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Abstract

After ginseng ingestion, the bioavailability of its parent compounds is low and enteric microbiota 

plays an important role in parent compound biotransformation to their metabolites. Diet type can 

influence the enteric microbiota profile. When human subjects on different diets ingest ginseng, 

their gut microbiota's different profile may influence the metabolism of ginseng parent 

compounds. In this study, the effects of different diet type on gut microbiota metabolism of 

American ginseng saponins were investigated. We recruited six healthy adults who regularly 

consume different diet type. These subjects received 7 days oral American ginseng, and their 

biological samples were collected for LC-Q-TOF-MS analysis. We observed significant 

ginsenoside Rb1 (a major parent compound) and compound K (a major active metabolite) level 

differences in the samples from the subjects consuming different diet. Subjects on Asian diet have 

much higher Rb1 levels but much lower compound K levels compared to those on Western diet. 

Since compound K possesses much better cancer chemoprevention potential, our data suggested 

that consumers on Western diet should obtain better cancer prevention effects with American 

ginseng intake compared to those on Asian diet. Ginseng compound levels could be enhanced or 

reduced via gut microbiota manipulation for clinical utility.
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Introduction

American ginseng is one of the most commonly used botanicals in the U.S., and it has many 

reported pharmacological effects (Yuan et al., 2010; Xie et al., 2015). It is generally 

accepted that active constituents of ginseng are a group of saponins called ginsenosides 

(Attele et al., 1999; Qi et al., 2011). To date, over 80 ginsenosides have been identified from 

this botanical which can be divided into two major groups: protopanaxadiol group (e.g., Rb1, 

Rc) and protopanaxatriol group (e.g., Re, Rg1) (Qi et al., 2011). The multiple constituents of 

ginseng support ginseng's multiple pharmacological activities (Attele et al., 1999).

Similar to most herbal medicines, American ginseng is nearly always taken orally. When 

ingested orally, the bioavailability of ginseng parent compounds is low due to their 

incomplete absorption and the conversion to their metabolites by the enteric microbiota (Liu 

et al., 2009; Wang et al., 2011a and 2011b; Hu et al., 2013). After ginseng ingestion, 

ginsenoside Rb1 can be biotransformed in the gut into compound K, a reported major active 

metabolite that reach the systemic circulation (Wang et al., 2011a). Using human enteric 

microbiota treated ginseng in vitro, the conversion from Rb1 to compound K has been 

demonstrated (Wan et al., 2013). Compound K, not Rb1, has very significant cancer 

chemoprevention effects (Wang et al., 2012; Kang et al., 2013).

It has been reported that diet type influences the enteric microbiota (Underwood et al., 2009; 

Mushref and Srinivasan, 2013; Simpson and Campbell, 2015). When human subjects on 

different diet received oral ginseng, the individuals’ gut microbiota profile may differ 

(Ingerslev et al., 2014; Simpson and Campbell, 2015). If this diet-induced microbiota profile 

change subsequently alters the biotransformation of compound K in ginseng compound 

metabolism, ginseng's cancer chemoprevention outcome in individuals on different diet will 

be diverse.

In this study, we recruited six healthy male subjects in Chicago area. Three of these subjects 

regularly consume standard Asian diet, and the remaining three subjects are regularly 

consuming standard Western diet. All these six subjects received 7 consecutive days oral 

American ginseng treatment. Subjects’ biological samples (i.e., plasma, urine and feces) 

were collected for analysis of both ginseng parent compounds and their metabolites using 

liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (LC-Q-

TOF-MS). Special attention has been paid to the levels of ginsenoside Rb1, a major parent 

compound, and compound K, its major active metabolite. Comparisons have been made to 

the levels of these two ginseng compounds in relation to the different diet type consumption.

Experimental

Chemicals and reagents

HPLC grade acetonitrile (ACN), methanol and formic acid were purchased from Merck 

(Darmstadt, Germany). Standards of ginsenoside Rb1 and compound K (purity ≥ 98%) were 

supplied from Jilin University (Changchun, China), and structures of these two ginseng 

compounds are shown in Fig. 1C. The internal standard (IS) digoxin (purity ≥ 98%) was 
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obtained from Sigma-Aldrich (St. Louis, USA). Deionized water (18 MΩ•cm−1) was 

prepared by a Milli-Q water purification system (Millipore, Milford, MA, USA).

