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ABSTRACT

Objective: To explain the phenomenon that Panax ginseng is not compatible with Raphani Semen based
on pharmacodynamics and pharmacokinetics.

Methods: The forced swimming time and biochemical parameters such as blood lactate (BLA), serum
urea nitrogen (SUN), and hepatic glycogen (GLU) were determined for anti-fatigue experiment. The UPLC-
MS/MS was used to analyze the pharmacokinetics of Rg1, Re, Rb1, and Rd after orally administration
of P. ginseng and P. ginseng combined with Raphani Semen to rats. Pharmacokinetic differences of four
ginsenosides between single uses of P. ginseng and combined with Raphani Semen were investigated.
Results: The results showed that Raphani Semen tended to significantly reduce the anti-fatigue activity
of P. ginseng. Co-administration of P. ginseng and Raphani Semen had significant effects on the pharma-
cokinetics of the four ginsenosides in rats compared to that observed with P. ginseng extract alone. The
AUCq_12 , values of the four ginsenosides in PG group were higher than the corresponding values in the
PR group. It can be inferred that Raphani Semen decreased the blood exposure of the four ginsenosides
in rats when it combined with P. ginseng.

Conclusion: The anti-fatigue activity and pharmacokinetic results showed that Raphani Semen may reduce

the pharmacological actions of P. ginseng.
© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved.

1. Introduction

Using two or more herbs together can decrease or limit
their therapeutic actions or even generate toxic effects. This phe-
nomenon has been recognized as “restraint” or “antagonism” since
Song dynasty according to traditional Chinese medicine (TCM) the-
ory (Wang et al., 2009; Dai, Luo, Wang, & Xia, 2005). “Panax gin-
seng (Renshen in Chinese) is not compatibility with Raphani Semen
(Laifuzi in Chinese)” is a typical example.

Raphani Semen has been used to treat chronic intestinal dis-
order in TCM for more than 1400 years (Kim et al., 2015; Sham
et al., 2013). P. ginseng, as one of the most famous botanical sup-
plements, originates in oriental countries such as China, Japan, and
Korea (Ang-Lee, Moss, & Yuan, 2001; Attele, Wu, & Yuan, 1999;
Lars, Martin, & Ulla, 2006). It is not compatible with Raphani Se-
men, according to the “compatibility prohibition of TCM”. It is re-
ported that ginsenosides were less in compatible decoction than in
separate one during combination of P. ginseng with Raphani Semen
(Zhang, Wang, & Song, 2007). In addition, there is no pharmacody-
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namics and pharmacokinetics research on the compatibility of the
two herbs. We want to explain the phenomenon based on phar-
macodynamics and pharmacokinetics.

In TCM theory, P. ginseng is normally used for developing phys-
ical strength of those suffering from severe fatigue (Saito, Yoshida,
& Takagi, 1974). Fatigue is usually caused by decrease in glycemic
level, consumption of liver glycogen and accumulation of fatigue
metabolites (Tan et al., 2012). Pharmacokinetic researches are help-
ful for understanding herb-herb interactions and for assessing the
herb-herb compatibility (Chen, Chou, Lin, & Yang, 2002; Wang
et al., 2008). Given that P. ginseng contains a variety of chemicals,
only some main representative compounds are selected as markers
to analyze the pharmacokinetics of ginseng (Li et al., 2000; Liao
et al, 2005). Rgl, Re, Rb1, and Rd are selected as the makers for
pharmacokinetics study (Choi et al., 2015). These four compounds
have been shown to have various biological activities (Mook-Jung
et al., 2001; Yamaguchi, Higashi, & Kobayashi, 1996). Some studies
have been reported on the pharmacokinetics of Rgl, Re, Rb1, and
Rd in P. ginseng or other TCM formulas. However, the pharmacoki-
netic of these four active compounds in P. ginseng combined with
Raphani Semen was not reported, the mechanism of decreasing or
increasing therapeutic actions after co-administration with Raphani
Semen was unknown.

