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ABSTRACT: Dencichine is a nonprotein amino acid, an effective ingredient in Panax notoginseng with hemostatic and anti-
inflammatory effects. There are few studies on the effects of regions and cultivation models on the accumulation of dencichine. In
the current study, the content of dencichine in P. notoginseng collected from its global cultivation and trading center Yunnan, China,
(>640 samples) was determined using an optimized high-performance liquid chromatography method coupled with a diode array
detector but without derivatization. The recovery rate of this method was 80−110%, the relative standard deviation was <10%, and
the limits of detection and quantification were 0.003% (w/w) and 0.01% (w/w), respectively. The content of dencichine in each part
of P. notoginseng was as follows: rootlets (39.59%) > main roots (29.91%) > leaves (16.21%) > stems (14.29%). For leaves, P.
notoginseng in the forest (5.52 ± 2.26 mg/g) was significantly higher than that in the field (3.93 ± 1.72 mg/g) but opposite for main
roots. The origins and altitudes made different contributions to the accumulation of dencichine in P. notoginseng. This study provides
an effective analytical method to determine dencichines in various parts of P. notoginseng from different origins and altitudes and
supports quality control and product development of P. notoginseng.

■ INTRODUCTION
Panax notoginseng (Burk.) F. H. Chen, commonly known as
Sanqi or Tianqi, is a perennial herb belonging to the genus
Panax, and is widely used in medicine, health care, cosmetics
and other industries,1,2 with its global cultivation and trading
center in Yunnan, China.3 The main cultivation models of P.
notoginseng are in-field cultivation and in-forest cultivation. In-
field cultivation imitates the conventional crop planting
model.4 By supplying a suitable growing environment and
having a high level of biodiversity, in-forest cultivation uses
allelopathy to stimulate plant growth and prevent pests and
diseases.5−7 The in-forest cultivation is a developing planting
model that is being used to improve the quality of medicinal
herbs.5,8−10

P. notoginseng has a wide range of pharmacological
activities,11−14 and is especially effective in improving the
cardiovascular system. Therefore, it is an essential component
of many Chinese medicines.15 Previous studies focused on
identification and characterization of numerous bioactive

saponins, such as ginsenosides and notoginsenosides, present
in these Panax species.16,17 With the refinement of market
demand and the advancement of detection technology, it is not
sufficient to use a single component (e.g., saponins) as the
quality evaluation standard to reflect the overall quality and
efficacy of P. notoginseng.18 Recent studies indicated that
dencichines are one of the main functional ingredients in P.
notoginseng. It mainly has the functions of hemostasis,19

increasing the number of platelets,20,21 inhibiting the formation
of osteoclasts,22 as well as reducing the damage by diabetic
nephropathy,23 anti-inflammation,24 and antioxidation.25 In
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addition to the Panax genus,26 the same structure has also
been identified in cycas L.,27 Acacia Mill.,28 and Lathyrus L.29

Dencichine, also known as β-N-oxalyl-L-α, β-diaminopro-
pionic acid (β-ODAP),29 is a nonprotein free amino acid and is
soluble in water. It was first isolated from the seeds of Lathyrus
sativus (grass pea seeds) with hemostatic and anti-inflamma-
tory effects.30 Several methods have been developed to
determine dencichine, including electrophoresis,31 mass
spectrometry,20,32,33 enzyme-based sensors,34 and high-per-
formance liquid chromatography (HPLC).35,36 HPLC is one of
the most widely applied methods to detect dencichines due to
its high sensitivity and accuracy. Because of its strong polarity,
weak ultraviolet absorption, and little retention on the C18
column,37,38 precolumn derivatization and postcolumn deriva-
tization39 were used to solve this challenge. However,
derivatization is time-consuming and laborious, complicated
to operate, and has poor derivative stability and intensive
reagent interference. Therefore, an accurate, sensitive, rapid,
and simple analytical method based on chromatography should
be developed to determine dencichine.

This study aims to establish an HPLC method for accurately
determining dencichine in leaves, stems, main roots, and
rootlets of P. notoginseng without derivatization and further
quantifying dencichine in P. notoginseng of five origins and
under two cultivation modes.

