74 102 0.188 £ 0.0203 10.8 94.3
0.05 0.196 £ 0.0011 0.570 101 0.189 + 0.012 6.36 98.4
0.5 0.196 £ 0.0029 147 100 0.193 £ 0.013 6.85 101
5 0.195 £ 0.0065 3.39 93.9 0.192 £ 0.0122 6.51 96.2
R-Rg?2
0.01 0.0579 4 0.0028 491 103 0.0589 + 0.0020 3.47 103
0.05 0.0585 4 0.0026 441 103 0.0585 =+ 0.00046 0.793 102
0.5 0.0568 4+ 0.0010 1.80 98.6 0.0572 4+ 0.00121 2.05 99.2
5 0.0508 £+ 0.0011 2.16 88.1 0.0562 £ 0.00162 2.97 88.3
S-Rg2
0.01 0.0574 4+ 0.0045 7.79 89.7 0.0618 £ 0.00068 1.10 110
0.05 0.0594 + 0.0038 6.34 99.8 0.0578 £+ 0.0021 3.60 99.4
0.5 0.0584 + 0.0013 2.25 102 0.0600 £ 0.00066 1.10 101
5 0.0542 4+ 0.0038 7.03 94.9 0.0539 £+ 0.0018 3.39 90.4
R-Rg3
0.01 0.179 £ 0.0022 115 105 0.172 £ 0.016 9.07 89.3
0.05 0.179 £ 0.00061 0.342 102 0.178 £ 0.00092 0.519 95.2
0.5 0.179 £ 0.0016 0.876 100 0.177 £ 0.00072 0.408 99.4
5 0.178 £ 0.0012 0.686 99.5 0.177 £ 0.0026 1.48 99.8
S-Rg3
0.01 0.144 £ 0.0152 10.8 107 0.122 £ 0.0123 104 97.6
0.05 0.130 £ 0.00079 0.610 95.6 0.129 + 0.00061 0.474 98.3
0.5 0.130 £ 0.0034 2.65 100 0.130 £ 0.0029 2.21 101
5 0.128 £ 0.0013 1.01 99.5 0.129 + 0.00074 0.572 100

a) RSD, relative standard variation (SD/mean x 100).
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2.1.4. Matrix Effect

Three different QC samples and drug-free plasma were used to evaluate the effects of the sample
matrix on the ionization of 10 ginsenosides. The percentages of the matrix effects of Rb1, Rb2, Rc, Rd,
Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 at four different concentrations were 101%, 102%, 97.9%,
103%, 105%, 104%, 97.7%, 101%, 106%, and 104%, respectively.

2.1.5. Stability

After confirming the stability of stock solution of each ginsenoside (at least 93% of each
ginsenoside in stock solution remained for 1 week at 4 °C and —80 °C in our unpublished data),
the stability test of ginsenosides in plasma was conducted. No significant degradation (within £15%
deviation between the predicted and nominal concentrations) of Rb1, Rb2, Rc, Re, Rgl, R-Rg2, S-Rg2,
R-Rg3, and S-Rg3 occurred in rat plasma under the following conditions: short-term storage for
24 h at room temperature (25 °C), three times freeze-thaw cycles, post-treatment storage for 12 h
at 4 °C, and long-term storage for 28 days at —80 °C (Table 3). In case of Rd, 72.9-78.4% of spiked
concentration was recovered at post-treatment storage for 12 h at 4 °C, without any degradation under
other conditions.

Table 3. Mean recovery values (%) of stability study in rat plasma samples under various conditions.

Spiked Concentration (ug/mL) Short-Term Three-Thaw Post-Treatment Long-Term

P HE Storage (25 °C) Cycles (25°0) Storage (—80 °C)
Rb1 0.05 109 96.9 88.2 98.1
0.5 97.4 914 93.6 99.6
5 103 103.5 95.3 103
Rb2 0.05 97.5 97.3 94.6 95.4
0.5 93.6 94.5 94.9 101
5 93.6 102 99.5 107
Rc 0.05 109 102 107 90.8
0.5 107 103 100 97.9
5 105 106 92.2 103
Rd 0.05 96.2 93.5 74.3 88.7
0.5 100 94.4 78.4 99.0
5 96.3 94.1 729 93.0
Re 0.05 104 109 102 98.6
0.5 107 99.3 106 97.3
5 99.8 102 109 94.8
Rgl 0.05 98.5 104 103 87.3
0.5 97.2 104 109 91.0
5 97.6 104 101 95.0
R-Rg2 0.05 103 101 96.1 92.9
0.5 98.9 97.3 90.4 90.5
5 105 108 95.5 94.0
S-Rg2 0.05 99.6 103 96.6 97.9
0.5 110 101 94.1 93.5
5 108 101 95.9 101
R-Rg3 0.05 104 109 103 99.7
0.5 101 106 107 95.5
5 103 109 101 106
S-Rg3 0.05 95.8 105 108 108
0.5 97.8 107 105 93.4

5 96.1 101 101 102
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2.2. Pharmacokinetic Studies in Rats

To evaluate the utility of the ultra-performance liquid chromatography, coupled with electrospray
ionization triple quadrupole tandem mass spectrometry (UPLC-MS/MS) method developed,
pharmacokinetic studies were conducted in rats after the oral administration of 600 mg/kg GBE.
The mean arterial plasma concentration-time profiles of Rb1, Rb2, Rc, Re, Rgl, R-Rg2, S-Rg2, and R-Rg3
are shown in Figure 3. The relevant pharmacokinetic parameters are summarized in Table 4.