1674-6384/© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved.
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This paper will study the anti-fatigue activity and pharmacoki-
netic of these four ginsenosides in P. ginseng after oral administra-
tion to rats either alone or in combination with Raphani Semen.
Moreover, this paper reveals the assertion that P. ginseng is not
compatible with Raphani Semen by carrying out pharmacokinetic
experiment in rats for the first time.

2. Materials and methods
2.1. Chemicals and materials

Rg1, Re, Rb1, Rd and digoxin (Fig. 1) were purchased from Sigma
Chemical Co. (St. Louis, MO). Assay kits for determining blood
lactate (BLA), serum urea nitrogen (SUN) and hepatic glycogen
(GLU) were purchased from Changchun Baiao Biotechnology In-
stitute (Changchun, China). Chromatographic grade of acetonitrile,
methanol and water were purchased from Sigma Chemical Co. (St.
Louis, MO).

2.2. Analytical methods

The UPLC-MS/MS (Waters Xeve TQ) with the analytical Cqg col-
umn (Thermo Scientific, Syncronis Q, 2.1 x 50 mm, 1.7 um) was car-
ried out at 35°C. The elution water (A) and acetonitrile (B) was
carried out under the condition of 20% B at 0-2.0 min, 20%—45%
B at 2.0-4.5min, 45%—60% B at 4.5-6.0 min, 60%—70% B at 6.0-
7.0 min. Flow rate was set at 0.5mL/min. The mass spectrome-
ter was operated in negative ionization mode to evaluate the four
ginsenosides and digoxin. The drying gas temperature was set to
380°C, the drying gas flow was set to 80L/h, the nebulizer pres-
sure was set to 35 psi, and the capillary voltage was set to 3000V.

2.3. Animals

Kunming mice with weight ranging from 20 to 24g were col-
lected for anti-fatigues study, and male Sprague-Dawley rats with
weight ranging from 240 to 260g were used for pharmacokinetic
study. The rats were fed in a specific pathogen free cage, with free
accesses to eating and drinking. The illumination condition was set
to 12:12 h light-dark cycle, the temperature was set to (22 + 2)°C
and humidity was set to (50 £+ 10)%.

2.4. Preparation of P. ginseng and Raphani Semen extract

P. ginseng (200g) and Raphani Semen (200g) were soaked sep-
arately in 70% ethanol (500 mL) and extracted using a reflux ex-
traction method for 30 min. The extracting solution was filtered
and evaporated under reduced pressure to obtain concentrates
(100 mL). The contents of Rgl, Re, Rb1, and Rd in P. ginseng were

R3
Rgl R,=H R,=glc Ri=0glc
Rb1 R,=glc(2-1)glc  R,=glc(6-1)glc  Ry=H
Rd R,=glc(2-1)glc  R,=glc Ry=H
Re R,=H R,=glc Ri=glc(2-1)glc

B

HO

measured to be 1.8 mg/mL, 2.5 mg/mL, 6.5mg/mL, and 0.7 mg/mL,
respectively. Finally, three drug solutions were prepared, namely P.
ginseng extract (PG), Raphani Semen extract (RS), and P. ginseng ex-
tract mixed with Raphani Semen extract (PR). These solutions were
stored at 4°C.

2.5. Anti-fatigue assay

2.5.1. Experimental design

In this research, 40 mice were randomly divided into the con-
trol group (CG group, fed with distilled water), P. ginseng extract
(PG) group, P. ginseng extract mixed with Raphani Semen extract
(PR) group, and Raphani Semen extract (RS) group, respectively,
each containing 10 mice. The PG group was orally administered
with P. ginseng at a dose of 5g/kg, PR group was applied with P,
ginseng extract mixed with 5g/kg Raphani Semen extract, and RS
group was given with Raphani Semen extract at a dose of 5g/kg,
respectively. The administration was performed once a day for con-
secutive 4 weeks. On the 14th day (the last day for oral adminis-
tration), forced swimming test (FST) was conducted for the four
groups, and biochemical parameters such as serum urea nitrogen
(SUN), blood lactate (BLA) and hepatic glycogen (GLU) were mea-
sured.

