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Abstract

A method using solid phase extraction (SPE) and high performance liquid chromatography
with diode array detector (HPLC-DAD) has been optimized for the simultaneous determination
of notoginsenoside R1 and three ginsenosides Rgl, Re, Rb1 in solid, oil, and liquid dietary
supplements. The substances were separated by an InertSustain C18 column (250 mm x 4.6 mm
i.d.; particle size 5 um) with a gradient program composed of acetonitrile and water. Linearities
were in the range of 4.0 - 400 pg/mL with the coeflicients of determination were more than
0.999. The limits of detection and limits of quantitation were 2.13 - 6.89 ug/g and 7.11 - 22.98
ug/g, respectively. The recovery values of the compounds were in the range of 87.2 - 103.5%.
The precision study showed the intra-day relative standard deviation (RSD) of 1.41 - 2.91%, and
inter-day RSD of 1.87 - 4.85%, which meet the AOAC International requirements. The method
was applied to determine the content of notoginsenoside R1, ginsenoside Rgl, ginsenoside Re,
and ginsenoside Rb1 in 20 dietary supplement samples containing Ginseng and Pseudoginseng.

Keyword: notoginsenosid, ginsenoside Rgl, ginsenoside Re, ginsenoside Rb1, supplements,
HPLC.

1. INTRODUCTION

Recently, the demand use of traditional medicine and health supplement derived from
natural herbal has been growing. Rare medicinal herbs such as Ginseng (Panax ginseng) and
Pseudoginseng (Panax pseudoginseng) that have many preventive and therapeutic effects have
become potential sources of raw materials for these products. Currently, these products are being
sold in many pharmacies, drug stores, supermarkets, even online sales, and many of them come
from unknown origins. The quality of many health supplement products are not well controlled,
making it difficult for consumers to choose effective products. On the other hand, Ginseng and
Pseudoginseng are medicinal herbs that have many species and are often counterfeited in the
market [1].

There have been many studies proving that ginsenoside Rgl (Rg1), ginsenoside Rb1 (Rb1),
ginsenoside Re (Re), and notoginsenoside R1 (R1) are typical active ingredients, represented for
biological effects of Panax ginseng species such as Ginseng, Pseudoginseng, Vietnamese Ginseng,
American Ginseng,... [1-6]. The content of these active ingredients is the basis for determining
the quality of ginseng species according to current Pharmacopoeia standards. The published
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health supplement products also use the content of the above active ingredients as quality
control criteria [3-6]. However, the Vietnamese Pharmacopoeia has only a separate monograph
for the medicinal herbs of Ginseng, Pseudoginseng, and Vietnamese Ginseng, which regulates
the determination of the ginsenosides and notoginsenoside R1 content by high-performance
liquid chromatography (HPLC). In the US Pharmacopoeia, 43 dietary supplements have quality
regulations for Ginseng medicinal powder and Ginseng extract powder, but these regulations
are applied for one-ingredient products only. Methods for determination of these compounds
in mixed health supplement products which contain Ginseng, Pseudoginseng, and many other
medicinal herbs or vitamins, minerals in the form of tablets, powder, liquid... have not been
published. Therefore, it is necessary to develop a method that meets the current regulations
to determine the content of ginsenosides Rgl, Rbl, Re, and notoginsenoside R1 in health
supplement samples. The HPLC method with DAD detector has high specificity, accuracy,
simplicity, ease of implementation, and popularity, which can be applied in many laboratories
that have been selected to carry out this study to analyze and quality control health supplements
containing Ginseng and Pseudoginseng in Vietnam market.

2. MATERIALS AND METHODS
2.1. Equipment

The equipment used in this study has been calibrated according to ISO/IEC 17025 and
GLP which include a liquid chromatography system of Shimadzu - LC-2030C 3D Plus with DAD
(Shimadzu, Japan), a solid-phase extraction (SPE) system (Supelco, US), an analytical balance,
with the accuracy of 0.01 mg (Metler Toledo), and other common laboratory equipment. The
chromatography column was InertSustain C18 (250 x 4.6 mm; 5 pm) (GL Sciences, Japan) and
the C18 SPE column (6 mL, 500 mg) (SilactSPE™ Affinisep, France).