Plant materials

Dried roots of American ginseng (Panax quinquefolius L.) were purchased from Roland 

Ginseng, LLC (Wausau, WI, USA). The voucher samples were authenticated by Dr. Chong-

Zhi Wang and deposited at the Tang Center for Herbal Medicine Research at the University 

of Chicago (Chicago, IL, USA). The air-dried roots of American ginseng were powdered to 

a homogeneous size, and sieved through a 40 mesh screen.

Subjects and study protocol

The study protocol was approved by the Institutional Review Board at the University of 

Chicago. At the beginning of the study, subjects received a physical examination and signed 

their written informed consent for participation in this trial. Six healthy male volunteers 

(three on Asian diet and three on Western diet) without taking any other medications, 

participated in the study. They were aged between 18 and 45 years. Each subject was asked 

to fast overnight before receiving powder of American ginseng next day. Their blood, urine 

and feces samples were collected as the baseline control. All subjects received an oral 

treatment with 2 g American ginseng powder (in capsules, swallowed with tap water) per 

day for 7 consecutive days. At the end of the study, subjects’ biological samples (i.e., blood, 

urine and feces) were obtained for analysis. The blood samples collected in the heparin tubes 

were centrifuged at 4000 rpm for 5 min, and the resulting plasma fractions were transferred 

to Eppendorf tubes and frozen at −80°C until analysis.

Biological sample preparation

To avoid matrix effects and ion suppression, all biological samples were pretreated by solid 

phase extraction (SPE) before LC-Q-TOF-MS analysis. Waters Oasis HLB columns (1 cc, 

30 mg, 30 μm, Waters, Milford, MA, USA) were first preconditioned with methanol (2 × 1 

mL), followed by deionized water (2 × 1 mL).

Each plasma sample (200 μL) was vortexed with 20 μL of 2% acetic acid for 30 sec and 

diluted with 1 mL of physiological saline. The homogenate was loaded onto the 

preconditioned HLB column. The cartridge was washed with deionized water (2 × 1 mL) 

before the analyte was recovered by using 1 mL of methanol as eluent. The methanol 

fraction was evaporated to dryness under nitrogen gas at 20°C, and the residue was then re-

dissolved in 100 μL of methanol and centrifuged at 13,000 rpm for 10 min before assay. 

Each urine sample was prepared in a similar manner.

Each feces sample (0.5 g) was ultrasonically extracted with 3 mL of 80% methanol for 15 

min and then centrifuged (4,000 rpm, 10 min). The 200 μL supernatant was loaded onto the 

preconditioned HLB column. The cartridge was washed with deionized water (2 × 1 mL) 

before the analyte was recovered by using 1 mL of methanol as eluent. The methanol 

fraction was evaporated to dryness under nitrogen gas at 20°C, and the residue was then re-

dissolved in 100 μL of methanol and centrifuged at 13,000 rpm for 10 min before assay.
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Liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (LC-Q-
TOF-MS) analysis

Chromatographic analysis was performed on an Agilent 1290 Series (Agilent, Santa Clara, 

CA, USA). LC system was equipped with a binary pump, a micro degasser, an auto sampler, 

and a thermostatically controlled column compartment. Sample separation was carried out at 

25°C on an Agilent Zorbax Extend-C18 column (4.6 mm × 250 mm, 5 μm). The mobile 

phase consisted of 0.1% formic acid water (A) and 0.1% formic acid acetonitrile (B). The 

optimized elution conditions as follows was employed: 21% B at 0-15 min, from 21-30% B 

at 15-18 min, from 30-33% B at 18-30 min, 33% B at 30-34 min, from 33-45% B at 34-40 

min, from 45-60% B at 40-50 min, from 60-80% B at 50-55 min, from 80-100% B at 55-60 

min, and finally maintained at 100% B for 5 min at a flow rate of 1 ml/min. The injection 

volume of plasma, urine, and feces samples was set at 10, 5 and 10 μL, respectively.

Detection was carried out by a 6530 Q-TOF mass spectrometer (Agilent) with a Dual ESI 

interface. The parameters of operation were as follows: drying gas N2 flow rate, 10.0 L/min; 

temperature, 320°C; nebulizer, 35 psig; capillary, 3500 V; OCT RFV, 750 V; and fragmentor 

voltage, 120 V. Each sample was analyzed in both the positive and negative modes. Mass 

spectra were recorded across the range m/z 100-3000. The operations and acquisition of data 

were controlled by Agilent LC-Q-TOF-MS MassHunter Acquisition Software (Version B.

