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Abstract

Glycyrrhiza uralensis, as a homologous substance of food and medicine, is a famous Chinese herbal medicine.
Its excellent therapeutic effects include anti oxidative stress, anti-inflammatory, immune regulation, anti-
fibrosis and anti-cancer. So far, about 200 chemical constituents have been identified through chemical and
pharmaceutical research, among which triterpenoids and flavonoids are considered to have significant
biological activities. However, due to the rich content of ingredients in licorice, different geographical sources,
plant species, and different harvesting and processing methods may lead to great differences in the content
of effective ingredients in licorice, thus affecting its therapeutic effect. And because of the long growth cycle
of licorice, the content of licorice can be detected only after it is mature. In view of this phenomenon, it is
particularly important to study an analysis method that can realize real-time monitoring to achieve timely
feedback and timely correct planting patterns. Electrochemical analysis technology can identify some drugs
that can produce redox reaction, provide pharmacological information about such drugs, greatly reduce the
analysis cost, and is expected to provide key technology for the real-time determination of active ingredients
in licorice. This technology mainly relies on the use of modified electrode materials to build a detection
platform with high selectivity, high sensitivity and good stability. Among them, carbon nanomaterials play
an increasingly important role in the construction of electrochemical sensors due to their unique spatial
structure, rapid electron transfer and good conductivity. The electrochemical sensor based on carbon
nanomaterials can be used for the monitoring and analysis of drugs and biomolecules. It is an economical
and efficient analysis tool. Element doping can improve the performance of carbon nanomaterials, which is
essential to improve the conductivity, electrocatalytic activity and stability of the materials. Based on this,
this thesis will focus on the design concept of building electrochemical sensors with element doped carbon
nanocomposites to meet the monitoring requirements of different components in licorice. The specific
research work and contents are as follows:

(1) An electrochemical sensor for sensitive detection of neoliquiritigenin (NLQ) was prepared by using S,
P Co-doped oxygraphene (S, P-GO) and electrochemical analysis technology. GO was synthesized by a mild
hydrothermal method from a mixture of concentrated HoSOs, phytic acid and GO. Doping elements in GO
can improve the electron transfer ability of the electrode to achieve the quantitative analysis of NLQ. Under
the optimal conditions, the concentration of NLQ showed a good linear relationship with the current intensity
in the range of 0.3 puM-120 uM. The detection limit of NLQ was 0.075 uM (S/N=3). In addition, the sensor
has good stability and selectivity, and can be used for the content monitoring of NLQ content in licorice.

(2) Nano porous carbon was prepared from root, stem and leaf of licorice and modified by element doping.



Then, nitrogen and sulfur co-doped licorice carbon (N, S-LC) and functional multi walled carbon nanotubes
(f-MWCNTs) were dispersed by ultrasonic dispersion technology to prepare binary nanocomposites. N, S-
LC plays a key role in the formation and electrochemical efficiency of binary nanocomposites. Compared
with the simple S and P co-doped carbon materials in (1), the binary nanocomposites can be used for the
simultaneous detection of licochalcone A (LicA) and liquiritin (LQ). The electrochemical behavior of N, S-
LC/f-MWCNTs binary nanocomposite modified electrode for LicA and LQ was studied by differential pulse
voltammetry (DPV) and cyclic voltammetry (CV). The peak to peak potential difference between LicA and
LQ was 0.48 V. Finally, the standard curves of LicA and LQ were established in the range of 0.4-70 uM and
0.1-150 pM, respectively. The detection limits were 0.033 uM and 0.025 uM (s/N=3), respectively.