2.5.2. Forced swimming test

The mice in PG group, RP group and RS group were orally
fed once a day for consecutive 4 weeks. At the last feeding
day, the mice were fed and 30min later placed in a swim-
ming tank for FST. The FST was conducted in a swimming tank
(50cm x 40 cm x 40 cm), with water depth of (30 &+ 2) cm at tem-
perature of (25 + 0.5)°C. A lead sinker accounting for 10% of
mouse body weight was loaded on the tail root. The mice were
thought exhausted when they failed to struggle above the water
surface or failed to make necessary movements to breathe for 10s.

2.5.3. Biochemical parameters analysis

Biochemical parameters were analyzed after 4 weeks of admin-
istration. From the 30th min after the last administration of PG, PR
and RS, the mice were subjected to FST for 60 min without loads.
After FST, the mice rested for an hour, followed by blood sam-
ple collection from eyeballs with 15 min of centrifugation at 4000
r/min at 4°C to prepare serum. BLA and SUN were measured in
accordance with the recommended procedures prescribed in Kkits.
GLU level was tested by commercially available kits.

2.6. Pharmacokinetics study

The rats were randomly separated into two groups, each con-
taining six rats. One group was orally administered with PG, and

HyC

HO

Fig. 1. Chemical structures of Rg1, Rb1, Re, and Rd (A) and internal standard digoxin (B).
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the other group was orally administered with PR. The four gin-
senosides were given to the rats in each group by dosages of
18 mg/kg, 25 mg/kg, 65 mg/kg, and 7.0 mg/kg, respectively. Blood
samples (0.3 mL) were collected via eye puncturing at 0.083, 0.25,
05, 1, 15, 2, 4, 6, 8, 12, 24 and 36h, before accepting immedi-
ate centrifugation at 15000 r/min for 5min. Plasma (0.15mL) was
spiked with acetonitrile (0.3 mL) and IS (20pL) by vortex mixing
for 30 min. The mixture was centrifugation at 15 000 r/min for
5min to separate the precipitated protein. The supernatant was in-
jected into LC-MS/MS. The plasma concentration of four ginseno-
sides was expressed in the form of mean + standard deviation. All
data were processed by non-compartmental analysis using Win-
Nonlin 6.1.

2.7. Validation of LC-MS/MS assay

The four ginsenosides and digoxin were accurately weighed
and dissolved to a final concentration of 1000.0pg/L for Rgl,
1000.0pug/L for Re, 2000.0pg/L for Rb1, 2000.0pg/L for Rd, and
1000.0 ug/L for digoxin, respectively. Then, final standard solutions
were diluted with blank plasma, resulting in five working solu-
tions, including Rg1 (1.0, 5.0, 50.0, 100.0, 500.0 ug/L), Re (1.0, 5.0,
50.0, 100.0, 500.0pug/L), Rb1 (5.0, 50.0, 500.0, 1000.0, 2000.0 ng/L),
and Rd (5.0, 50.0, 500.0, 1000.0, 2000.0pg/L). In the same way,
quality control (QC) samples were prepared with blood plasma for
Rg1 (1.0, 50.0, 500.0 pug/L), Re (1.0, 50.0, 500.0 ug/L), Rb1 (5.0, 500.0,
2000.0ug/L), and Rd (5.0, 500.0, 2000.0 ug/L), respectively.

The precision and accuracy of the method were investigated
by analyzing six replicates of QC samples in the same analytical
method. Through comparing the response rate obtained for ex-
tracted QC samples with that obtained for spiked plasma extracts,
the extraction recovery of the QC sample could be evaluated. The

storage stability of plasma samples was measured according to
the ginsenoside concentrations of five replicate QC plasma sam-
ples stored at —80°C for 30 d. Freeze-thaw stability from —80°C
to room temperature was measured. The post-preparation stabil-
ity was determined by assaying the extracted QC samples stored
in the auto-sampler (5 °C) for 24 h.