2.2. Standard materials and chemicals

The standard materials consist of Notoginsenoside R1 (Lot 19120521, purity of 97.9%),
Ginsenoside Re (Lot 19010322, purity of 98,8%) from Shanghai Tauto Biotech Co., Ltd., China;
and Ginsenoside Rgl (Lot 0117C002.01, purity of 94.05%), Ginsenoside Rb1 (Lot 0117C001.01,
purity of 88.59%) from National Institute of Drug Quality Control, Vietnam.

The solvents used for HPLC separation were acetonitrile (ACN) and methanol of HPLC
grade, obtained from Merck Vietnam.

2.3. Samples
- Sample matrices:

+ Solid sample: Tablet contains Pseudoginseng (100 mg), Ginkgo leaf extract,
Blueberry extract, magnesium lactate, citicoline, vitamin B1, vitamin B6, magnesium stearate,
methylparaben, propylparaben, polyvinylpyrrolidone (PVP), and talc.

+ Liquid sample: Solution contains Pseudoginseng (2 g/90 mL), Korean jujube, water.

+ Oily sample: soft capsule contains: Pseudoginseng (125 mg), Ginkgo biloba, rutin,
gelatin, white beeswax, sorbitol, soybean oil, palm oil, lecithin, and glycerin.

- Spiked samples: Standard solutions were added into sample matrices at specific
concentrations.
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- Blank samples: Three corresponding samples were produced according to the research
sample formula (solid, liquid, oil) but these samples did not contain Pseudoginseng.

- Real samples: 20 commercial health supplement products containing Ginseng and
Pseudoginseng collected from the local markets.

2.4. Methods
2.4.1. Optimization of chromatography conditions

Refer to some previous studies [3-4] and conditions of our laboratory, we investigated
the following conditions: chromatography column, gradient program, flow rate, and injection
volume. We selected the optimized conditions that obtain criteria of good separation (resolution
greater than 1.5), balance peak shape, no interference of matrix peaks, appropriate pressure, and
reasonable analysis time.

2.4.2. Optimization of sample preparation

Refer to previous studies [3-6], we investigated two processes of sample preparation: (1)
sample was extracted by 70% methanol, or (2) 90% methanol, and then cleaned up by solid
phase extraction. After that, the temperature of the extraction step was tested. We would select
the optimized procedure that has high recovery, and minimum matrix interference.

2.4.3. Method validation

Method validation was conducted according to AOAC Appendix K on solid, liquid, and
oily samples with criteria of specificity, limit of detection (LOD), limit of quantitation (LOQ),
linear range, and accuracy [7].

2.4.4. Application

The developed method was applied to determine the content of R1, Rgl1, Re, Rb1 in some
commercial health supplements. Each sample was analyzed in triplicate and measured the
average.

3. RESULTS AND DISCUSSION
3.1. Optimization of chromatography conditions

The chromatographic conditions of the Hong Kong Pharmacopoeia [6] were used to
investigate the chromatographic column. The mixed standard solutions were analyzed on a C18
Shimadzu column, a C18 InertSustain column, and a C18 Eclipse Plus column (250 cm x 4.6
mm, 5 um). The results of analysis by the C18 InertSustain column showed that the peaks R1,
Rgl, Re, Rb1 separated most clearly, and the resolution of peaks Rgl and Re was 1.6, which
is acceptable. Three mobile phase gradient programs including (1) ACN - H,O gradient in 65
minutes, (2) ACN - H,O gradient in 80 minutes, and (3) ACN - H O gradient in 100 minutes
were investigated. The result showed that the gradient (2) gave the best separation between
analytes and interference from the matrix sample. We also examined the flow rate from 1.0 to
2.0 mL/min, and injection volume from 10 - 50 pL.

