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Background: Although flowers of Panax ginseng Meyer (FPG), Panax quinquefolius L. (FPQ), and Panax noto-
ginseng Burk. (FPN) have been historically used as both medicine and food, each is used differently in practice.
Methods: To investigate the connection between components and enhancing immunity activity of FPG,
FPQ, and FPN, a method based on a rapid LC coupled with quadrupole time-of-flight MS and immuno-
modulatory activity study evaluated by a carbon clearance test were combined.
Results: According to quantitative results, the ratio of the total content of protopanaxatiol-type ginse-
nosides to protopanaxadiol-type ginsenosides in FPN was 0, but ranged from 1.10 to 1.32 and from 0.23 to
0.35 in FPG and FPQ, respectively. The ratio of the total content of neutral ginsenosides to the corre-
sponding malonyl-ginsenosides in FPN (5.52 + 1.33%) was higher than FPG (3.2 +0.64%) and FPQ
(2.39 4+ 0.57%). The colorimetric analysis showed the content of total ginsenosides in FPQ, FPG, and FPN
to be 13.75 + 0.60%, 17.45 + 0.42%, and 12.45 & 1.77%, respectively. The carbon clearance assay indicated
that the phagocytic activity of FPG and FPQ was higher than that of FPN. A clear discrimination among
FPG, FPQ, and FPN was observed in the principal component analysis score plots. Seven compounds were
confirmed to contribute strongly by loading plots, which may be the cause of differences in efficacy.
Conclusion: This study provides basic information about the chemical and bioactive comparison of FPG,
FPQ, and FPN, indicating that protopanaxtriol-type ginsenosides and malonyl-ginsenosides may play a
key role in their enhancing immunity properties.

© 2017 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

have also been used extensively in the form of drugs or foods. They
all, generally, were used in traditional Chinese medicine formulae.

Panax ginseng Meyer, Panax quinquefolius L. and Panax noto-
ginseng Burk. are three major perennial herbal plants in genus
Panax (Araliaceae) [1—3]. These three herbs have been used for
millenia for prevention or treatment of ailments and diseases [4]
and have been sharing a large market as drugs, dietary supple-
ments, and foods. For example, in the Compendium of Material
Medica, a Chinese materia medica work written in the Ming Dy-
nasty, P. ginseng and P. quinquefolius are often used as a tonic, a
stimulant, and possess fatigue-resisting effects; P. notoginseng is
considered to be a remedy for preventing bleeding and recovering
from injury. For a long time, flowers of these three herbal plants

Furthermore, all the three kinds of flowers were used as an exhil-
arant and tonic in the form of health tea in China [5]. With the
depth development, they were also exploited as drinks, and were
even added into shampoo.

Recent investigation showed that the flowers of Panax ginseng
Meyer (FPG), P. quinquefolius L. (FPQ), and P. notoginseng Burk. (FPN)
also contain ginsenosides [6—9]. Moreover, the amount of total
ginsenosides in the FPG, FPQ, and FPN is higher than in any other
parts [10]. These ginsenosides are defined as protopanaxatiol-type
ginsenosides (PPT), protopanaxadiol-type ginsenosides (PPD), and
oleanolic acid-type ginsenosides according to the dammarane
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skeleton. However, research into ginsenosides has always ignored
malonyl-ginsenosides, which can constitute a substantial proportion
of the total ginsenoside content. Malonyl-ginsenosides are thermally
unstable and can degrade into corresponding neutral ginsenosides.

Since ginsenosides were reported from the flowers of these
plants, pharmacological efficacies of these flowers were also stud-
ied. For example, Yoshikawa et al. [11] reported that the ginseno-
sides fraction from FPN can protect against liver injury induced by
D-galactosamine and lipopolysaccharide in mice. Another example
[6] is that, in addition to reducing pathogenic fire, brain refreshing,
and invigorating the blood, ginsenosides from steamed FPG exert
anti-inflammatory activity. Another study [12] showed that extract
of FPG possessed antioxidant activity. However, pharmacological
studies on the FPQ were yet left uncharacterized. It had been used
as a tonic in the form of health protection tea with the same me-
dicinal purposes as FPG [5].

Ginsenosides, the major components in these three flowers, are
well believed by the theory of traditional Chinese medicine and
local folk to stimulate immune systems leading to benefit for
health. Results from basic researches support this point. Yu et al.
[13] had demonstrated ginsenoside Rg1 can increase the weight of
immune organs in mice and phagocytic activity of macrophages,
improve serum IL-2 and complement C3 and C4, resulting in the
stimulation of immune of the body. Another study [ 14] showed that
ginsenoside Re activates microphage function to kill tumor cells.
Cho et al. [15] and Rhule et al. [16] reported that ginsenosides Rb1,
Rb2, and Rgl1 strongly suppress the production of tumor necrosis
factor-o. in macrophages treated with LPS. Notoginsenosides-D, -H,
-K, and -G increased serum level of IgG in mice sensitized with
ovalbumin [17]. Therefore, different type of ginsenoside possesses
different effects on the immune system.

