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Abstract: Free radicals, including 1,1-diphenyl-2-picrylhydrazyl, mediate oxidative stress to cause
many chronic diseases (including cardiovascular diseases, diabetes and cancer). The extract of
traditional Tibetan medicine Lepidium latifolium L. (L. latifolium) was reported to have free radical
inhibition ability. Therefore, a system method was established to separate the ethanol extract of
L. latifolium to prepare two main antioxidant compounds. First of all, silica gel and a medium-pressure
liquid chromatography tower were used for pre-treatment of the ethanol extract of L. latifolium to
obtain the main antioxidant active component fraction 4 through online high-performance liquid
chromatography-1,1-diphenyl-2-picrylhydrazyl (HPLC-DPPH) assay. Then, fraction 4-1 was ob-
tained by one-dimensional preparation using Megres C18 chromatographic column, and two active
compounds with IC50 values 59.9 and 71.3 µg/mL were obtained by two-dimensional preparation
using Click XIon chromatographic column. Through the study of the chemical components and
separation methods of L. latifolium, the combination of HPLC-DPPH assay and two-dimensional
preparative liquid chromatography was realized, providing a reference for the separation of active
compounds from L. latifolium.

Keywords: antioxidant activity; Lepidium latifolium L.; medium-pressure liquid chromatography;
online HPLC-DPPH assay

1. Introduction

Oxidative stress is vital for organisms, however, in some given conditions, oxida-
tive stress is inextricably linked to all kinds of diseases, such as Alzheimer, Parkinson,
inflammation, aging, cancer, neuronal disorders, Diabetic Complications and cardiovas-
cular diseases [1–7]. Thus, some antioxidants may play a role in prevention of above
deceases. Antioxidants are divided into synthetic antioxidants and natural antioxidants.
The most commonly used synthetic antioxidants are bhabutylated hydroxyanisole (BHA),
butylated hydroxytolune (BHT), and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox) etc [8]. They all have good antioxidant activity, but, due to environmental
and economic concerns, research is more and more inclined towards natural antioxidants.
Natural antioxidants include flavonoids [9]. The plant Lepidium latifolium L. (L. latifolium)
was reported for its better antioxidant activity of ethyl acetate site [10].

L. Latifolium, a perennial herb, belonging to the family Brassicaceae, which contains
more than 175 species worldwide [11]. Although it was regarded as an aggressive for-
eign weed because of its competitiveness and adaptability [12], the drought resistance,
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salt tolerance, plant physiology, minerals, proteins and amino acids of L. latifolium were
reported [13] and, it is now often used as an insect repellent, insecticidal, as well as to
aid in bacteriostasis, the treatment of enteritis, bacillary dysentery and to detoxify [14].
L. latifolium also has diuretic, anti-cancer characteristics and a certain therapeutic effect on
kidney stones [15–19]. In addition, L. latifolium is one of the main foods in cold regions,
especially in the Himalayas [19]. At the same time, it was reported that the flavonoids
isolated from L. latifolium have better 1,1-diphenyl-2-picrylhydrazyl (DPPH) inhibitory
activity [10]. In order to use resources of L. latifolium well, which are cheap and easy to
obtain, the experiment was designed to establish a two-dimensional (2D) preparation
system for the first time to obtain the main antioxidant compounds in L. latifolium.

Classical antioxidant activity is based on electron donation mechanism [20]. DPPH
is a stable free radical with unpaired single electrons on the nitrogen atomic bridge with
a maximum absorption at 517 nm [21]. DPPH donors a pair of electrons paired to the
antioxidants (free radical scavengers), transitioning from purple to yellow, the absorbance
at 517 nm wavelength becomes smaller, and the degree of change is linear with the degree
of free radical scavenging activity of antioxidants. The stronger scavenging ability of the
free radical scavenger will show the lower absorbance. Microplate reader detection or
offline 1,1-diphenyl-2-picrylhydrazyl-High Performance Liquid Chromatograph (DPPH-
HPLC) method is commonly used to identify antioxidant compounds, but they are time
consuming. The HPLC-DPPH-DAD online screening antioxidant system is a fast method
which already finds a lot of antioxidants from natural resources [22–25]. With this method,
the compounds in the sample are separated by the chromatographic column, and the
DPPH solution is mixed with the sample through a tee and mixer, and the detection is
carried out at 517 nm, and the degree of absorption reflects the antioxidant ability of the
substance. The phytochemical composition is complex and the purified compounds cannot
be prepared by one-dimensional (1D) preparation only. 2D preparation, especially the two-
dimensional reversed-phase/hydrophobic interaction chromatograph (2D RPLC/HILIC)
system, has the advantages of high orthogonality and rapidity [22,26]. Therefore, the online
DPPH-HPLC combined with 2D preparation was employed to prepare the crude extract of
L. latifolium.