In conclusion, the optimized conditions included the use of InertSustain C18 (250 x 4.6
mm i.d.; particle size 5um) chromatography column and the mobile phase consisted of ACN
and water with gradient program in Table 1 at the flow rate of 1.6 mL/min. The injection volume
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was 20 pL. The DAD was used with the wavelength at 203 nm. With these conditions, the
chromatogram of the standard solution analyzed was presented in Figure 1.

Table 1. Gradient program

Time (min) Acetonitrile (%, v/v) Water (%, v/v)
0-20 20 80
20 - 40 20 > 45 80 > 55
40 - 75 45 > 55 55> 45
75 - 80 20 80
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Figure 1. Chromatogram of standard solution analyzed by the optimized conditions
3.2. Optimization of sample preparation
3.2.1. Sample extraction

Two sample extraction procedures were conducted on the spiked sample (the standard
solution was added into the matrix sample so that the final concentration of extraction solution
was at 50 pg/mlL for each analyte).

- Sample extraction procedure 1:

+ For solid and oily sample: A portion of 2.0 g sample was weighed into a 50 mL
conical centrifuged tube. Then, the sample was added with 30 mL of 90% methanol, vortexed,
ultrasonicated at the temperature of 50°C - 60°C for 30 minutes, centrifuged at 6,000 rpm for
five minutes. The extract solution was transferred into a 100 mL beaker, while the solid residue
was re-extracted with 15 mL of 90% methanol. The extract solution was collected, and the
solvent was evaporated. The residue was resuspended in 5 mL water. The sample solution was
transferred into an SPE column that had already been activated by 3 mL methanol and 3 mL
water. The column was washed with 5 mL water, 5 mL mixture of methanol: water (3 : 7, v/v)
at a speed of 2 mL/min. Analytes were eluted by 8 mL methanol at 1 mL/min, the elution was
collected into a 10 mL volumetric flask. Methanol was used to make up the solution to the mark
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of the volumetric flask. The sample solution was shaken well and filtered through a 0.45 pm
membrane.

+ For liquid sample: A portion of 5.0 mL sample was cleaned through an SPE column
similarly to the above procedure.

- Sample extraction procedure 2:

+ For solid and oily sample: sample was extracted similarly to procedure 1 except that the
extraction solvent was 70% methanol and the sample was not cleaned through an SPE column.

+ For liquid sample: A portion of 5.0 mL sample was transferred into a 50 mL flask.
Then, the sample was added methanol, ultrasonicated for 30 minutes, cooled down to room
temperature, added methanol to reach 50 mL in total. The solution was filtered through a 0.45
pm membrane.

The blank sample of each matrix was analyzed. Recoveries of two sample preparation
procedures were presented in Figure 2.

Comparion of sample preparation processes
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Figure 2. Chart of sample preparation investigation

From Figure 2, it can be seen that recoveries of procedure 2 were higher than that of
procedure 1, but they have positive errors in cases of the solid and liquid sample matrix. Due
to the complexity of the health supplement matrix and the low content of analytes, the matrix
effect hugely affected the analytical results. For procedure 1, the recoveries still met AOAC
requirements at the corresponding concentration level. Furthermore, cleaning sample extraction
with an SPE column can reduce other substances introduced into the analytical equipment.
Therefore, procedure 1 was chosen for further steps of our research.

3.2.2. Investigation of sample extraction temperature

Temperature is a factor affecting sample extraction. In this case, the temperature
modification can change the solubility of analytes and solvent evaporation. The temperature
was investigated in the sample extraction step at 30°C, 40°C, 50°C, 60°C, and 70°C; and in the
solvent evaporation step at 50°C, 60°C, 70°C, 80°C, and 90°C in the solid sample matrix. The
effect of temperature on the extraction capacity was shown in Figure 3.
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Figure 3. Effect of temperature on the extraction capacity

From Figure 3, extraction temperature at 50°C and 60°C gave the highest signal of analytes.
Solvent evaporation temperature at 50°C, 60°C, and 70°C gave the similar signal of analytes;
while at 80°C and 90°C, the signal of analytes reduced may due to thermal decomposition. Thus,
to enhance sample extraction efficiency, the chosen extraction temperature was 50°C - 60°C,
and optimized evaporation temperature was 60°C - 70°C.