The percentages of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3 and S-Rg3 content in GBE were
1.29,2.56, 0.86, 3.31, 6.50, 0.24, 0.47, 0.75, 0.14, and 0.36%, respectively. In terms of dosage, 7.74, 15.4,
5.16,19.9, 39.0, 1.44, 2.82, 4.50, 0.84, and 2.16 mg/kg of Rb1, Rb2, R, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3
and S-Rg3, respectively, were orally administered when 600 mg/kg of GBE was orally administered to
rats in this study.

To compare the systemic exposure of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, 5-Rg2, and S-Rg3 based
on AUC,¢t and Cmax values, these parameters were normalized according to each dose administered
as 1 mg/kg because of varying amounts of each ginsenoside, including GBE. The normalized AUC,g;
values of Rb1, Rb2, R¢, Rd, Re, Rgl, R-Rg2, S-Rg2 and 5-Rg3 at 1 mg/kg were 26.1, 24.5, 68.5, 27.3, 8.96,
15.8,1.32,1.71 and 4.25 ug-min/mL at 1 mg/kg dose, respectively. The normalized AUC},4 values of
four protopanaxadiol (PPD)-type ginsenosides: Rb1, Rb2, Rc, and Rd, were much higher than those
of PPT-type ginsenosides: Re, Rgl, S-Rg2, R-Rg2, and S-Rg3 (Table 4). The normalized Cpax values
of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, and S-Rg3 were 27.2,25.7,75.1,26.1, 85.2, 15.6, 51.4, 44.3,
and 56.0 ng/mL at 1 mg/kg dose, respectively.

Table 4. Plasma concentrations of ginsenosides after oral administration of 600 mg/kg GBE to SD rats.

Rb1 Rb2 Rc
AUC,¢t (ug-min/mL) 202 £ 168 376 £ 214 353 £ 190
Normalized AUC,q; (ng-min/mL) 261 + 217 245 £+ 139 685 £ 369
Cmax (ng/mL) 0210 + 0.183 0395 £ 0.285 0387 =+ 0.292
Normalized Cpax (ng/mL) 0.0272 £+ 0.0237 0.0257 £ 0.0185 0.0751 =+ 0.0566
Tmax (h) 8 (4-12) 10 (8-12) 10 (8-12)
t1/2 (h) 165 + 271 159 +£ 135 149 + 184
Rd Re Rgl
AUC,6t (ug-min/mL) 543 + 384 349 £ 68.0 228 + 583
Normalized AUC,q; (ug-min/mL) 273 £ 193 896 £ 174 158 + 4.05
Cmax (ng/mL) 0519 + 0293 332 £+ 474 0225 £+ 0216
Normalized Cyax (ng/mL) 0.0261 + 0.0148 0.0852 £ 0.121 0.156 £+ 0.150
Tmax (h) 480 (15-600) 360 (5-720) 3 (0.083-6)
t1/2 (h) 129 + 1.28 108 £ 573 103 + 311
S-Rg2 R-Rg2 S-Rg3
AUC,6t (ug-min/mL) 998 £+ 3.36 421 + 1.02 357 £+ 203
Normalized AUC,q; (ug-min/mL) 279 £ 1.66 149 + 1.02 425 £ 242
Cmax (ng/mL) 0284 + 0.163 0.108 £ 0.0153 0.0470 £ 0.0537
Normalized Cpax (pg/mL) 0.0777 £+ 0.0495 0.0383 £ 0.00452 0.0560 =+ 0.0640
Tmax (h) 0.25 (0.083-0.25) 0.25 (0.083-0.25) 1(0.25-1.5)

ty/2 (h) 238 £ 1.67 154 + 0.353 312 £ 122
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Figure 3. Plasma concentration of ginsenosides, (A) Rb1, (B) Rb2, (C) Re, (D) Rd, (E) Re, (F) Rgl, (G) S-Rg2, (H) R-Rg2, and (I) S-Rg3, after oral administration of

600 mg/kg GBE to rat.
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3. Discussion

The analytical method developed for 10 ginsenosides in this study was adequate for the
pharmacokinetic studies of GBE based on selectivity, linearity, sensitivity, precision, accuracy, matrix
effect, and stability using UPLC-MS/MS. In the selectivity test, no interfering peak from endogenous
substrates was detected at the elution times of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, S-Rg3,
and IS peaks. To separate the four isomers, the total running time was 30 min for each injection,
which was relative for the separation of the isomers. The degree of separation met the analytical
criteria without interference from the adjacent peaks. The calibration curves of the 10 ginsenosides in
the ranges of 0.01-10 pug/mL showed good linearity and the sensitivity of each ginsenoside facilitated
the pharmacokinetic study of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 after oral
administration of GBE in rats. The intra- and inter-day precision and accuracy of the method were in the
acceptance range of the US FDA criteria for the validation of bioanalytical methods [31]. No significant
matrix effects were detected for any analytes in the matrix effect test and no significant degradation
except Rd in the condition of post-preparation at 25 °C was observed in the stability test. Based on
this information for Rd, the prepared samples were kept at 4 °C in plate of auto-sampler plate in the
UPLC-MS/MS system in order to accurately measure the concentration of Rd in the plasma sample.