Based on the above considerations, in this study, a 2D RPLC/HILIC method combined
with online DPPH-HPLC assay and medium- and high-pressure chromatography were
used to isolate two main DPPH inhibitors from the ethanol extract of whole L. latifolium. In
combination, this research demonstrates that the 2D preparative method constructed in
this research is a useful method to prepare antioxidative flavonoids with a similar structure
to natural products. This is the first time an effective and systematic method to obtain
DPPH inhibitors from L. latifolium has been established.

2. Materials and Methods
2.1. Apparatus and Reagents

The experimental instrument of online HPLC-DPPH assay consists of two instruments,
LC-16 and LC-10AD (Shimadzu Enterprise Management Co., Ltd., Kyoto, Japan), which
were linked by a three-way links and a reaction coil. The reaction coil was a polyether
ether ketone (PEEK) tube (18.0 m × 0.25 mm inner diameter). Each instrument consists
of a binary gradient pump, fraction collector, UV detector and software LC Workstation.
The analysis was performed on High Performance Liquid Chromatograph LC 16-SPD
(Shimadzu Enterprise Management Co., Ltd., Kyoto, Japan). Preparation was performed
on NP 7005C (Jiangsu Hanbon Science and Technology Co., Ltd., Huaian, China). Mi-
croplate reader (Biotek, Winooski, VT, USA) containing full-wavelength spectrophotometer
was used to assess the activity of isolated compounds. Liquid Chromatography Triple
Quadrupole Mass Spectrometer (Agilent, Palo Alto, CA, USA) was used to get ESI-MS
spectra. Bruker Avance 600 MHz (Billerica, MA, USA) was used to get 1HNMR, 13CNMR
and HMBC spectra.
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Silica gel (200–300 mesh) was from Qingdao Ocean Chemical Factory (Qingdao, China).
The separation material, MCI GEL® CHP20P (75–100 µm) was from Mitsubishi Chemical
Corporation (Tokyo, Japan). The Dubhe C18 analysis column (4.6× 250 mm, 5 µm), Megres
C18 analysis column (4.6 × 250 mm, 5 µm) and preparation column (20 × 250 mm, 5 µm)
were from Jiangsu Hanbon Science and Technology Co., Ltd. (Huian, China) Analyti-
cal (4.6 × 250 mm, 5 µm), preparation (20 × 250 mm, 5 µm) Click XIon columns were
manufactured by Acchrom Technologies Co., Ltd. (Beijing, China).

Methanol, ethanol, dichloromethane (analytical purity) were manufactured by Tianjin
Komiou Chemical Reagent Co., Ltd (Tianjin, China). Formic acid (analytical purity) was
applied by Chengdu Kelong Chemical Co., Ltd (Chengdu, China). Acetonitrile was from
Yunnan Xinlanjing Chemical Industry Co., Ltd (Yunnan, China). DPPH was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Vitamin C was from NICPBP. The main scheme
of the procedure is shown in Figure 1.
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Figure 1. Scheme of performed experiment and used scientific equipment.

2.2. Sample Preparation, On-Line HPLC-DPPH Antioxidant Active Fractions Screening
and Preparation

L. latifolium, collected from Dulan, Qinghai, China, was identified by Professor Mei L.J
from Northwest Plateau Institute of Biology, Chinese Academy of Sciences. The voucher
specimen (No. 0333409) was preserved in the Qinghai-Tibet Plateau Biological Museum.
The air dried and powdered whole plant (1 kg) was extracted three times with 85% v/v
ethanol (10 L and 2 h per extraction) at 55 ◦C. The 85% v/v ethanol extract was concentrated
at 55 ◦C (filtered and then evaporated) to obtain 107 g of extract (extraction rate: 10.73%).
In order to remove sugars and complexes from the extract, the extract was successively
subjected to silica gel column (100–200 mesh, 100 g) and eluted with CH2Cl2-MeOH-H2O
(7:3:0.5, v/v/v). Then 68 g sample was obtained (extraction rate: 63.45%). The online HPLC-
DPPH analysis of the ethanol extract was analyzed by Dubhe C18 column (4.6 × 250 mm,
5 µm) and eluted with acetonitrile (mobile phase B) and 0.2% v/v formic acid aqueous
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solution (mobile phase A). The percentage of acetonitrile increased from 5 to 30% v/v B
over 40 min. The wavelength was 254 nm. The flow rate was 1.0 mL/min. The injection
volume was 20 µL. And the flow rate of the ethanol solution of DPPH (25 mg/L) was
0.8 mL/min, and the spectra were monitored at 517 nm. Column temperature for analysis
was 40 ◦C.