05.00). The sample levels of ginsenoside Rb1 and compound K of individual subjects were 

calculated based on a combined approach of previous publications (Wang et al., 2011b; Wan 

et al., 2013). A standard curve was used to calculate the compound concentration in the 

samples, which plots the concentration of the standard (10, 100, 1000 and 10000 ng/ml) 

against the area ratio of tested compound/internal standard. The area ratio of the samples 

was applied to the curve and to the level from the known concentration for determining the 

calculated concentration.

Data analysis

The determined compound levels were presented in mean ± S.D. Data analysis was operated 

with Agilent MassHunter Workstation software. By comparing the theoretical mass of 

molecular and/or fragment ions, accurate mass measurements were obtained to gain an 

empirical molecular formula. The errors were required less than 5 ppm. A one-way ANOVA 

was used to determine whether the results had statistical significance (p < 0.05) when 

applicable.

Results and discussions

Ginsenoside Rb1 and compound K

With the standards of ginsenoside Rb1 and compound K mixed in methanol and injected into 

LC under the optimized conditions, the total ion chromatogram (TIC) of the two reference 

saponins is shown in Fig. 1A by LC-Q-TOF-MS in the negative ion mode. American 

ginseng used in this study was analyzed to confirm the authenticity and quality. Fig. 1B 

shows the typical TIC of the ginseng extract in the negative ion mode. From the MS 

spectrum, it was observed that as a major ginseng saponin of American ginseng, ginsenoside 

Rb1 was in a large proportion, and compound K was not found in the original plant. Enteric 
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microbiota can biotransform ginsenoside Rb1 to compound K (Fig. 1C) (Wang et al., 2012; 

Wan et al., 2013; Kang et al., 2013). It has been reported that enteric microbiota can further 

biotransform compound K to protopanaxadiol (PPD) (Wang et al., 2011b).

Structural characterization of reference ginseng saponins

Diverse ginseng saponins with different structures have been reported (Li et al., 2010; Qi et 
al., 2012). Fig. 2 shows the typical Q-TOF-MS/MS spectrum of ginsenoside Rb1 and 

compound K in both positive and negative ion modes. Owing to the presence of formic acid 

in the mobile phase, the typical solvent adducts [M+HCOO]− (m/z 1153.6022 for Rb1, m/z 

667.4426 for compound K) and deprotonated molecules [M-H]− (m/z 1107.5964 for Rb1, 

m/z 621.4370 for compound K) can be usually observed in the negative mode. In addition, in 

negative MS/MS ion modes with a collision energy at 50 V, losses of sugar moieties are 

commonly produced as shown in Fig. 2A. For ginsenoside Rb1, the successive losses of 162 

Da corresponding to the -Glc was observed, until the appearance of [M+HCOO]− m/z 

459.3823 of PPD-type sapogenin. Meanwhile, a series of low mass ions in the range of m/z 

100-400 with a high abundance was found referring to sugar residue ions. Fig. 2B shows 

positive MS spectrum of ginsenoside Rb1 and compound K with a fragmentor at 120 V. In 

the positive ion mode, the mother skeleton can be rapidly assigned by the abundant aglycone 

ion as well as by a series of dehydrated ions from the aglycone. Characteristic fragment ions 

of PPD-type aglycone at m/z 443.38, 425.37 and 407.36 are shown in the positive MS 

spectrum of ginsenoside Rb1 and compound K.

Detection of ginsenoside Rb1 and compound K in three biological samples

Ginsenoside Rb1 and compound K in human plasma, urine and feces samples after oral 

ginseng administration were determined. The typical TIC of a plasma sample was shown in 

Fig. 3A. Ginsenoside Rb1 and its metabolite compound K were further confirmed from the 

plasma sample with a narrow mass window of 0.01 Da to restructure the extracted ion 

chromatograms (EICs), which were also shown in Fig. 3A.

LC-MS data of solvent adducts [M+HCOO]− of the two ginseng compounds identified in 

plasma samples was listed in Table 1. Ginsenoside Rb1 and compound K were detected in all 

subjects’ plasma, and compound K, as a metabolite, entered the systemic circulation. The 

TIC and EICs of ginsenoside Rb1 and compound K in typical urine and feces samples were 

shown in Fig. 3B and Fig. 3C, respectively.