Generally, bioactive constituents which exhibit favorable pharmacokinetic properties following
substantial systemic exposure to the herb extract, are referred to as pharmacokinetic markers [32].
In particular, pharmacokinetic markers facilitate the evaluation of efficacy and toxicity as well as
drug interactions based on the pharmacokinetic properties of bioactive constituents in an herbal
extract. We measured rat plasma’s systemic exposure to six protopanaxadiol (PPD) and four
protopanaxatriol (PPT) ginsenosides after oral administration of GBE. The sensitivity of the analytical
method developed was sufficient to characterize the pharmacokinetics of nine of the ginsenosides,
except R-Rg3. Although the level of S-Rg3 (0.84%) was lower than R-Rg3 (2.16%) in GBE, the plasma
concentrations of S-Rg3 were detected but those of R-Rg3 were detected only at only certain time
points, probably due to the different pharmacokinetic profiles of epimers such as the longer T'max of
S-Rg3 compared with that of R-Rg3 (Table 4).

To predict the systemic exposure of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, and S-Rg3, their
AUC,¢; and Cpax values were normalized by each dose contained in GBE because the amount of
each ginsenoside, including GBE, varied. Assuming that a dose of Rb1, Rb2, Rc, Rd, Re, Rg1, R-Rg?2,
S-Rg2, and S-Rg3 contained in GBE is in the range of linear pharmacokinetics, the normalized AUC,g;
values of Rb1, Rb2, R¢, Rd, Re, Rgl, R-Rg2, S-Rg2 and S-Rg3 at 1 mg/kg were 26.1, 24.5, 68.5, 27.3,
8.96, 15.8, 1.32, 1.71 and 4.25 pg-min/mlL, respectively. The normalized AUC,4 values of the four
PPD-type ginsenosides Rb1, Rb2, Rc and Rd were much higher than those of PPT-type ginsenosides,
Re, Rgl, S-Rg2, R-Rg2, and S-Rg3 (Table 4). Similar results were observed after oral administration
of PPD or PPT-type ginsenosides as a single compound [30]. These data appear to indicate that the
PPD-type ginsenosides (e.g., Rb1, Rb2, Rc, Rd) were absorbed better in the rat gastrointestinal tract
than the PPT-type ginsenoside Re. It was also reported that the relatively low plasma concentrations
of PPT-type ginsenosides might be due poor intestinal absorption of PPT-type ginsenosides [30,33].
The Tmax values of PPD-type ginsenosides were lower than those of PPT-type ginsenosides, suggesting
that the absorption rates of PPD-type ginsenoisdes were slower than those of PPT-type ginsenosides.

The normalized Cnax values of Rbl, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, and S-Rg3 were 27.2,
25.7,75.1,26.1,85.2,15.6, 51.4, 44.3, and 56.0 ng/mL at 1 mg/kg dose, respectively. In spite of the
higher or similar normalized Cnax values of PPT-type ginsenosides compared to those of PPD-type
ginsenosides, the normalized AUC),q values of PPT-type ginsenosides were lower than those of
PPD-type ginsenosides (Table 4), probably due to rapid biliary excretion of PPT-type ginsenosides as
reported previously [33]. Interestingly, the secondary peaks of Re and Rg1 in plasma concentration
profiles observed in our study (Figure 3) may be attributed to biliary excretion and enterohepatic
circulation of Re and Rgl.
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The systemic exposure of PPD-type ginsenosides in rat plasma might possibly be elevated due
to their concentrations in GBE, good solubility, and long t; /, of approximately 10-20 h, based on the
previous report [30]. However, S-Rg3 and R-Rg3 exhibited relatively lower systemic exposure with
shorter t; />, which might be related to rapid and extensive biliary excretion or other mechanisms [33].
Therefore, the pharmacokinetic study of GBE components is essential for our understanding of its
pharmacological effects on the body.

In conclusion, the pharmacokinetic parameters of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2,
and S-Rg3 after oral administration of GBE to rats were successfully validated using analytical method
described in this study for the first time. This method was selective, precise, accurate and reliable for
the simultaneous determination of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 in rat
plasma using UPLC-MS/MS. The pharmacokinetic results of 10 ginsenosides in GBE showed that
Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, and S-Rg?2 levels in the plasma were appropriate pharmacokinetic
markers of GBE in rats because of their high exposure levels. Most importantly, oral ingestion of
ginsenosides from GBE yielded significantly higher ratios and slow rates of absorption of PPD-type
ginsenosides (e.g., Rb1. Rb2, Rc and Rd), suggesting that ginsenoside structures facilitated the
prediction of their pharmacokinetic profiles including absorption in herbal medicines. Therefore, the
structural and pharmacological profiles may explain the efficacy and safety of GBE, warranting further
clinical investigations.