122 g dried sample, a mixture of 60 g sample and 62 g silica gel, was injected into a
49 × 460 mm column, with 1.2 L of MCI GEL® CHP20P as stationary phase, and eluted
with 85% v/v ethanol (mobile B) and water (mobile A). The percentage of 85% ethanol
linearly increased from 0 to 100% v/v within 120 min and 100%–100% v/v over 30 min. The
flow rate was 30.0 mL/min, and the spectra were monitored at 254 nm, sample loading was
30 g, column temperature was room temperature. After separation, Fr4 (target fraction)
was concentrated to yield 4473.3 mg (recovery rate: 7.46%) target fraction sample.

2.3. 2D Preparation of Antioxidant Active Fractions Using High Performance Liquid
Chromatography

The Fr4 was dissolved in 10 mL methanol and filtered with 0.45 µm organic membrane
to obtain 447.3 g/mL sample. Then Megres C18 preparation column (20 × 250 mm, 5 µm)
was used for 1D preparation. The mobile phase A was 0.2% v/v formic acid in aqueous
solution, the mobile phase B was methanol. The linear gradient elution procedure for Fr4
was as follows: 0–40 min, 20%–45% v/v B. The flow rate was 19.0 mL/min. The loaded
volume was 1 mL (12 times). Chromatograms were collected at 254 nm. Fr4-1 (620.7 mg,
recovery rate: 13.88%) was obtained. Fr4-1 was analyzed on Megres C18 analytical column
(4.6 × 250 mm, 5 µm) and Click XIon analytical column (4.6 × 250 mm, 10 µm, 100 Å).
The mobile phase A was 0.2% v/v formic acid/aqueous solution and the mobile phase B
was methanol or acetonitrile. The flow rate was 1.0 mL/min, and the injection volume
was 10 µL. The following was the linear gradient elution for Fr4-1 on Megres C18 column:
0–60 min, 20–45% v/v B (methanol). The linear gradient elution for Fr4-1 on Click XIon
analytical column was as follows: 0–60 min, 90–75% B (acetonitrile). Collection wavelength
was 254 nm. Column temperature for analysis and preparation was 40 ◦C and room
temperature, respectively.

Preparation Click XIon (20 × 250 mm, 5 µm, 100 Å) column was used to 2D purify
with the mobile phase A being 0.2% v/v formic acid/aqueous solution and mobile phase B
being acetonitrile. The linear gradient elution for Fr4-1 was as following: 0–60 min, 90–75%
v/v B. The injection volume was 4 mL, and a total of eight needles were injected. The flow
rate was 19.0 mL/min. Chromatographic wavelength was 254 nm. Column temperature
was room temperature. Then, Fr4-1-1 (199.4 mg, recovery rate: 64.25%) and Fr4-1-2 (9.1 mg,
recovery rate: 1.47%) were concentrated using a rotary evaporator (EYELA, Tokyo, Japan)
and dried by lyophilization.

2.4. Purity, Activity Assessment, and Structural Identification of Two DPPH Inhibitors

A Dubhe C18 analytical column (4.6 × 250 mm, 5 µm) was used to evaluate the purity
and activity of DPPH inhibitory active compounds with the same conditions for analysis
of crude sample. To characterize the structure of isolated DPPH inhibitors, MS, 1HNMR,
13CNMR spectra and HMBC were collected and compared with the reported data.

2.5. In Vitro Bioassay against DPPH

In vitro, DPPH radical clearance assays of isolated compounds, with UV-detected,
were performed using a slightly modified method [10]. 180 µL of DPPH ethanol solution
(0.04 mg/mL) was added to 20 µL of diluted compound. The absorbance of the mixture was
measured at 517 nm with a microplate reader containing full-wavelength spectrophotome-
ter after 30 min of reaction in the dark. Clear the activity calculation formula: Scavenging
activity (%) =

(
1 − A1−A0

A

)
× 100%.
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A0 is the absorbance of the sample; A1 is the absorbance of the mixer of DPPH and
the sample; A is the absorbance of DPPH without sample. All absorbance was collected at
517 nm.

The concentration of the sample to scavenge 50% DPPH free radicals (IC50 value)
was analyzed by Graphpad Prism 7.0 (San Diego, CA. USA) for non-linear regression
analysis, expressed as the average of three measurement results. Vitamin C was a reference
compound for evaluating free radical scavenging activity.