Significant level differences of ginsenoside Rb1 and compound K in subjects consuming 
different diet

The relative abundance of ginsenoside Rb1 and compound K was detected in the plasma, 

urine and feces samples of three Asian-diet and three Western-diet subjects. Fig. 4A shows 

the signal intensity of ginsenoside Rb1 and compound K detected in individual subject 

biological samples by peak area with a 0.01 Da mass window. It was observed that the 

abundance of these two compounds in feces differed considerately compared to those in 

plasma and urine.
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Fig. 4B shows the mean intensity of ginsenoside Rb1 and compound K in the subjects. The 

calculated average plasma, urine and feces levels for ginsenoside Rb1 were 11.3, 41.7 and 

232.5 ng/mL in Asian-diet subjects, while 5.1, 71.9 and 340.4 ng/mL in Western-diet 

subjects, respectively. Moreover, the calculated average plasma, urine and feces levels for 

compound K were 47.7, 96.6 and 4998.4 ng/mL in Asian-diet subjects, while 65.7, 122.1 

and 15137.6 ng/mL in Western-diet subjects, respectively. Compared with Asian-diet 

subjects, Western-diet subjects had significantly higher compound K levels in plasma 

(37.7% increase), urine (26.4% increase) and feces (202.8% increase) (all p < 0.05). The 

much higher compound K level in feces is likely due to the long duration of ginseng-

microbiota interactions in the colon without compound absorption.

Asian diet contains different vegetables and large amounts of starch from rice; a Western 

diet has high in fat and animal protein. These different daily diet types may alter the enteric 

microbiota population, affecting herbal compound gut metabolism and absorption (Moco et 
al., 2012; Genton et al., 2015; Janssen et al., 2015; Simpson and Campbell, 2015). Thus, 

significant level differences of Rb1 and compound K in biological samples observed in our 

study can be contributed to the consumption of two different types of diet and subsequently 

induced enteric microbiota profile change.

Data obtained from this study showed that compared with subjects consuming Asian diet, 

subjects consuming Western diet have much lower levels of Rb1 but much higher levels of 

compound K, suggesting the different diet types affect subjects’ enteric microbiota 

population. Since compound K possesses significant higher cancer chemoprevention 

potential than that of Rb1, our data suggested that consumers on Western diet would achieve 

better cancer prevention effects after American ginseng intake compared to those on Asian 

diet (Wang et al., 2012; Yu et al., 2015a and 2015b).

Asian ginseng and notoginseng are very commonly used ginseng species in oriental 

countries, and they have somewhat similar ginsenoside profile compared to American 

ginseng (Attele et al., 1999; Wang et al., 2006). Thus, it appears that the diet type on enteric 

microbiota would also influence their stated effects (Sun et al., 2011; Liu et al., 2015; Huang 

et al., 2015). The reported herbal medication effects could be enhanced by enteric 

microbiota (Xiao et al., 2015; Wang et al., 2015). On the other hand, enteric microbiota were 

also responsible for the adverse events from diet compounds (Zhang et al., 2013).

Detection of ginsenoside Rh2 in feces samples

Ginsenoside Rh2 was also detected in the biological samples, especially from the feces. We 

observed that the average relative abundance of ginsenoside Rh2 was higher in feces samples 

(0.903 × 106 ± 0.186 × 106) compared to that in plasma (0.378 × 104 ± 0.078 × 104). In the 

feces samples, both two stereoisomeric forms of Rh2 were observed as 20S- and 20R-, and 

these isomers may have different pharmacological effects (Zhang et al., 2012; Chio et al., 
2013). Similar to compound K, we observed that average Rh2 amount from feces is higher in 

subjects consuming Western diet (1.525 × 106 ± 0.216 × 106) compared to those consuming 

Asian diet (0.279 × 106 ± 0.159 × 106).
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Fig. 5 shows major and minor metabolic routes of ginsenoside Rb1. For the major route, 

from ginsenoside Rb1 to ginsenoside F2, the conversion selective eliminates C-3 and C-20 

sugar moieties. From ginsenoside F2 to compound K is a C-3 sugar moiety elimination, 

while from compound K to PPD is a C-20 sugar moiety elimination. It is possible that 

compound K and PPD can be further converted to other metabolites. The potential 

metabolites should be identified in future studies and their pharmacological activities also 

should be investigated. For the minor route, ginsenoside Rh2, which was detected mainly in 

the feces samples in our study, is transformed by the elimination of C-20 and C-3 sugar 

moieties, respectively. Fig. 5 also indicated that ginsenosides Rk1 and Rg5 are the 

metabolites in the minor route via dehydration from Rg3.