4. Materials and Methods

4.1. Chemicals and Reagents

Ginsenoside Rb1l (Rbl), ginsenoside Rb2 (Rb2), ginsenoside Rc (Rc), ginsenoside Rd (Rd),
ginsenoside Re (Re), ginsenoside Rgl (Rgl), ginsenoside R-Rg2 (R-Rg2), ginsenoside S-Rg2 (5-Rg2),
ginsenoside R-Rg3 (R-Rg3), and ginsenoside S-Rg3 (S-Rg3) were purchased from Chengdu Bio-Purify
Phytochemicals Ltd. (Sichuan, China). Digoxin [internal standard (IS) for ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) analysis] was purchased from
Sigma-Aldrich (St. Louis, MO, USA). All structures of ginsenosides and IS used in this study
are displayed in Figure 1. All solvents of high-performance liquid chromatographic grade were
purchased from Fisher Scientific Co. (Seoul, South Korea) and other chemicals were of the highest
quality available.

4.2. Animals

The protocols for the animal studies were approved by the Institute of Laboratory Animal
Resources of Dongguk University_Seoul, Seoul, South Korea (IRB number: 2015-0044). Six-week-old
male Sprague-Dawley (SD) rats were obtained from Charles River Orient (Seoul, South Korea).
Upon arrival, rats were randomized and housed in groups of three per cage under strictly controlled
environmental conditions at a temperature of 20-25 °C and 48-52% relative humidity for one week
before the study. A 12 h light/dark cycle was used at an intensity of 150 to 300 lux. The rats were
allowed free access to food and water before the experiment and then fasted with free access to water
for 12 h.

4.3. Preparation of Stock Solutions, Plasma Samples and Quality Control Samples

Stock solutions of Rb1, Rb2, Rc, Rd, Re, and Rgl were dissolved in methanol and those of R-Rg2,
S-Rg2, R-Rg3, and S-Rg3 were dissolved in dimethyl sulfoxide, respectively, at 5 mg/mL. The stock
solutions of 10 ginsenosides were serially diluted with methanol from 5 mg/mL to 1000, 500, 100, 50,
10,5,3,2,1,0.5,0.3,0.2 and 0.1 pg/mL. The 1000, 500, 100, 50, 10, 5, 3, 2, and 1 pg/mL stock solutions
of 10 ginsenosides were spiked with drug-free rat plasma to obtain final concentrations of 10, 5, 1,
0.5, 0.1, 0.05, 0.03, 0.02 and 0.01 pg/mL. To obtain quality control (QC) samples, stock solutions of
each ginsenoside at 500, 50, 5 and 1 pg/mL were spiked into drug-free rat plasma to achieve final
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concentrations of 5 (high QC), 0.5 (medium QC), 0.05 (low QC), and 0.01 (lower limit of quantification,
LLOQ) ng/mL as QC samples. The stock solution (2 mg/mL) of digoxin (IS) was prepared in methanol
and further diluted in methanol to yield 0.5 ng/mL concentration for routine use as an IS.

4.4. Sample Preparations

A 50 pL of plasma sample was deproteinized by adding 100 uL methanol containing 0.5 pg/mL of
IS. After vortexing for 5 min and centrifugation for 10 min at 12,000 rpm and 4 °C, a 10 pL supernatant
was injected into the UPLC-MS/MS system for analysis.

4.5. UPLC-MS/MS Conditions

All analyses were performed using a Waters UPLC-XEVO TQ-S system (Waters Corporation,
Milford, MA, USA). The chromatographic separation was carried out using RP C18 column (ACQUITY
UPLC BEH, 2.1 mm x 100 mm i.d., 1.7 pm particle size; Waters, Dublin, Ireland) at flow rate of
0.3 mL/min. The mobile phase was composed of 0.1% formic acid in water (A), acetonitrile (B) and
methanol (C). The gradient elution was performed using the mobile phase comprising the following
ratio of A: B: C with 100:0:0 (v/v/v) at time 0, 95:2.5:2.5 (v/v/v) to 3 min, 76.1:11.95:11.95 (v/v/v)
to 5 min, 26.1:36.95:36.95 (v/v/v) to 20 min, 26.1:40.6:33.3 (v/v/v) to 20.1 min and 100:0:0 (v/v/v)
to 28.5 min with a linear gradient at each interval. Further, A: B: C at a ratio of 100:0:0 (v/v/v) was
maintained until 30 min. The total run time was 30 min.