Morphologically, the flowers of these three titled plants are
similar. However, whether the components in these flowers are
similar or not has not been determined. Since different ginseno-
sides possess different bioactivity, it is highly important to establish
a method to characterize the relationship between the components
in these three flowers and their bioactivity. In this work, we first
simultaneously identify and quantify the major components in the
three flowers of the titled plants by ultra-performance liquid
chromatography coupled to electrospray ionization quadropole-
time-of- fight mass spectrometry (UPLC-ESI-Q-TOF/MS") and ultra-
performance liquid chromatography with diode array detection
(UPLC-DAD), and further discuss the relationship between the
immune stimulation and the components.

2. Materials and methods
2.1. Chemicals

Ginsenosides Rg1, Re, Rb1, and Rd were purchased from the
National Institutes for Food and Drug control (Beijing, China).
Ginsenosides Rb2, Rc and Rb3 were purchased from Chengdu
Pufeide Biological Technology Co. Ltd. (Chengdu, China). All refer-
ence standards were at least 98% purity as confirmed by HPLC.
Acetonitrile (HPLC grade) was purchased from Sigma (St Louis, MO,
USA); Ultrapure water (18.2 MQ) was prepared with a Milli-Q water
purification system (Millipore, Saint Quentin Fallavier, France).
Other reagents were analytical grade.

2.2. Herbal materials

FPG, FPQ, and FPN were collected from 3-y-old ginseng plants
from Jilin, Liaoning, and Yunnan provinces of China. All samples
were morphologically authenticated as the flowers of P. ginseng
Meyer, P. quinquefolius L. and P. notoginseng Burk. by Dr. Jin-cai Lu

(Shenyang Pharmaceutical University, China). The pictures are
shown in Fig. S1. The voucher specimens were deposited in the
Pharmacognosy Laboratory, Shenyang Pharmaceutical University.

2.3. Preparation of samples and stock solution

A 0.5-g sample of powdered flower material was weight accu-
rately. Then 20.0 mL 70% (v/v) methanol aqueous solution was
added and the material was extracted by ultrasound (40 kHz,
200 W) for 0.5 h at room temperature; 70% methanol aqueous
solution was added to compensate for the lost weight. The
extractive was centrifuged and the supernatant was obtained as
sample solution. All of the samples were passed through a 0.22-pum
PTEE syringe filter prior to injection.

A mixed standard solution containing 0.445 mg/mL of Rgl,
1.790 mg/mL of Re, 0.645 mg/mL of Rb1, 0.500 mg/mL of Rc,
0.540 mg/mL of Rb2, 1.520 mg/mL of Rb3, and 0.900 mg/mL of Rd
was prepared by adding each standard into a volumetric flask and
dissolving with methanol. A series of standard working solutions
with five different concentrations was prepared by appropriately
diluting the mixed stock solution with methanol for determination
of the standard curves.

2.4. Estimation of total ginsenosides

Total ginsenoside in FPG, FPQ, and FPN was determined by a
colorimetric assay using UV spectrophotometry with ginsenoside Re
as standard according to the method in the Appendix IV Ain Chinese
Pharmacopoeia (edition 2010) [ 18]. The wave length was at 560 nm.
This assay was repeated in triplicate for each sample. The results
were expressed in terms of ginsenoside Re equivalent, according to
the equation of the line for the ginsenoside Re standard curve.

2.5. UPLC-Q-TOF-MS analysis

The UPLC conditions were: system, Waters Acquity; column,
Acquity UPLC BEH Cig column (100 x 2.1 mm inner diameter,
1.7 um, Waters, Milford, MA, USA); mobile phase A, 100% acetoni-
trile; mobile phase B, 0.1% formic acid; gradient, 0—1.5 min, 10—14%
A; 1.5—-3.5 min, 14—21% A; 3.5—10.3 min, 21-23% A; 10.3—10.6 min,
23—-28% A; 10.6— 26.5 min, 28—31% A ; 26.5—27.5 min, 31-90% A;
27.5—30 min, 90% A; and the flow rate was 0.5 mL/min. The
detection wavelength was 203 nm, column temperature was 30°C.

MS was performed on a Waters Q-TOF/MS (Waters) equipped
with electrospray ionization (ESI) source operating in negative
mode. The conditions of MS analysis were as follows: capillary
voltage, 3 kV; cone voltage, 3 kV; cone gas (N2) flow rate, 50 L/h;
nebulizing gas (N,) temperature, 450°C; nebulizing gas (N) flow
rate, 800 L/h; source temperature, 130°C; mass range, m/z 100—
1,300. The energies for collision-induced dissociation were set at
20—-55 V for the precursor ion. All the operations, acquisition, and
analysis of data were controlled by Masslynx NT 4.1 software with
QuanLynx program (Waters).

2.6. Method validation

To verify the linearity, solutions containing seven reference
substances at five different concentrations were injected. The
calibration curve of each standard was constructed by plotting the
peak area versus the corresponding concentration. The limits of
detection and quantitation were determined at signal-to-noise ra-
tio of 3 and 10, respectively. The accuracy was explored by the
percentage difference between amounts determined and spiked.
The low, medium and high concentrations of the seven reference
substances were spiked into samples and then prepared according
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Identification

Tg (min)

formula for M

[M-H]

Measured mass

Calculated mass

Accuracy (ppm)

Fragment ions

Sample items

o

10
11

13

14

16
17

18

19

20

21

22

23

20-glc-Rf

Noto-
ginsenoside Ry

Rg1

Re

Malonyl-Rg;