3.2.3. Optimization of SPE cleaning procedure

Washing the SPE column after loading the sample is an important step of the SPE
procedure. The investigation of washing solvent including methanol and water at the rate of
(5:5,v/v), (6:4,v/v), (3:7,v/v), and (2 : 8, v/v) was conducted in the oily sample matrix
spiked at a concentration of 50 ug/mL. The results showed that in the case of methanol:water
at the rate of (5: 5, v/v), (6 : 4, v/v), analytes were lost during the washing column step; at the
rate of (2 : 8, v/v), the matrix effect was significant; at the rate of (3 : 7, v/v), the matrix effect
was less significant and recoveries were acceptable. Thus, methanol : water (3 : 7, v/v) was
chosen as the optimized washing column solvent.

Eluent mainly affects the efficiency of the SPE procedure. Pure methanol, 90% methanol,
and 80% methanol were investigated. The results showed that pure methanol gave the highest
recovery, so it was chosen for the eluent.

3.3. Method validation
3.3.1. Specificity

Matrix sample, mixed standard solution, and spiked sample were analyzed by the developed
method; their chromatograms were shown in Figure 4 and Figure 5.
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Figure 4. Chromatogram of mixed standard solution
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Figure 5. Overlay chromatograms of blank and spiked samples for solid,
liquid, and oily matrices

In the chromatogram of the spiked sample, the retention time of analytes agreed with that
of the standard solution: R1 (19.7 min), Rgl (26.6 min), Re (27.8 min), and Rb1 (49.7 min).
Peaks of analytes in the spiked sample were completely separated from other substances in the
matrix. In the blank samples, there were no peaks at the same retention time as the analytes.
Therefore, the analytical method has an acceptable specificity with R1, Rgl, Re, and Rbl to
identify and quantify these substances in health supplements.

3.3.2. Calibration curve

Mixed standard solutions containing R1, Rgl, Re, and Rb1 at the concentration from 4,0 to
400 pg/mL were analyzed. Calibration curves were built by determining the correlation between
the concentration of analytes present in the solution and the corresponding peak area obtained
on the chromatograms by the linear regression method. The regression was presented in Table 2.

Table 2. Calibration curves of analytes

Analytes Concentration (ug/ml) Calibration curve
RI 3.99 -399.43 y =3,751x + 1,347; R* = 0.9996
Rgl 4.06 - 406.30 y =4,538x — 4,847; R* = 0.9997
Re 4.11-411.01 y =4,156x + 597; R* = 0.9994
RbI 3.97 - 396.88 y =2,624x + 1,361; R* = 0.9991

Results in Table 2 showed that in the range of 4 - 400 pg/mL, there were linear regressions
between concentration and peak area of analytes with the regression coeflicients R* from
0.9991 to 0.9997. Deviation values were all within + 15% and + 20% at LOQ required by many
institutions in the US, Canada, and Europe [7]. Thus, the calibration curves of the analytes were
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satisfactory and accepted under the AOAC International requirements.
3.3.3. Limit of detection (LOD), limit of quantification (LOQ)

LOD and LOQ of the developed method were calculated based on the standard deviation
of spiked samples. The spiked samples were added standard solutions so that the concentration
of each analyte in the final extraction solution was 10 ug/mL. These samples were analyzed in
six replicates. From that analysis, the average and standard deviation (SD) were calculated. LOD
and LOQ were calculated as LOD = 3SD, LOQ = 10SD. R-value was calculated as R = x /LOD;
if the R-value was in the range of 4 to 10, the concentration of the tested sample was suitable and
LOD was believable [8]. LOD and LOQ of the developed method corresponding to each type of
samples were presented in Table 3.

