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Abstract: In this study, a high-performance thin layer chromatography (HPTLC) method by two step
gradient elution with two mobile phases was developed for the simultaneous analysis of seven
constituents in Ophiopogonis Radix. The chromatography was performed on silica gel 60 F254 plate
with dichloromethane-methanol-ethyl acetate-water (70:25:12:3, v/v/v/v) and dichloromethane-
methanol (300:1, v/v) as the mobile phase for two step gradient elution. Then, the HPTLC profiles
were observed after derivatization with 10% sulfuric acid in ethanol solution. The obtained HPTLC
images were further analyzed by chemometric approaches and the samples could be clustered based
on regions and/or growth years, which were two important factors affecting the constituents in
Ophiopogonis Radix. Furthermore, five compounds including ophiopogonin D, ophiopojaponin C,
ophiopogonin D’, ophiopogonin C’ and methylophiopogonanone B were screened as potential lipase
inhibitors from Ophiopogonis Radix by the HPTLC-bioautographic method. The binding modes and
interactions between the five compounds and lipase were further explored by molecular docking
analysis. The developed HPTLC method could be used for quality control of Ophiopogonis Radix
and screening of the potential lipase inhibitors.

Keywords: Ophiopogonis Radix; high-performance thin layer chromatography; two step gradient
elution; bioautography; lipase inhibitors

1. Introduction

Obesity, which means abnormal or excessive fat accumulation, is considered as one of
the greatest threats to human health. According to the World Health Organization, more
than 650 million adults (18 years and older) and over 340 million children and adolescents
aged 5–19 were overweight or obese in 2016 [1]. In Asia especially in China, obesity has
surged insurmountably from 2007 to 2016 as an increasing rate at 3.7–6.6% [2]. Obesity
tends to aggravate the chances of acquiring diseases such as type 2 diabetes, hypertension,
fatty liver, and cancer, which in turn reduces both life expectancy and quality of life.

Pancreatic lipase is a key enzyme for the digestion of triacylglycerols, and inhibition of
lipase has been the most explored strategy for the treatment of obesity until now. However,
orlistat, the only lipase inhibitor approved clinically, has several adverse effects such as
severe liver and kidney injury [3,4]. In recent years, more and more medicinal herbs
have been reported to show inhibitory activities against pancreatic lipase, such as Morus
alba [5], Atractylodes lancea [6], Forsythia suspensa [7], and Camellia nitidissima [8]. Therefore,

Molecules 2022, 27, 1155. https://doi.org/10.3390/molecules27041155 https://www.mdpi.com/journal/molecules

https://doi.org/10.3390/molecules27041155
https://doi.org/10.3390/molecules27041155
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://orcid.org/0000-0001-5872-5790
https://doi.org/10.3390/molecules27041155
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules27041155?type=check_update&version=3


Molecules 2022, 27, 1155 2 of 12

discovery of lipase inhibitors from herbal medicines may provide a potential alternative
for the treatment of obesity.

Ophiopogonis Radix, also named Maidong in Chinese, is the dried root of Ophiopogon
japonicus (L.f) Ker-Gawl. and has been used as traditional Chinese medicine for a long time.
It is mainly distributed and cultivated in the Sichuan and Zhejiang provinces of China,
where it is called Chuanmaidong (CMD) and Zhemaidong (ZMD), respectively. Usually,
CMD is harvested one year after planting, whereas ZMD requires two to three years to
be harvested. Previous reports have demonstrated that saponins, homoisoflavonoids,
and polysaccharides were the main bioactive constituents of Ophiopogonis Radix, which
exhibited various pharmacological activities including cardio-protection, anti-inflammation,
anti-cancer, antioxidant, and anti-diabetes [9]. In recent years, it was also reported that
Ophiopogonis Radix could alleviate hyperlipidemia [10–12]. However, the lipase inhibitory
activity of Ophiopogonis Radix, as well as the associations between the components and
the effect, have not been reported. Thus, it is necessary to develop a fast and efficient
method to evaluate the lipase inhibitory effect and uncover the anti-lipase compounds in
Ophiopogonis Radix.

Several techniques have been described for the screening of lipase inhibitors, such
as fluorescence assay [13], liquid chromatography-mass spectrometry [14], capillary elec-
trophoresis [15], and lipase immobilization [16]. However, they may suffer from false-
positive results, expensive instruments and/or sophisticated procedures. Thin layer chro-
matography (TLC) is one of the earliest chromatographic techniques developed and it is
still one of the most applied techniques in pharmaceutical analysis. It can detect most
compounds with just simple techniques, provide visualized results under UV light or
daylight with or without chromogenic reagents, and analyze multiple samples parallelly
in a run. Moreover, TLC-bioautography provides a high-throughput, inexpensive and
rapid method to fish out potential bioactive compounds from medicinal herbs directly, and
have been widely employed for screening of natural products with bioactivities such as
anti-microbial [17], acetylcholinesterase inhibition [18,19], glucosidase inhibition [20,21],
lipase inhibition [22,23], free radical scavenging, and antioxidation [17,24].