Malonyl- Re

Rf
P-F11
20(R/S)-Rg2

RF;
Ras
Ra;/ Ray/isomer
Rb,

Ra;/ Ray/isomer
Malonyl-Ra;/ Ray
Ro

Malonyl-Rb;

Rc

Rhy

Malonyl-Rc

Rb,

Rbs

Malonyl-Rb,

2427

4.363

5.191

5911

5.923

7.027

11.322
11.322
12.475

13.178
13.158
14.020
14.170

14.399
17.424
14.590
14.774

15.251

15.935

16.654

17.238

18.020

C4sHs2019

C47Hg0015

CaoH72014

C4gHg2018

C45H74017

Cs1Hs4021

Ca2H72014
C42H72014
C4oH72013

C41H70013
Cs9H100027
CsgHogO26
Cs4Hg2023

CsgHogO26
C61H100029
Ca9Hs0018
Cs57H94026

Cs3Hg0022

C36Hg209

Cs6Ho2025

Cs3Hg0022

Cs3Hg0022

Cs6Ho2025

961.5419

931.5261

799.4950

945.5502

885.4899

1,031.5496

799.4850
799.4850
783.4863

769.4735

1,239.6443
1,209.6318
1,107.5970

1,209.6318
1,295.6252
955.4922

1,193.5964

1,077.5846

637.4308

1,163.5906

1,077.5846

1,077.5846

1,163.5906

961.5372

931.5266

799.4944

945.5423

885.4848

1,031.5427

799.4844
799.4844
783.4895

769.4738

1,239.6374
1,209.6268
1,107.5951

1,209.6268
1,295.6272
955.5001

1,193.5955

1,077.5845

637.4316

1,163.5849

1,077.5845

1,077.5845

1,163.5849

4.89

—0.54

0.75

8.35

6.69

0.75
0.75
—4.08

-3.90
5.57
4.13
1.72

413
-1.54
—8.2
0.75

0.09

-1.26

4.80

0.09

0.09

4.90

1,007.5474[M+HCOO]~
799.4831 [M-H-Glc]~
781.4760 [M-H-Glc-H,0]~
977.5313[M+HCOO]~
799.4895 [M-H-Xyl]~
637.4288 [M-H-Xyl-Glc]~
475.3760 [M-H-Xyl-2GlIc]~
845.4980 [M+HCOO]~
637.4353 [M-H-Glc]~
991.5539 [M+HCOO]~
783.4907 [M-H-Glc]~
637.3346 [M-H-Glc-Rha]~
475.3819 [M-H-2Glc-Rha]~
841.5217 [M-H-CO2]~
781.4969 [M-H-Mal-H,0]~
637.4317 [M-H-Mal-Glc]~
619.4258 [M-H-Ma-Glc-H,0]~
987.5598 [M-H-CO,]~
927.5385 [M-H-Mal-H,0]
783.4634 [M-H-Mal-Glc]~
637.4251 [M-H-Mal-2Glc]~
475.3643[M-H-Mal-2Glc-Rha]
845.4896 [M+HCOO]~
845.4896 [M+HCOO]~
829.4919[M+HCOO]~
637.4288 [M- H-Rha]
475.3748 [M-H-Rha-Glc]~
815.4805 [M+HCOO]~
1,285.6537[M-+HCOO]
1,255.6390 [M+HCOO]~
1,153.6044[M+HCOO]~
945.5425 [M-H-(Glc-H,0)]
783.4903 [M-H-2(Glc-H,0)]~
1,255.6390 [M+HCOO]~
1077.5836[M+HCOO]~
793.4364 [M-H-Glc]~
1,149.6030 [M-H-CO,]~
1,107.5902 [M-H-Mal]~
1,089.5814[M-H-Mal-H,0]~
945.5450 [M-H-Mal-Glc]~
1,123.5867 [M+HCOO]~
945.5430 [M-H-Ara(f)-H,0]~
783.4861 [M-H -Ara(f)-H,0- (Glc-H,0)]~

621.4187 [M —H-Ara(f)-H,0- 2(Glc-H,0)]~

683.4371 [M+HCOO]~

1,475.3795 [M-H-Glc]~

1,119.5992 [M-H-CO,]~

1,077.5874 [M-H-Mal]|~
1,059.5758[M-H-Mal-H,0]~
987.5598 [M-H-CO,-Ara(f)]~
945.5584 [M-H-Mal-Ara(f)]~
915.5268 [M-H-Mal-Glc]~

783.4879 [M-H-Mal- Ara(f)-Glc]~
1,123.5958 [M+HCOO]~

945.5456 [M-H-Ara(p)-H,0]~
783.4951 [M-H -Ara(p)-H20- (Glc-H,0)]
621.4277 [M-H-Ara(p)-H,0-
2(Gle-H20)]~

1,123.5958 [M+HCOO]

945.5456 [M-H-Xyl-H,0]~

783.4951 [M-H-Xyl-H,0-(Glc-H,0)]~
621.4277 [M-H-Xyl-H,0- (Glc-H,0)]
1,119.5980 [M-H-CO,]~

1,077.5872 [M-H-Mal]~
1,059.5758[M-H-Mal-H,0]~
945.5480 [M-H-Mal-Ara(p)]~
915.5343 [M-H-Mal-Glc]~
783.4828[M-H-Mal-Ara(p)-Glc]~