2.8. Pharmacokinetic analysis

After oral administration of PG and PR, the concentrations of
the four ginsenosides in rat plasma were measured by UPLC-
MS/MS. The WinNonlin software was used to calculate the follow-
ing PK parameters: Cpnax, peak plasma concentration; Tmax, time at
Cmax; AUCy_12 ,, area under the curve when blood concentration is
plotted against time from 0 to 12 h; AUCy-., area under the curve
extrapolated to infinity; MRT, mean residence time; CL/F, clearance
rate; and ty,, elimination half-life.

3. Results
3.1. Validation of UPLC-MS/MS method

The selectivity of the analytical method was evaluated (Fig. 2).
The correlation coefficient of determination (r) was over 0.995,
indicating a good linearity within the selected range (Table 1).
The assay accuracy was 90.2%-108.8%, and the precision (relative
standard deviation) was less than 9.9%, indicating a high level
of reproducibility (Table 2). The extraction recoveries of the four
ginsenosides were within the range from 75.2% to 91.5% (Table 3).
According to the stability values in Table 4, all analytes remained
stable after storing at ambient temperature for 4 weeks, followed
by three freeze-thaw cycles for three consecutive days, and stored
at —80°C for 4 weeks or at 5°C in the auto-sample pool for 24 h.
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Fig. 2. Typical MRM chromatograms of blank plasma (A)
15 min following oral administration of PR (C).
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, blank plasma spiked with standard compounds Rg1, Re, Rb1 and Rd and digoxin (IS) (B), and plasma samples



Table 1
Regression data and LLOQ of analytes determined (n=6).
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Ginsenosides in plasma  Linear regression equations 12

Linear range/(ug-L-')  LLOQ/(ug-L~1)

Rgl y=0.142x + 0.04 0999  1.0-500.0 1.0
Re y=0217x + 0.12 0995  1.0-500.0 1.0
Rb1 y=0.395x + 0.03 0.998  5.0-2000.0 5.0
Rd y=0413x + 0.11 0999  5.0-2000.0 5.0
Table 2

Accuracy and precision of analytes in blank plasma.

Ginsenosides  Spiked/(ug-L-')  Intra-day (n=5)

Inter-day (n=5)

Accuracy/%  Precision RSD/%  Accuracy/%  Precision RSD [%

Rgl

Re

Rb1

Rd

10.0 103.1 9.5 105.7 9.1
50.0 923 9.8 105.6 8.5
100.0 96.9 53 92.7 5.4
10.0 95.1 4.5 93.1 8.2
50.0 90.2 9.5 107.4 9.2
100.0 108.8 4.0 96.2 8.8
100.0 103.2 71 911 74
500.0 93.5 9.7 91.5 6.3
2000.0 933 8.9 91.5 43
100.0 94.5 4.2 90.1 6.6
500.0 943 73 101.3 9.9
2000.0 97.7 8.4 108.8 75

31

Table 3
Extraction recovery of analytes in rat plasma (n=3).

Ginsenosides ~ Spiked/(ug-mL~')  Extraction recovery/%  RSD/%

Rgl 10.0 771 8.4
50.0 82.2 6.3
100.0 84.4 7.8

Re 10.0 75.2 8.6
50.0 874 10.6
100.0 85.2 8.8

Rb1 100.0 772 10.7
500.0 85.5 6.7
2000.0 91.5 9.8

Rd 100.0 89.2 53
500.0 82.5 8.2
2000.0 80.8 8.6

Table 4

Stability of analytes under different conditions (mean + SD).

PG group (P < 0.01). The average running duration before exhaus-
tion was (420 + 52) s for PR group, which was 19.2% shorter than
that of PG group, (520 + 45) s. In addition, the forced swimming
time of PG group was longer than PR and RS group.

3.3. Analysis of BLA, SUN and GLU

As shown in Fig. 4, it can be seen that after FST, BLA
level (13.4mmol/L) of PR group was higher than that of PG
(11.2 mmol/L) group (P < 0.05); SUN level of PR (12.4 mmol/L)
group was higher than that of PG and lower than that of RS group
(10.2 mmol/L) (P < 0.01); GLU level of PR group was 14.2 mg/g,
which was higher than that of RS group (16.3 mg/g) (P < 0.01) and
lower than that of PG group.