3. Results
3.1. The Sample Screening and Preparation of the Main Antioxidant Active Fractions of Online
HPLC-DPPH

In order to detect the antioxidant active substances in the extract of L. latifolium, the
sample (68 g) after the complex and sugar was obtained, 5 mg of sample was weighed
and dissolved in 1 mL methanol and analyzed with an analytical column Dubhe C18 with
online DPPH inhibitory activity detection. As shown in Figure 2A, the retention time of
the main antioxidant actives of L. latifolium was about 30 min. In order to further remove
the complexes and sugars, and due to the poor solubility of the sample, the sample was
mixed with silica gel (100–200 mesh, 60 g) and dried to obtain a mixture containing 62 g
of the extract. In order to prevent the pigments and fat-soluble fractions in the extract
from contaminating the chromatographic column, the extract was pre-treated again with
medium pressure liquid chromatography which was filled with renewable MCI GEL®

CHP20P sorbent. Using water and 85% v/v ethanol as the mobile phases, as shown in
Figure 2B, the injection was repeated five times with 30 g per injection and five fractions
(Fr1-Fr5) were collected. It was showed that the main target fraction was Fr4 (4473.3 mg)
in Figure 2C. Fr4 was dissolved in 10 mL and filtrated with 0.45 µm organic microporous
membrane filter for subsequent 2D preparation.
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Figure 2. (A): The analytical spectra and 1,1-diphenyl-2-picrylhydrazyl (DPPH) inhibitory spectra on
a Dubhe C18 analytical column of the L. latifolium crude sample. (B): the microgel® chp20p medium
pressure liquid separation chromatography of L. latifolium. (C): HPLC analysis of the L. latifolium
crude sample and Fr1-Fr5 on the analytical column (Dubhe C18) with the same conditions as 2A.
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3.2. 2D Preparation of Target Fraction

The 2D preparation system was constructed to obtain major DPPH inhibitors from
Fr4. In order to purify and improve the peak resolution, the 1D preparation was carried on
Megres C18 preparation column (20 × 250 mm, 5 µm), and the analysis and preparation
chromatograms of the target fraction-Fr4 are shown in Figure 3. After fourteen repeated
separations, 620.7 mg Fr4-1 was collected. As was showed in Figure 3C, the chromatograms
of Fr4-1 exhibited one peak, but Fr4-1 was obviously impure and needed 2D purification.
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Figure 3. The first-dimensional analysis (A), preparation (B) of Fr4 and HPLC analysis of Fr4-1
(C) using the Megres C18 analytical and preparation columns.

In order to make it purification easier with the help of orthogonality [22], a hydrophilic
column-Click XIon analytical column was used for analyzing Fr4-1. The result was shown
in Figure 4. When injection volume was increased from 5, 10, 20, 40, to 80 µL with same
conditions: mobile phase A: 0.2% v/v formic acid in water, and B: acetonitrile; gradient:
0–60 min, 90%–75% v/v B; monitoring wavelength: 254 nm; flow rate: 1.0 mL/min for
analysis; injection volume: 10 µL; column temperature: 40 ◦C. The retention time for
the two peaks marked Fr4-1-1 and Fr4-1-2 remained relatively unchanged while sample
volume increased. In addition, better loadability was observed. When sample volume being
increased, the chromatograms exhibited good resolution. Although flat head of peak 1 was
observed as the volume increased to 80 µL, peak 2 maintained its shape, and the selectivity
was sufficient for purification. The experimental result indicated that the Click XIon column
has a higher loadability. As shown in Figure 4F, the preparation chromatograms of Fr4-1
on the Click XIon preparation column had the same conditions for analysis however the
flow rate was 19.0 mL/min; the injection volume was 1 mL and the column temperature
was room temperature. The 2D preparation had good reproducibility on the Click XIon
preparation column, although retention time was delayed relative to analysis. Thus, it
was possible to separate Fr4-1-1 and Fr4-1-2 using the Click XIon. Consequently, two
compounds (Fr4-1-1: 199.4 mg and Fr4-1-2: 9.1 mg) were obtained.
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Figure 4. (A–E): HPLC analysis of Fr4-1 on Click XIon analytical column; (F): preparation chro-
matograms of Fr4-1 on the Click XIon preparation column.