■ MATERIALS AND METHODS
Materials and Reagents. A total of 648 P. notoginseng

samples were collected from the main planting origins in

Yunnan Province, China, during 2019−2021. A total of 73
sampling bases are summarized in Figure 1 and Table S1. The
five main planting origins are WenShan, QuJing, HongHe,
KunMing, and PuEr. Besides, P. notoginseng under in-field and
in-forest cultivation models was randomly sampled at three
points in each planting base. Eight to ten P. notoginseng
samples were collected at each point as mixed samples.

Dencichine (CAS: 5302-45-4, C5H8N2O5, purity of 98%)
was purchased from Guizhou Dida Co., Ltd. (Guizhou,
China). HPLC-grade acetonitrile, methanol, and ammonium
formate were purchased from Merck (Darmstadt, Germany).
Ultrapure deionized water (ddH2O) was prepared using a
Millipore Milli-Q water system (Millipore Corporation,
Bedford, MA, USA).

Sample Extraction and Standard Preparation. The
collected leaves, stems, main roots, and rootlets of P.
notoginseng were washed with clean water, dried at 60 °C,
coarsely crushed, ground to an ultrafine powder using a
Planetary Mono Mill (PULVERISETTE 6, Fritsch, Idar-
Oberstein, Germany), and then passed through 80 mesh sieves.
To dissolve the samples, 0.1 g of P. notoginseng powder was
accurately weighed in a 1.5 mL centrifuge tube, and then 1.0
mL of ddH2O was added and mixed. The mixed solution was
then placed in an ultrasonic cleaner (37 kHz) for 45 min,
followed by centrifugation at 9168g for 3 min. A total of 300
μL of the supernatant was added to 700 μL of acetonitrile,
followed by sonication for 10 min. After centrifugation at
13,201g for 5 min, the supernatant extract was filled into liquid
chromatography vials and stored at 4 °C until use.

Figure 1. Geographical distribution map of sampling P. notoginseng.
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To prepare the standard solution, 1.0 mg of dencichine was
accurately weighed in a 1.5 mL centrifuge tube, and 1.0 mL of
ddH2O was then added and mixed until the solution was
completely dissolved. The standard working solutions were
prepared in the range of 6.25, 12.5, 25, 50, 100, 200, and 400
μg/mL in 70% acetonitrile, and then stored at 4 °C for further
use.

HPLC-DAD Analysis of Dencichine. HPLC analysis was
performed on a Prominence LC-20A HPLC system with a
diode array detector (DAD; Shimadzu, Kyoto, Japan). A
Syncronis HILIC HPLC column (2.1 × 150 mm, 5 μm,
Thermo Scientific, San Jose, CA, USA) was used for sample
separation at 30 °C with a flow rate of 0.4 mL/min. An
aqueous solution of 80 mM ammonium formate (phase A) and
acetonitrile (phase B) served as the mobile phase, which was
prepared by vacuum filtration before use. The isocratic elution
program was 25:75 (A/B) for 9 min. The sample injection
volume was 10 μL and the detection wavelength was set at 215
nm. LabSolutions software was used for data processing.

Method Validation. This method was verified according
to ICH guide ICH guidelines (https://www.ich.org/page/ich-
guidelines) for linearity, precision, accuracy, limit of detection
(LOD), and limit of quantification (LOQ). The linear range
was tested using seven standard solutions of known
concentrations ranging from 6.25 to 400 μg/mL. The
experiment was performed at least in triplicate. The LOD
and LOQ were determined according to the definition of the
signal-to-noise ratio of 3 and 10, respectively.40 The accuracy
and precision were evaluated by using the recovery rate and
relative standard deviation (RSD) via addition of the standard
solutions to leaves, stems, main roots, and rootlets of P.
notoginseng. Furthermore, the blank solution (ddH2O/acetoni-
trile = 3:7) and the quality control standard solution (100 μg/
mL dencichine standard) were also run between samples to
verify the stability of the instrument.

Statistical Analysis. All statistical analyses were conducted
in R (v4.2.2; http://www.r-project.org/). Most results were
visualized using the “ggplot2” package unless otherwise

indicated. Data were expressed as the mean ± standard
deviation. Significance analysis was performed using the
“agricolae” package and “ggpubr” package for Duncan’s test
and the t-test, respectively. The Sankey diagram was obtained
using the “ggalluvial” package.