In this study, a high-performance thin layer chromatography (HPTLC) method by
two step gradient elution with two mobile phases was developed for the simultaneous
separation of seven components, including ophiopogonin D (1), ophiopojaponin C (2),
ophiopogonin D’ (3), L-borneol-7-O-[β-D-apiofuranosyl(1→6)]-β-D-glucopyranoside (4),
ophiopogonin C’ (5), β-sitosterol (6), and methylophiopogonanone B (7) in Ophiopogo-
nis Radix (Figure 1). Chemometric analysis was performed to discriminate the samples
from different regions and/or growth years. Then HPTLC-bioautographic method was
used to evaluate the lipase inhibition activities and screen potential lipase inhibitors from
Ophiopogonis Radix. Furthermore, the possible binding modes and interactions between
the active compounds and lipase were revealed by molecular docking analysis.
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2. Results and Discussion
2.1. Optimization of the HPTLC Conditions

Mobile phase and migration distance were optimized to achieve good separation.
Toluene-methanol-acetic acid (80:5:0.1, v/v/v) and ethyl acetate-toluene (10:90 v/v) are
used as the mobile phase in Chinese Pharmacopoeia (2020 edition) [25] and European
Pharmacopoeia (10th edition) [26], respectively, for the identification of Ophiopogonis
Radix, which are only suitable for the low-polarity constituents such as homoisoflavonoids
and β-sitosterol. While in Hong Kong Chinese Materia Medica Standards, TLC analysis is
performed by using dichloromethane-methanol-water (8:2:0.3, v/v/v) as the mobile phase
for the identification of ophiopogonin D, a polar saponin [27], but low-polarity components
could not be separated under this condition. Several other mobile phases were also tried,
including toluene-dichloromethane-methanol-water (11:72:17:2, v/v/v/v), cyclohexane-
toluene-ethyl acetate-formic acid-acetic acid-water (2.5:5:7:2:2:1, v/v/v/v/v/v), and toluene-
ethyl acetate-formic acid-water (9:11:2.9:1, v/v/v/v). However, the seven components
could not be separated well in one development due to their significantly different polarity.
Hence, two step gradient elution with two mobile phases was utilized to satisfy the needs
of simultaneous separation of low- and high-polarity compounds. For the development
of high-polarity compounds, dichloromethane-methanol-ethyl acetate-water (70:25:12:3,
v/v/v/v) was chosen as the mobile phase, which was modified based on the reported
methods [27,28]. For the development of low-polarity compounds, the mobile phase of
dichloromethane-methanol (300:1, v/v) adjusted from the previous report [29] was used.

Different migration distances were evaluated to obtain the best resolution of the
investigated components. For the first development, a series of eluting distances (50 mm,
55 mm, 60 mm, 65 mm and 70 mm) were tested, and 60 mm was chosen as the ideal one,
and the total eluting distance was set as 90 mm.

As a result, the high-polarity compounds including ophiopogonin D (1), ophiopojaponin
C (2), ophiopogonin D’ (3), L-borneol-7-O-[β-D-apiofuranosyl(1→6)]-β-D-glucopyranoside (4),
and ophiopogonin C’ (5) were separated by the high-polarity mobile phase in the first run,
while the low-polarity compounds were developed as one main band in the front. Then the
low-polarity components, including β-sitosterol (6) and methylophiopogonanone B (7) were
further resolved using the low-polarity mobile phase in the second run, while the high-
polarity compounds could not be driven. Finally, seven investigated components in Ophio-
pogonis Radix were well separated by the developed HPTLC method (Figures 2 and S1).
Compared with the current official standards that focus on low-polarity constituents or
only ophiopogonin D, the developed method could be used for the detection of low- and
high- polarity components simultaneously, which provided a more comprehensive means
for quality evaluation of Ophiopogonis Radix.

2.2. Comparison of Ophiopogonis Radix from Different Regions and/or Growth Years by
Chemometric Approaches

Ophiopogonis Radix samples collected from Sichuan and Zhejiang provinces of China
with different growth years were analyzed by the developed HPTLC method, and their
HPTLC profiles were shown in Figures 2 and S1. It was shown that the profiles of CMD
and ZMD were quite different, especially for the bands in the range of Rf 0.68–0.94, the
contents in CMD were lower than those in ZMD. On the other hand, there was no obvious
difference among different CMD samples, but growth years had an important influence on
the constituents of ZMD samples. The contents of ophiopogonin D, ophiopogonin D’, and
bands of Rf 0.37 and 0.43 in one- and two- year-old ZMD samples were much higher than
those in three-year-old ZMD samples, while the contents of ophiopojaponin C and bands
of Rf 0.78 containing methylophiopogonanone B increased with growth years, and their
corresponding bands in three-year-old ZMD samples became much clearer than those in
younger ones.
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Figure 2. Typical HPTLC chromatograms of mixed standards and Ophiopogonis Radix samples
analyzed by two step gradient elution with two mobile phases. Plates were sprayed with 10% sulfuric
acid in ethanol solution and viewed under UV 366 nm (A) and white light (B). CMD:CMD (one-year-
old); ZMD 1Y: one-year-old ZMD; ZMD2Y: two-year-old ZMD; ZMD3Y: three-year-old ZMD; MS:
mixed standards. 1. ophiopogonin D (Rf 0.18), 2. ophiopojaponin C (Rf 0.23), 3. ophiopogonin D’
(Rf 0.28), 4. L-borneol-7-O-[β-D-apiofuranosyl(1→6)]-β-D-glucopyranoside (Rf 0.30), 5. ophiopogonin
C’ (Rf 0.34), 6. β-sitosterol (Rf 0.69), and 7. methylophiopogonanone B (Rf 0.78).