The multiple reaction monitoring (MRM) mode with electrospray ionization (ESI) interface
was used for positive ions ([M + Na]*) and ([M + H]*) for ginsenosides and IS respectively at
a capillary voltage of 3.0 kV, a source temperature of 650 °C and desolvation gas temperature of
350 °C. The m/z values for Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, S-Rg3, and IS were
1131.15—365.26 (80 and 65 eV for cone voltage and collision energy, respectively), 1101.52—335.06
(CV 90, CE 65), 1101.35—335.20 (CV 95, CE 50), 969.14—789.57 (CV 90, CE 35), 969.78—789.63 (CV 90,
CE 45), 823.59—643.36 (CV 80, CE 40), 807.53—348.97 (CV 80, CE 50), 807.53—348.97 (CV 80, CE 50),
807.25—364.91 (CV 90, CE 40), 807.25—364.91 (CV 90, CE 40), and 781.50—651.49 (CV 25, CE 10),
respectively, as shown in Figure 4. The analytical data were processed using MassLynx software
(Version 4.1, Waters Corporation, Ireland).
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Figure 4. MS/MS spectra and proposed fragmentations for (A) Rb1, (B) Rb2, (C) Rc, (D) Rd, (E) Re,
(F) Rgl, (G) Rg2, (H) Rg3, and (I) IS.

4.6. UPLS-MS/MS Analytical Validation Assays

UPLC-MS/MS assays for analytical validation were conducted considering the bioanalytical
method validation procedure currently accepted by United States Food and Drug Administration
(FDA guideline, 2018). The validation parameters consist of selectivity, linearity, sensitivity, accuracy,
precision, and stability of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 in rat
plasma samples.
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Selectivity was evaluated by comparing the chromatograms of six different batches of plasma
obtained from six rats to ensure the absence of interfering peaks at the respective retention times of
Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 at LLOQ levels.

Linearity of each matching calibration curve was determined by plotting the peak area ratio (y) of
Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 relative to the IS area versus the nominal
concentration (x) of each ginsenoside. The calibration curves were constructed by a weighting factor
with a mean linear regression equation, y = ax + b. The LLOQ is defined as the lowest concentration of
analytes yielding an S/N of at least 10.

Intra- and inter-day accuracy and precision were determined by analyzing six replicates of the
LLOQ sample and three different QC samples on five different days. The accuracy and precision was
expressed by the following equations. The concentrations of LLOQ and QC samples were determined
based on the standard calibration curve and analyzed on the same day.

The accuracy was expressed as:

mean observed concentration
Accuracy(%) = , , x 100
nominal concentration

The precision was expressed as the relative standard variation (RSD):

RSD(%) = standard devmtlfm < 100
mean concentration

Matrix effect was calculated by the following equation using the peak analyte areas obtained
by direct injection of diluted (or neat) standard solutions (A) and the corresponding peak areas of
diluted (or neat) standard solutions spiked into plasma deprotenized acetonitrile (B). The final analyte
concentrations used to calculate the matrix effect were similar to QC sample levels: 0.05, 0.5 and
5 ug/mL. Also, the matrix effect of IS was 0.5 ug/mL. Further, the matrix effect of IS (0.5 pg/mL) was
evaluated using the same method.

B
Matrix effect (%) = 7 X 100

Stability was assessed at 0.05, 0.5, and 5 pg/mL by analyzing samples in triplicate after
four different manipulations: short-term storage (room temperature for 24 h), three-thaw cycles,
post-treatment storage (24 h at 4 °C), and long-term storage (28 days at —20 °C).

4.7. Pharmacokinetic Study in Rats

To verify the pharmacokinetic applications of the analytical method developed, a pharmacokinetic
investigation of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3 after oral administration of
600 mg/kg GBE in rats was conducted. On the experimental day, the carotid artery was cannulated
in 6-week-old male SD rats as described previously [34]. After recovery from anesthesia, a 600 mg
(5 mL)/kg of GBE dissolved in saline was orally administered to rats. A 0.12 mL blood sample
was collected via the carotid artery at 0, 5, 15, 30, 45, 60, 90, 120, 180, 240, 360, 480, 600, 720, 1200,
1440, 1620 and 1800 min after oral administration of GBE. Plasma samples of 50 uL were obtained
by centrifugation of each blood sample at 9000 rpm for 1 min and then stored at —20 °C for analysis
of Rb1, Rb2, Rc, Rd, Re, Rgl, R-Rg2, S-Rg2, R-Rg3, and S-Rg3. Standard methods [35] were used
to calculate the pharmacokinetic parameters using a non-compartmental analysis (WinNonlin 2.1;
Pharsight Corp., Mountain View, CA, USA). The peak plasma concentration (Cmax) and time to reach
Cmax (Tmax) were determined directly from the experimental data.

Author Contributions: S.Y.H., M.G.B. conducted experiments; Y.H.C. designed experiments and wrote manuscript.

Funding: This study was supported by grants from the National Research Foundation of Korea (NRF).
Grant funded by the Korea government (MSIT) (NRF-2016R1C1B2010849 and NRF-2018R1A5A2023127).