FPG, FPQ

FPG, FPQ

FPG, FPQ

FPG, FPQ

FPG, FPQ

FPG, FPQ

FPG
FPQ
FPG, FPQ

FPG
FPN
FPN
FPG, FPQ, FPN

FPN

FPN

FPG, FPQ
FPG, FPQ, FPN

FPG, FPQ, FPN

FPG

FPG, FPQ, FPN

FPG, FPQ, FPN

FPG, FPQ, FPN

FPG, FPQ, FPN

(continued on next page)
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Table 1 (continued )

Identification Tg (min) formula for M [M-H]

Fragment ions Sample items

Measured mass

Calculated mass

Accuracy (ppm)

24 Malonyl-Rbs 18790  CsgHezO2s 1,163.5906

25 Rd 19.836 C4gHg2013 945.5482 945.5423

26 Malonyl-Rd 20.894 Cs51Hg4021 1,031.5466

1,163.5849

1,031.5427

490 1,119.5995 [M-H-CO,]~
1,077.5841 [M-H-Mal|~
1,059.5868[M-H-Mal-H,0]~
987.5516 [M-H-CO,-Xyl]~
945.5317 [M-H-Mal-Xyl|~
915.5179 [M-H-Mal-Glc]
783.4799 [M-H-Mal-Xyl-Glc]~

6.24 991.5521 [M+HCOO]"
783.4912 [M-H-Glc]
621.4448 [M-H-2Glc]~

3.78 987.5532 [M-H-CO,|~
945.5439]M-H-Mal]~
927.5316 [M-H-Mal-H,0]~
783.4934 [M-H-Mal-Glc]-
621.4370[M-H-Mal-Glc-Rha]~

FPG, FPQ, FPN

FPG, FPQ, FPN

FPG, FPQ

FPG, flowers of Panax ginseng Meyer; FPN, flowers of Panax notoginseng Burk.; FPQ, flowers of Panax quinquefolius L.; UPLC-Q-TOF/MS, ultra-performance liquid chroma-

tography coupled with quadropole-time-of- fight mass spectrometry

to Section 2.3. The determination was performed in triplicate. The
average recoveries and relative standard deviation (RSD) were
calculated. The intraday and interday precision were determined on
the same day or on 3 different days. The sample solutions were
analyzed at 0 h, 4 h, 8 h, 12 h, and 24 h in the stability test. The
reproducibility was examined in 5 times/d.

2.7. Carbon clearance test

Approximately 75 g fine powder of FPG, FPQ, and FPN were
extracted according to the method described in Section 2.3, which
was dried under vacuum for the carbon clearance test.

Male and female Kunming mice (18—22 g) were purchased from
Liaoning Chang Sheng Biotechnology Co., Ltd [License number
(Liao) SCXK2012-0004]. Before the experiments, the mice were
allowed a 1-wk acclimation period at room temperature (20—25°C)
and constant humidity (40—70%) under a 12-h light—dark cycle in a
specific pathogen-free grade laboratory, fed with standard rodent
chow and tap water freely. The procedures in this study were
performed in accordance with the National Institute of Health
Guide for the Care and Use of Laboratory Animals and approved by
the Ethics Committee of the Institution.

The carbon clearance test was carried out according to references
[19] and [20]. Briefly, 80 Kunming mice were randomly classified
into eight groups with half male and half female, Mannatide at dose
of 4.0 mg/kg/d was positive control group [21], while animals of
treatment group were administrated the extracts of FPG, FPQ, and
FPN at dose of 0.5 g/kg/d by or 1.0 g/kg/d by gavage for 10 d.

On Day 10 of drug treatment, all animals were received an
intravenous injection (10 mL/kg) of carbon suspension (Indian ink:
normal saline = 1:4) through tail vein. Blood samples (20 pL) were
taken from the orbital sinus at 2—12-min intervals after the injec-
tion, and were mixed with 2 mL 0.1% (w/v) NayCOs solution to lyse
the erythrocytes. Optical density (OD) of the samples was measured
at 620 nm using a Multiskan Spectrum. At the same time, mice
were sacrificed by cervical dislocation, liver and spleen weights of
the mice were measured. The clearance index (k) and the calibrate
index (o) were calculated as follows:

_ logOD; — logOD,
- th—t

K

bodyweight
liverweight + spleenweight

= VK x

where, OD; and OD; are the optical densities at times t; and t».

3. Results and discussion

3.1. Optimization of sample preparation and chromatographic
conditions

To optimize the conditions of sample preparation, the following
parameters were tested by the FPG-1 extracted by an ultrasonic
instrument with variables such as extraction solvent (40%, 70%, and
100% methanol or ethanol), extraction time (30 min, 40 min,
50 min, and 70 min) and solvent multiples (1:20, 1:30, 1:50, and
1:60), the results are shown in Tables S1—S4, The optimized con-
ditions are described in Section 2.3.

Prior to the real sample analysis, the UPLC and MS parameters
were fully evaluated and optimized. Column, mobile phase, and
elution profile were UPLC parameters affecting separation effi-
ciency. Different columns were tested and Acquity UPLC BEH Cyg
column (100 mm x 2.1 mm inner diameter, 1.7 um) can obtain more
peaks. Acetonitrile was used as mobile phrase for its perfect sepa-
ration. Formic acid—water in a concentration of 0.1% (v/v) can
improve the peak shape. To obtain the optimal sensitivity, ESI
modes (positive and negative) and collision-induced dissociation
energy were also studied. ESI negative mode with the collision
energy of 20—55 V was found to provide not only optimal molec-
ular ions but also clear information on the quasimolecular ions and
fragment ions. The optimal UPLC-Q-TOF/MS conditions were
described in Section 2.5.