HPTLC images (366 nm) were extracted with rTLC program and further analyzed by
SIMCA software [30]. As shown in Figure 3A, clear separations were observed among the
samples collected from Sichuan and Zhejiang provinces with principal component analysis
(PCA), an unsupervised multivariate statistical method for pattern recognition. The model
consisted of eight principal components explaining 90.2% of the total variance (R2X = 0.902),
with a Q2 value of 0.818. Interestingly, one- and two-year-old ZMD samples were closer
to CMD samples that were also of one-year-old. To further explore the differences among
the samples, supervised statistical modeling methods including orthogonal partial least
square-discriminant analysis (OPLS-DA) and orthogonal partial least square (OPLS) were
employed. These models were characterized by high goodness-of-fit (R2Y values between
0.910 and 0.983) and predictive ability (Q2 values in the range of 0.859−0.917). Firstly,
samples of Ophiopogonis Radix were divided into two classes based on the production
regions (Sichuan and Zhejiang province) by OPLS-DA (Figure 3B). The S-plot indicated
that the bands of Rf 0.51–0.57, 0.14, and 0.87 contributed a lot to the distinction of CMD and
ZMD (Figure 3C). In order to exclude the influence of growth years, one-year-old CMD
and one-year-old ZMD samples were classified into two groups by OPLS-DA, the results
suggested that the bands of Rf 0.51–0.55 and 0.04 were the most different components
between them (Figure 3D,E).

Then, the samples with different growth years were clustered into three groups by
OPLS using the growth years as Y-variables (Figure 4A). The band of Rf 0.46 was found
to be the characteristic component in younger samples while the bands of Rf 0.13–0.14
and 0.52–0.54 were higher in older samples (Figure 4B). Excluding the region factor, ZMD
samples were divided into three classes based on their growth years (Figure 4C). The bands
of Rf 0.06–0.08 and 0.32–0.34 were higher in younger ZMD samples and the bands of Rf 0.04
and 0.13 were strongly correlated with the older ZMD (Figure 4D). The band of Rf 0.34
could be identified as ophiopogonin C’ by comparison with reference standards.
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Figure 3. Multivariate analysis based on the HPTLC profiles of CMD and ZMD. (A) PCA score plot
of CMD and ZMD (R2X = 0.902, Q2 = 0.716), (B) OPLS-DA score plot of CMD and ZMD (R2X = 0.621,
R2Y = 0.945, Q2 = 0.906), (C) OPLS-DA S-plot of CMD and ZMD, (D) OPLS-DA score plot of one-
year-old CMD and ZMD (R2X = 0.772, R2Y = 0.983, Q2 = 0.917), (E) OPLS-DA S-plot of one-year-old
CMD and ZMD. The variables with VIP > 1.5 in the S-plots were highlighted with red filled circles.

There were a series of reports regarding the comparison of Ophiopogonis Radix from
different regions. Generally, it was considered that CMD contained higher levels of steroidal
saponins and ZMD had higher contents of homoisoflavonoids [31–33], but there were few
reports on the samples from different growth years [28]. Our study showed that the growth
year was also an important factor on the constituents of Ophiopogonis Radix. For example,
the content of ophiopogonin D, a main saponin of Ophiopogonis Radix, was reported to
be much higher in CMD than that in ZMD [32,33], but actually it was high in one- and
two-year-old ZMD, but low in three-year-old ZMD. Therefore, the differences between
CMD and ZMD were not only from their different producing areas but also from their
different growth years.

2.3. Screening of Lipase Inhibitors from Ophiopogonis Radix by HPTLC-Bioautography

The effects of sampling volumes (6–15 µL), lipase concentration (30–120 U/mL) and
Fast Blue B salt (FBB) concentration (1–2 mg/mL) on the HPTLC bioautographic assay were
investigated and the optimum conditions were: sampling volumes, 6 µL; lipase concentra-
tion, 60 U/mL; and FBB concentration, 2.0 mg/mL. The obtained HPTLC bioautograms
of different Ophiopogonis Radix samples were shown in Figures 5 and S1. The profiles
of CMD, one- and two-year-old ZMD were similar, and the inhibitory activities of the
latter two were stronger due to the clearer bands after the reaction. The white bands of Rf
0.18–0.45 (saponins), 0.70, 0.78 (homoisoflavonoids) and 0.83 were the components with
potential lipase inhibitory effect. The profiles of three-year-old ZMD samples were signif-
icantly different from those of the other samples, especially in the region of Rf 0.05–0.45,
and the white bands of Rf 0.05–0.13 could be only observed in three-year-old ZMD samples.
After comparison with reference standards, five of the white bands were identified as ophio-
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pogonin D (Rf 0.18), ophiopojaponin C (Rf 0.23), ophiopogonin D’ (Rf 0.28), ophiopogonin
C’ (Rf 0.34), and methylophiopogonanone B (Rf 0.78).
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2.4. Molecular Docking Studies

Molecular docking was used to explore the possible binding sites and modes of action
between lipase and the active compounds including ophiopogonin D, ophiopojaponin C,
ophiopogonin D’, ophiopogonin C’, and methylophiopogonanone B. As shown in Table 1,
the binding energies of the five compounds with lipase were all less than −5.0 kcal/mol,
indicating their good binding affinity with lipase. Moreover, ophiopogonin D, ophiopogo-
nin C’, and methylophiopogonanone B showed better binding affinity than orlistat, the
positive drug. The 3D and 2D interaction diagrams of the compounds with lipase were
shown in Figure 6. The results demonstrated that these five compounds combined with
the lipase mainly through hydrogen bond, alkyl and Pi-alkyl interaction, etc. Based on the
3D diagram, ophiopojaponin C and ophiopogonin D’ could not fit the pocket well, which
caused their binding affinity to be relatively low.
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Table 1. Molecular docking results of lipase and the identified active compounds.