Molecules 2018, 23, 1835 17 of 18

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Attele, A.S.; Wu, J.A,; Yuan, C.S. Ginseng pharmacology: Multiple constituents and multiple actions.
Biochem. Pharmacol. 1999, 58, 1685-1693. [CrossRef]

Attele, AS.; Zhou, Y.P; Xie, ].T.; Wu, J.A.; Zhang, L.; Dey, L.; Pugh, W.; Rue, P.A.; Polonsky, K.S.; Yuan, C.S.
Antidiabetic effects of Panax ginseng berry extract and the identification of an effective component. Diabetes
2002, 51, 1851-1858. [CrossRef] [PubMed]

Huo, Y.S. Anti-senility action of saponin in Panax ginseng fruit in 327 cases. Zhong Xi Yi Jie He Za Zhi 1984, 4,
593-596. [PubMed]

Park, E.Y.; Kim, H.J.; Kim, Y.K,; Park, U.; Choi, J.E.; Cha, J.Y.; Jun, H.S. Increase in insulin secretion induced
by panax ginseng berry extracts contributes to the amelioration of hyperglycemia in streptozotocin-induced
diabetic mice. J. Ginseng Res. 2012, 36, 153-160. [CrossRef] [PubMed]

Yang, H.T.; Zhang, ].R. Treatment of systemic lupus erythematosus with saponin of ginseng fruit (SPGF):
An immunological study. Zhong Xi Yi Jie He Za Zhi 1986, 6, 157-159. [PubMed]

Zhang, S.C.; Jiang, X.L. The anti-stress effect of saponins extracted from panax ginseng fruit and the
hypophyseal-adrenal system (author’s transl). Yao Xue Xue Bao 1981, 16, 860-863. [PubMed]

Zhang, S.C.; Ni, G.C.; Hu, Z.H. Therapeutic and preventive effects of saponin of ginseng fruit on experimental
gastric ulcers. J. Tradit. Chin. Med. 1984, 4, 45-50. [PubMed]

Choi, H.S.; Kim, S.M.; Kim, M.J.; Kim, M.S.; Kim, J.W.; Park, C.W.; Seo, D.B.; Shin, S.S.; Oh, S.W. Efficacy
and safety of Panax ginseng berry extract on glycemic control: A 12-wk randomized, double-blind,
and placebo-controlled clinical trial. J. Ginseng Res. 2017, 42, 1-8. [CrossRef] [PubMed]

Leung, KW.; Wong, A.S. Pharmacology of ginsenosides: A literature review. Chin. Med. 2010, 5, 20.
[CrossRef] [PubMed]

Cho, W.C,; Chung, W.S,; Lee, S.K.; Leung, A.W.; Cheng, C.H.; Yue, K.K. Ginsenoside Re of Panax ginseng
possesses significant antioxidant and antihyperlipidemic efficacies in streptozotocin-induced diabetic rats.
Eur. J. Pharmacol. 2006, 550, 173-179. [CrossRef] [PubMed]

Kim, ].J.; Xiao, H.; Tan, Y.; Wang, Z.Z.; Paul Seale, ].; Qu, X. The effects and mechanism of saponins of Panax
notoginseng on glucose metabolism in 3T3-L1 cells. Am. . Chin. Med. 2009, 37, 1179-1189. [CrossRef]
[PubMed]

Kim, Y.K.; Yoo, D.S.; Xu, H.; Park, N.I,; Kim, H.H.; Choi, J.E.; Park, S.U. Ginsenoside content of berries
and roots of three typical Korean ginseng (Panax ginseng) cultivars. Nat. Prod. Commun. 2009, 4, 903-906.
[CrossRef] [PubMed]

Ko, SK,; Bae, HM.; Cho, O.S,; Im, B.O.; Chung, S.H.; Lee, B.Y. Analysis of ginsenoside composition of
ginseng berry and seed. Food Sci. Biotechnol. 2008, 17, 1379-1382.

Lee, S.Y,; Kim, Y.K,; Park, N.I; Kim, C.S.; Lee, C.Y.; Park, S.U. Chemical constituents and biological activities
of the berry of Panax ginseng. J. Med. Plants Res. 2010, 4, 349-353.

Wang, X.; Zhao, T.; Gao, X.; Dan, M.; Zhou, M.; Jia, W. Simultaneous determination of 17 ginsenosides in rat
urine by UPLC-MS with SPE. Anal. Chim. Acta 2007, 594, 265-273. [CrossRef] [PubMed]

Xie, J.T.; Zhou, Y.P; Dey, L.; Attele, A.S.; Wu, J.A.; Gu, M.; Polonsky, K.S.; Yuan, C.S. Ginseng berry reduces
blood glucose and body weight in db/db mice. Phytomedicine 2002, 9, 254-258. [CrossRef] [PubMed]

Xie, ].T.; Mehendele, S.R.; Li, X.; Quigg, R.; Wang, X.; Wang, C.Z.; Wu, J.A,; Aung, H.H.; Reu, PA;
Bell, G.I; et al. Anti-diabetic effect of ginsenoside Re in ob/ob mice. Biochim. Biophys. Acta 2005, 1740,
319-325. [CrossRef] [PubMed]