3.2. Identification of the major components in FPG, FPQ, and FPN

The major components in the flowers were identified by UPLC-
Q-TOF/MS. The total ion chromatograms of FPG, FPQ, and FPN are
shown in Fig. S2. Ginsenosides Rg1, Re, Rb1, Rc, Rb2, Rb3, and Rd
were unambiguously identified by comparing their retention times
and MS data with the reference standards. Other components were
identified by comparing the MS/MS data with those of references
[22]. The details of identified ginsenosides are summarized in
Table 1. The mass error for molecular ions of all identified com-
pounds was within 4+ 10 ppm, indicating that the empirical mo-
lecular formula well matched the putative molecular ions,
quasimolecular ion and fragment ions.

All ginsenosides are liable to form deprotonated ions [M-H]~
and/or formic acid adduct ions [M+HCOO]™ in the negative-ion
mode. It is noteworthy to find that malonyl-ginsenosides could
not produce adduct ions [M+HCOO]". Due to the thermically
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Rg; Re

Absorbance

0.04

0.00
-0.02

0.20
0.16
0.12
0.04

0.00
-0.02

Absorbance
o
o
o

(93]
N

0.20

0.16

0.12

0.08

Absorbance
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A
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S

B
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Fig. 1. UPLC chromatograms of the reference substances and samples at 203 nm. (A) Chromatogram of ginsenoside Re, Rg1, Rb1, Rb2, Rc, Rb3, and Rd. (B) Chromatogram of FPG-1.
(C) Chromatogram of FPQ-1. (D) Chromatogram of FPN-1. 1-26 = the compounds in Table 1. FPG, flowers of Panax ginseng Meyer; FPN, flowers of Panax notoginseng Burk.; FPQ,

flowers of Panax quinquefolius L.; UPLC, ultraperformance liquid chromatography.

unstable of malonyl-ginsenosides, when subjected to MS/MS
analysis, the deprotonated molecules of malonyl-ginsenosides are
easy to loss CO; or demalonylation from the malonyl group, which
results in detection of the peaks in the quasi-molecular ions of [M-
H-CO;]™ and [M-H-Mal]~ [23]. According to the MS, MS/MS spectra
of ginsenosides, the common fragmentation pattern was the suc-
cessive or simultaneous losses of sugar unit at the site of C-20, C-3,
or C-6. The characteristic ions at m/z 475 and m/z 459 were
observed in the PPT and PPD types.

Fingerprint analysis showed that the major components detec-
ted in these three materials are highly different. In FPG, there were
21 major peaks identified, while only 19 and 15 peaks were iden-
tified in FPQ and FPN, respectively. Only ginsenosides Rh1, RF3, and
20-glc-Rf were detected in FPG. Pseudoginsenoside F11 is the
characteristic constituent of FPQ as well as the root of
P. quinquefolius L. Ginsenosides Ral, Ra2, and Ra3 and malonyl-
ginsenosides Ral and Ra2 were unique for FPN. Notoginsenoside
R, Ginsenosides Rg1, Re, and Ro and malonyl-ginsenosides Rg1 and
Re were detected in both FPG and FPQ, but could not be detected in
FPN. Apart from the aforementioned compounds, the other 10
ginsenosides were all detected in the three species. In addition, it

was interesting to note that the ginsenosides detected in both FPG
and FPQ, but could not be detected in FPN, were all PPTs. The 10
ginsenosides detected in all three species were all PPDs. Moreover,
ginsenosides unique for FPN also were PPTs, meaning there were no
PPTs in FPN. In other words, the main ginsenosides of FPN were
PPTs, which can distinguish it from FPG and FPQ. By contrast, this
finding would also provide foundations for the further study of the
connection of bioactive constituents and curative effect.

3.3. Estimation of the major components in FPG, FPQ, and FPN

The contents of the major 14 ginsenosides were quantified by
UPLC including two PPTs (Rg1, Re), five PPDs (Rb1, Rc, Rb2, Rb3 and
Rd) and seven malonyl-ginsenosides (m-Rg1, m-Re, m-Rb1, m-Rg,
m-Rb2, m-Rb3 and m-Rd). The chromatograms obtained with
reference substances and samples solutions are shown in Fig. 1. The
concentrations of ginsenosides Rg1, Re, Rb1, Rc, Rb2, Rb3, and Rd
were calculated precisely according to the respective calibration
curves. Malonyl-ginsenosides (m-Rg1, m-Re, m-Rb1, m-Rc, m-Rb2,
m-Rb3, and m-Rd) were relatively determined by quantitative
analysis of multicomponents by a single-marker approach



492

insenosides content (%)

G

Rgl Re m-Rgl m-Re

Rd m-Rbl m-Rc

J Ginseng Res 2017;41:487—495

uFPG
®FPQ
® FPN

m-Rb2 m-Rb3 m-Rd Tm-G TG T

Ginsenosides type

Fig. 2. Comparison of contents of 14 ginsenosides in flowers of Panax ginseng Meyer (FPG), Panax quinquefolius L. (FPQ), and Panax notoginseng Burk. (FPN). T, Tg and Ty, represent
the sum quantities of 14 ginsenosides, ginsenosides and malonyl-ginsenosides, respectively. FPG, flowers of Panax ginseng Meyer; FPN, flowers of Panax notoginseng Burk.; FPQ,

flowers of Panax quinquefolius L.