■ RESULTS AND DISCUSSION
Optimization of HPLC-DAD for Detecting Dencichine.

Prior to determination of dencichine using a HPLC-DAD, the
ODS, ACQUITY UPLC BEH HILIC (2.1 × 50 mm), and
Syncronis HILIC (2.1 × 150 mm) columns were compared to
obtain the best extraction performance for dencichine. The
HILIC columns were reported to be used for highly polar
compounds24 and determination of β-ODAP,38 and therefore,
it was selected to determine dencichine. According to our
preliminary study, separation efficiency was increased along
with the increase in column length (data not shown);
therefore, the Syncronis column was selected for further
studies.

The chromatographic conditions were then optimized.
Specifically, 75% acetonitrile and 25% ammonium formate
were selected as the mobile phases to separate dencichine. In
addition, 10 μL was selected as the injection volume, and 215
nm was selected as the working wavelength. The representative
chromatogram is shown in Figure 2.

Optimization of Conditions for Extracting Dencichine
in P. notoginseng. There are three methods for the extraction
of dencichine, namely immersion,41 the ultrasonic method42

and oscillation.26 In the current study, the ultrasonic method
was selected because of the best efficiency of extraction (10.95
± 0.12 mg/g), which was significantly higher than that of the
other two methods (Figure S1a). Then, different reagents were
used and compared for the extraction of dencichine. Among
75% ethanol,33 75% methanol,20,42 0.2 M perchloric acid39 and
ultrapure deionized water,33 ultrapure deionized water had the
highest efficiency of extraction (8.89 ± 0.10 mg/g), which was
significantly higher than that by 0.2 M perchloric acid (4.70 ±
0.21 mg/g), 75% methanol (4.01 ± 0.31 mg/g) and 75%

Figure 2. Chromatogram and ultraviolet absorption spectra of dencichine at 100 μg/mL.
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ethanol (2.99 ± 0.22 mg/g), as shown in Figure S1b. It might
be related to the fact that dencichine is a strong polar and
water-soluble substance.37

Three main parameters, namely, acetonitrile volume (60, 70
and 80%), ultrasonic temperature (0, 20, 40 and 60 °C) and
ultrasonic time (15, 45, 75, and 105 min), were further
optimized. The optimized result of acetonitrile volume is
shown in Figure 3a, indicating that 70% acetonitrile had the
highest efficiency of extraction (8.76 ± 0.04 mg/g). As shown
in Figure 3b, the extraction efficiency of ultrasonic treatment
for 105 min was the highest (10.14 ± 0.41 mg/g), which was
not significantly different from that for 75 min (9.24 ± 0.29
mg/g). Besides, the extraction efficiency was the highest when
the ultrasonic temperature was set at 20 °C (8.01 ± 0.32 mg/
g), as shown in Figure 3c. According to the results of the single
factor test and the principle of Box−Behnken experimental
design, the optimized extraction method was determined by
three-factor and three-level response surface methodology
(RSM). The factor level of RSM is shown in Table S2.
Theoretically optimized design for extracting dencichine in P.
notoginseng was as follows: the ultrasonic temperature was
17.716 °C, the ultrasonic time was 45.539 min, and the
fraction of acetonitrile volume was 66.384%. Considering the
convenience of actual operation, the parameters of extraction
were modified as an ultrasonic temperature of 20 °C, an
ultrasonic time of 45 min, and a fraction of acetonitrile volume
of 70%. The results under optimized extraction condition are
shown in Table 1 and Table S3. The P value of the model was
<0.0001 and the lack of fit was not significant (P = 0.0851).
According to a previous study, for gas chromatography−mass
spectrometry with ethyl chloroformate derivatization,20 meth-
anol and water were selected as the first and second extraction
solvents to separate saponins and then extract dencichine, with
a total extraction time of up to 6 h. Compared to that of this
developed method, the extraction time used in the current
study was significantly less (i.e., 45 min).