Ginsenosides  Spiked/(ug-mL~')  Accuracy/%

Short-term stability =~ Long-term stability =~ Freeze-thaw stability ~ Post-preparative stability

Rgl 10.0 101.0 + 54 104.7 + 8.1 103.1 £+ 3.5 914 + 4.6
50.0 952 + 71 103.1 £9.3 105.0 + 8.4 105.1 £ 6.1
100.0 931 + 84 94.6 + 54 97.2 + 41 96.5 + 7.5
Re 10.0 943 + 55 94.6 + 7.8 98.2 + 81 95.4 + 4.7
50.0 94.5 + 6.5 107.6 + 6.7 104.3 + 6.1 102.5 + 71
100.0 954 £ 7.0 943 £+ 45 952 £ 82 945 £ 6.0
Rb1 100.0 103.5 £ 94 96.7 + 7.8 95.2 + 6.6 97.2 + 6.6
500.0 914 + 4.5 97.7 + 8.1 99.5 + 73 92.7 + 4.0
2000.0 98.6 £ 3.2 932 + 44 973 £ 71 971 £ 6.2
Rd 100.0 923 + 41 98.6 + 73 96.5 + 7.7 103.7 + 75
500.0 95.6 + 5.1 105.3 + 8.6 105.7 £ 6.3 972 £ 6.5
2000.0 107.3 £ 6.1 103.5 £ 8.3 106.3 + 8.6 972 + 85

3.2. Forced swimming test

Fig. 3 showed the effect of Raphani Semen on the results of FST.
It indicated that PR group had shorter forced swimming time than

3.4. Pharmacokinetic study

After oral administration of PG and PR, the pharmacokinetics
of the four ginsenosides in rat plasma was investigated using the
validated UPLC-MS/MS method. The mean plasma concentration
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Fig. 3. Effect of Raphani Semen on forced swimming time in mice. **P < 0.01vs PG;
#P < 0.05vs CG.

curves of Rgl, Re, Rb1, and Rd versus time were shown in Fig. 5.
The estimated pharmacokinetic parameters were shown in Table 5.
Most pharmacokinetic parameters were significantly different be-
tween PG group and PR group (P < 0.05), suggesting the occur-
rence of herb-herb interaction.

[rc BEPR

Content
=

BLA [ (mmol-L'")

B Rs

SUN/ (mmol-L'")

In the PG group, the Cnax of Rg1, Re, Rb1, and Rd was 45.0, 49.3,
1139.2, and 606.8 ug/L, respectively. In the PR group, Cpax of Rgl,
Re, Rb1, and Rd reached 38.9 (P < 0.05), 40.2, 283.3 (P < 0.01), and
83.3 (P < 0.05) pg/L, respectively. Thus, the presence of Raphani Se-
men in the P. ginseng extract was associated with the reduction in
Cmax by 15.7%, 22.6%, 302.1%, and 627.5% for Rg1, Re, Rb1, and Rd,
respectively. Compared to the values reported for the PG group, the
AUC values of Rgl (190.9 pg-h/L), Re (767.9 ng-h/L), Rb1 (7992.9
pg-h/L, P < 0.01), and Rd (22771 pg-h/L, P < 0.05) decreased by
24.9%, 27.3%, 155.3%, and 518.5% in the PR group, respectively. The
CL/F and Ty, of the four ginsenosides in the PR group were de-
creased and the MRT was increased significantly compared to the
corresponding values in the PG group.

4. Discussion and conclusion

Both synergistic and antagonistic effects between TCM’s compo-
nents may occur as a result of herb-herb interactions. Researches
on herb-herb interactions are conductive to clarifying the synergis-
tic and antagonistic interactions between TCM herbs (Wang, 2012).
Indeed, such assay will aid to modernize clinical applications of
TCM.