Yahara, S.; Tanaka, O. Further study on dammarane-type saponins of roots, leaves, flower-buds, and fruits
of Panax ginseng C.A. Meyer. Chem. Pharm. Bull. (Tokyo) 1979, 27, 88-92. [CrossRef]

Yang, C.Y.; Wang, J.; Zhao, Y.; Shen, L.; Jiang, X.; Xie, Z.G.; Liang, N.; Zhang, L.; Chen, Z.H. Anti-diabetic
effects of Panax notoginseng saponins and its major anti-hyperglycemic components. J. Ethnopharmacol.
2010, 130, 231-236. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0006-2952(99)00212-9
http://dx.doi.org/10.2337/diabetes.51.6.1851
http://www.ncbi.nlm.nih.gov/pubmed/12031973
http://www.ncbi.nlm.nih.gov/pubmed/6097365
http://dx.doi.org/10.5142/jgr.2012.36.2.153
http://www.ncbi.nlm.nih.gov/pubmed/23717115
http://www.ncbi.nlm.nih.gov/pubmed/2942299
http://www.ncbi.nlm.nih.gov/pubmed/6282043
http://www.ncbi.nlm.nih.gov/pubmed/6147443
http://dx.doi.org/10.1016/j.jgr.2017.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29348727
http://dx.doi.org/10.1186/1749-8546-5-20
http://www.ncbi.nlm.nih.gov/pubmed/20537195
http://dx.doi.org/10.1016/j.ejphar.2006.08.056
http://www.ncbi.nlm.nih.gov/pubmed/17027742
http://dx.doi.org/10.1142/S0192415X09007582
http://www.ncbi.nlm.nih.gov/pubmed/19938225
http://dx.doi.org/10.1055/s-0028-1084614
http://www.ncbi.nlm.nih.gov/pubmed/19731589
http://dx.doi.org/10.1016/j.aca.2007.05.032
http://www.ncbi.nlm.nih.gov/pubmed/17586124
http://dx.doi.org/10.1078/0944-7113-00106
http://www.ncbi.nlm.nih.gov/pubmed/12046868
http://dx.doi.org/10.1016/j.bbadis.2004.10.010
http://www.ncbi.nlm.nih.gov/pubmed/15949698
http://dx.doi.org/10.1248/cpb.27.88
http://dx.doi.org/10.1016/j.jep.2010.04.039
http://www.ncbi.nlm.nih.gov/pubmed/20435129

Molecules 2018, 23, 1835 18 of 18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Joo, KM.; Lee, J.H.; Jeon, H.Y.; Park, CW.,; Hong, D.K;; Jeong, H]J.; Lee, S].; Lee, S.Y.,; Lim, KM.
Pharmacokinetic study of ginsenoside Re with pure ginsenoside Re and ginseng berry extracts in mouse
using ultra performance liquid chromatography/mass spectrometric method. J. Pharm. Biomed. Anal. 2010,
51, 278-283. [CrossRef] [PubMed]

Dong, H.; Bai, L.P.; Wong, VK.; Zhou, H.; Wang, ].R.; Liu, Y;; Jiang, Z.H.; Liu, L. The in vitro structure-related
anti-cancer activity of ginsenosides and their derivatives. Molecules 2011, 16, 10619-10630. [CrossRef]
[PubMed]

Esimone, C.O.; Nwafor, S.V.; Okoli, C.O.; Chah, K.E; Uzuegbu, D.B.; Chibundu, C.; Eche, M.A.; Adikwu, M.U.
In vivo evaluation of interaction between aqueous seed extract of Garcinia kola Heckel and ciprofloxacin
hydrochloride. Am. J. Ther. 2002, 9, 275-280. [CrossRef] [PubMed]

Gao, WJ.; Wang, X,; Ma, C.J.; Dai, R.H.; Bi, K.S.; Chen, X.H. Comparative study on pharmacokinetics of
senkyunolide I after administration of simple recipe and compound recipe in rats. Zhongguo Zhong Yao
Za Zhi 2013, 38, 427-431. [PubMed]

Hussain, K.; Ismail, Z.; Sadikun, A.; Ibrahim, P. Bioactive markers based pharmacokinetic evaluation
of extracts of a traditional medicinal plant, Piper sarmentosum. Evid. Based Complement Altern. Med.
2011, 980760. [CrossRef] [PubMed]

Nahrstedt, A.; Butterweck, V. Lessons learned from herbal medicinal products: The example of St. John's
Wort (perpendicular). J. Nat. Prod. 2010, 73, 1015-1021. [CrossRef] [PubMed]

Peng, WW.; Li, W,; Li, ].S.; Cui, X.B.; Zhang, Y.X.; Yang, G.M.; Wen, H.M.; Cai, B.C. The effects of Rhizoma
Zingiberis on pharmacokinetics of six Aconitum alkaloids in herb couple of Radix Aconiti Lateralis-Rhizoma
Zingiberis. |. Ethnopharmacol. 2013, 148, 579-586. [CrossRef] [PubMed]