Compounds
Binding
Energy

(kcal/mol)
Hydrogen Bonds Other Amino Acid Residues

Orlistat −7.2 HIS151, GLY76, PHE77
THR255, ARG256, TRP252, HIS263, ALA259, LEU264, ASP79,
HIS75, ILE78, ALA260, SER152, PHE215, LEU153, ALA178,

TYR114, ILE209, PRO180
Ophiopogonin D −9.6 PHE77 ILE78, HIS263, PHE215, PRO180, TYR114, ILE209
Ophiopojaponin C −6.7 ASP79 ALA259, PHE215, LEU213, ILE209, VAL210
Ophiopogonin D’ −6.5 - HIS151, PHE215, ALA259, ILE78, LEU213, LEU264, ALA260
Ophiopogonin C’ −8.4 HIS151, ASP79, ARG256 VAL210, LEU213, TYR114, HIS263, PHE77, PHE215, TRP252

Methylophiopogonanone B −9.4 SER152, HIS263 ILE209, PRO180, TYR114, ALA259, ALA260, PHE215,
LEU264, HIS151
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3. Materials and Methods
3.1. Materials and Chemicals

The Ophiopogonis Radix samples were collected from Sichuan and Zhejiang provinces
of China, and the detailed information was listed in Table 2. The botanical origin of
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materials was identified by Dr. Xiao-Jia Chen, one of the authors. All voucher specimens
were deposited at the Institute of Chinese Medical Sciences, University of Macau, Macao
SAR, China.

All chemicals and solvents were of analytical grade. Dichloromethane and sulfuric
acid (98%) were purchased from Merck (Darmstadt, Germany). Methanol and ethanol
were purchased from Damao Chemical Reagent Factory (Tianjin, China). Ethyl acetate was
obtained from ACI Lascan Limited (Bangkok, Thailand). Petroleum ether (60~90 ◦C) was
obtained from Xilong Scientific Co., Ltd. (Shantou, China). Ophiopogonin D’ (HPLC≥ 98%)
and methylophiopogonanone B (HPLC ≥ 98%) were purchased from Baoji Herbest Biotech
Co., Ltd. (Baoji, China). Ophiopogonin D (HPLC ≥ 98%) were obtained from Chengdu
Pufei De Biotech Co., Ltd. (Chengdu, China), and β-sitosterol (HPLC ≥ 98.80%) was
obtained from Chengdu Must Bio-technology Co., Ltd. (Chengdu, China). Ophiopogonin
C’ (HPLC ≥ 98%) and Fast Blue B salt (dry content ≥ 95%) were purchased from Shanghai
Yuanye Bio-Technology Co., Ltd. (Shanghai, China), and ophiopojaponin C (HPLC ≥ 98%)
was purchased from Chengdu DeSiTe Biological Technology Co., Ltd. (Chengdu, China).
Tris was offered by Bio-Rad Laboratories (Hercules, CA, USA). β-Naphthyl myristate
(>97.0%) and orlistat (>97.0%) were offered by TCI (Shanghai) Development Co., Ltd.
(Shanghai, China). Bovine serum albumin (pH 7, ≥98.0%) and lipase (from porcine pan-
creas) were purchased from Sigma Aldrich (St. Louis, MO, USA). All aqueous solutions
were prepared with deionized water purified by Millipore Milli Q-Plus system (Millipore,
Billerica, MA, USA).

3.2. Preparation of Sample and Standard Solutions

Dried powdered samples (4.0 g) were sonicated with 40 mL of anhydrous ethanol
for 30 min, then the supernatants were evaporated to dryness in a rotary evaporator after
centrifugation at 4000 rpm for 15 min. The residue was dissolved in 1.0 mL anhydrous
ethanol, and the collected solution filtered through a 0.22 µm membrane was used for
the analysis.

Mixed standards solution was prepared by dissolving ophiopogonin C’, ophiopo-
japonin C, ophiopogonin D, ophiopogonin D’, L-borneol-7-O-[β-D-apiofuranosyl(1→6)]-β-
D-glucopyranoside, β-sitosterol and methylophiopogonanone B in methanol at the concen-
tration of 0.5 mg/mL.

3.3. HPTLC Analysis

All analyses were conducted by a CAMAG TLC system (CAMAG, Switzerland) con-
taining an automatic TLC sampler 4 with a 25 µL syringe, a TLC visualizer equipped with
visionCATS (version 2.5) software, a chromatogram immersion device III, and a TLC plate
heater III. The HPTLC separations were performed on 20 × 10 cm HPTLC silica gel 60 F254
plates (Merck, Darmstadt, Germany). The samples and mixed standards solution (4 µL)
were applied as 6 mm bands and 10 mm from the bottom edge on the HPTLC plates. The
syringe was washed with methanol three times between the applications of each substance.
Firstly, the applied HPTLC plate was pre-saturated with dichloromethane-methanol-ethyl
acetate-water (70:25:12:3, v/v/v/v) for 25 min in a glass twin trough chamber and devel-
oped over a path of 60 mm for the separation of high-polarity components. After the plate
was dried under an airstream, the same plate was pre-equilibrated with dichloromethane-
methanol (300:1, v/v) for 15 min in a twin trough chamber and developed to the distance
of 90 mm to isolate the low-polarity compounds. Then, the developed plate was dried in a
stream of cool air, immersed in 10% sulfuric acid in ethanol solution for one second, heated
for 10 min at 105 ◦C on a TLC plate heater, and subsequently recorded under UV (366 nm)
and white light.
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Table 2. Information of Ophiopogonis Radix samples.