Table 3. LOD, LOQ of the developed method

LOD LOQ
Ana-
R-value
lytes Solid Oily Liquid Solid Oily Liquid
(ug/g) (ug/g)  (ug/mL)  (ug/g) (ug/g) (ug/mL)
RI1 6.47 5.01 2.13 21.57 16.69 7.11 7.23-9.34
Rgl 6.44 6.89 2.45 21.48 22.98 8.16 7.90 - 9.16
Re 5.34 5.34 2.77 17.79 17.79 9.22 7.05 - 8.18
Rb1 4.93 5.76 2.42 16.44 19.20 8.05 6.77 - 9.82

3.3.4. Accuracy

The accuracy of the developed method was estimated from the precision and trueness. Real
samples of each sample type were analyzed six times for inter-day relative standard deviation
RSD (n =6), and 12 times for intra-day RSD (n = 12). The accuracy of the method was evaluated
based on the recovery of the spiked sample. The sample matrix was added standard solution so
that after sample treatment, analytes have concentrations of about 4 ug/mL, 50 pg/mL, and 400
ng/mL for each of the three sample forms; each concentration level was analyzed three times.
The results were shown in Table 4.

The method had RSD (n = 6) from 1.41 - 2.91% (requirement < 4%) and RSD (n = 12) from
1.29 - 4.85% (requirement < 6%), so the method met the requirement of precision. According to
AOAC, at a concentration of 4 ug/mL (corresponding to 20 pg/g in solid, oil samples and 8 pg/
mL in liquid form), the recovery must reach 85 - 110%; at 50 g/mL (corresponding to 250 ug/g
in solid and oily samples and 100 ug/mL in liquid sample), recovery should reach 90 - 108%; at
400 g/mL (corresponding to 2,000 pg/g in solid and oily sample and 800 g/mL in liquid form),
the recovery should be 92 - 105%. Through the results of Table 4, the method was obtained the
recovery requirements in the respective concentration range [7].
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Table 4. Results of accuracy assessment

Sample type Analytes RSD (n=6) (%) RSD (n=12) (%) Recovery (%)
R1 1.80 1.98 87.55 -100.37
Rgl 2.10 2.39 88.86 - 103.53

Solid
Re 1.96 3.23 90.07 - 96.05
Rbl 2.16 1.87 94.30 - 98.12
R1 1.58 2.23 88.55 - 98.29
Rgl 1.83 1.96 93.50 - 98.33

Oily
Re 1.84 2.58 87.23-97.32
Rbl 1.56 2.01 91.82-99.40
R1 1.41 3.47 90.39 - 101.39
Rgl 2.12 4.04 90.70 - 101.09

Liquid
Re 291 4.85 91.00 - 100.08
Rbl 1.94 2.71 90.70 - 98.00

3.3.5. Results of real samples analysis

The developed method was applied to analyze 20 real health supplement samples. In
which, one sample contained Ginseng and Pseudoginseng, and five other medicinal herbs; nine
samples contained Pseudoginseng and at least two other medicinal herbs; ten samples contained
Ginseng, vitamines, and some other medicinal herbs. These samples were in form of powder,
tablet, soluble nuggets, liquid, drink, soft capsule, and tea bag. The results were shown in Table 5.