according to references [24—26]. In theory, if the structures of
compounds were similar, the relative correction factors of com-
ponents were around 1, so the relative correction factors of seven
malonyl-ginsenosides without reference substances to corre-
sponding neutral ginsenosides were determined approximately as
1. Therefore, the concentrations of m-Rg1, m-Re, m-Rb1, m-Rc, m-
Rb2, m-Rb3, and m-Rd were calculated relatively on the basis of the
calibration curves of Rg1, Re, Rb1, Rc, Rb2, Rb3, and Rd, respectively.

The contents of the 14 main ginsenosides and the total ginse-
nosides in FPG, FPQ and FPN are listed in Fig. 2 and Table 2. The

13.75 + 0.60%, 17.45 +0.42%, and 12.76 4= 1.77% ginsenoside Re
equivalent using a colorimetric method respectively. Ginsenoside Re
was found to be a major ginsenoside in FPG (4.14 + 0.11%) and FPQ
(3.00 £+ 0.15%) and ginsenosides Re and Rg1 were not detected in
FPN. However, Rb3 was the most abundant ginsenoside of FPQ
(5.51 +0.20%) and FPN (5.00 4 0.89%), which was higher than the
content of the FPG (0.23 4 0.03%). Because of the lack of ginsenoside
Re and Rg1 in the FPN, the ratio of the total content of PPTs to PPDs
(Tppr/Tepp) Was 0. The Tppr/Tppp ratio was 1.18 + 0.08 in FPG, 3.93
times higher than of those of in the FPQ (0.30 & 0.06). This study

results of total ginsenosides

Table 2

in FPG, FPQ and FPN were

clearly showed that the ratio of the total content of the neutral

Comparison of ginsenosides content (%) in flowers of Panax ginseng Meyer (FPG), Panax quinquefolius L. (FPQ), and Panax notoginseng Burk. (FPN)

Batch  Collection region/date Protopanaxtriol-type Protopanaxdiol-type ginsenoside Tmc Tc  Teer/ Tg/ T
Rgl Re m-Rgl m-Re Rbl Rc Rb2 Rb3 Rd m-Rbl m-Rc m-Rb2 m-Rb3 m-Rd Teeo T

FPG-1 Huanren/2013.7 113 418 0.17 0.82 0.58 097 067 024 214 041 0.24 0.79 0.15 1.10 3.68 9.91 1.15 2.69 13.59
FPG-2  Changbaishan/2013.5 1.03 423 0.12 0.65 058 1.03 0.77 025 216 0.29 0.19 0.52 0.07 0.77 261 1005 1.10 3.85 12.66
FPG-3  Shenyang/2014.5 1.03 404 0.24 127 050 093 064 021 1.74 0.61 0.40 1.09 0.07 158 526 9.09 126 1.73 1435
FPG-4  Huanren/2013.6 113 424 0.22 072 06 098 069 021 199 054 032 0.78 0.06 15 414 984 120 238 13.78
FPG-5 Changbaishan/20146 1.1 4.12 019 1.02 048 1.04 0.75 028 201 035 042 098 0.11 123 43 978 114 227 1288
FPG-6  Changbaishan/2014.5 1.03 3.99 0.18 1.03 051 093 0.77 02 216 045 0.43 0.74 0.08 1.08 3.99 959 1.10 240 14.23
FPG-7  Shenyang [2013.5 133 431 0.24 1.17 056 095 0.64 024 189 043 0.36 0.81 0.13 134 448 992 132 221 14.03
FPG-8  Shenyang [2013.5 121 421 02 123 046 099 0.67 021 19 061 038 1.09 0.07 128 4.86 9.65 128 199 14.55
FPG-9  Tonghua/2014.6 1 404 0.19 094 054 106 063 02 203 0.65 0.33 0.93 0.09 112 425 95 1.13 224 13.78
FPG-10 Tonghua/2014.7 1.03 405 0.18 089 05 093 078 025 2 0.61 0.4 1.03 0.07 123 441 954 1.14 216 13.65
Mean 1.10 414 0.10 097 0.53 098 0.70 0.23 2.00 050 035 0.87 0.09 122 420 969 118 239 13.75
SD 0.10 0.11 004 021 0.05 005 0.06 003 013 0.13 008 0.18 003 022 071 028 0.08 0.57 0.60
(n=3)

FPQ-1 Changbaishan/2013.5 0.20 3.11 — 0.02 0.18 0.69 166 542 157 0.13 0.25 0.76 2.34 122 472 1283 035 272 17.55
FPQ-2  Huanren/2013.7 022 310 — 0.01 0.19 060 161 584 158 0.10 0.17 0.65 210 093 396 13.14 034 332 17.1
FPQ-3  Shenyang/2014.5 019 274 — 0.01 0.16 066 158 533 127 0.12 024 0.84 2.70 1.10 5.01 1193 033 238 16.94
FPQ-4 Tonghua/2014.6 02 298 — 0.01 0.15 059 163 54 144 0.11 0.25 0.76 2.23 098 434 16.72 023 3.85 17.67
FPQ-5 Tonghua/2014.7 018 3.05 — 001 02 061 159 558 139 012 022 07 255 1.02 462 1721 023 373 17.98
Mean 020 3.00 — 0.01 0.18 0.63 1.61 551 145 0.12 0.23 0.74 2.38 1.05 4.53 1437 030 3.20 1745
SD 0.01 015 — 0.01 0.02 0.04 0.03 020 0.13 0.01 0.03 0.07 0.24 0.11 040 242 0.06 0.64 042
(n=3)