GLU [ (mg-g')

Fig. 4. Effect of Raphani Semen on blood lactate (BLA), serum urea nitrogen (SUN) and hepatic glycogen (GLU) in mice. *P < 0.05 and **P < 0.01vs PG; #P < 0.05vs CG.
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Fig. 5. Mean plasma concentration-time profiles of ginsenosides Rg1 (A), Re (B), Rb1 (C) and Rd (D) following oral administration of PG and PR to rats.
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Table 5
Pharmacokinetic parameters of ginsenosides Rgl, Re, Rb1 and Rd in rat plasma following oral administration of PG and PR (mean
+SD, n=5).
Ginsenosides ~ Groups  Cpax/(#gL1)  Tmax/h typ/h CL/F/(L-h-kg™')  AUC/(ug-h-L1) MRT/h
Re PG 493+123 85+12 257478 10.5+45 977.7+123.5 16.6 +4.5
PR 40.2+8.9 6.5+13* 131+£2.6*  15.6+5.6* 767.9 +145.3* 124+56*
Rgl PG 450+12.3 0.25 + 0.02 12.8+4.6 9.8+3.2 2386 +£78.6 185+75
PR 38.9+7.6% 0.25 + 0.03 10.1+2.6 78+18 190.9 + 89.6* 13.4+5.6
Rb1 PG 1139.2 £236.5 120+2.3 16.1+5.6 215+78 20,410.2 +458.6 245+76
PR 283.3 £45.3** 6.0+13 10.2 +4.5* 18.9+8.9* 7992.3 +£389.6%* 19.9+5.6*
Rd PG 606.8 +£98.6 12.0+4.2 13.2+4.6 19.6+8.9 14,084.2 +453.6 19.9+45
PR 83.84+22.3* 12.0+3.6 95+23 17.5+9.6 22771 +387.9* 17.7 +£6.3*
The results of this study showed that Raphani Semen had a sig- References

nificant effect on the anti-fatigue properties of P. ginseng, which in-
dicated that combination administration of P. ginseng and Raphani
Semen can enhance the accumulation of BLA and increase sig-
nificantly level of SUN and lead to a higher production of SUN
compared with administration of P. ginseng alone. A research has
confirmed that a prolonged physical activity can consume stored
hepatic glycogen (Jung, Han, Kwon, Lee, & Kim, 2007). Our study
indicated that the combination administration of P. ginseng and
Raphani Semen can decrease the level of GLU than the adminis-
tration of P. ginseng alone. All results showed that Raphani Semen
can reduce the anti-fatigue activity of P. ginseng when mixing with
Raphani Semen.

Our results showed that there were significant differences in
several pharmacokinetic parameters (AUC, MRT) among the four
ginsenosides after oral administration of PG and PR. Compared
with P. ginseng, Raphani Semen could decrease the bioavailabil-
ity of the four ginsenosides in rat plasma. The mechanism lead-
ing to the differences in pharmacokinetic behaviors of the four
ginsenosides between P. ginseng extracts and P. ginseng combined
with Raphani Semen is not clear. A previous study investigated dif-
ferences in the PK parameters of paeoniflorin between rats ad-
ministered with pure paeoniflorin and Moutan Cortex extract or
Shuang-Dan extract (Wu et al, 2009). Moreover, some ginseno-
sides are the substrates of p-glycoprotein (P-gp) which is a drug
efflux pump (Yang, Wang, & Niu, 2012). Some studies have shown
that one herb can increase or reduce the absorption of the other
by inhibiting or activating intestinal P-gp. For example, Hypericum
perforatum can reduce plasma concentration of digoxin, benzodi-
azepine, theophylline, and warfarin by activating the intestinal P-
gp (Tan, 2009). It is possible that compounds in Raphani Semen ac-
tivate the intestinal P-gp and reduce the bioavailability of the four
ginsenosides.

In conclusion, co-administration of P. ginseng and Raphani Se-
men made a significant effect on anti-fatigue activities and phar-
macokinetics of the four ginsenosides in rats. The result showed
that the combined administration of Raphani Semen and P. ginseng
could decrease the anti-fatigue activity of P. ginseng and reduce
blood exposure of the four ginsenosides in rats. This study for the
first time evaluates the effect of combined application of Raphani
Semen and P. ginseng on anti-fatigue activity and pharmacokinetics
of the four ginsenosides in rats, which provides a reference for in-
vestigating the herb-herb interaction of Raphani Semen and P. gin-
seng.
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