3.3. Purity, Activity Assessment, and Structural Identification of Two DPPH Inhibitors

Using the online HPLC-DPPH system, the Dubhe C18 analytical column was used
to reassess the purity and activity of Fr4-1-1 and Fr4-1-2 (isolated DPPH inhibitors). As
shown in Figure 5A,C, the two compounds had purity above 98.0%. Figure 5B,D showed
that the two compounds obtained have certain DPPH inhibitory activity based on better
resolution and S/N ratio of negative peaks [27]. Obtained MS, 1HNMR and 13CNMR
spectra were compared with the literature to clarify the structure of the two compounds
(Figure 6). Figures S1–S8 showed the structure identification of Fr4-1-1 and Fr4-1-2 from
Supplementary Materials.
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Figure 6. Chemical structures of the isolated compounds.

Fr4-1-1 was identified as Quercetin-3-O-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside
according to spectrum data the literature reported [28], ESI-MS m/z 609.2 [M + Na] +, yellow
powder. The purity reached 99.4%. Fr4-1-2 was identified as Quercetin-3-O-β-D-glucopyranoside-
7-O-β-D-glucopyranosyl-(1→3)-α-L-rhamnopyranoside, according to the spectrum data reported
by the literature [29]. ESI-MS m/z 771.3 [M + Na]+, yellow powder. The purity reached 98.5%.

3.4. Antioxidant Capacity Tests of the Isolated Antioxidants

The scavenging ability assays against DPPH radical, was commonly used to determine
the in vitro antioxidant activities. In vitro, DPPH radical clearance assays, of isolated
compounds, with UV-detected, were completed. It is known that the lower IC50, the higher
activity. The IC50 values of the Fr4-1-1, and Fr4-1-2 were 59.9 and 71.3 µg/mL, respectively
(Figure 7), compared to 128.1 µg/mL for vitamin C. The activity of the two compounds
showed a similar trend to VC, from concentrations of 20 µg/mL to 200 µg/mL: the activity
increased sharply with increasing concentration, but the activity flattened between 200
µg/mL and 800 µg/mL. It can also be seen that at concentrations less than 200 µg/mL,
the DPPH radical scavenging activities of compounds were evidently higher than VC, at
concentrations exceeding 200 µg/mL, the DPPH radical scavenging activities of compounds
were a little lower than VC, and the reason for this crossover was unclear, maybe due to
structural differences in the compounds. The specific mechanism of this phenomenon
remains to be clarified in later experiments. In sum, the experiment of antioxidant capacity
tests of the isolated compounds verified that DPPH inhibitors Fr4-1-1, Fr4-1-2 obtained by
the online 2D preparation HPLC-DPPH system have high antioxidant capacity.
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4. Conclusions

In this study, a new method, medium- and high-pressure chromatography, combined
with the online HPLC-DPPH assay, was implemented for screening, isolating, purifying of
DPPH main inhibitors from L. latifolium. Initially, an MCI GEL® CHP20P sorbent was used to
prepare the crude sample and collect Fr4-target fraction. Subsequently, a 2D RPLC/HILIC
system was employed to separate DPPH inhibitors from Fr4. Finally, two DPPH inhibitors
(Quercetin-3-O-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside and Quercetin 3-O-β-D-
glucopyranoside-7-O-β-D-glucopyranosyl-(1→3)-α-L-rhamnopyranoside) were obtained from
L. latifolium, and exhibited high antioxidant activity with IC50 values 59.9 and 71.3 µg/mL,
respectively. The two antioxidant flavonoids were not found by Yuan [10] who obtained nine
antioxidant flavonoids from L. latifolium, so that the results of this study complemented the
research on antioxidant compounds in L. latifolium. Consequently, these data suggest that
the proposed method can prepare structurally similar antioxidant flavonoids from natural
products. At the same time, because L. latifolium is so widely distributed and easy to obtain,
and the isolated natural antioxidant Fr4-1-1 is the main compound of the plant, it is possible to
extend longevity [30]. Furthermore, because it is greener and more economical than synthetic
antioxidants, it can be prepared and used on a large scale with the constructed method.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/separations8120238/s1, Figure S1: ESI mass spectrum of Fr4-1-1. Figure S2: 1HNMR Spectrum
(600 MHz) of Fr4-1-1 (in MeOD-d4). Figure S3: 13CNMR Spectrum (600 MHz) of Fr4-1-1 (in MeOD-d4).
Figure S4: HMBC Spectrum (600 MHz) of Fr4-1-1 (in MeOD-d4). Figure S5: ESI mass spectrum of
Fr4-1-2. Figure S6: 1HNMR Spectrum (600 MHz) of Fr4-1-2 (in MeOD-d4). Figure S7: 13CNMR
Spectrum (600 MHz) of Fr4-1-2 (in MeOD-d4). Figure S8: HMBC Spectrum (600 MHz) of Fr4-1-2
(in MeOD-d4).
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