Ma, L.Y; Zhang, Y.B.; Zhou, Q.L.; Yang, Y.F,; Yang, X.W. Simultaneous determination of eight ginsenosides
in rat plasma by liquid chromatography-electrospray ionization tandem mass spectrometry: Application to
their pharmacokinetics. Molecules 2015, 20, 21597-21608. [CrossRef] [PubMed]

Singh, S.S. Preclinical pharmacokinetics: An approach towards safer and efficacious drugs. Curr. Drug Metab.
2006, 7, 165-182. [CrossRef] [PubMed]

Wang, C.Z.; Zhang, B.; Song, W.X.; Wang, A.; Ni, M.; Luo, X. Steamed American ginseng berry: Ginsenoside
analyses and anticancer activities. J. Agric. Food Chem. 2006, 54, 9936-9942. [CrossRef] [PubMed]

Zhou, Q.L.; Zhu, D.N.,; Yang, Y.F; Xu, W.; Yang, X.W. Simultaneous quantification of twenty-one
ginsenosides and their three aglycones in rat plasma by a developed UFLC-MS/MS assay: Application to
a pharmacokinetic study of red ginseng. J. Pharm. Biomed. Anal. 2017, 137, 1-12. [CrossRef] [PubMed]
FDA. Guidance for Industry: Bioanalytical Method Validation. 2018. Available online: https://www.
accessdata.fda.gov/drugsatfda_docs/nda/2015/2057470rig1s000SumR.pdf (accessed on 23 July 2018).
Lu, T; Yang, J.; Gao, X.; Chen, P,; Du, F; Sun, Y,; Wang, E; Xu, E; Shang, H.; Huang, Y.; et al. Plasma and
urinary tanshinol from Salvia miltiorrhiza (Danshen) can be used as pharmacokinetic markers for cardiotonic
pills, a cardiovascular herbal medicine. Drug Metab. Dispos. 2008, 36, 1578-1586. [CrossRef] [PubMed]

Liu, H.; Yang, J.; Du, E; Gao, X.; Ma, X.; Huang, Y,; Xu, F; Niu, W.; Wang, F; Mao, Y,; et al. Absorption and
disposition of ginsenosides after oral administration of Panax notoginseng extract to rats. Drug Metab. Dispos.
2009, 37, 2290-2298. [CrossRef] [PubMed]

Lee, YK.; Chin, YW.; Bae, ].K.; Seo, ].S.; Choi, Y.H. Pharmacokinetics of isoliquiritigenin and its metabolites
in rats: Low bioavailability is primarily due to the hepatic and intestinal metabolism. Planta. Med. 2016, 79,
1656-1665. [CrossRef] [PubMed]

Gibaldi, M.; Perrier, D. General derivation of the equation for time to reach a certain fraction of steady state.
J. Pharm. Sci. 1982, 71, 474-475.

Sample Availability: Samples of the compounds are not available from the authors.

® © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.jpba.2009.08.013
http://www.ncbi.nlm.nih.gov/pubmed/19729261
http://dx.doi.org/10.3390/molecules161210619
http://www.ncbi.nlm.nih.gov/pubmed/22183886
http://dx.doi.org/10.1097/00045391-200207000-00003
http://www.ncbi.nlm.nih.gov/pubmed/12115015
http://www.ncbi.nlm.nih.gov/pubmed/23668023
http://dx.doi.org/10.1093/ecam/nep143
http://www.ncbi.nlm.nih.gov/pubmed/19770264
http://dx.doi.org/10.1021/np1000329
http://www.ncbi.nlm.nih.gov/pubmed/20408551
http://dx.doi.org/10.1016/j.jep.2013.04.056
http://www.ncbi.nlm.nih.gov/pubmed/23707213
http://dx.doi.org/10.3390/molecules201219790
http://www.ncbi.nlm.nih.gov/pubmed/26633350
http://dx.doi.org/10.2174/138920006775541552
http://www.ncbi.nlm.nih.gov/pubmed/16472106
http://dx.doi.org/10.1021/jf062467k
http://www.ncbi.nlm.nih.gov/pubmed/17177524
http://dx.doi.org/10.1016/j.jpba.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28086165
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/205747Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/205747Orig1s000SumR.pdf
http://dx.doi.org/10.1124/dmd.108.021592
http://www.ncbi.nlm.nih.gov/pubmed/18474682
http://dx.doi.org/10.1124/dmd.109.029819
http://www.ncbi.nlm.nih.gov/pubmed/19786509
http://dx.doi.org/10.1055/s-0033-1350924
http://www.ncbi.nlm.nih.gov/pubmed/24108436
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	UPLC-MS/MS Method Validation 
	Selectivity 
	Linearity and Sensitivity 
	Precision and Accuracy 
	Matrix Effect 
	Stability 

	Pharmacokinetic Studies in Rats 

	Discussion 
	Materials and Methods 
	Chemicals and Reagents 
	Animals 
	Preparation of Stock Solutions, Plasma Samples and Quality Control Samples 
	Sample Preparations 
	UPLC-MS/MS Conditions 
	UPLS-MS/MS Analytical Validation Assays 
	Pharmacokinetic Study in Rats 

	References