(3) In order to further improve the anti-interference ability and selectivity of the sensor based on the
research of (2), a novel molecularly imprinted ratiometric electrochemical sensor was constructed.
Ferrocene/ZIF-8 (Fc/ZIF-8) composites were prepared by one pot solvothermal reaction and coated on the
surface of glassy carbon electrode (GCE). The oxidation of Fc was used as the internal reference signal to
construct the ratiometric signal strategy. Then nitrogen doped carbon (NOC) with high conductivity was
further loaded on the modified GCE. Finally, based on the theoretical exploration of density functional theory
(DFT) and computer-oriented simulation, the optimal functional monomer (dopamine) and the optimal ratio
of double template molecule to functional monomer were selected. Under the optimal conditions, molecularly
imprinted polymer (MIP) was synthesized by electropolymerization using glabridin (GLA) and
isoliquiritigenin (ISL) as double template molecules and dopamine as functional monomer. When the sensor
was exposed to the solution containing GLA and ISL, the electrochemical curve was generated. With the
increased of the concentration of GLA and ISL, the peak current intensity of GLA and ISL (IgLa and Ijst)
gradually increased, while the peak current intensity of Fc (Irc) as the reference signal remains relatively
constant. The value of Igra/Irc and Iisi/Irc showed a good linear relationship with the concentration of GLA
and ISL in the range of 0.1-160 uM and 0.5-150 puM, respectively. The detection limits were 0.052 pM and
0.27 uM (S/N=3), respectively. Due to the imprinting effect of MIP and the existence of reference signal, the
sensor has good selectivity and anti-interference ability, and has been successfully applied to the quality
evaluation of Glycyrrhiza glabra L.

(4) Based on the previous research, a novel sensor for quality monitoring of Glycyrrhiza uralensis was
developed in order to achieve the simultaneous determination of electroactive and non-electroactive
components on one electrode and further improve the sensitivity of the sensor. The sensor was based on a
novel functional monomer, synergistic molecular imprinting technology and ratiometric sensing technology,
which can be used for the simultaneous determination of three active components in Glycyrrhiza uralensis.
The main active ingredient, glycyrrhizic acid (GA), along with the key flavonoids liquiritigenin (LG) and

liquiritin (LQ) in Glycyrrhiza uralensis, have various pharmacological effects that are essential in clinical



applications. wherein LG and LQ can be oxidized directly on the electrode surface, while GA is non-
electroactive. To realize the simultaneous and sensitive detection of three analytes on one sensor, a multi-
template molecularly imprinted polymer (MIP) modified electrode with GA, LG, and LQ as templates was
constructed. During the detection process, the peak current of [Fe(CN)s]*”* displayed obvious suppression
due to the re-binding of MIP with the target. Meanwhile, two new peaks emerged, which were attributed to
the oxidation of LG and LQ. However, in the sensors currently under development, MIPs are typically created
using classical functional monomers, which may lead to lower affinity and reduced sensitivity due to a lack
of sufficient binding groups. To address this, we conducted theoretical exploration using density functional
theory (DFT) and computer simulations to identify the best functional monomer (dopamine), and its most
effective modified structure. The modified functional monomer derived from dopamine has shown stronger
binding capabilities compared to traditional functional monomers, significantly enhancing the sensitivity of
MIP. Before that, in order to enhance the electrochemical sensing performance, N, P co-doped nanoporous
carbon (N, P-CNS) was utilized as modified material. Compared with the single element doped carbon
material in (3), N, P-CNS shows better electrocatalytic performance and lower electron transfer resistance.
In addition, in order to reduce the interference of other factors, the ratiometric sensing strategy was developed
by using UiO-66-NH, adsorbing methylene blue (MB) and coating it on GCE to form MB@UiO-66-
NH»/GCE. The detection range of the sensor for the sum of the concentrations of GA, LG and LQ was 0-150
uM, and the detection limit was 0.011 uM (S/N=3). The linear range for LG and LQ was 0-60 pM, and the
detection limits were 0.027 uM and 0.021 pM (S/N=3), respectively. The electrochemical sensor has
excellent selectivity, anti-interference ability and sensitivity, and has been successfully applied to the practical
detection of GA, LG and LQ in Glycyrrhiza uralensis.

Key words: Carbon materials; Element doping; Electrochemical sensor; Licorice; Content monitoring
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