FPN-1  Tongrentang/2013.9 — — — — 153 256 154 445 0.14 0.06 041 1.40 0.09 — 205 1022 — 499 1227
FPN-2  Yunnan/2013.3 — — — — 1.17 187 141 3.92 0.09 0.07 0.47 1.46 0.10 — 22 846 — 3.85 10.66
FPN-3  Liaoning/20145 — — — — 21 3.02 197 6.19 024 0.07 0.41 1.14 0.10 — 182 1352 — 743 1534
FPN-4  Yunnan/2014.6 — — — — 197 277 176 553 0.15 0.06 044 143 0.09 — 202 1218 — 6.03 14.02
FPN-5  Yunnan/2014.7 — — — — 1.89 2.03 1.84 489 021 006 04 151 0.09 — 2.06 1086 — 527 13.08
Mean — — — — 1.73 245 1.70 5.00 0.17 006 043 145 0.09 — 203 11.05 — 5.52 12.76
SD — — — — 038 049 0.23 0.89 0.06 0.01 0.03 0.12 0.01 — 014 192 — 133 1.77
(n=3)

T represents the content of the total ginsenosides using a colorimetric method. T and Ty, represent the content of ginsenosides and malonyl-ginsenosides, respectively. Tppp/
Tppr represent ratio of the total content of protopanaxdiol-type ginsenosides to protopanaxtriol-type ginsenosides; Tg/Tm.c represents the total content of determined
malonyl-ginsenosides to the corresponding neutral ginsenosides
—, not detected; FPG, flowers of Panax ginseng Meyer; FPN, flowers of Panax notoginseng Burk.; FPQ, flowers of Panax quinquefolius L.; SD, standard deviation
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Fig. 3. Principal component analysis of flowers of Panax ginseng Meyer (FPG), Panax quinquefolius L. (FPQ), and Panax notoginseng Burk. (FPN). (A) Score plots, (B) loading plots.

ginsenosides to the corresponding malonyl-ginsenosides (T¢/Tm-g)
in FPN (5.22 4 1.33) was higher than in FPG (2.39 + 0.57) and FPQ
(3.20 £ 0.64). All these results suggest that the Tppr/Tppp and Tg/Tp,.-
G in FPG, FPQ, and FPN may become important assessment criteria
for quality control of these flower products.

Principal component analysis (PCA) is a mathematical, multi-
variate, nonparametric method for extracting relevant information

from confusing data sets. The idea behind the PCA was to identify
markers that distinguish FPG, FPQ, and FPN from each other based
on fingerprints. A clear discrimination among FPG, FPQ, and FPN
was observed in the PCA score plots (Fig. 3A). All the samples were
classified into three major groups, which indicate that the con-
stituents of the samples were significantly different. Loading plots
were applied to indicate the contribution of each principal
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Table 3

Regression equation, linear range, precision, repeatability, stability, and limit of detection and quantitation
Ginsenoside ~ Regression equation  Correlation factor (r?)  Linearity range (pg) Precision (RSD%) Repeatability  Stability Limit of Limit of

m (RSD%) (RSD%) detection  quantitation
(ng/mL) (ng/mL)

Rgl Y = 47404X + 1035 0.9993 8.9—-445 4.25 2.70 1.99 4.86 0.22 0.67
Re Y = 64465X + 2272 0.9998 17.9-1,790 2.10 2.88 2.85 2.03 0.35 1.06
Rb1 Y = 49094X + 467.5 0.9991 12.9-645 2.77 6.13 2.68 3.92 0.23 0.68
Rc Y = 57382X + 668.6 0.9993 10-500 1.86 5.56 0.61 240 0.27 0.82
Rb2 Y = 53085X + 1326 0.9994 10.8—540 292 5.37 1.61 3.55 0.23 0.69
Rb3 Y = 53575X + 1956 0.9998 19-1,520 9.27 8.51 4.05 4.90 0.37 1.08
Rd Y = 60916X + 1605 0.9993 19-900 2.29 6.94 0.71 3.47 0.38 1.14

Y and X are, respectively, the peak areas and concentrations (pg/mL) of the analytes
RSD = relative standard deviation

component in our experiment. From Fig. 3B, seven com-
pounds—m-Re, m-Rb;, m-Rbs, Rd, Rb,, Rbs, and Rg;—were
confirmed to contribute strongly to the clusters. Of course, these
compounds’ profiles may be the cause of differences in efficacy.