Conclusions

In this study, ginsenoside Rb1 and its major metabolite, compound K, were determined in 

biological samples from human subjects consuming different types of diet. We observed 

significant ginsenoside Rb1 and compound K level differences in the test samples from 

subjects consuming Asian diet and Western diet. The ginseng compound biotransformation 

difference is likely linked to diet-induced gastrointestinal microbiota population difference. 

Further studies are needed to enlarge the samples size, to characterize ginseng compound 

metabolic pathways, and to identify which enteric microbiota population is affected by 

which diet type. The ginseng compound changes we observed in this study should be 

enhanced or reduced by gut microbiota manipulation for clinical utility.
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Figure 1. 
Ginseng saponins detected in the negative ion mode by LC-Q-TOF-MS analysis. (A) Total 

ion chromatogram (TIC) of selected standards, ginsenoside Rb1 and compound K. (B) TIC 

of American ginseng extract. Ginsenosides Re, Rc, Rb2/Rb3 and Rd are detected. (C) 

Chemical structures of ginsenoside Rb1 and compound K. Intestinal microbiota is critical in 

the biotransformation (Wan et al., 2013).
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Figure 2. 
The typical quadrupole TOF-MS/MS spectrum of ginsenoside Rb1 and compound K in both 

positive and negative ion modes. (A) The negative MS/MS spectrum of ginsenoside Rb1 and 

compound K with a collision energy at 50 V. (B) The positive MS spectrum of ginsenoside 

Rb1 and compound K with a fragmentor at 120 V.

Wan et al. Page 11

Biomed Chromatogr. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
LC-Q-TOF-MS analysis of ginsenoside Rb1 and compound K in human plasma, urine and 

feces samples after 7-day oral American ginseng administration. The typical TICs of plasma 

sample, urine sample and feces sample extracted ion chromatograms (EICs) of ginsenoside 

Rb1 and compound K are shown in (A), (B) and (C), respectively.
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Figure 4. 
Levels of ginsenoside Rb1 and compound K in plasma, urine and feces samples in three 

Asian-diet consuming subjects and three Western-diet consuming subjects using LC-Q-

TOF-MS analysis. (A) Signal intensity of ginseng compounds detected in the individual 

subjects’ biological samples. (B) Mean intensity of ginseng compounds in Asian-diet 

subjects (or A) and Western-diet subjects (or W). *, p < 0.05 between A and W. Note 

different ordinate scales in plasma, urine and feces plots.
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Figure 5. 
Major and minor metabolic routes of ginsenoside Rb1 (Qi et al., 2011; Wan et al., 2013). 

Compound K, a major metabolite of ginsenoside Rb1, can be further biotransformed to 

protopanaxadiol (PPD) or possibly other compounds. Ginsenoside Rh2, including both 20S- 

and 20R- stereoisomeric forms, was detected in feces samples as a minor metabolite via 

another metabolic pathway from ginsenoside Rb1 and Rg3.
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Table 1

LC-MS data of ginsenoside Rb1 and compound K identified in plasma after oral administration of American 

ginseng.

Subject
Ginsenoside Rb1 Compound K

m/z Calc m/z Diff (ppm) m/z Calc m/z Diff (ppm)

Asian-diet

1 1153.6023 1153.6011 −1.04 667.4439 667.4427 −1.97

2 1153.6018 1153.6011 −0.59 667.4420 667.4427 1.08

3 1153.6010 1153.6011 0.13 667.4413 667.4427 2.20

Western-diet

4 1153.6025 1153.6011 −1.22 667.4424 667.4427 0.44

5 1153.5993 1153.6011 1.66 667.4435 667.4427 −1.33

6 1153.6037 1153.6011 −2.31 667.4432 667.4427 −0.85

The typical solvent adducts [M+HCOO]− observed in the negative mode of both compounds.

Calc m/z, calculated m/z; Diff (ppm), difference between m/z and Calc m/z in ppm.
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