Validation of HPLC-DAD for Determining Dencichine
in P. notoginseng. Calibration curves were obtained using a
series of standard solutions containing dencichines at seven
different concentrations diluted in acetonitrile. The linearity
was evaluated by using the least-squares method. As shown in
Table 2, the curve was linear over a wide concentration range
from 6.25 to 400 μg/mL, and the coefficient of determination
(R2) was 0.9993. The LOD and LOQ of dencichine were 0.10
and 0.33 mg/g, respectively. Then, the accuracy of this
analytical method was evaluated by analytical recovery. Table
S4 shows the recovery rate and RSD of dencichine in main

roots, rootlets, stems, and leaves of P. notoginseng. The average
recoveries of dencichine in P. notoginseng ranged from 82.94 to
94.19%, and the RSDs were <10% (ranging from 1.83 to
4.10%). Thus, this method had high accuracy and could meet
the requirement of determining dencichine in P. notoginseng.
Derivatization was applied in most previous studies to solve the
challenge of the abundance of weak ions from underivatized
dencichine, but this could introduce some impurities. For
example, HCl residue in sample solution generated interfer-
ence signals.43 In the current study, we established and
optimized the method without derivatization for the
quantification of dencichine.

Distribution of Dencichine in P. notoginseng. A
previous study reported that the main pharmacological
components of P. notoginseng were concentrated in the main
roots.44 In the current study, the content of dencichine in the
rootlets (39.59%, 10.51 ± 0.48 mg/g) was determined to be
significantly higher than that in the other three tissues (i.e.,
roots, stems, and leaves). The content of dencichine was also
detectable in leaves (16.21%, 4.73 ± 1.12 mg/g) and stems
(14.29%, 3.72 ± 0.12 mg/g) of P. notoginseng (Figure 4 and
Table S5), which was consistent with a previous study on the
gene level of dencichine in P. notoginseng.45

Effects of Different Cultivation Models on Accumu-
lation of Dencichine in P. notoginseng. P. notoginseng was
sampled and collected from a total of 51 planting bases,
including 17 in-forest and 34 in-field, for 3 consecutive years

Figure 3. Results of the single factor test. (a) Content of extracted dencichine in P. notoginseng in different acetonitrile volumes; (b) content of
extracted dencichine in P. notoginseng at different ultrasonic temperatures; (c) content of extracted dencichine in P. notoginseng at different
ultrasonic times; each treatment was repeated at least in triplicate. Different lowercase letters indicate significant differences between treatments by
Duncan’s test (P < 0.05).

Table 1. ANOVA for the Response Surface Quadratic Model

source
sun of
squares df

mean
square F-value P-value

model 155.23 9 17.25 51.49 <0.0001 significant
A 6.90 1 6.90 20.60 0.0027
B 2.84 1 2.84 8.49 0.0225
C 52.94 1 52.94 158.05 <0.0001
AB 0.38 1 0.38 1.15 0.3199
AC 1.05 1 1.05 3.14 0.1199
BC 1.50 1 1.50 4.48 0.0721
A2 17.04 1 17.04 50.86 0.0002
B2 3.16 1 3.16 9.44 0.0180
C2 62.87 1 62.87 187.67 <0.0001
residual 2.34 7 0.33
lack of fit 1.82 3 0.61 4.68 0.0851 not

significant
pure
error

0.52 4 0.13

Cor total 157.57 16

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02962
ACS Omega 2023, 8, 27450−27457

27453

https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c02962/suppl_file/ao3c02962_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02962?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02962?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02962?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02962?fig=fig3&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02962?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


during the harvest period (Table S1). The content of
dencichine in main roots, rootlets, stems and leaves of P.
notoginseng was determined. As shown in Figure 5, the content
of dencichine in leaves in the forest (5.52 ± 2.26 mg/g) was
significantly higher than that of a monoculture in the field
(3.93 ± 1.72 mg/g), whereas dencichine in the main roots in
the forest (7.09 ± 1.84 mg/g) was significantly lower than that
of a monoculture in the field (8.79 ± 2.51 mg/g). To reduce
the limitation of soil sickness and improve the quality of P.
notoginseng, in-forest cultivation was developed. In a previous
study, P. notoginseng was successfully cultivated in the forest.5

However, the forested cultivation model did not significantly
increase the accumulation of dencichine in P. notoginseng.
Furthermore, a recent study reported that selenium in soil

stimulated the accumulation of dendritic acid in P. notoginseng.
Dencichine and selenium contents in soil were positively
correlated.46 Therefore, a forest with sufficient selenium might
significantly increase the dencichine content in P. notoginseng,
promoting the sustainable growth of P. notoginseng and
reducing the impact of continuous cropping on soil organic
matter degradation and structural degradation under in-field
planting.