No. Code Regions Growth Years

1 C1 Laoma, Santai, Sichuan, China 1
2 C2 Laoma, Santai, Sichuan, China 1
3 C3 Laoma, Santai, Sichuan, China 1
4 C4 Laoma, Santai, Sichuan, China 1
5 C5 Laoma, Santai, Sichuan, China 1
6 C6 Laoma, Santai, Sichuan, China 1
7 C7 Xinde, Santai, Sichuan, China 1
8 C9 Huanyuan, Santai, Sichuan, China 1
9 C10 Laoma, Santai, Sichuan, China 1
10 C11 Xinde, Santai, Sichuan, China 1
11 C12 Laoma, Santai, Sichuan, China 1
12 C13 Guangming, Santai, Sichuan, China 1
13 C14 Lingxing, Santai, Sichuan, China 1
14 ZA1 Muliwan, Sanmen, Zhejiang, China 1
15 ZA2 Muliwan, Sanmen, Zhejiang, China 2
16 ZA3 Muliwan, Sanmen, Zhejiang, China 3
17 ZB1 Kanxiajin, Sanmen, Zhejiang, China 1
18 ZB2 Kanxiajin, Sanmen, Zhejiang, China 2
19 ZB3 Kanxiajin, Sanmen, Zhejiang, China 3
20 ZC1 Baixi, Sanmen, Zhejiang, China 1
21 ZC2 Baixi, Sanmen, Zhejiang, China 2
22 ZC3 Baixi, Sanmen, Zhejiang, China 3
23 ZD1 Nanlin, Sanmen, Zhejiang, China 1
24 ZD2 Nanlin, Sanmen, Zhejiang, China 2
25 ZD3 Nanlin, Sanmen, Zhejiang, China 3
26 ZE1 Xiyang, Sanmen, Zhejiang, China 1
27 ZE2 Xiyang, Sanmen, Zhejiang, China 2
28 ZE3 Xiyang, Sanmen, Zhejiang, China 3
29 ZF1 Fuhai, Cixi, Zhejiang, China 3
30 ZF2 Fuhai, Cixi, Zhejiang, China 3
31 ZF3 Fuhai, Cixi, Zhejiang, China 3
32 ZG1 Shengshan, Cixi, Zhejiang, China 3
33 ZG2 Shengshan, Cixi, Zhejiang, China 3
34 ZG3 Shengshan, Cixi, Zhejiang, China 3
35 ZG4 Shengshan, Cixi, Zhejiang, China 3
36 ZG5 Shengshan, Cixi, Zhejiang, China 3

3.4. Chemometric Analysis

The obtained HPTLC images were extracted using the rTLC V.1.0 program (http://
shinyapps.ernaehrung.uni-giessen.de/rtlc/, accessed on 24 December 2021) for acquiring
data matrix [30]. The parameters were adjusted to extract every track on the basis of sample
application. And data of the gray channel was further analyzed by multivariate data
analysis using SIMCA software (version 14.1, Umetrics).

3.5. HPTLC-Bioautographic Assay

Lipase (60 U/mL) was prepared in 100 mL of 50 mM Tris-HCl buffer (pH 7.4) with
100 mg bovine serum albumin added to stabilize the enzyme during the bioassay. The
lipase solution was freshly prepared before use and kept at 4 ◦C in darkness. β-Naphthyl
myristate (4 mM) dissolved in petroleum ether (60~90 ◦C) was used as the substrate.
Orlistat (2.5 mg/mL) prepared in methanol was used as the positive control for detecting
lipase inhibitory activity. FBB was prepared in deionized water as the chromogenic agent.

The plate was developed by the HPTLC method as mentioned above and dried under
a stream of cool air until complete removal of the solvent. Then the plate was dipped in
β-naphthyl myristate solution, followed by being air-dried to remove petroleum ether.
After being sprayed with 60 U/mL lipase solution, the plate was then incubated for 20 min
at 37 ◦C in a closed incubation chamber containing a small amount of water to keep

http://shinyapps.ernaehrung.uni-giessen.de/rtlc/
http://shinyapps.ernaehrung.uni-giessen.de/rtlc/
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high humidity but without direct contact with water. Finally, the plate was sprayed with
2 mg/mL FBB aqueous solution to give a purple coloration. The plate was dried with cool
air until no free liquid was on it, the bands with lipase inhibitory activity were observed as
white yellow or brown bands on a purple background and recorded under white light.

3.6. Molecular Docking Studies

Virtual molecular docking was employed to analyze the potential binding modes of
lipase and the active compounds. The crystal structure of pancreatic lipase (PDB: 1LPB) was
downloaded from the RCSB PDB (https://www.rcsb.org/, accessed on 24 December 2021) [34]
with 2.46Å, which was selected and saved as pdb format. The ligand and receptor were split by
Pymol. Autodock Tools 1.5.6 was used to transform pdb to pdbqt format files with gird boxes
adjusted to cover the entire pocket for the preparation of virtual docking. The Structures
of chemicals were collected from Pubchem [35] as sdf format and transformed into pdbqt
format. Autodock Vina1.1.2 [36] was used to simulate the potential interactions among the
selected compounds and the targets.