Table 5. Results of real samples analysis

Sample Content of analytes (mg/g) Sample Content of analytes (mg/g)
code code
R1 Rgl Re Rb1 Rgl Re Rb1
M1 0.23 0.76 0.097 0.92 MI11 0.043 0.077 0.083
M2 0.066 0.26 0.028 0.68 M12 0.046 0.069 0.047
M3 0.16 0.55 0.067 0.67 M13 0.037 0.042 0.19
M4 0.78 2.75 0.27 2.79 M 14 0.56 0.29 1.63
M5 - - - + M15 0.049 0.18 0.23
Meé 1.28 4.92 0.57 8.73 M6 0.039 0.015 0.024
M7 0.13 0.84 0.18 1.18 M17 + + 0.048
M8 0.31 1.10 0.11 1.11 M18 3.20 6.83 0.99
M9 + + + + M19 - - -
M10 1.57 5.86 0.55 10.29 M 20 + + +

Note: “-”: lower than LOD, “+”: detected but lower than LOQ
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The results of analysis of 20 commercial health supplement samples showed that the
concentrations of four research substances in the samples were very different: R1 from 0.066
to 1.57 mg/g of sample, Rgl from 0.037 to 5.86 mg/g sample, Re from 0.015 to 6.92 mg/g
sample, Rb1 from 0.024 to 10.29 mg/g sample. Even, one sample did not detect R1 (< LOD),
two samples did not detect Rgl and Re (< LOD); some samples (M17, M20, M9) have very low
active ingredient content (< LOQ). In particular, samples M5, M9, M19 did not meet the quality
requirements according to the product announcement on the label. From that, it is necessary to
strengthen the quality control of products announced with Pseudoginseng and Ginseng.

4. CONCLUSIONS

The research has developed a method to simultaneously quantify R1, Rgl, Rb1, and Re in
health supplements by HPLC-DAD. The method was fully validated and met the requirements
of an analytical method according to current AOAC guidelines. The results of applying this
method in 20 commercial samples showed that the developed method was appropriate and
feasible. The research results can provide laboratories with a reference procedure to save costs
when simultaneously quantifying the active ingredients in the health supplements containing
Ginseng and Pseudoginseng.
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Dinh lvong dong thoi notoginsenoside R1 va ginsenoside Ry1,
Rb1, Re trong thuc pham hao vé siic khde hang HPLC-DAD

Dam Thi Thu', Nguyén Thi Kiéu Anh? Nguyén Thi Thanh Phuong'
Nguyén Thi Hong Hanh', Nguyén Thanh Dat!

"Trung tam Kiém nghiém thudc, my phdm, thuc phdm Ha Noi, Viét Nam
*Trudng Dai hoc Dugc Ha Ngi, Viét Nam

Tém tat

Nghién ctiu da t6i uu hdéa phuong phap dinh lugng dong thdi notoginsenoside R1,
ginsenoside Rgl, ginsenoside Re, ginsenoside Rb1 trong ché phdm thuc phdm bao v¢ stic khoe
dang ran, 1ong, d4u bang sac ky long hiéu ning cao (HPLC-DAD) két hgp ky thuat chiét pha
ran (SPE). Cac chat phén tich dugc tach bang cot InertSustain C18 (250 x 4,6 mm; 5 um) véi
chuong trinh rtia giai gradient dung moéi gom acetonitril va nuéc. Cac chat phan tich tuyén tinh
trong khoang tii 4,0 - 400 ug/mL, v6i hé s6 R* déu 16n hon 0,999. Phuong phap cho gidi han
phat hién va gi6i han dinh lugng lan lugt ndm trong khoang 2,13 - 6,89 ug/g ché phdm va 7,11
- 22,98 pg/g ché phdm. Do thu hoi ctia bon chét phéan tich nam trong khoang tii 87,2 - 103,5%.
Do chum véi do léch chuén tuong doi lap lai trong ngay la 1,41 - 2,91% va do 1éch chuén tuong
dé6i khac ngay la 1,87 - 4,85% dap ting yéu ciu ctia AOAC. Phuong phap da dugc ting dung dé
xac dinh ham lugng céc chét phan tich trong 20 mau thuc phdm bao vé stic khoe chiia Nhan
sam, Tam that.

Ti khoa: notoginsenoside R1, ginsenoside Rgl, ginsenoside Re, ginsenoside Rb1, TPBVSK,
HPLC.
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