Effects of Different Origins and Altitudes on
Accumulation of Dencichine in P. notoginseng. P.
notoginseng from 5 main planting origins, namely, WenShan,
QuJing, HongHe, KunMing and PuEr was sampled and
collected for 3 consecutive years during the harvest period.
The content of dencichine in main roots, rootlets, stems and

Table 2. Linear Range, Regression Equation, Correlation Coefficient (R2), LOD and LOQ of HPLC-DAD to Determine
Dencichine in P. notoginseng

compound linear range (μg/mL) linear equation correlation coefficient (R2) LOD (mg/g) LOQ (mg/g)

dencichine 6.25−400 Y = 17750X + 128,360 0.9993 0.1 0.33

Figure 4. Sankey diagram for the distribution of dencichines in P. notoginseng.

Figure 5. Accumulation of dencichine in leaves, stems, main roots, and rootlets of P. notoginseng under different cultivation models. The t-test was
used to determine the significance, ****(P < 0.0001), **(P < 0.01), and ns (P > 0.05).
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leaves of P. notoginseng was determined. As shown in Figure 6a,
the contents of dencichine in PuEr leaves (4.45 ± 2.24 mg/g)
and KunMing stems (3.53 ± 2.41 mg/g) were significantly
higher than those from other origins, whereas the content of
dencichine in WenShan main roots (8.33 ± 2.01 mg/g) was
significantly higher than that in KunMing and PuEr (6.05 ±
1.90 and 6.22 ± 1.23 mg/g). Moreover, HongHe rootlets had
the highest content of dencichine (9.48 ± 3.18 mg/g).

We then determined the content of dencichine in three-year
P. notoginseng grown at different altitudes of 1500, 1500−1700,
1700−1900, 1900−2100, and 2100−2400 m. The content of
dencichine in leaves of P. notoginseng in the low-altitude area
(1200−1500 m, 4.65 ± 2.14 mg/g) was significantly higher
than that in the middle altitude area (1700−1900 and 1900−
2100 m, 3.29 ± 1.69 and 3.31 ± 1.45 mg/g). The content of
dencichine in the main roots of P. notoginseng in the high-
altitude area (2100−2500 m, 5.90 ± 1.78 mg/g) was
significantly lower than that in the middle altitude area
(1500−1700 and 1700−1900 m, 7.53 ± 2.60 and 7.42 ± 2.27
mg/g). The content of dencichine in stems of P. notoginseng at
an altitude of 2100−2400 m (3.51 ± 2.29 mg/g) was
significantly higher than that at other altitudes. The content of
dencichine in rootlets of P. notoginseng at altitudes of 1900−
2100 m (9.27 ± 2.33 mg/g) was significantly higher than that
at other altitudes (Figure 6b). Taken together, origins and
altitudes had little effect on the accumulation of dencichines in
P. notoginseng.

■ CONCLUSIONS
In the current study, we established an HPLC-DAD method
for determining dencichines in leaves, stems, main roots, and
rootlets of P. notoginseng without derivatization. The average
recovery rate was between 82.94 and 94.19%, and the RSD was
<10%. It was validated to have great accuracy and sensitivity,
with an LOD of 0.10 mg/g and LOQ of 0.33 mg/g. This
method had a relatively short detection time (<8 min) and
extraction time (<45 min). The content of dencichine in
rootlets (39.59%) was higher than that in main roots (29.91%),
followed by leaves (16.21%) and then stems (14.29%). The
content of dencichine in leaves under in-forest planting (5.52

± 2.26 mg/g) was significantly higher than that under
traditional in-field planting (3.93 ± 1.72 mg/g), while the
content of dencichine in main roots under in-forest planting
(7.09 ± 1.84 mg/g) was lower than that under in-field planting
(8.79 ± 2.51 mg/g). Altitudes and origins had little effect on
the accumulation of dencichines in P. notoginseng.
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