4. Conclusions

In this study, an HPTLC method by two step gradient elution combined with multi-
variate statistical analysis was developed to analyze and compare different Ophiopogonis
Radix samples, which indicated that both regions and growth years could greatly influence
the components of the herb. Furthermore, the potential lipase inhibitors were screened
by HPTLC-bioautography and validated via molecular docking analysis. The developed
HPTLC method provided an alternative tool for quality control of Ophiopogonis Radix and
screening of the potential lipase inhibitors. The five compounds with lipase inhibitory activ-
ity could be used as the quality markers of Ophiopogonis Radix or as bioactive components
for the development of related hypolipidemic products.

Supplementary Materials: The following supporting information can be downloaded online, Figure S1:
HPTLC chromatograms (A,B) and HPTLC bioautograms (C) of mixed standards and Ophiopogonis
Radix samples. Sample codes are the same as in Table 2. MS: mixed standards. 1. ophiopogo-
nin D, 2. ophiopojaponin C, 3. ophiopogonin D’, 4. L-borneol-7-O-[β-D-apiofuranosyl(1→6)]-β-
D-glucopyranoside, 5. ophiopogonin C’, 6. β-sitosterol, and 7. methylophiopogonanone, Orlistat:
positive control.

Author Contributions: Methodology, X.H. and H.-J.H.; investigation, X.H., H.-J.H., Q.L., F.L. and Q.Y.;
formal analysis, X.H. and D.-Y.Z.; validation, H.-J.H. and Q.L.; visualization and writing—original
draft preparation, X.H., H.-J.H. and D.-Y.Z.; writing—review and editing, supervision, Y.-J.H. and
X.-J.C.; conceptualization, resources, project administration, and funding acquisition, X.-J.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Science and Technology Development Fund, Macau SAR
(File no. 0098/2020/A and 0016/2021/A), National Natural Science Foundation of China (File no.
82104354), and the funding grants from University of Macau (File no. MYRG2018-00207-ICMS and
MYRG2019-00121-ICMS).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of the compounds are available from the authors.

https://www.rcsb.org/


Molecules 2022, 27, 1155 11 of 12

References
1. World Health Organization. Obesity and Overweight. Available online: https://www.who.int/news-room/fact-sheets/detail/

obesity-and-overweight (accessed on 24 December 2021).
2. Chu, D.T.; Singh, V. Obesity and hypertension in Asia: Current status and challenges. Lancet. Reg. Health West. Pac. 2021,

15, 100243. [CrossRef]
3. Kang, J.G.; Park, C.Y. Anti-Obesity Drugs: A Review about Their Effects and Safety. Diabetes Metab. J. 2012, 36, 13–25. [CrossRef]
4. Cheung, B.M.Y.; Cheung, T.T.; Samaranayake, N.R. Safety of antiobesity drugs. Ther. Adv. Drug Saf. 2013, 4, 171–181. [CrossRef]
5. Jeong, J.Y.; Jo, Y.H.; Kim, S.B.; Liu, Q.; Lee, J.W.; Mo, E.J.; Lee, K.Y.; Hwang, B.Y.; Lee, M.K. Pancreatic lipase inhibitory constituents

from Morus alba leaves and optimization for extraction conditions. Bioorg. Med. Chem. Lett. 2015, 25, 2269–2274. [CrossRef]
[PubMed]

6. Jiao, P.; Tseng-Crank, J.; Corneliusen, B.; Yimam, M.; Hodges, M.; Hong, M.; Maurseth, C.; Oh, M.; Kim, H.; Chu, M.; et al. Lipase
Inhibition and Antiobesity Effect of Atractylodes lancea. Planta Med. 2014, 80, 577–582. [CrossRef]

7. Chen, T.G.; Li, Y.Y.; Zhang, L.W. Nine Different Chemical Species and Action Mechanisms of Pancreatic Lipase Ligands Screened
Out from Forsythia suspensa Leaves All at One Time. Molecules 2017, 22, 795. [CrossRef] [PubMed]

8. Chen, J.; Wu, X.; Zhou, Y.; He, J. Camellia nitidissima Chi leaf as pancreatic lipase inhibitors: Inhibition potentials and mechanism.
J. Food Biochem. 2021, 45, e13837. [CrossRef] [PubMed]

9. Chen, M.H.; Chen, X.J.; Wang, M.; Lin, L.G.; Wang, Y.T. Ophiopogon japonicus-A phytochemical, ethnomedicinal and pharmaco-
logical review. J. Ethnopharmacol. 2016, 181, 193–213. [CrossRef]

10. Shi, L.; Wang, J.; Wang, Y.; Feng, Y. MDG-1, an Ophiopogon polysaccharide, alleviates hyperlipidemia in mice based on metabolic
profile of bile acids. Carbohydr. Polym. 2016, 150, 74–81. [CrossRef]

11. Wang, X.; Shi, L.; Wang, X.; Feng, Y.; Wang, Y. MDG-1, an Ophiopogon polysaccharide, restrains process of non-alcoholic fatty
liver disease via modulating the gut-liver axis. Int. J. Biol. Macromol. 2019, 141, 1013–1021. [CrossRef]

12. Li, Z.; Wu, Y.Y.; Yu, B.X. Methylophiopogonanone A, an Ophiopogon homoisoflavonoid, alleviates high-fat diet-induced
hyperlipidemia: Assessment of its potential mechanism. Braz. J. Med. Biol. Res. 2020, 53, e9201. [CrossRef] [PubMed]

13. Shimura, S.; Tsuzuki, W.; Suzuki, T. Determination of lipase activity in organic-solvent using fluorescent substrate and its
application to the screening of lipase inhibitor. Anal. Sci. 1991, 7, 15–18. [CrossRef]