3.4. Validation of quantitative analytical method

The quantification method was validated by defining the line-
arity, precision, stability, recovery, repeatability, and limits of
quantification and detection (Tables 3 and 4). The calibration curves
for all seven reference substances showed good linearity
(? > 0.999) at six different concentrations, respectively. The pre-
cision of the UPLC method was determined for intraday and
interday variations. The validation studies showed overall intraday
and interday variations (RSD) < 9.27% and 8.51%, respectively. RSD
values of the peak area of seven compounds were < 5.0% in 24 h.
The recoveries for all the seven reference substances determined
were in the range 82.42—106.8% with RSD < 6.46%. The repeat-
ability of experiment method was very good (RSD < 5.0%). These
results demonstrate that the established UPLC method was accu-
rate and precise and therefore appropriate for the quantitative
analyses of ginsenosides Rg1, Re, Rb1, Rc, Rb2, Rb3, and Rd.

3.5. Carbon clearance test

Macrophage phagocytosis targeting of xenobiotics plays a key
role for host defense against a foreign invasion [27]. Clearance of

Table 4
Accuracy of UPLC method for the determination of reference compounds

Analyte Original Spiked Found Recovery RSD
(mg) (mg) (mg) (%) (%)

Rg; 1.09 0.88 1.96 98.99 2.80
1.1 224 105.37 0.36

1.32 234 94.80 2.94

Re 419 1.2 5.48 106.83 2.85
1.5 5.69 99.53 0.85

1.8 6.01 101.05 2.62

Rb, 0.58 04 0.98 98.94 4.52
0.5 1.04 92.82 1.24

0.6 1.19 101.99 0.42

Rc 1.02 0.64 1.68 104.44 0.96
0.8 1.82 100.13 0.33

1.06 1.98 90.64 1.74

Rb, 0.70 0.44 1.15 100.80 0.90
0.55 1.24 97.98 0.57

0.66 1.34 97.27 1.24

Rbs 0.20 0.16 033 84.17 6.46
0.20 0.36 82.42 1.26

0.24 0.42 91.73 2.84

Rd 2 1.60 3.66 104.05 1.15
2.00 3.95 97.18 0.62

2.40 4.32 96.84 1.49

RSD, relative standard deviation; UPLC, . ultraperformance liquid chromatography

carbon particles from the blood circulation is related to phagocytic
activity [28]. The phagocytic activity of extracts from FPG, FPQ, and
FPN was expressed by the phagocytic index and phagocytic
modulus (Table 5). All data are expressed as the mean =+ standard
deviation. Statistical analysis was performed by a one-way analysis
of variance followed by Tukey's honestly significant difference test
using IBM SPSS statistics 17.0 (International Business Machines
Corporation, Armonk, New York , USA). A p value < 0.05 or < 0.01
was considered statistically significant or extremely statistically
significant. Table 5 shows all flowers (0.5—1.0 g/kg/d) dose depen-
dently augmented the rate of carbon clearance from the circulatory
system of rats. The FPG and FPQ presented an increased tendency of
phagocytic activity when compared with the control group
(p < 0.01); however, no significant difference was observed among
them. Under the same conditions, FPN at different doses showed
weaker phagocytic activity (p < 0.05).

These differences may be attributed to the differentiations of
components of FPG, FPQ, and FPN. Different types of ginsenosides
have different pharmacology activities. On the basis of the results
above, it can be clearly concluded that FPG and FPQ had stronger
enhancing immunity activity than FPN in vivo, corresponding to the
content of PPTs of FPN was 0, the lack of PPTs present in FPN may be
responsible for its overall low enhancing immunity activity. Of
course, PCA was to identify markers that distinguish FPG, FPQ, and
FPN from each other based on fingerprints.

4. Conclusions

In conclusion, this study showed that the PPDs were the main
ginsenosides of FPN and the T¢/Ty-¢ in FPN was higher than FPG
and FPQ; these characteristics are important assessment criteria for
quality control of the flower products from the three species. Under
the same conditions, FPN at different doses showed a weaker
phagocytic activity than FPG and FPQ, indicating that PPTs and
malonyl-ginsenosides in them may play a key role in their

Table 5

Immunomodulatory activity [asphagocytic index (K) and phagocytic modulus (a.)] of
the extractives of flowers of Panax ginseng Meyer (FPG), Panax quinquefolius L. (FPQ),
and Panax notoginseng Burk. (FPN)

Batch Dose K o
Control _ 0.011 + 0.008 3.65 + 1.13
Mannatide 4.0 mg/kg 0.018 + 0.007** 4,62 + 0.66*
FPG 0.5 g/kg 0.020 + 0.008** 490 + 1.21*
1.0 g/kg 0.024 + 0.007** 5.18 £ 0.73*
FPQ 0.5 g/kg 0.020 + 0.006** 487 + 0.87**
1.0 g/kg 0.023 + 0.006** 5.03 + 0.79**
FPN 0.5 g/kg 0.017 + 0.006* 439 + 0.47*
1.0 g/kg 0.018 + 0.006* 461 + 0.43*

Values are compared with control animals, * p < 0.05; ** p < 0.01
FPG, flowers of Panax ginseng Meyer; FPN, flowers of Panax notoginseng Burk.; FPQ,
flowers of Panax quinquefolius L.
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enhancing immunity property. There were still some limitations in
this study; the developed method cannot be used to determine
quantitatively the content of other ingredients, such as poly-
saccharide, which may be also have something to do with the
enhancing immunity property. Further investigations of the rela-
tionship between the chemical profiles of different Panax flowers
and their bioactivity still are indispensable. However, these results
are definitely helpful for quality evaluation and the effective and
safe usage of Panax flower products.
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