14. Chang, Y.Q.; Zhang, D.; Yang, G.Y.; Zheng, Y.G.; Guo, L. Screening of Anti-Lipase Components of Artemisia argyi Leaves Based
on Spectrum-Effect Relationships and HPLC-MS/MS. Front. Pharmacol. 2021, 12, 675396. [CrossRef] [PubMed]

15. Banni, G.A.D.; Nasreddine, R.; Fayad, S.; Phu, C.N.; Rossi, J.C.; Leclercq, L.; Cottet, H.; Marchal, A.; Nehme, R. Screening for
pancreatic lipase natural modulators by capillary electrophoresis hyphenated to spectrophotometric and conductometric dual
detection. Analyst 2021, 146, 1386–1401. [CrossRef]

16. Zeng, F.; Wu, W.X.; Zhang, Y.Y.; Pan, X.; Duan, J.A. Rapid screening of lipase inhibitors in licorice extract by using porcine
pancreatic lipase immobilized on Fe3O4 magnetic nanoparticles. Food Funct. 2021, 12, 5650–5657. [CrossRef]

17. Ristivojevic, P.M.; Tahir, A.; Malfent, F.; Opsenica, D.M.; Rollinger, J.M. High-performance thin-layer chromatogra-
phy/bioautography and liquid chromatography-mass spectrometry hyphenated with chemometrics for the quality assessment of
Morus alba samples. J. Chromatogr. A 2019, 1594, 190–198. [CrossRef]

18. Plazas, E.; Hagenow, S.; Avila Murillo, M.; Stark, H.; Cuca, L.E. Isoquinoline alkaloids from the roots of Zanthoxylum rigidum
as multi-target inhibitors of cholinesterase, monoamine oxidase A and Aβ1-42 aggregation. Bioorg. Chem. 2020, 98, 103722.
[CrossRef]

19. Czernicka, L.; Ludwiczuk, A.; Roj, E.; Marzec, Z.; Jarzab, A.; Kukula-Koch, W. Acetylcholinesterase Inhibitors among Zingiber
officinale Terpenes-Extraction Conditions and Thin Layer Chromatography-Based Bioautography Studies. Molecules 2020, 25,
1643. [CrossRef]

20. Theiler, B.A.; Istvanits, S.; Zehl, M.; Marcourt, L.; Urban, E.; Caisa, L.O.E.; Glasl, S. HPTLC Bioautography Guided Isolation of
α-Glucosidase Inhibiting Compounds from Justicia secunda Vahl (Acanthaceae). Phytochem. Anal. 2017, 28, 87–92. [CrossRef]

21. Simões-Pires, C.A.; Hmicha, B.; Marston, A.; Hostettmann, K. A TLC bioautographic method for the detection of α- and
β-glucosidase inhibitors in plant extracts. Phytochem. Anal. 2009, 20, 511–515. [CrossRef]

22. Hassan, A.M.S. TLC Bioautographic Method for Detecting Lipase Inhibitors. Phytochem. Anal. 2012, 23, 405–407. [CrossRef]
23. Tang, J.; Zhou, J.; Tang, Q.; Wu, T.; Cheng, Z. A new TLC bioautographic assay for qualitative and quantitative estimation of

lipase inhibitors. Phytochem. Anal. 2016, 27, 5–12. [CrossRef]
24. Zhang, W.X.; Chao, I.C.; Hu, D.j.; Shakerian, F.; Ge, L.; Liang, X.; Wang, Y.; Zhao, J.; Li, S.P. Comparison of Antioxidant

Activity and Main Active Compounds Among Different Parts of Alpinia officinarum Hance Using High-Performance Thin Layer
Chromatography-Bioautography. J. AOAC Int. 2019, 102, 726–733. [CrossRef] [PubMed]

25. Chinese Pharmacopoeia Commission. Ophiopogonis Radix. In Chinese Pharmacopoeia of the People’s Republic of China, 2020 ed.;
China Medical Science and Technology Press: Beijing, China, 2020; Volume 1, pp. 162–163.

26. European Directorate for the Quality of Medicines & HealthCare of the Council of Europe. Dwarf lilyturf tuber. In European
Pharmacopoeia, 10th ed.; Council of Europe: Strasbourg, France, 2019; Supplement 10.1; pp. 4354–4355.

27. Department of Health, Hong Kong Special Administrative Region, the People’s Republic of China. Radix Ophiopogonis. In Hong
Kong Chinese Materis Medica Standards; Government of the Hong Kong Special Administrative Region, the People’s Republic of
China: Hong Kong, China, 2010; Volume 3, pp. 165–174.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.1016/j.lanwpc.2021.100243
http://doi.org/10.4093/dmj.2012.36.1.13
http://doi.org/10.1177/2042098613489721
http://doi.org/10.1016/j.bmcl.2015.04.045
http://www.ncbi.nlm.nih.gov/pubmed/25935644
http://doi.org/10.1055/s-0034-1382436
http://doi.org/10.3390/molecules22050795
http://www.ncbi.nlm.nih.gov/pubmed/28498356
http://doi.org/10.1111/jfbc.13837
http://www.ncbi.nlm.nih.gov/pubmed/34231229
http://doi.org/10.1016/j.jep.2016.01.037
http://doi.org/10.1016/j.carbpol.2016.05.008
http://doi.org/10.1016/j.ijbiomac.2019.09.007
http://doi.org/10.1590/1414-431x20199201
http://www.ncbi.nlm.nih.gov/pubmed/32130294
http://doi.org/10.2116/analsci.7.15
http://doi.org/10.3389/fphar.2021.675396
http://www.ncbi.nlm.nih.gov/pubmed/34025435
http://doi.org/10.1039/D0AN02234A
http://doi.org/10.1039/D0FO03352A
http://doi.org/10.1016/j.chroma.2019.02.006
http://doi.org/10.1016/j.bioorg.2020.103722
http://doi.org/10.3390/molecules25071643
http://doi.org/10.1002/pca.2651
http://doi.org/10.1002/pca.1154
http://doi.org/10.1002/pca.1372
http://doi.org/10.1002/pca.2581
http://doi.org/10.5740/jaoacint.18-0307
http://www.ncbi.nlm.nih.gov/pubmed/30388970


Molecules 2022, 27, 1155 12 of 12

28. Ge, Y.; Chen, X.; God̄evac, D.; Bueno, P.C.P.; Salomé Abarca, L.F.; Jang, Y.P.; Wang, M.; Choi, Y.H. Metabolic Profiling of
Saponin-Rich Ophiopogon japonicus Roots Based on 1H NMR and HPTLC Platforms. Planta Med. 2019, 85, 917–924. [CrossRef]
[PubMed]

29. Wang, H.; Chang, K.; Gao, P.; Qu, S.-b.; Zhang, Y.; Zhao, M.-b.; Shen, C.-k.; Le, Z.-y.; Jiang, Y.; Tu, P.-f.; et al. Analysis of Grading
Evaluation Standard of Ophiopogonis Radix from Sichuan Province. Chin. J. Exp. Tradit. Med. Form. 2020, 26, 194–201. [CrossRef]

30. Fichou, D.; Ristivojevic, P.; Morlock, G.E. Proof-of-Principle of rTLC, an Open-Source Software Developed for Image Evaluation
and Multivariate Analysis of Planar Chromatograms. Anal. Chem. 2016, 88, 12494–12501. [CrossRef] [PubMed]

31. Zhao, M.; Xu, W.-f.; Shen, H.-y.; Shen, P.-q.; Zhang, J.; Wang, D.-d.; Xu, H.; Wang, H.; Yan, T.-t.; Wang, L.; et al. Comparison
of bioactive components and pharmacological activities of Ophiopogon japonicas extracts from different geographical origins.
J. Pharm. Biomed. Anal. 2017, 138, 134–141. [CrossRef] [PubMed]

32. Li, X.E.; Wang, Y.X.; Sun, P.; Liao, D.Q. Determination of saponin content in hang maidong and chuan maidong via HPLC-ELSD
analysis. J. Anal. Methods Chem. 2016, 7214607. [CrossRef] [PubMed]

33. Lyu, C.-g.; Kang, C.-z.; Kang, L.-p.; Yang, J.; Wang, S.; He, Y.-l.; Deng, A.-p.; Wang, H.-y.; Huang, L.-q.; Guo, L.-p. Structural
characterization and discrimination of Ophiopogon japonicas (Liliaceae) from different geographical origins based on metabolite
profiling analysis. J. Pharm. Biomed. Anal. 2020, 185, 113212. [CrossRef]

34. Burley, S.K.; Bhikadiya, C.; Bi, C.; Bittrich, S.; Chen, L.; Crichlow, G.V.; Christie, C.H.; Dalenberg, K.; Di Costanzo, L.;
Duarte, J.M.; et al. RCSB Protein Data Bank: Powerful new tools for exploring 3D structures of biological macromolecules
for basic and applied research and education in fundamental biology, biomedicine, biotechnology, bioengineering and energy
sciences. Nucleic Acids Res. 2021, 49, D437–D451. [CrossRef]

35. Kim, S.; Chen, J.; Cheng, T.; Gindulyte, A.; He, J.; He, S.; Li, Q.; Shoemaker, B.A.; Thiessen, P.A.; Yu, B.; et al. PubChem 2019
update: Improved access to chemical data. Nucleic Acids Res. 2019, 47, D1102–D1109. [CrossRef]

36. Trott, O.; Olson, A.J. AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient
optimization, and multithreading. J. Comput. Chem. 2010, 31, 455–461. [CrossRef] [PubMed]

http://doi.org/10.1055/a-0947-5797
http://www.ncbi.nlm.nih.gov/pubmed/31207650
http://doi.org/10.13422/j.cnki.syfjx.20200147
http://doi.org/10.1021/acs.analchem.6b04017
http://www.ncbi.nlm.nih.gov/pubmed/28193066
http://doi.org/10.1016/j.jpba.2017.02.013
http://www.ncbi.nlm.nih.gov/pubmed/28196345
http://doi.org/10.1155/2016/7214607
http://www.ncbi.nlm.nih.gov/pubmed/26925295
http://doi.org/10.1016/j.jpba.2020.113212
http://doi.org/10.1093/nar/gkaa1038
http://doi.org/10.1093/nar/gky1033
http://doi.org/10.1002/jcc.21334
http://www.ncbi.nlm.nih.gov/pubmed/19499576

	Introduction 
	Results and Discussion 
	Optimization of the HPTLC Conditions 
	Comparison of Ophiopogonis Radix from Different Regions and/or Growth Years by Chemometric Approaches 
	Screening of Lipase Inhibitors from Ophiopogonis Radix by HPTLC-Bioautography 
	Molecular Docking Studies 

	Materials and Methods 
	Materials and Chemicals 
	Preparation of Sample and Standard Solutions 
	HPTLC Analysis 
	Chemometric Analysis 
	HPTLC-Bioautographic Assay 
	Molecular Docking Studies 

	Conclusions 
	References

